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...much of the technical knowledge required for erosion
 

control has been available for fifty years. While there is
 
scope for increased understanding, the major challenge is now
 
the development of conservation measures and strategies which
 
conform to the economic, social, and political realities of
 
the countries where they are needed.
 

Rorke B. Bryan, 1979
 

Humans are out of perceived necessity destroying the basis of
 
their own livelihood as they violate the limits of natural
 
systems. Those most vulnerable to these trends are the poor
 

of the world. Their search for the basic requirements of
 
food and fuel often force them to hasten the destruction of
 
their own environment.
 

World Bank Forestry Sector Paper, 1978
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CURRENT RESEARCH
 



Elwell, H.A. 1981. A soil loss estimatiQn technique forsouthern Africa. In Soil conservation: Problems and 
prospects, ed. R.P.C. Morgan. Chichester: John Wiley
and Sons. 

1. Introduction 

A new approach to soil loss estimation has been proposed for
Southern Africa (Elwell, 1978a). basedIt is on. modelling principles

whereby the 'real world' system is simplified to provide a means of

predicting the consequences of various management decisions. 
 The 
purpose of a soil loss estimation is to bring together all sources ofinformati n into a formal arrangement which represents the best 
advice available. Established theory, expert opinion, laboratory test
tiata and results of field-plot measurements are all valid data sources.

Useful information is provided at all stages of model building and,

because of low development costs, a variety of models can 
 be con-

structed to suit specific purposes and localities.
 
The modelling approach 
 is considered to be suited particularly tocountries unable to support expensive research programmes but 

which urgently require a decision-making aid to combat soil erosion.One such model, coded SLEMSA (Soil Loss Estimator for Southern
Africa), which has been designed to predict mean annual soil loss
arising from sheet erosion on the area of arable land between two
adjacent contour ridges, has attracted wide international interest. In
November i976 it was developed into a design procedure intended 
to give a 'first estimate' of soil losses in Southern Africa (Natal
Agricultural Research Bulletin No 7, 1976). At the 1978 meeting of
the Southern Africa Regional Conference for Conservation and Utili-
sation of the Soil (SARCCUS), Lesotho, Botswana, Swaziland,
Malayi, Zimbabwe-Rhodesia and South Africa agreed to take part in a co-ordinated programme of research based on SLEMSA. More 
recently, a simple but effective graphical design procedure has been 
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drawn up for ZimbabweRhodesia (Elwell, 1979).
The purpose of this paper is to summarise the main features of

the construction and application of the SLEMSA model and to
briefly describe recent developments towards providing the necessary 
back-up instrumentation and techniques. 

2. Data Types and Sources 

The information employed in model building and testing is called
'fundamental' data. Before the model can be applied in practice,
thi: designer must be provided with a body of data from which he 
can select the values of certain site variables. This is called 'user' 
data. Confusion can be avoided if this distinction is clearly under
stood. 

Most of the locally based fundamental data originated from the
work of N IV Hudson (Hudson 1965 Elwell 1971). The principal
submodel, K, was built up from limiteda amount of bare plot data,
supplemented by the experience of members of the Natal multi
disciplinary team. The C submodel was developed 
 from measure
ments taken on local grazing trials (ElweHl and Stocking 1974). The 
topographic submodel, X, was modified in part from the slope
factor relationship of the Universal Soil Loss Equation (Wischmeier
and Smith 1965). Significant progress has been made towards 
building up a local user data bank (Elwell 1978b). 

3. Model Building 

3.1 Approach A schematic diagram of the model is shown
Figure 1. In the first stage, the soil-erosion environment is 

in 

divided into its four physical systems: climate, soil, crop and topo
graphy. Each system is thereafter treated as a separate entity. For
instance, any practice having an oninfluence soil properties, such as
tillage or management, is accounted for within the soil system; and 
any factor related to the crop is dealt with within the crop system.
The approach differs in concept from the Universal Soil Loss
Equation (Wischmeier and Smith, 1978) where tillage and cropping 
are both part of the cropping management factor, C.

Although at face value this may appear to be a minor conceptual
difference, nevertheless it has important theoretical and practical
implications. The major control variables can now be identified 
and quantified, thus introducing an interpolative capability which 
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E considerably reduces the number of field-plot measurements
required.

The control variables are the major over-riding factors determiningsoil losses within each of the four systems. Five control variableshave been identified for estimating sheet erosion losses from arable 
lands. These are seasonal rainfall energy (E); the amount of rainfall 

Wj 

7 

orole 

_"__"E_ 

* 

energy iatercepted by the vegetation (i); the soil erodibility (F);
slope length (L) and slope percentage (S).Ideally the control variables should be easily measurable andrational. Rationale is particularly important because it leads tological explanations which facilitate understanding and progress. For 
example, rainfall energy offers a logical explaation of soil erosion as a work process, and this has led to the concept of quantifying theof crops in terms of the amount of rainfall energy intercepted 
by the ground cover. 

The control variables are ex'pressed in terms of soil loss at the®Ulevelof the submodels. The principal submodel, K, combines the
W influences of mean seasonal energy E and soil erodibility to give anestimate of the mean annual soil loss from conventionally tilled baresoil at 4.5% slopes, 30 m long. C is a ratio which corrects the soilloss from bare fallow to that for the crop grown; and X is a ratio 

'0 =which adjusts for changes of slope steepness and length. The sub- models developed for the Zimbabwe-Rhodesia hi'g.vl aesoNini 
el ar-. 

i 

Figures 2 - 5. The submodels interact as simple products in the 
main model to give an estimate of the mean annual soil loss from aspecific crop type, climate, soil type, slope steepness and slope 
length. 

U. 

0. U,, 

o 

0 

U 
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O,therefore, 

0 

3.2 Validation. SLENISA was built to have a predictive capability
on the Ziinbabwe-Rhodcsian highveld. It was tested against fieldexperience as a learning tool and as a predictor of soil losses from 
research plots.

Senior field men have confirmed that its predictions match their 
experience and there have been many instances where application ofthe model has improved understanding. For instance, the high rateof soil loss observed from cotton lands, previously attributed entirelyto the poor ground cover provided by the crop, was shown to be
caused mainly by substandard crop management and soil treatment. 

SWhen tested as an estimator of soil erosion from field plots, SLEMSApredicted mean annual losses to within 1.7, 2.6, and 4.3 t/ha/y 
50%, 70% and 90% confidence respectively. Considering, 

its early stage of development, it shows great promise asa predictive- tool. 
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3.3 Advantages and Limitations. The modelling approach to soil
loss estimation offers considerable advaitages existing techniques.over 

Useful data can be obtained at all stages of model building at

relatively low cost and in less 
 time than for conventional methods,
Comparative models, developed from unsophisticated data bases,
merely formalise accumulated field experience; whereas more sophis-
ticated models designed to give absolute values, can be developed

trom the results of a relatively few carefully selected field plots,

Once the mathematical relationships have been established, soil losses 
can be predicted for othcr field conditions provided only that the
relevant values of the control vaiiables are known. Because of these
advantages a variety of models can be formulated to suit different 

localities and field conditions or for specific 
 purposes. Modellingtechniques can also be supplied to assist in generating the necessary
user data. Such methods are particularly valuable in the case of 

crop cover (Elwvell, 1978b). The limitations of models must, however, be clearly understood. 

The current SLEMSA submodels were developed and tested on the 
Zimb;:bwe-Rhodesian highveld. Although sni-,"some progressbeen made towards rationale, they remain essentially empirical 

has 
and 

cannot be used with any certainty outside the area for which they

have been validated. Furthermore, the Estimator is by no means

fully developed as a predictor of highveid soil 
 losses. Consequently
plans 're in hand io improve the accuracy of the model for the 

highveld and, through SARCCUS, to test its capability throughout

Southern Africa. This will inevitably lead to the development of a 
greater variety of submodels each suited to a particular range of 

field conditions.


Because of its simplified nature, the Estimator cannot take into 
account all the complex interactions involved in the soil erosion 
processes. Some interactions are accounted for within the submodels 
themselves buit betweennot submodels. At the moment there is no

evidence
arise will be produce major errorsthese thattheythis weaknessrevealedwill during validation. but should 

4. Design Procedure 

The objective of the SLEMSA model is to reduce sheet erosion

losses from contour ridged land to acceptable levels by modifying 

the length of slope, slope percentage, tillage treatments, cropping
practices and management standards. The Zimbabwe-Rhodesian 

design procedure (Elwell 1979) consists of 
the submodels shown in 

>-1 
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graphical format identical to Figures 2 to 5 and a series of user data
tables from which the values of the control variablos are selected for 
a particular site. The designer begins his task by estimating the mean
annual soil loss from a farmer's existing rotation and comParing it to 
a predetermined target level. If the losses exceed the target figure,

the designer will suggest modifications 
 to bring the soil losses down 
to acceptable levels. This may involve major alterations or merely
adjustments to such details as planting dates or the number of times 
a soil is disced after ploughing. However the contribution to soil

loss of even minor adjustments can be anticipated from the relative

change in the value of the control variables. The method is
 
therefore simple to use, flexible 
 and instructive. 

5. Instruments and Techniques
 

Significant progress is being made in the current research programme
towards further reducing the time and costs of developing models. 

5.1 Developing and Testing Models. Recet experiments show that
 
one plot-year 
of data can contribute towards validation, provided
that the values of the control variables are carefully monitored on
the experimental site. Furthermore a complete F line in the K sub
model (Fig 2) can be drawn 
 up by plotting the cumulative energy and
and soil loss for a single year of above-average rainfall. These two 
developments lead to a significant reduction in the number of plots
now required to build and validate new models. 

Tests are being undertaken to investigate the potential of simulation techniques for developing and validating submodels. At the
time of writing some encouraging progress is being made towards 
reproducing the SLEMSA Submodel C in the laboratory. 

.5.2 Soil Erodibility. The developi ,',of a satisfactory quantitativemeasure of soil erodibility has been given a high priority in theresearch programme. A ismall mobile rainfall simulator has been 

built to assess the 'basic' erodibility (Fb) of soils in situ. Soilswill be judged according to the amount of soil loss collected during 
application of a standard storm of 750 Joules. 

The influence of management (Fm) is being quantified in terms ofchanges in the physical properties of the plough layer. Parameters 
sc far identified as important are surface ponding, clod-size distrib
utions and bulk density. 



Food and Agriculture Organization of the United Nations. (FAO). 1979. 
Soil and water conservation. In,Watershed development with special
reference to soil and water conservation. FAO Soils Bulletin no. 44. 
Rome: FAO. 

45 4' 

7.1 

7. SOIL AND WATER CONSERVATION 

GENERAL 

The scope of soil conservation is very wide and encompasses 
much more than mere physical works for erosion control. It comprises
in fact a comprehensive approach to soil, water and farm managementin which all physical soil conservation practices contribute only
partly towards the overall targets of improving and maintaining soilfertility, soil-water-plant relationships, and through these the 
attainment of sustained high crop yields. 

Soil is a natural resource of a country. As such its conserva-tion should be a national responsibility. In the past insufficient 
attention was paid to this important aspect in most Oeveloping countr-
ies. More recently however these countries have become aware that
their agricultural resources are dwindling as a result of soil degrad-
ation. Governments and farmers are now making efforts to restore and 
improve their soils in the interests of the nation as well as individ-
ual farmers. 

It is beyond the physical and economic capacity of rural popu-latlors to bear the burden where large investments are required torepair the damage caused by the misuse of natural resources over many
generations. But improvements carried out in the upper parts of a
watershed benefit the lower parts, and the whole river basin with Itsrural and urban population, towns and industries as well. Consequently,
all sectors of the population should contribute their share to thereclaation of the rural parts of a watershed (which generally contain 
poor subsistence farmers), 

The nature of the agro-ecological zone has a very decisiveinfluence on land use, socio-economic conditions and constraints and on the soil and water conservation practices to be applied within a 
watershed development plan. 

rNo ready prescriptions can be made for all possible situationsand conditions that will be encountered throughout the world. However,
one statement can be made which holds good under all conditions, where-ever soil erosion and land degradation are reduced or prevented byadequate soil conservation measures, water will also be conserved, andthe ecological balance between man and nature will be improved, 

Erosion has been mentioned as a major factor in land suitability
classification. Soil conservation practices are often the major compon-
ents which make improved land use possible. 

This publicatlan is not a soil conservation handbook. However 
an attempt is made to supply information necessary for the important
practices which should be applied in the framework of a comprehensive
watershed development plan. 

7.2 

The various soil conservation practices are discussed under the 
following headings, according to the major Soil Utilization Group. 

Mi) Soil conservation practices on crop land 

(ii) Soil conservation practices on pasture end range land 

(iii)Soll conservation practices on forest land 
(iv) Soil conservation practices on waste land 

CONSTRAINTS 

7.2.1 General 

Soil conservation deals with all lands within theboundaries of a drainage basin. It is not only concerned withthe agricultural lands under cultivation but also with forest, 
range lands, arias destroyed by erosion, and others that can 
serve as protection areas only. Furthermore, in comprehensive
watershed development, special attention must be given to 
climate, hydrology and the ecological balance of a given water
shed. 

A very close and interdependant relationship existsbetween all phases of comprehensive watershed development. Soil
conservation measures on agricultural lands alone can only be
partly effective. It is however a major component and an import
ant tool for improvements and of direct benefit to the farming
population. Protecting and preserving the limgted resources ofarabla land certainly deserves special attention. However,
without the complementary works in other sections of a watery
shed development plan such treatment may sometimes only give
temporary relief. For example, the hydrology of a watershed 

depends on the conditions of all its lands. 
The agricultural sector probably may be only a minor

factor in the overall w - regime of a drainage area. This is 
particularly important where climatic conditions are such that 
irrigation is required for full production, and irrigation waterhas to be supplied from local sources. The same applies to thedrainage conditions of the bottom lands which are in most cases 
the areas of highest production. Hereditary laws and fragmen
tation of the land may sometimes prevent any physical work for
the conservation of the small and scattered plots of Individual
farmers and whoe communities. The selection of soil conser
vation measures depends to a large degree on land consolidation,cooperation between farmers and on other aspects which may be
different in each locality. It is Important to investigate and 
fully comprehend these prerequisites to prevent a patchwork 
approach which would lead to certain failure. 

<Z 
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7.2.2 Human Behaviour 


The human element is probably the most serious limiting
factor in carrying out improvements on agricultural lands. 

Pressure 
on the land by a rapidly increasing rural population

has been the cause 
for most of man's destructive activities. 

The need to produce more and the constantly decreasing cultiva-
ted area per household have caused the conversion of marginal

erosionareas intoon cultivatedsteep hillsides,fields. The result is accelerated
which should 
not hav. been cultiva-


on steep
tedted at all. May hillsides whichadholnds were n been cultisuahpractices
Many ofthe present badlands were in the past such 


There are many aspects of human behaviour which may

influence the reaction of farming communities toward the require-

ments of proper soil conservation activities in
such as 	 a watershed,
customs, traitional constraints, social organization
within the family and the village, and others. All this has to 

be considered in carrying out soil and water conservation within 

the framework of comprehensive watershed development.
be futile to embark on 	 It would
these activities without the full cooper-

ation of the farming communities and the individual farmers, 


The need for more food and clothing (milk, meat, wool)

has caused the deterioration of range and pasture lands through 

overgrazing. 


The increased demands for 
fuel and building material,

together with 	shifting cultivation, have destroyed large 
areas
formerly well 	protected by forest. 


7.2.3 	 Shifting Cultivation 

Shifting cultivation has been practised over many
generations and is only well adjusted to 
a sparse, sometimes


semi-nomadic 	population. 
 Even improved 	systems such as
"Taungya" cultivation, have lost their value due to the ever 

shorter cycle between cultivation and forest. In 
some countries 

efforts are 
still made to introduce improvements to the system
which may give some temporary relief from increasing soil erosion. It seems however that the time has 
come to abandon any

hope ;,atpermanent solutions can bt found ii a system which
worked well 
100 years aqo but is not adjustable to t!e changed

circumstances 	of today. 
 Watershed management is supposed to
give long-term solutions. Consequently, it is suggested that
shifting cultivation be excluded from comprehensive watershed 

development as a method of soil conservation, except in very

special cases 	of sufficient land reserves of high capabilities.
Reclamation of land 
under shifting cultivation and conversion

into permanent cropland is discussed in Chapter 8. 
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7.2.4 Land Praqmentation
 

Fragmentation of land in a serious problem
especially so 	on 
irrigated land where efficient water distrib
ution and good drainage are prerequisites for the expected
 

expected

increases in yields through irrigation.


Individual farmers ma have a number of small parcels
Id v ea l ar 	e r e a h m es o f ma a ge m s
scattered over a large area which makes good farm management
 
difficult. Irrigation water is diverted from one
field into another and so Is true drainage water. A lack of
access roads makes all farm work extremely difficult and culti

vation with even 
smaller mechanical implements practically
 
impossible.
 

Soil conservation practices have to be applied irrespective of the irregular boundaries of the small plots of individ
ual farmers.
 

On uniform level lowlands consolidation may be relatively

easy to accomplish. 
On sloping uplands, often intersected by

uncultivable plots and with changing slopes, individual plots
may be scattered over large areas and have a wide variation of
 
use suitability.
 

Land consolioation under such conditions is difficult.
The minimum requirement for such areas would be an agreement

between farmors to carry out soil conservation improvements
is 
a difficult undertaking and should be considered as 

without regard to the boundaries of the individual owners. This
a tempor
ary solution only.
 

If more intensive land use 
and other improvements are
 
envisaged especially those with high investment costs, such as
irrigation, drainage, land reclamation, then land consolidation

is the final 	prerequisite for such activites. 
 This has to be
spelled uut in very clear and definite terms to the relevant
 
authorities and to the farmers.
 

7.3 SOIL CONSERVATION ON CROPLAND
 

Distinctions have to be made for soil conservation activitias
 
on 
low and level lands with slopes up to 2% (code L) and on uplands
with slopes from 2-25% 
(code U), sometimes even more than 25-55%
(code UV). Furthermore, soil conservation practices for annual, peren
nial and tree 
crops are different.
 

It has been pointed out that good soil management is the first
and foremost step in soil conservation on agricultural land.
implies that only land which 	 This
can be properly managed should be under
cultivation. 
 An exact land 	use suitability survey is consequently the
b.asis 
for any decision in regard to agricultural lands which are 
at
present cultivated but should be retired, or lands which are used for
 
other purposes but could be converted to arable land, and the soil
conservation measures 
to be applied 	on all cultivated lands.
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7.3.1 Lowlands River training, construction Ef small darms, weirs, infiltration galleries, and other improvements for irrigation, such -as 
Lowlands are the alluvial plains and the bottomlands of land levelling, are discussed in Chapter 8. In this section 

the small tributaries in a watershed. In most developing count- surface drainage and water conservation for dryland farming is 
ries they are used mainly for the production of the staple food 
crops. Soil conservation works in these areas are of a different 

explained, these being the major soil conservation practices for
such lands. 

nature to those on uplands. Erosion control practices are 
necessary only in limited areas. 7.3.2 Systems of Surface Drainage on Flat Land 

The water regime, land use and crop production depends
to a large extent on the conditicn of the upper parts of tho 
watershed and the soil conservation works carried out on all 
uplands cultivated and not cultivated. Under climatic condit-
ions which require supplementary irii ation, the water supply 
from local sources depends on the condition of the drainage 

The guiding principle in Surface Drainage, in contrast to 
that of Erosion Control, is that on flat land (up to 1-21 slope) 
the cultivation rows are oriented in the direction of greatest 
slope, in order to drain off surplus water as fast as possible. 

basin. Consequently the cropping patterns on lowlands may 
undergo marked changes with the change of conditions 

4 
.n the 

watershed, whether soil degradation and misue, or its improve-

Cross ditch system 

Direction of cultivation. The rows are laid out on the 
ment. 

Water storage, prevention of flash floods and sedimenta-
tion in the drainage system, recharge or groundwater resources, 
springs, riverflow and many other benefits which would normally 

greatest slope, at right anqles to the contour lines. 
The basic tillage operations (normal and deep plcughi.g,
cultivating, etc.) are also done in this direction, whilst 
disking, rolling and smoothing are done at :ight angles 
or diagonally. Seeding however must be done on the 

serve the lowland farmers, would be the results of integrated 
watershed development - conservation of the natural resources 
of the drainage basin. 

It would be unwise to start soil conservation activities 

greatest slope. 

The field ditches towards which surplus water drains from 
the rows, are oriented at right angles to the rows, sligh
tlv off the contour so as to obtain a small but continuous 

on the lowlands without having done so first on the uplands. 
This is a simple fact, easy to understand. It is surprising
that it is still so often disregarded. 

gradient, generally 0.3-0.5 percent 

- The spacing between ditches should not exceed 200 

The main soil and water conservation practices on low-
lands are concerned with maintaining ar' improving soil fertil
ity by good farm management. This in.-udes - in the case of 
irrigation - proper levelling and application of water, preven-

-

metres on slowly permeable soils, nor 100 metres -
or even less - on very slowly permeable soils. 

The draining larigth of the ditches should not exceed 
500 metres. 

tion of al-alinity and creation of waterlogging. The ditch section should have a depth of 30 cm with 

Under dry-land farming the main objective should be good 1:8 side slopes. 
soil, water and farm management. 

There may be need for improvements or for the repair of 
The ditch makes up part of the field and should be 
cultivated and sown like the rest of the field. 

damage already done. This may include surface and subsurface 
drainage, interception and diversion ditches, river training aned 
others. All these works would be effective if proper watershed 
development had been implemented on ..,e uplands. Otherwise there 
would be a return in a short time to the conditions as they were 
before implementation of the works. As on uplands, land consol-
idation and prevention of new fragmentation, and cooperation 
between individuals and villages, are indispensable for planning, 

The ditches are crossed with all implements. Ploughs 
are lifted before crosing. 

Ploughing of the ditch is done along its length, and 
this operation is used to renew the cross secti..n since 
sediment and cultivations tend to fill it in. 

implementation and maintenance. Seed drills cross the ditches without the aowJ;g being
interrupted. 

It is most important that the furrows of seeding and 
tillage machines should enter the ditches so as to avoid 
obstructions in the flow of drainage water into them. 



51 


The collectin ditches into which the field ditches drain,. 

are placed parallel to the rows and in the direction of 

greatest slope. 


- The cross section of the collecting ditch is designed
according to the runoff expected. The bottom should 

be 30 cm ic-wer than the field ditch, and the side 

slopes - if the ditch is not to be crossed by machinery - 1:4. 


- The distance between collecting ditches depends on the 

draining length of the field ditches. 


- The collecting ditch should have a plant cover whether
this be natural or planted. The cross-section is 

usually that of a waterway and the maintenance should 

be similar. Special regard should be paid to mowing

the vegetation, otherwise it will obstruct the flow of 

drainage water and may cause silting up of the ditch. 

On very small slcpes and with a stable soil structure, 

this ditch may also be cultivated and sown. 


- The outlet from the field ditch into the collecting
ditch should be protected against erosion by stone-

work or vegetation. 


- The collecting ditch drains into a natural drainage 
way or into a main ditch. 


. Bedding System 


This system is adapted to - rapid draining of surface 

water, or draining excess water present in the topsoil

because of an imper,7eable subsoil or both cases together. 


In principle the system is similar to the cross ditch 

system but the distances between the field ditches is 

less and raised beds are constructed on the whole field, 

Drainage water is carried away by a deep furrow opened

between two beds. 


The beds are laid out along the greatest slope, 

preferably on the basis of a topographic map, whicn 

need not, however, be very accurate.
 

- The bedding widt: is determined by the nature of the 
soil, its permeability, the slope and the kind of 
cropping, and is generally 15-30 metres. On slowly 
permeable soils with little slope, the beds are even 

narrower. With row-crops the width is a multiple of
the row width, and in every case the bedding width is 

a multiple of the main implements. 
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The height difference between the crest of the bed and
 

the open (draining).furro, is about 30-40 cm. When the
 
beds are of 30 metres width this height difference creates a slope of 2-3% (from the crest to the furrows).
 

Thz distance between collecting ditches is determined
 
by the q;antity of surface runoff.
 

Construction. The beds are formed with a mouldboard or
 
disk plough, turning the furrows towards the crest of
 
the beds. The job may be done in one operation, or over
 
a period, by ploughing the same "lands" in the same dir
ection every time.
 

Prior to ploughing, the strip where the open furrow is
 
located is levelled and checked.
 

- The collecting ditches are excavated before the beds
 
ale formed and the spoil is used for filling in large

depressions.
 

CtevedstnCultiva the field.oteeld Ploughing is always done alongnotg
e theodinage furwoysoul 

the qiFc otherwise the drainage furrows could not
 
function properly. Other tillage such as disking,
 
cultivating, rol'ing etc. may be done across the beds.
 

Whei ploughing is completed the (draining) furrow
 
should be checked to ensure that it is deep and free
 
of obstructions. If other tillage operations are
 
done, they shouldibe followed up by a ridging plough

opening up the furrow. A furrow that iE not deep
 
enough or free of obstructions will wet, instead of
 
drain, the area and make matters worse.
 
The field ditches are cultivated as part of the field
 

with the exception of the ploughing which is done
 
along the ditch length. When a field ditch occurs on
 
the field boundary, a strip of sufficient width, to
 
enable farm implements to turn around, should be left
 
between the ditch and the boundary. When implements
 
turn round before the ditch, free drainage from the
 
furrows is obstructed, whilst turning in the ditch
 
itself blocks it up.
 

- The collecting ditches may be vegetated or tilled 
according to the stability of the soil and the slope
of the field. These ditches drain towards natural
 
drainage ways or to main ditches.
 

The collecting ditches may be dispensed with if the
 
field ditches can drain into natural drainage ways

close enough to the field.
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Bedding can also be combined with the cross-ditch 
system (possibility II in Figure 1). This makes culti
vation of wider strips of land possible. It should be 
done especially on very level land with low permeabilita 
On such lands field levelling on one way slopes may alst 
be advantageous (Fig.1). 

3=7.3.3 Water Corservation on Level and Lowlard (0-2%) 

In semi-arid zones water conservation during short or 
low rainfall seasons is of major importance for crop productio 

The runoff rate on level and gently undulating lands wit 
slopes of up to 2% is generally relatively lcr. However, in 
these semi-arid zones rainfall intensities are very often extr 
ly high. This may cause serious sheet and rill erosion througl
heavy runoff during the short cloud bursts. 

All efforts should be made to retain as much moisture at 
possible both for crops grown during the rainy season and afte 
the rainy season. Stubble mulching and contour cultivation art 
two practices suitable for this purpose. 

i. Stubble mulching 

POSSIBILITY 

POSSIBILITY 

I 

X 
_o02oO 
-

-OS 2o 

Stubble mulching is best applied on fairly level land 

and where wind erosion is also a serious hazard. The 
land is not turned over by conventional ploughing but 
cultivated with a chisel plough a subsoiler or "duck 
foot" cultivator, which leaves all the stubble of theformer crop on the surface, but opens up the soil so 

as to facilitate the maximum possible water infiltratio 
and retention. 

FIELD LEVELLING WITH ONE - W&Y SLOPE ii. Contour cultivation 

DIItIc.oI 

Contouring is a basic practice which is fundamental to 
many other practices (terracing, strip-cropping, bench 
terracing, etc.). Contouring reduces water erosion due 
to the increased infiltration of water in the cultivatic 
furrows and to the checking of surface flow by the furr
ows. 

Use and effectiveness. The method is effective on slopet 
up to 2% but where there are many gullies, or infiltra
tion and permeability are slow, then contouring alone 
does not provide sufficient protection even on such 
gentle slopes. 

Figure 1. SYSTEMS OF SURFACE DRAINAGE ON LEVEL - LOWLAND 
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Marking out is done by two people. A simple way of doing 

it is described and illustrated in Figure 2. One person

(A. has a hand-level, the other (B) has a rod or staff 

whos heint-hequals the eye-level of (A), some means of 

marking (stakes or powdered limestone), and a hammer, 

The first line is marked at the upper part of the field, 

starting from the field boundary, a track or a gully. 

(A) marks the first point of the line with a stake, while
 
(B) walks - as nearly on the contour as he can estimate
 
- about 20 metres. (A) looks through the hand-level and
 
directs (B) up-slope or down-slope until the cross-wire
 
intersects the top of the rod which (B) holds upright.-

This point is then marked out after the third or fourth
 
point has been marked in this way, (B) remains at this
 
point whilst (A) advances, overtakes (B), and positions
 
himself 20-25 metres beyond him on the contour. This
 
point likewise is marked and then (B) advances as before
 
3 or 4 points and the process is repeated.
 

A S 

Figure 2. PARKING OUT A CONTOUR
 

Distance between the contour lines
 

Up to 2% - 50 metres 

Over 2% - 30-40 metres 
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Forming the ridge. After the markino out is completed
 
a few furrows are ploughed around the marked lines, form
 
Ing a ridge which marks out the field for subsequent

ploughing and also serves to reduce surface runoff. In
 
order to build a firm ridge which can not be easily

obliterated it should be constructed with 2 or 3 passes
 
of the plough.
 

Figure 3. FOXMING THE RIDGE
 

Tillage is usually done between two ridges, this area
 
being considered a ploughing "land'. (Figure 4). When
 
ploughing the jeld, attention should be paid to raising
 
and str.Dqthening the ridges by ploughing them twice, if
 
necessary
 

In contour cultivation there arises the problem of
 
•point" rows due to the varying distances between contou
 
lines. In gathering around the ridges, as the ploughed

strips approach each other as ploughing proceeds a uni
form widthcfstrip is left which is wide enough for the
 
implement to turn on. This strip is ploughed last in tha
 
manner indicated in Figure 4.
 



In many developing countries Insufficient attention hasbeen paid to research, extension and the supply of fertilizer,
plant protection materials and revolving funds, which is why
upland farmers are often poorer than lowland farmers. 

..... 
Aidge 
_ 

Uplands require very special attention in watershed 
development. GovernmLnt services there should be equal to the
facilities provided to lowland areas and this is essential for 
achieving acceptable crop yields. Besides, these lands provide 
the livelihood for a large proportion of the farming population. 

_--------_ 

Erosion is generally severe on cultivated uplands and a 
variety of practices can be applied to prevent erosion and torestore and improve productivity. Large scale farming on gentle 
slopes is seldom found in developing ccuntries. Consequently,

"broad base terraces, strip cropping and similar practices are no 
practical in most developing countries. 

Ridg, 

Figure 4. 

-__ 

PLOUGHING BETWEEN RIDGES 

On small plots and gentle slopes, contour cultivation,
contour ridges and grass strips may be more feasible. Cooperation between farmers is essential, especially for surplus waterdisposal systems, such as waterways, interception and diversionditches, and for irrigation facilities. Land consolidation,
according to a well designed conservation plan, is certainly of 
the utmost importance. 

7.3.4 Uplands 

A major distinction should be made between uplands and.
lowlands. Upland soils are Cerived in most cases from the 
parent rock and very often are of medium to light texture. 
They generally have an undulating to steep topography. They areexposed to all kinds of water erosion and to the abrasive andselective forces of winds. There is a constant downhill move-
ment of soil particles. Internal and surface drainage is gener-
ally good and waterlogging occurs only under specific circumstan
ces. Airdrainage is good and soils are generally "warmer" thanlowland soils. Infiltration rate is high, absoption capacity
however is often limited. Most crops, both annual and perennial.can be grown successfully on uplands, except crops which need 
special conditions such as paddy rice. With proper management
upland soils can produce excellent crop yields. 

However, the yields of upland crops in developing countries are often far below the minimum to be expected. Most of 
the staple food is produced on the lowlands, especially whereirrigation has to be applied, which is much easier to do on low-
lands. Furrow irrigation can be effeciently used on uplands,
provided the necessary levelling is carried out. Sprinkler and 
drip irrigation are well adapated to uplands. In most cases
upland irrigation requires a pumplift and for sprinkler and 
drip irrigation additional pressure is necessary. 

7.3.5 

On steeper slopes, where simple conservation practices arinsufficient to stop erosion, bench terracing is probably themost effective practice. Here again, land consolidation is animportant factor. Well laid-out bench terraces, even on slopes 

of up to 351, can prevent erosion, increase water infiltration 
and should be the most important practice for consideration in 
developing countries. Generally slopes of up to 25% should be 
the limit for bench terracing for rotation crops. On steeper
slopes, plantations on small contour benches and a permanent
cover crop on the slopes are safer and no losses of land occur 
through terrace risers. 

Strip Cropping 

As mentioned above, the application of this soil conser
vation practice is very limited in developing countries with 
small farms and individual plots scattered over wide areas. To 
be effective it should be used only on slopes up to 6%. 

Where the cultivated land is gently sloping and practices
such as terraces cannot be employed because of the shallow soildepth, a strip cropping system with perennials may be successful. 
This system may be used to protect large fields with long slopes,
which have been ploughed and cultivated as one unit and thereby
exposed over their entire 3reas to severe erosicn. Under such
conditions, apparently harmless runoff from the top of the slopes
accumulates momentum, volume, and soil load, until it becomes 
destructive as it approaches the bottom of the slope. A stripcropping system with perennials in effect breaks up the lengthof these slopes and thus provides protection from erosion. 
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There are two variations of perennial strips. 
The differ-

ence between them is that one 
is a narrow permanent buffer strip,.
and the other is a wide strip, which allows rotation with annual
crops. Whereas the narrow buffer strips cover 20-25% of the
land, the wide strips cover 30-50%. 
 The specific conditions of
each field determine the type of strips 
to bc used. 


There is no set rule for specific plants to be used in
these strips except that the most suited are uncultivated close-


roigprnis.ific

The types successfully used so far are 
found growing
naturally, or species which have been successfully introduced
i nreseeded pastures. 

i. Buffer strips
 
The system is planned on a topographic map (minimum scale-
1:2500) with I metre contour intervals. Point rows 
and 


absor-

width differences due to topographic variations are
bed within the perennial buffer strip in order to leave auniform tilled field for convenient cultivation between 

the~~~~~ bfr.cnr 

The lower border of the strip Is planned on a longitudinal

gradient from 0.3-1.0 in order to allow for a ditch tc
drain to a permanent waterway. 

The minimum width of the perennial strip is 6 metres and
the distance between consecutive strips is between 30-40
metres, 
according to slope, erodibility of the soil and 

rainfall intensities. 


Ro. cops 

Fieldtrack 


Figure5. LAY-OUT OF STRIP CROPPIN$G SYSTEM
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11. Wide perennial stripa
 

-- ps
 

Planning for these strips
except that they 
 tr isis similar to buffer strips
left for annual 
 wider and similar in s ize 
to those
tion. Point ro 
cuad op 
 s, t allowing for rotaabsorbed within the
bsored
ithn te rrenialstrip,variations 
are also
r al 
this leaving a uniform width for the tlled strips.
 

The percentage of the field to be in perennials 1z
determined by theferodibility
conditions of the fild 
 Uuar
 
land will have a 


of the soil and the spec
field. 
 Usually the m~re erodible
 

greater proportion of it in perennials
7.3.6 
 t npe nn a s
Broad Base Terraces
 

countries, because of the large area essential for their successful application. 


Broad base terraces also have limitations in developing
 

slopes Over 10. 
They should not be constructed on land wth
On steeper slopes 
 cnstrutenand
be so near with
to each othet s


Furthermore, on 
the individual terraceswould
 

cultivation would be d fficult.
a continuous 
downhill movement
l oion, stee sflopes, broad base terraces woulj L~ot
o olbtentetrae
control eroson, even if combined with mulching. There would be
n
 
especially thou h 
 of Soil between the terraces and
espeialy trough the water disposal system, which would require
pecial safeguards and expensive structuras to prevent gullying
in the waterways and terrace outlets.
 

This kind of terrace$consists Of a chani~el with 
a ridge
on its 
lower side whose functiun is: 
 to drain surface runoff,
or to absorb runoff. Thus 
there are

terraces,.riaeadasrto drainage and absorption
 

Drainage terraces are 
constructed on areas where:
 
-
 the slope is between 3-10%
 

- the permeability is slow 

- the field is dissected by gullies or depressionz
 
- contour cultivation Is insufficient to control surface
 

runoff and soil erosion. 
 t oto ufc
bterraces 
 are suited to areas where:
 

-excranfall 
 is low and rainfall intensities are not
 

- the slope is less than 6. 

- infiltration and permeability are high.
 
The absorption terrace differs from the drainage terrace
in: 
 being level along its 2ength, and in having a longer cross-
Section.
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Terrace design 


a. Capacity 


The terrace capacity is calculated by the follow-

ing formula:
 

0=- CIA
 
360
 

Where 0 = quantity of water, in m' per second, which may 
reach the terrace. 

C = runoff coefficient (surface runoff as percen

tage of rainfall)
 

I = rainfall intensity in mm per hour 

A = watershed area, in ha (terrace length x dist- 
ance between terraces) 

now 0 - AV 

Whore Q - terrace capa-ity, in m' per second 

A terrace cross-section in ml 


Y = velocity of flow, in m per second 

Example: Distance between terraces is 50 mm,
 
terrace length is 500 mm. Then watershed area: 


A = 50 x 500 = 2.5 ha 

If surface runoff coefficient C - 0.6, and the 
5 year rainfall intensity I = 65 mm/hour, the 
flow arriving at the end of the terrace is: 

= 0.6 x 65 x 2.5 

360 

If the terrace aross-section in 1.0 m' and the 

flow velocity 0.3 m/mac the terrace capacity Lao
 

Q = 0.3 x 1 - 0.3 m'/sec 
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b. Terrace crosssection
 

The channel and ridge side slopes should be 1:6
 
a.oC1ac. Rndge width on the upper side should be
not less than 4.0 m so as 
to enable machinery of
all types to be used. The ridge should be 45 cm
 

higher than the channel.
 

Figure6. TYPICAL TERRACE CROS
 

C. Terrace interval
 

The horizontal distance between two terraces may
be determined by the formula:
 

HD -.20_0+ 10
 
S 

Where HD - hocizontal distance in metres
 

S - percent slope bctween terraces.
This formula can be used to determine the vertical
 

Interval between terraces:
 

VI (cm) = I0 x S + 200 
or
 

VI (metres) = 2 + 
10
 

Where VI - vertical interval between terraces in cm or 
metres 

percent slope betaon terraces 
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A variable expressing soil erodibility, cropping 

system and farm management may be added if 'he 
necessary values azs available. The Universal 
Soil Loss Equation may also be used provided data 
are available, 

Example: On a 5% slope the horizontal distance is: 

HD 200 + 10 = 50 m3-

f. Terrace gradient 

In selecting the'gradient for drainage type terr
aces consideration should be given to the natureof the soil, spacing and length of the terraces. 
The permissible velocity of flow should be checkedWith the expected water discharge for each specificsoil. Generally, gradients from 0.3 to 1.0% may 

be used without causing erosion or waterloggingIn the terrace channel. 

VI (cm) = 10 x 5 + 200 = 250 cm 

5- =2 .5 mVI (in) 2 + 2.5 
10which 

Other important design factors 
a. Drainage-ways 

These should be located in gullies or depressions 
should be stabilized in various ways. Occ

d. 

A 20% variation is permissible. 

Terrace length 
asionally, a gully which has eroded to bedrock (inwhich case there is no oanger of further erosion)may be used. The gully banks should then have a 
permanent vegetative cover. 

e. 

The length of the terrace from its beginning to 
the point where it drains, that is, the draining
length of the terrace, should not exceed 600 m. 
In exceptional cases, where the distance between 
drainage ways demands it, the length may reach 
800 m, but a suitable cross-section and a proper
grzdient should then be ensured. 

The drainage length does not affect the length of 

the cultivation row since if vegetated waterways 
or crossable gullies serve as the main drainage-
ways, the cultivation row can be continued along
the whole length of the field. 

Length of terrace per ha 

The length per ha depends on the slope and the 
adjusted horizontal interval between the terraces. 
The topography on any slope will not be uniform 
and will change along the terrace length consider-ably. Following the formula g= 200 c10 

S 

the length per ha for an average 8% slope will be 
285-290 m, and on an average slope of 4% it will 
be 160-170 m. 

b. 

Where no natural drainage-ways exist in the field,
artifi:ial waterways are constructed. It is essen
tial ta provide protection against erosion by vege
tation .r various structures. Terraces should notbe constructed unless the drainage way can safely 

dispose of the runoff. At the terrace outlet into 
the drainage-way the shape of the cross-section iswide and flat and should be covered with perennial
grasses or paved with stones. 

Farm roads 

Since roads are more subject to erosion than otherparts of the field, they should be sited wherethere is no concentration of water, and where water 
flowing along them can be diverted to an outlet. 
Roads should preferably be along natural ridges
with the terraces crossing them so as to divert 
the runoff into the terraces, or they should be 
located nn the contour. Where this is not feas
ible, the runoff may be diverted by logs, smallditches, stone structures, etc. Roads when located 
parallel to the terrace, should be sited on the
ridge or just below it. 
Sometimes it is convenient to raise the roads toabout 30 cm above the ground. This is desirable 
to check erosion, and to ensure rapid drying. 

farm road should never cross a terrace along its 
draining section since this may result ina beak 
in the terrace. 
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C. Terrace alignment 

Tezraces may be laid out deviating from the true 
contour by a steady, continuous gradient, or 
devicting by a constantly varying grade so as to 
achieve greater parallelism between terraces. 

In the first case marking out in the field is 
done "blindly", the deviation from the contour
being continuouz with a gradient that is approp-
iate to the terrace length. The resulting layout 

is similar to contour cultivation with the same 
drawbacks ("point" rows, sharp turns, etc.). 

-3 
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In the second case the terrace layout is done on 
a topographic map, or by a special method in theth 
field. By means of variations in the terrace 
gradient and some earth-moving where necessary,
.point" row areas can be considerabll reduced and 
sharp benas avoided. 

-z-

sospecia.metho'in 

Tw,ac.kwred ZUMTerace coract 

This method has marked advantages but the expense 
of construction is substantially greater. 

Marking out 

This must be done accurately in the field with a level in 
the following manner. iv. 

Figure 7. 

Construction 

REALIGNMENT OF TERRACES 

a. 

b. 

The "key" terrace is first staked out: it is 
usually the upper most terrace of the fteld, and 
the remaining terraces are staked out in success
ion down the slope. The start line of the terraces 
should be a drainage way or farm road, so as toensure that the terraces on both sides of thistoawih(ramulbrdpugpuedyaD
line are in alignment, 

The stakes are set at 20 m intervals, or even less 
if the topography is complicated. 

Construction equipment includes: disk and mouldboard 
ploughs, a qdvarious graders. 

A 6-disk plough, minimum disc diameter 60 cm and 1.5 m 
total width (or a mouldboard plough), pulled by a D-4 

or D-6 type crawler tractor, appears to be most suitablefor the purpose. The working speed should be as high aspossible so that the soil can be given sufficient sideways "throw". The output should be about 50 m per hour. 
Graders are efficient and produce a good 'ate of work, 

c. After the line has been marked out the sharp bendsare somewhat straightened by realignment either 
up - or down-slope. Each deviation from the marked 

line involves, at a later stage, some grading, so 
it should not be overdone. 

especially motor graders. Even on a relatively steep
slope a grader will construct a terrace with a wide ridge,
which a plough cannot do. The output should be about 80 m 
per hour. It should be noted however that a plough and
grader may be successfully combined with the plough doing 
the initial work and the grader finishing off. 

Marking the strip. This should be done by markih.g a 
second line of stakes down-slope from the staked line, at 
a distance of 3 m on a moderate slope, or 2.4 m on a steep 
slope. The soil is then built up on the strip between 
these lines by the equipment so as to form the terrase 
ridge. 



67 

Mlovinq the soil. 
 In constructing the terrace 
the plough
 

eithieoal
MOesqthe so .in 8 complete circuits made up ofte4 rounds,
In8consterucithe teae o4ounh 

Additional small corrections may be required. 


Gradln . As pointed ouL above the stake line is read-

justed at sharp bends (gully, depressions, ridge, etc.),
and these sections nued to be graded in proportion to 

their divergence from the staked line. 
 Cuts are made on
ridges (not more 
than 15 cm) while fills are made in 

depressions with a bulldozer or scraper. 
The fill may 

be made by raising the ridge only, or the low spot may
be filled in and graded in to the adjoining area. Some 

30% additional fill should be allowed for settling. 


Checking the terraces and final corrections. After grad-

Ina, the terrace is again staked along its length and with

the use of a level, a longitudinal section of the terrace 

ridge and channel is made. Final corrections to an accu-

racy of 1 5 cm, as indicated by the section, are 
then
carried out and rechecked with the level. 


7.3.7 Contour Banks 


Contour banks on 
sloping land may well be suitable under
conditions of land tenure, small farms and even small 
individual
plots in developinq countries, provided that surplus runoff can

be drained into safe outlets. 


Like broad base terraces, contour banks 
can be construc-

ted as absorption banks or, with a gradient, 
as drainage banks. 

Banks should be sufficiently strong and high to discourage any

attempt to cross 
them with any vehicles or farm machinery and to
prevent up and downhill culuivation. 


The total cross section should have a width of 3.5 
m.
The bank channel and its slope 
should be included in the culti-

vated area. 
 The downhill slope should be steep, not cultivated,

and covered with perennial veoetation which may be seeded or

allowed to establish naturally with local vegetation, 


Contour banks 
can be effective on slopes from 2-8%. 
 The 

vertical interval 
(VI) should be between 1.5 and 2.0 m. As an
average figure a horizontal distance of abodt 40 m can be assumed 


250m per ha. 


The cut section of the bank should be 25-35 cm deep and
bbout 2 m wide. The fill section adds another 40-60 cm to the

total height of the bank 60-100 cm.
- The cross section of the 

cut is therefore 0.5 - 0.75m'. 
 The necessity to combine bank-

inn with plugs and cuts in depressions and on ridges 
to smooth
the alignment of the bank for easier cultivation, raises the 

cut and fill quantities to about 0.83 ml 
per metre length. A

round figure of about 200 m' per ha is a safe estimate. 
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Contour banks as described would occupy about 7.5% of
the total area but only 3% (the downhill, steep slope) would
 
be lost to cultivation.
 

i. Lay-out and construction:
 

The lay-out should be done with a surveyor's level and
 
the pegs should be spaced from 10-20 m 
apart, according

to the topography. The gradient in the bank channel
 
should be between 0.3 and 1.0% according to soil type.
 

Construction can be done by hand or by bulldozer. 
Ploug

or motor graders are not recommended for this work.
 

If done by manual labour, 2-3 ml of soil movement per ma
 
day can be expected = 70-100 man-days per ha. An 80 hp

bulldozer should move about 50-70 m3/h 
or require 3-4
 
hours/ha to accomplish the work.
 

A heavy 200 hp bulldozer with power-shift might move
 
140-200 m*/h or require between 1.0 and 1.5 hours/ha to
 
accomplish the work.
iicoCulition
 

ii. Cultivation
 

It is strongly recommended that reversible ploughs be

used for cultivating the land between the banks. 
 This

balances the down-hill movement of the soil and preverts
 
rapid siltation of the bank channel. 
 Furthermore, the
last dead furrow keeps the bank channel free of obstruc
tions.
 

7.3.8 Interception Ditches
 

Interception ditches are constructed in the same manner
 as contour banks but sometimes have to be much stronger, depend

Ing on the 
size of the catchment and the runoff coefficient abo
the ditch. Their main purpose is to prevent runoff water from
 
areas above such as hillsides from entering lower lands which
 
are 
protected by other soil conservation practices, and also to
divert water from active gully heads.
 

Any area above an interception ditch which produces much
sediment should be protected by a vegetative cover or mechanica
measures to prevent sediment accumulating in the ditch. Inter
ception ditches should be located so that water empties into
established or natural outlets and protected water disposal

systems. Across irregular slopes, the 
ridge of the diversion
 
ditch should be reinforced where it crosses draws 
(silt traps).
Lay-out and construction methods should be the 
samc as for '
 contour banks (see 7.3.7). 
 The depth and width of cut and fill

is determined by the 
area above the interception ditch and its

physical condition. To prevent accelerated siltage only the
maximum allowable velocity of water should be used in design
 
parameters.
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7.3.9 Diversion Ditches 

Diversion ditches are small channels with banks which 
have a slight slope towards a well prepared and safe outlet 

for the disposal of surplus water. They are used to effectively 
reduce the length of slopes onarable land and/or to break up 
concentrations of water in depressions on long gentle slopes. 

ti. Improved natural drainage ways 

The main purpose of improvement is to facilitate crossing 

the channel with all types of vehicles and machinery and 
to serve as a recipient of water from outlets of ditches, 
banks and terraces. 

Simple diversion ditches may be constructed during landpreparation with a plough, by ploughing twice and leaving an 
open furrow and the resulting downhill fill as a mechanical 
openarrow andthe sulingyb don f l slomicl 
barrier, but this should only be done on gently sloping land. 

on such land shallow depressions should be crossed byslightly elevated fill sections of the diversion ditch, In 
order t prevent the start of gullying, and at the same time
allow the depressions to gradually level out by siltationm 

In order to permit crossing, the maximum side slopes ofthe channel should not be greater than 1:8. The width, 
and to some extent the depth, depends on the flow for 
which the channel is designed. These requirements aregenerally present in natural channels and, therefore, onl, 
partial shaping is required, with the objective of ensur
ing that the channel, throughout its entire length, has 
at least the minimum design cross-section. The rule is
that runoff must not be diverted into a drainage channel 
until it is erosion-resistant to the flow. 

A water disposal system for these simple diversion 
ditches is necessary, in the form of grassed waterways, or atrips
of land with 3 close vegetative cover. 

The velocity of water in shallow diversion ditches should
be limited to the lower range of the permissible velocities inthe specific soil and the pattern of rain intensity. Accord-
ingly, the fall of such diversion ditches should be between 0.5 
and 1.0 and adjustments for water velocity should be made in the 
adsi0n ad adutendits, fmuch. 
design width of the ditch. 

7.3.10 Water Disposal Systems 
The problem of runoff disposal on sloping land is how'to 

slow down the flow of water in order to prevent scouring in 

drainage channels. To this end the channels are designed with 
a large frictional area (large hydraulic radius). But, whereas 
in humid regions, or cn irrigated land, it is most convenient 
to protect the channels by means of vegetacion, under dryland
farming conditions this solution in not always appropriate. 

ii. Grassed waterways 
The cross-section of waterways depends on the slope, soil 
texture and the area to be drained. The rainfall may var,widely in different ecological zones. However, rainfall 
intensities may be higher in low annual rainfall areas
than in high annual rainfall areas. Consequently the 
quantity and velocity of runoff water may not differ very 

For field estimates, standard figures are given in 
the table below, but they should be used as guides only 
and might have to be adjusted according to local condit
tions 

Waterways should have a parabolic cross-section and be 
covered densely with locally adapted grasses. The deep

est cut should be between 0.5 and 1.0 m. 

Therefore, use is often made of naturally stabilized 
drainage ways or of those in which the slope is reduced by drop
structures of various types. 

Natural drainage ways are very efficient in disposing of 
runoff for the following reasons. Being located in depressions,
surface runoff and sometimes sub-surface seepage, collact in 
them naturally. Thus, no artificial diversions are needed. 
Usually, the slope in such channels approaches the required
design slope, and the construction expenses are less than in 
artificially excavated channels. Finally and most important
of all, experience has shown that an improved natural channel 
drains more efficiently than an artificially excavated one. 

, 

Figure 8. CROSS-SECTION OF A GRASSED WATERWAY 
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The grasses used in waterways have to be adapted to the 
local climatic conditions. Generally, grasses which 
spread by rhizomes (e.g. Cynodon dactylon) are the best 
types for the purpose. 

In semi-arid zones drought resistance should be especi-
ally considered. Bunch type grasses with strong stems 
should always be avoided. However very soft and dense 
bunch grasses (e.g. Eagrostis curvula) which bend with 
the flow of water, and create a roof-like cover, are 
often successfully used. A very careful review of the 
available local or introduced species of grasses should 
be carried out before selecting one, or a mixture of 
good grasses which will protect the waterway from damage
by erosion. Seedbeds have to be prepared carefully. A 
waterway in which a seed bed has been prepared is very 
susceptible to erosion, and soil and seeds may be swept
away. It is a good practice therefore, after seeding, 
to cover the soil with a mulch, or else to use mechanical 
structures or sod strips. 

As a rule of thumb about 50-75 ml of earth movement will 
be required per ha of drainage area. This can be done by
manual labour or by heavy equipment as indicated in the 
table below 

STANDARD FIGURES PER HA OF DRAINAGE AREA 

iii. 

Care of grassed wera 

The waterway should always be crossed with raised imple
ments, otherwise the vegetation will be destroyed. 

In the case of implements which cannot be raised, cross
ing lanes are provided about 10 m part. As the implement 
nears the waterway it should veer gradually towards the 
nearest downslope crossing lane so that runoff can drain
freely into the waterway. 

Before the onset of the rains, the grass in the waterway 
must be cut, so that the flow of water can proceed smooth
ly without causing eddl . Light grazing may be allowed 
in the waterways proviued about 15 cm plant height isleft. 

Fertilizer should be applied regularl1 according to the 
requirements of the grass stand. 

Parallel ditch system with waterways 

This system may be used on sloping land (up'to no more 
than 8%) which is irrigated by furrow, sprinkler or drip
irrigation. Grading (levelling) is essential to give theland and the furrows the desired slope. The cross-slopeitself is not eliminated. Depending on the topography 

and the distance the earth is moved, bulldozers, graders
and/or scrapers can be used for this kind of levelling.
The average earth mqvement per ha varies between 300 and 

Manual labour only 

Earth moving 

Shaping, seeding, repairs 

Heavy equipment 

Man days 

25 

20 

200 hp 
Bulldozer 

hrs 

150 hp 
Grader 

hrs 

500 m'. Different example layouts are shown in Figures 
11 and 12. Exact topographic maps have to be prepared. 

a. Survey and layout 

The survey is done using a grid at 20 x 20 m 
intervals. On difficult topography, the grid 
spacing is reduced to 15 x 15 m or even to 

10 x 10 m. The accepted mapping scale is 1:500.
The stakes used are I m long. They should be left 
in place until completion of the grading. 

Shaping, seeding, repairs 20 0.5 0.1 b. Location 

Waterways should preferably be located in natural 

I kg of grass seeds and 10 kg of chemical 
per ha should be applied for both methods 

fertilizers depressions. This is the most efficier.t way and 
also the cheapest, since it saves on grading.When, however, for various reasons it is not practicable to choore this method, then the waterway 
may be located on the field boundary at the end of 
the irrigation laterals. While this method usually 
requires a great deal of grading, it has the ad
vantage of permitting furrow irrigation. The pipe 
is located on the ridge, the rows drain away from 
the pipe on both sides of it, and the distance 
between two waterways is equal to the distance 
between mainline pipes or unifom canals, usually 
200-Z00 m. 
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Since the waterway must alloL for cutting, 
grazing and crcrsing with machinery, the side 
slopes are fixed as follows: 

Waterway less than 5b1cm depth - 1:6 minimum 
Waterway more than 50 cm depth  1:8 minimum 

After completing the excavation of the channel, 
the ridge heights and the grade along the channel 
are checked with a field level and corrections 
made where necessary. The height difference between the channel and the ridge should be approx
imately 25 cm. 

The waterways are excavated with a scraper during 
the grading operation and the excavated soil is 
used for filling in low places. 

The final shape of the ditch is obtained after the 
field is plo,,-'ed. It then becomes a wide, shallow 
ditch which u.-.cges into the field on either side. 

c. The drainage ditches 

These are given a slight gradient and the distance 
between them is found from the formula: 

Q CIA 
360 

though distances of 36 or 24 m meet the usual 
requirements for sprinkler irrigation. The ditches
should "o located midway between lateral irrigation
pipes so th. they may be cultivated and maintained 
more easily. .!I.gradient along the ditch varies 
between 0.5 and 1.5 parcent. The use of variable 
gradients allows greater latitude in keeping the 
ditches parallel and in eliminating "point rows" 

. 

The length of the ditch should not exceed 2U0 m 
since its small cross sectional area is capable cf 
carrying only small flows. 

The excavation iq done by a scraper. A narrow 
channel 15"cm deep and 2.5 m wide (one scraper
width) is opened. The excavated earth is placed 
on the lower side, forming a 10 cm high ridge,
thus increasing tbe cross-section. 

iv. 

ac, 

a
2 

Figure 10. TYPICAL FINAL SECTION OF DITCH 

Capacity of waterways 

The formula Q = C.hA is applied in determining the 
quantity of water to be discharged by a waterway where: 

Q = Quantity of water in m' per second which may 
reach the waterway 

C - Runoff coefficient (surface runoff as percent
age of rainfall) 

250oc 

",to..',A 
1I Rainfall intensity, mm per hour 

= Watershed area in hectares tu be drained by a 
waterway. 

Figure 9. INITIAL CROSS-SECTION 

The runoff coefficient varies widely with slope, soil 
texture and permeability and with the various soil con
servation practices applied on the land. A 5-10 year
intensity should be selected. As a rule of thumb, the 
C coefficient is likely to vary between 0.3 and 0.6. 
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Table 4. 
GUIDE TO SELECTION OF VEGETAL RETARDANCE
 

Stand Average length

-I Degree Stand Average length Degree

of of
vegetation retardance of of
I N vegetation retardanc( 

I .\-i0 Longer3 than 0.75 m A = very good Longer than 0.75 m B
3
0. -0.6 m B = good 0. -0.6 m C
 

" . N Good 0.15
" - -\\ - 0.25 m C = fair Fair 0.15 0.25 m D\ _ 
 .0 - ~ 
0.05 - 0.15 in D = good 
 0.05 - 0.15 M D 

Less than 0.05 m E = very poor Less than 0.05 m E

0..,oll c ult,.oyon l.lgIs
h 100 - 600 m O o.. s 

Figure 11. EXAMPLE LAYOUT OF PARALLEL DITCH SYSTEM WITH WATERWAY 
 Table 5. PERMISSIBLE WATER VELOCITIES 1N CHANNELS, DITCHES AND WATERWAYS
 

Permissible Velocity
Soil Texture Bare - m/secChannel Veetation
 
-. 
 - - - Channel Retardance Poor Fair GoodIt - -w - U Sandy silt 
 B 
 0.90 1.20 

- . I Sandy loam 0.45 C
--- __Cu.II 0.45 0.75 1.05uit Silty loam
,i -j --. ii- 0.60 0.90
 
D"0 
 600
 

, 

Silty clay loam 
 B 
 1.20 1.50
 
Sandy clay loam 0.60 
 C 0.75 1.05 1.35
0 


D 
 0.90 1.20
 

-- ao-10- ------ o150-180. 
Clay 


B 
 1.50 1.80
 
G,as..d a~o 

I, 0.75 C 0.90 1.35 1.65

Como-(ofi.,pading) 

D 
 1.20 1.50 
F.eld ood . 

Figure 12. 
 EXAMPLE LAYOUT OF PARALLEL DITCH SYSTEM WITH WATERWAY
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With regard to the capacity of water discharge in M 
3 

second, the formula 0 = AV is applied where: 

= Waterway capacity in m 
3 

per second 

per 
Regarding (b). Areas with very broken topography shouldbe c.cluded. Depending on the intended cropping pattern, annual 

crops should be planted on terraces from 5-25% slope. Orchardsmay be planted up to over 35% slope with very narrow bench str-
A = Waterway cross-section in mn 

3 

ips, if possible under permanent cover crops, the important factor being the air and root space between the trees. 

V = Velocity of flow in m per second. 
In grassed waterways the retardance factor of the grass 

Regarding (c). Bench terracing without the consent and
interest of the farmers involved has been unsuccessful and with

cover and its resistance to erosion has to be considered 
in selecting the permissible water velocity (Tables 4 
and 5). The cross section of waterways is then Qalculatedanrd5).lThe ccultivated 
accordingly. 

out consent should be avoidea. Many cases have been observed
in which farmers have agreed to conversion under pressure by
officials. These areas are in most cases poorly farmed or not 

at all. These factors should be very seriously
ccnsidered in casesof any new intensive drive for land conversion 

7.3.11 Bench Terraces with Soil Risers i. Design and layout 

Bench terracing is probably the most effective soil con- In designing terraces, natural features should be used, 
servation practice on sloping land. It is also the only possible 
practice to reclaim land for cultivation on slopes over 8-10% and 
up to 3T% - sometimes even up to 55% - for the production of sus- 
tained yields of (high value) agricultural products, 

9ench terracing is always a major reclamation job, whether 

where possible, in siting waterways, paths, etc. 

A base line at right angles to the contours (directly up
and down the slope) should be established near their 
centre, and on a line of approximately average slope of 
the area to be terraced. Using a level, pegs should be 

carried out on steep cultivated and eroding slopes oz on lands 
which are at present under less intensive use, such as grazing, 
but have sufficiently deep soils to be permanently converted 
into agricultural land. Bench terracing is often called "Land 
Conversion", a very fitting name for this activity which "con-
verts" badly eroding or under-used areas into highly productivecrop land. 

The most important firt step in successful land conver-

placed at one metre vertical intervals on the base line. 
The level will have to be set up several times f the 
land is steep (see Figure 13). 

These pegs form the base from which the "contour lines' 
are pegged out on the ground. Once again using the level, 
pegs are placed at the same elevation, about 10 m apart(or closer if the terrain is irregular) and then joined 
with a rope. After setting out., pegs are realigned, to 

sion is the selection of the sites to be converted. The follow- smooth out the contour lines for easier construction and 
ing factors have to be considered: subsequent cultivation between them. 

(a) good soil texture with sufficient depth During setting-out the position of the waterways shouldbe determined. Where possible these should be sited in 
(b) topographic features and crop adaptation 

(c) consent of the farmers involved 

Regarding (a). Very sandy and coarse soils should be 
avoided. Conversion should start from good loamy sands onwards 

small natural depressions if they occur, but on no acc
ount should they be more than 100 m apart. The minimum 
width for a waterway is 50 cm at the bottom but may be 
as wide as 4 m for large catchment areas and steep slopes. 
The bed of the waterway has to be level, thus spreading 
the water, and well sodded or seeded with grass, in 

to the heavier textured soils. The minimum depth on the cut 
section should be not less than 40-50 cm (after the cut) for 
annual crops. Plantations need deeper soils for the development 

order to reduce water velocity. Also it is necessary to 
construct drop structures to reduce velocity. These 
should be constricted of stone, but as an alternative, 

of root systems. Trees should therefore always be planted on well sodded drops may be used. 
the fill section near the riser, where the soil is 
and most fertile. 

the deepest 
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If the area to be terraced does not extend to the top of 
the watershed, the runoff from above must be diverted into 
waterways passing through or around, the terraced area. 
Therefore, it is necessary to construct interception 
ditches. The maximum length of the ditches should be 
half the distance between the waterways, and their grade 
should be betw2en 0.5 and 1.0 percent. 

-110 

ii. Construction 

Since each individual terrace is formed from equal 
volumes of cut and fill, construction of bench terraces 
may start at any point after setting out has been comp
leted. However it is rccommended that work be commenced 
with the construction of the interception ditch, if 

necessary, and then to proceed downhill. Thus there 
should be no problem with runoff during construction. 
Furthermore, the risers should be sodded or seeded with 
grass as soon as they are completed. 

'09 
IIII 

ei 
01 

- --
The surplus of fill material (due to natural compaction 
of the soil) should be placed on the fill side of the 
centre line of the bench. In normal circumstances this 
makes the outside of the bench 10 cm higher than the 
Centre at the time of construction. 

tThis 

' •obtained 

fill material soon settles to form an almost level 
terrace. In order to prevent water spilling down the 
riser, a ridge of 10 cm higher and 20 cm i-n :idth is 
built along the lip of the riser. This m;.teA.Ial is 

from a drain of similar dimensior.' at the bottom 
of each riser (see Figure 14). 

CILL 

t: $It is emphasised that it is most important that the 
terrace should have a slight back-slope, otherwise runoff, 
down the riser would cause severe erosion. 

% 

0
0 
-

S 
1-1 
It 

waterways should be constructed with a series of drops, 
to reduce the velocity of runoff water, and if possible 
the drops should be made with stone. Waterways and their 
sides should be well sodded or seeded throughout their 
entire length. The position of the top of the dtops 
should be near the original ground level, between the 
centre of the oench and the top of the riser. Further
more, the drai.n at the bottom of each riser should run 
into the waterway at the same level (see Figure 15). 

Contra tns of bench marked 
wiln turned god. 

Baa. line.|1hnerg|caI inerval 
Bass line bcitharticl b neral 
of bench marked b pe an 
contri, line of riser. 

On completion of the earth-moving work, the risers should 
be trimmed to a 2 to I slope and sodded or, more econom
ically, seeded with well adapted grasses and legumes. 

If sodding is to be used, it should be carried out 
continuous strips of not more than 20 cm apart. 

in 

Figure 13. LAYOUT FOR BENCH TERRACES (not to scale) 
Risers may be protected from erosion by seeding, and 
this method requires much less labour than sodding. Also 
it reduces the temptation to obtain sods from other ar~as 
susceptible to erosion. 
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Overall width of bench terrace

of fill Inclined 
litntl to all"w 
ompaction -k 

MalArs 

Lip 1c. 

on.~~T 

tin 

high 

Area 
i .1.. 

potn 

tillrrs :cu 
toI11ft" 

Ou' loe* 

of cultivation )Maximum 

0 

holem 
0.3m for lip, 

drain S compactioni. 

Drain 10cie deepDrppoetdista-01gdd 

" 

Contrao of bench 

I All earth movement 

Depth Of Cut 

ccrosl this point 

Alternative to along fecleg, us@ 

sods laid horizonllly jad en a 

selope not treaer then I: I. 

Mid point of tise marked on g:zund 

by pegs ond stra tcpe. 

INo earth movement across this point 

NCTE : FOR DETAILS OF AREAS AND VOLUMES AT 
DIFFERENT PERCENTAGE SLOPE SEE TABLE 6 

O 

ORIGINAL GROUND 

BENCH TERRACE 

WATERWAY 

LEVEL 

Figur@ 15. CROSS SECTION THROUGH BENCH TERRACE AND WATERWAY (not to scalo) 

r1iure 14. CROSS SECTION OF k9NCH TZRRACES (not to scale) 
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As an example, Table 6 summarizes the physical character-

istics of bench terracing with a standard vertical inter-

val (VI) of I m. On slopes up to 10% a lower VI should 

be used depending on the crops or rotation and farm mach
inery to 	be used. On slopes over 25% no bench terracing

with I m 	VI should be carried out. In fact such slopes

should not be used for arable crops. 


It is evident from Table 6 that the width of cultivateable 

benches 	on a slope of 25% is only 2.5 m out of a total
width of 	4.0 m of terrace. 
 1.5 m are lost to the riser. 

On aslope of 35% the width of the bench is only 1.36 m 

and 1.5 	m are occupied by the riser. 25% of slope should 

be the 	absolute maximum for bench terracing for arable 

crops if 	animal or mechanical power tools are used.
Preferably the limit should be set 
at 20%.
 

On steeper slopes narrow benches may be cut but only for 

tree plantations. The VI to use between these benches 

depends on the spacing required for the specific tree 

crop. 	 There is no loss of land for risers as the root
 
and air space is provided by the horizontal distance 

between benches. For each 
tree a wider basin should be 

constructed, by cutting into the slope and filling the 

material on the downhill side.
 

A permanent and dense cover crop is essential and only

the individual basins for each tree should be weeded. 

This system is not only very affective against erosion 

but the 	cost is much lower as much less earth movement
 
is required.
 

If only 	manual labour is used in cultivation, narrow 

benches 	of I m width can 
also be used for arable crops.

On a slope of 30% the risers would be only 0.3 m high and 

the ttal earth movement would be about 750 m'/ha. 


For tree 	crops on the same slope, e.g. coffee planted

with a spacing of 3 m between the rows, only every third 

bench would have to be cut, or about 250 m'/ha of earth
movement for the benches, plus an additional 100-150 m3 

for the 	individual basins  a total of 400 m'/ha without 

any loss of area for risers. The standard bench terrace 

with a VI of I m on a 30% slope would require 1 642 m'/ha

of benches (see Table 6). 


Bench terraces can be constructed by manual labour or a 

combination of machinery and manual labour. 


Table 7 gives the approximate labour requirements for 

bench terracing if done only by manual labour. 
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The stable slope may be achieved in two ways:
 

by transporting the soil from the upper part of the 

terrace 
to its lower part with earth moving equipment. H1 depth of oils presumed to e lost 

b 
y creep, 

at
 

by leaving it to be done by cbltivation and nature,
over a period of years. 
 H2 depth of soil presumed to be deposited near the wall
 

When the area is being reclaimed for orchards, it may 
 X safety factor (usually 30 cm)-
sometimes be worthwhile to sub-bench the individual rows 
 facto usuallY 10 CM)

before planting. 
 safety
X2 


With rotation crops it is advisable to let nature and 
 The formula is readil. understood when it is considered
cultivation do the job of benching. The cost Js thereby that the wall on its 1cwer side must be sunk into the
 
reduced and it is easier to build up and maintain soil 
 ground by an amount equal to the depth of soil which is
fertility 
 expected to be removed by creep (plus the 20 cansafety
 

factor), and on its upper side must rise above the ground
 
surface by an amount equal to the deptn of deposition
 
expected (plus the 10 cm safety factor).
 

His 

Figure 18. SKETCH OF BENCH TERRACE CONSTRUCTED ON THE 
PRINCIPLE OF THE STABLE SLO)PE 

ii. The retanngwall !l~ire 19 
. SKETCH OF STONE RETAINING WALL 

The wall is constructed from stones collected on the 
spot. As a rule, close and low retaining walls are 
preferable to high walls set far apart. 

iv. Drainage ofgravitational water 

It nay be frequently observed, following rainfall, how 

H = (H1 

The eigt o a ton reainigwll s gvenby:water
The eigt o a ton reainigwll s gvenby:terrace 

+ X1) + (H2 + X2) 

percolating through the retaining wall wets the
below it. In order to drain this water, furrows 

are opened at the foot of every retaining wall. Thesefurrows need not have a large capacity, since they only 
conduct small quantities of water, but they need a 
continuous longtudnal grad. For this reason it is 
important to grade the strip along which this furrow 
is to run. 
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This can be oxpressed as 

This method, though cheaper than the previous one. I,
 

HD 2 
still fairly expensive. Level bench terraces have many

advantages but suffer from the following drawbacks:
H- They are narrow and machinery cannot be easily used
 

on them.
 
Where HD - horizontal distance, in metres, 
.
 

Many high retaining walls are needed, thus steeply

Sdepth of excavation in upper part of terrace,
in metres, 	 ralsir.g the cost of reclamation on the one hand, and
 

on the other hand making access to the benches more
difficult, thereby increasing the cost of tillage.
H2 - height of fill in lower part of terrace, in metres, 
 - Where the soil is initially shallow, the terrace,
 
after its construction, has relatively deep soil 
on
its lower part, while on the upper part the soil is
often too shallow for the plant's requirements.
 

Consequently, it is recommended that stone wall bench
terraces be used primarily for permanent tree crops where
the trees can be planted In the fill section only.
 

N oii. 
 Determining the interval according to the preued stable
 

j" - - - 4The disadvantages mentioned above may be largely overcome
+ 
 by designing bench terraces on the principle of the stable
l +slope.N%,

C'...C, )-i 

+* + 	 This design is especially useful in the-. /o + 	 case ofrotation crops, where an artificial stable slope of 3-81
can be maintained by using a revereble plough or dL~k,
(J - -_ -as 

already strongly recommended. 
The stable slope changes
for different soils. Local observations and experience
should be noted and applied. It should be possible to
reach fairly exact conclusions from reviewing the condi-


Figure 16. tion of a given cultivated soil and comparing its stabil-
SKETCH OF BENCH TERRACE CONSTRUCTED BY FILL 
 ity against erosion seen on different slopes. The terrace
interval can be calculated as follows:
 

2 (D -D,)

HD = 2'
 

- SI- s2
 
HWhere 


HD - horizontal distance, in metres
 

D - present depth of soil on the area, 
in metres
 

1A- -. .1
oi Fl--
 D2 - minimum soil depth required by the crops, in metres!!
 

S 	 B - present slope, metres/metre
 

.l 	 2, 	 s2 p esumed stable slope (natural or artificial), 
metres/metre
 

1/ With rotation crops 
this depth is that of the upper part of
 
Figure 17. SKETCH OF BENCH TERRACE 	 the terrace, at the foot of the retaining wall. In the case

CONSTRUCTED BY EXCAVATION AND FILL 	 of orchards the depth is that of the root zone 
of the trees
in the uppermost row of the terrace.
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5 	 If heavy equipment is used ae 	 200 hp bulldozer would move
about 100 mr/h. In addition a minimum of 50-80 man-days/
ha would be required for final shaping, seeding, sodding, 
0 - oetc. ' 

, Brush control and root removal would require an add0itional 
 1 

*for 	 60-100 man-days/ha. (All the above figures are
gross hectares).
 

j uC 7.3.12 Bench Terraces With Stone Walls
 

a: 	 --
 The 	construction of bench terraces with stone walls is
 

*.c u justified where stone can be found in adequate quantities close

=4 to the site, and potential productivity of the land justifies
I. 3O
c4 

W 	 4 k the expense. However where there are many surface stones culc' .a 
tivation may be restricted.
 

c 44 co 
o,0 	 :a

1C .4
W n 	 The construction of stone wall terraces at intervals on" 0 the contour not only protects the land from erosion but simul
0°W 	 > r 
 taneously reduces the number of btones, which facilitates

0 m 	 -a o o - O ~ro O cultivation and increases crop production. To justify the relatively high cost,.Intensive land use is necessary.
 

g 
 34 .0 Bench terraces with stone walls can be used for annual
 o 

U 	

r 4 crops and perenniz.l tree plantations. The latter are likelye 

E44 	

- 04 to produce the highest return on the investment, except in cases
o' 
 4 	 of special high value annual crops. 
 Furthermore, tree crops
05 	 3..
 -3- N'1 0 34 > require less cultivation.
 
1,a All remarks regarding the use of natural features in
 

designing terraces in Section 7.3.11, apply 
to terraces with
E- Cc  o c stone walls.
 
" .0 .A 	 c4 4j 


w.4 	 - - mu
4 

0 0o i. Determining the interval between bench terraces of levels4 	0 0 cross-section
 

: a 1, 
The horizontal distance is 
a function of:
 

1 . " u 14O. . . - the heignt of the retaining wall 
w~ w34 C3. a a.30so the slope of the land
 

. w 	 vieo W' 0u 	
This can be expressed as4) 	 0 Cvo .c v -a a r.4.4 	 '340 u w3 0 cL:Vtlc 3. 034
 

c w '.. 
 tC 	 . c4.. .oa 0' 4sr 0. m=c	 HD ~ 
u 	 I4e3IX543t~ o o 	 34. Q. .>4534 .. 344... -1 	 Where HD - horizontal distance, in metresuu 	 '.M K 00:30 'a v$. o40 r M. In So cc e e 3a A. 0U H height of retaining wall, in metres


Ca - 2 -03 v . 0.". w3 0 r4 4 4 r O $44 a. m'- 1- 5 	 40.c - Ue 0.) ua. 0'3 . L4C , .j 0 us
 
o *-. a c a 4 0.0 


S - slope, metres per metre
 
>3 C53w 4 3 


C U 0. 0. to 34 -a34I3 m 0 Q. >. 	 0 .4. u ' 4 v0. .oaple>3$4 3 0 V w > M k w 

0tructed 'a 


This formula applies only to those bench terraces cons
by building a retaining wall and filling it with
r = a . . a c M. e ow oo4 14 " E- 3 -O 	 soil brought in from outside (Figure 16). This method,however, is the most expensive and is only used when
a. .4-4 o 0 to w3 vC -U~W n 14 3C I- w1 4 . 'IeIgthere 	 is insufficient soil depth on -'.c to be reclaimed.Usually, bench terraces of level "ross-sectionare con

structed by moving soil from the upper.part down to the
 
lower part (Figure 17).
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ONV 	 Soil surface Retaining aoU 

Wolo surface 

WaSoil 	 surface 

Figure 	2U. THE DRAINAGE FURROW
 

V. 	 Disposal of runoff water
 

In many countries a common practice is to divert the
 
runoff from the cultivation furrows and retaining walls
 
into deep, narrow, ditches made of stone, concrete or
 
earth, which run straight down the slope or diagonallydown it. Since such ditches cannot be crossed by mach-
 Rotinlfg all
inery, 	they cannot be used in areas where cultivation
 
is mechantzcd. On the other har.d, wide, shallow, vege
tated waterways, crossable by machinery, which are
 
effective on moderate slopes, are not a practical prop
osition on slopes exceeding 15%, since the vegetation will 
 Noe 
not supply the necessary protection. There are two poss
ible solutions:
 

a. 	 Combining vegetated waterways with drop structures
 
of stone or other material 50c..
 

The drop structures in the waterway are an exten
sion of the retaining walls. Their height is

lower than that of the wall and is determined by 
 Bolom ofs|:7
the amount of flow in the waterway. Where the
 
retaining walls are set far apart, it may be
 
necessary to construct additional drops in the
 
waterway. The area of the waterway itself is 
sown
 
or planted with perennial grasses for complete

protection.
 

Figure 21. 
 SKETCH OF A DROP STRUCTURE
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b. Paving the waterway with stone 


Paving the waterway with 
stone is rather costly, 

but the method has the particular advantage that 

the waterway can then be used as a field track 

The provision of trr.cks on steep areas is a sub-

stantial fraction of the total cost of reclamation, 

so that combining the waterway-with the field
track is a promising solution. 


Cost of construction 


The cost of constructing stone walls is high. It is
 
impossible to give standard costs 
per ha because in each

location and for each crop different requirements pre-

vail. However a few indications can be given for estimating the cost. 


Stone walls should have a width of about 0.3 m 
on the top

and not less than 0.8 m at the bottom if they are I m 

high. At least 0.3 m should be buried in the 
ground as 

a safe foundation. This depth of foundation has to be 

calculated after the removal of soil 
for the fill in the 

lower terrace. 


1 m length of terrace will require 0.55 m' of stones, 


Building of stone terraces is a specialized job requiring 

much experience. 
 One skilled and one unskilled labourer 

should be able 
to use 1 m' of stone (including excavation 
of the foundation) per day. 

SOIL AND WATER CONSERVATION ON PASTURE AND RANGE LAND 


7.4.1 General 


All lands in this land utilization group are used 

exclusively by livestock of different kinds. 
 They should not
be used for cultivation. On the other hand grazing and/or 

cutting forage must be strictly controlled. Improving and

maintaining the ground cover 
is therefore the principal conser-

vation measure. However, 
additional physical conservation
practices are often required to reclaim badly eroded lands and 

to prevent erosion in specific problem areas. The improvement

and good management of these lands are 
of the utmost importance, 

especially in the steep mountainous parts of a watershed, which 

are 
a major source of erosion and runoff in the highlands and 

of siltation and floods on the lowlands. Furthermore a sound 

and well established livestock industry may often be a 
major 

source of income of farmers in the mountainous parts of water
sheds with their limited areas of arable land.
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In semi-arij and arid zones where no irrigation water is
available and where cultivated crops are under constant danger
 
of failure, pasture and range may be the only safe 
use for the
land which, with proper management and improvement, may still
 
produce satisfactory yields of animal feed. 
 Furthermore, water
 
yield may be improved by replacing low grade brush vegetation
 
with a dense grass cover, which would at the same time make the
 
establishment of successful animal husbandry possible.
 

Actually, every management activity to improve and main
tamn production on grassland would at 
the same time be an impor.
 
tant 
factor in protecting the land against water and wind 
eros
ion.
 

7.4.2 Management and Soil Conservation
 

The first and most important management practice is the
 
proper stocking of pasture and range, and the 
establishment of
rotational grazing 
;for which fencing is necessary). Stocking
 
may vary widely, for example from 0.5 to more than 100 ha per

animal unit, according to climate and soil conditions. Rota
tional grazing is essential to give the grass period of rtst
a 

after grazing to allow re-growth. The correct grazing and 
 est
 
periods differ in the various climatic zones. There may also b.
 
rest periods for "on the land" storage of grass for 
consumption

in dry seasons.
 

The general tendency throughout the world, in developed
 
as well as developing countries, has been to overstock grazing

land far above its carrying capacity, often by adjusting the
 
capacity to exceptionally "good" years, without readjusting
 
stock numbers in "bad years", which are generally much more
 
frequent and near the average to be expected.
 

Overgrazing destroys the most palatable and useful
species in the plant mixture and reduces the density of the

plant cover, thereby increasing the erosion hazard and reducing
the nutritive value and the carrying capacity 
even more. It is
 
a vicious cycle which has created many man-made deserts over
long periods of misuse.
 

I. Fencing
 

Fencing is used to divide range or pasture into a number
 
of grazing paddocks. For rotational grazing on range,

three to four equal sized paddocks each grazed for a
 
number of days are needed. Paddock size varies accordinc
 
to the size of the range area. For pastures a larger

number of smaller paddocks is recommended, for ore in
tensive use.
 

7-
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Although herding and tethering can be used for grazing
control on small areas (1-5 ha), on larger areas fencing-
is required. Both permanent and electric fencing can be 
used. The forper is recommended on large range areas 
(over 50 ha) the latter on re-seeded pastures (3-25 ha)
and small range areas (10-20 ha). Permanent fencing must 
be installed ccording to specific standards but at rea 

Wooden, concrete or iron posts (210 cm long) set 80 cm 
deep and spaced 8 m apart, carrying 4 or 5 strands of 
fencing wire with bracings for corners and changes of 
direction are recommended. Wire spacers are fixed every 
2 m along a wire fence line and the wire must be strained 
tight before attachment to the posts with wire or staples.
If the climate permits, use can be made of live fence 
posts. Cuttings of Glericidia sepium and similar small 
trees are recommended for this purpose in the humidtropics. 

7.4.3 

Watering paints t be well selected and carefully pfq
ared. The concentrusation of large numbers of animals in 
a restricted area often causes heavy destruction of the 
environment and greatly increases the hazard of soil 
erosion by wind and water. All precautions to avoid 
these dangers must be taken, incluting such measures as 
paving, prevention of the creation of permanent deep
tracks, use of hard faced approach roads and many other 

possible solutions. 
As a general rule, watering pints for cattle in tropical
and subtropical regions should not be spaced wider than 
about 2 km apart. Water quality is an important aspect 
in good management and it should be tested. 

Soil Conservation on Pasture Land 

i. Description of pasture land 

i. 

Electric fencing consists of a high voltage contr3l box,
battery or mains operated, to energize the fence, wooden 
or metal corner posts and intermediate posts, and either 
plain wire, barbed wire, or polycord with insulators. 
For cattle a single wire, and for sheep two wires, should 
be strained tight before attachment to the insulators on
the posts. 

Brush controlBrushc control 

Brush can be controlled by brushing on a concentratedsolution of suitable herbicide (e.g. 2.4.D) on the stumps
of trees and shrubs which remain after clearing. This 
method prevents pollution and danger to other crops.
Some shade trees should be left for the livestock as 
shelter and shade in hot sunshine and for browsing in 
very dry seasons. 

Spraying of the total area should not be permitted. The 
danger of damage to cultivated crops near the sprayed 
range land is very high. -t also destroys some of the 
useful species in the plant mixture of the grazing lands. 

This class of land is generally used intensively through
establishment of reseeded and high yielding pastures.
Its most important features 4re relatively shallow soils 
(40-50 cm deep) with less than 30 gravel and slopes not 
exceeding 25-30. 

Very often, zero grazing (or stall feeding) is practised. 

The system may be supplemented by feeding forage crops
grown on arable land. 

Lands in this class may sometimes have been abandonedcroplands, with shallow soils, steep slopes and suffer-
Ing from erosion. Others may be existing range and 
natural forest where the soils are sufficienty d and 
nt u aloesnt too tep o r c r suio nt lyd eep an 
land. 

Occasionally abandoned terraces, and even fairly level
land with insufficient soil depth for cultivation might
be included in this class. The climatic factor is 
especially important and decisive in semi-arid and arid 
zones. 

Brush clearing can sometimes be carried out by chaining.
However this method is not recommended because it rem-
oves all trees and brush, including the useful woody 
vegetation. 

Socio-economic and infrastructural aspects also have to 
be considered, such as traditional systems and ways of 
life, communications, transport, markets and others. 

i. Watering points ii. Treatment 

The pruvision of sufficient and well distributed water-
ing points provides necessary drinking water but also 
enables uniform use to be made of the grazing land (by 
spreading the animals over the whole area and not too 
far from a water point - for small dams, see Chapter 8). 

The most important treatment is good land preparation
(including the application of fertilizers and lime if 
needed) and raseeding with locally adapated mixtures of 
palatable and nutritious grasses, legumes and herbs. 
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Apart from fencing, brush control, and the provision of 

adequate water points, approach roads or trails, addit-
lonal soil conservation practices may be required. 

They should include (see 7.3): 

Contour furrows, opened with a plough, at small 
horizontal distanes, to retain ar.d absorb the 
maximum amount o. rainfall and to prevent runoff 
and erosion 

stone cordons: loose stones on the surface collected 
and deposited on contours 

silt traps, built from stone or soil in small depre- 
iei ons dTable 

-interception ditches, to prevent runoff from surround-

ing areas entering the improved pastures. 

Spot or strip seeding 

This activity, which includes seeding of improved species 

of grasses and legumes adjusted to local conditions, 
covers only a small part of the total area. Depending on 
soil depth and stoniness, spot seeding may be done b" 

manual labour. Strip seeding can be done on suitable 
sites by ploughing or desking strips for seedbed prepar

ation. After the grass is well established it continues 
to spread by natural seeding and after a number of years 
should cover a large pazt of the area. The same work 

can be done by broadcasting the seeds and covering them 
by trampling with animals' hoofs. 

8 serves as an example for inputs for all improve
ments mentioned above. 

Contour banks 

7.4.4 Soil Conservation on Range Land 

i. Description of range lands 

Most range lands are naturally established extensive 

grazing lands where natural reseeding takes place. 
They are poorer and less productive than pasture lands. 

Soil depth may be down to 25 cm, with a higher gravel 
content and rock outcrops may comprise up to 50% of 
the total land. Slopes may also be as severe as 50%. 

In arid and semi-arid zones and on deep soils with gentle 

slopes, contour banks :an be constructed at horizontal 
distances of 10-20 m. The runoff from the strips between 

the banks is stored along the banks and thereby greatly increases the water available to plants. Especially on 
soils with a high silt content (oess) sealing of the 
surface leads to high runoff even on narrow strips. For 

ex.1ple on a slope of 2% water to a depth of 10 cm may 
cover a strip of up to 5 m in width along the bank and 
provide good growing conditions for the reseeded plants. 

Erosion is likely to be moderate to severe and the 
vegetative cover of low density due to overgrazing and 
cutting of trees and bushes for fuel. 

Unimproved lands of this type may often cover large areas 
and be one of the major causes of floods and sedimentat-
ion in the watersheds. These areas also often provide 
the major part of available communal grazing. 

_i.Treatment 

All activities required are as for pasture land but at 

lower intensity (fencing, rotational grazing, brush 
control, water points, furrows, rock cordons) but no 
ploughing and reseeding of the totl area. The applic-
ation of fertilizers and/or lime as necessary is also 
relevant. ' 

at spreading
In semi-arid and arid zones rainfall 
short duration and high intensity. Water is diverted 

from the intermittent streams into a aystem of dikes 
which conduct the flood water, snake-likc, over a wide 
area. Large plots can be irrigated by this system. The 
spacing between the dikes depends on the slope of the 
land, which would as m general rule be around 1%. On 

such slopes the dikes may be 30-40 m apart. A well con
structed diversion weir has to be provided and the dikes 
must be protected against erosion at their bends by grass or, if possible, by stone paving. 

o i sbe y np n 
The ratio between the spreading area to the catchment 
area varies greatly in different semi-arid and arid 
zones. The minimum ratio ray be I (ha benefit area): 

20 (ha catchment area). 
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The diversion and inlet structures for water spreadingshould be very carefully prepared. Flash floods, espec

ially in arid.zones, can occur without prior warning and 
are caused by cloud-bursts in the higher mountainous 
areas. Consequently, all installations have to work 
automatically (withoutthe assistance of human labour). 
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Sometimes waterspreading can be used for more intensive 
crops such as fruittree plantations. In such cases, a 
number of inlets along the diversion canals should be 
provided to allow more even distribution of the water 
without having to move it through the whole system 
(starting from the highest, and only, inlet point). This 
possibility may be considered in areas where a number of 

floods can be expected every year. 

S,-4 7.4.5 Grass Establishment for Erosion Control 
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The stabilization of erodible soil on farm roadsides, 
canals, fish-pond banks and dam walls is very important for 
the long term maintenance of these structures. Stabilization 

is often attained by sodding, which is expensive, labour intin

sive and gives variable results. A cheaper, quicker alternative, 
giving more uniform results is grass seeding. 
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The procedure is to grade slopes evenly, apply fertiliz
ers, rake to mix them with the soil, broadcast the seed and 

then firm the soil. 

For successful establishment and growth of grass on poor 

eroded soil&. a high basic application of NPK copnpond fertilizer 
(400-600 kg/h') is required. 
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On ateep bonks, wire netting and straw and/or borrow 
pits (Im x 30 cm) can be combined with seeding to stabilize 
the soil surface during the early stages of grass establishment. 

Afer several years the nati~egrasses should increasingly 

take over from the introduced grass, which by then will have 
served its purpose well. 

SHELTERBELTS - WINDBREAKS 
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Shelterbelts are an important soil ccnrervation practice 

improving the micro-climate for the producL ....f crops, and the 
protection of crop and range lands against destructive wind erosion. 
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Shelterbelts are tree and bush plantations. planted at right 

angles to the prevailing wind direction. If the wind direction changes 
frequently a checker-board pattern of plantings is required. Otherwise 

only parallel lines are needed. 

5 0 540, 
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From 2-5 rows of fast growing trees of different heights should 
be planted to prevent any possible breaks in single rows, which would 

create a tunnelling action with high and dangerous wind velocities. 

Windbreaks should be partly permeable to prevent turbulence. 

A permeability of 30-40% is considered the optimum. 

Another type of protective forest is that of the upper
most mountainous parts of watersheds in humid tropical regions 

and the forest cover along torrents and rivulets. All these 

types of protective forest should be left undisturbed by man or 

The distance between shelterbelts should be about 20 times the 
expected height of the trees after 5-7 years of growth. 

No cutting for firewood should be permitted in shelter-belts, 
For fruit tree plantations or other crops sensitive to damage bywind (banana) the distance between windbreaks should be reduced to 

Forests can be established and/or maintained on practic
ally all soils, slopes and under a wide range of climatic con

ditions. Sometimes even highly productive land could and shouldbe used under this land utilizatio; group for special circum
ses which ldiieitathigrort for exale: 

stances which would give it a high priority, for example: 

10-15 times their height. the establishment of village fuel 
village 

forests near the 

6 SOIL AND WATER CONSERVATION AND FORESTRY a combination of forestry and agriculture (agri

7.6. Dsrpi foetcvrnforage 

The establishment of a forest cover under good management 

is by itself the most effective soil nd water conservation cor-
ponent, more than any other practice discussed above. However, 
well established forests are 

in most cases only to be found 
in 

remote areas with very low population densities. Wherever rural 
communities exist, the forest tends to be damaged and often 

completely destroyed. 

Nndsoilslpeh goups can beffista s limiting factors 

rocky areaslopw h m a n beethelessitosh e esptinac sicoverand soil depth would be difficult to describe, especially in 

rocky areas which may nevertheless have many pockets of deepsoil suitable for planting trees. 

7.6.2 

silviculture) which could also be connected with 

production for animal feeding. 

The establishment of a well managed and protective forest 

requires a number of activities to be carried out until the 
forest itself has developed its full conservation capacity. 

Treatment 

Re-afforestation is recommended where the existing 

of the forest land needs to be increased by complementaryplanting. 

Afforestation is applied where no such cover exists and 

have suf e an supportfien psrdu v cthe 
The land must however hate soiliend p r et type,

for the establishment and support of the desired forest type,
which differs according to climate, soil and slope conditions, 

whole area needs to be planted with trees. On lands with 
steep slopes and erodible soils, physical assistance for eros
ion control in the establishment stage may sometimes be required,
by construction of basins and steps. 

This land utilization group should include: industrial 
forests, natural forests with high production potential, fuel 
forests, fruit and fodder bearing forests, 

forests for agii

silviculture and some special groups which may be found, or are 
possible to establish, under specific local conditions.Underrauce, 

In a watershed there may also be forest lnds which have 

erosion. These lands re msus and sevelost most of their productive capacity due toto misuse and severemutb.pened 
Te yo l n h s a d r just one step ahead of the bddlands , 

They should still have some potential for the estaulishment of 

a protective forest of trees and bushes with a low canopy. This 

serves only as a protective forest for the prevention of erosion, 

floods and siltation. No returns from cutting or grazing should 

be expected. All plants must be adapted to very poor soil and 

growing conditions. 

Total protection of the area by forest guards against 
grazing and cutting must be provided over many years. 

Under a system of agri-silviculture where forage cropstemethrwth he etabishmntwhe e forest, 

are produced, together with the establishment of the forest, 

only cutting of 
forage and feeding outside 

the area should 
be 

permitted. The removal of litter for burning or composting 
must b e prevented. 

Weeding, thinning and pruning are essential for the 

establishment of good stands. Sometimes application of ferti
izers after planting is needed. 

Fre breaks are necess.ry. 

In production and 
'.ndistrial forests access 

riads and 

forest roads have to be con.tructed 
and maintaine. In a 

protective forest, rcjs s',ould be 
kept to a minimum and used 

only for vigilance purposes. 
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Special consideration should be given to the rotational 
harvesting of fuel forests after a number of years of total pro-
tect ion.________Specia. tA 

Special treatment of gullies by diversion and intercep-
tion ditches, gully plugs and silt traps may be necessary 

SOIL CONSERVATION ON WASTELANDS 
7.7.1 GOnerVa Ament 

ii General aspects 

general observation should be made here. Whole hill
sides which have been organized into small and sodded 
steps, channels and concrete drop structures ay look 

impressive to the eye. However it should always be 
remembered that it is not important how good an improve

looks but only how well it works. 

Wastelands are lands which in their present condition 
are unsuitable for any use, Most of them remain sondter 

large investments ave een so even afterhave been made mostly through manual labour, 
to stabilize them and prevent damage on agricultural lands 
caused by them.caused allbe tm lMechanical 

The guiding principle in erosion control on wastelands 

should be to make the most eff.ctive start at the lowest 

possible cost and to let nature take over and complete 

the healing process over a number of years. The area 
has to be absolutely protected from any cutting or graz
ing over a long period. 

and biological works have to be employed, but 

Practically the only lands that could be reclaimed 
from this utilization group are swamps, which could be drained,
and lands along meandering rivers which could be reclaimed by 
river training. iii. 

large scale and expensive engineering structures should 
be avoided as much as possible. 
Revegetation 

7-72 

The most important are the eroded b-41inds which need 
special atter.tion in comprehensive watersheu development. 

Eroded Wastelands . _.2 _EodedWateand 

Covering the bare and eroded lands with a protective 

vegetative cover should be the main objective of badland 

reclamation. This is however a difficult task, consider

ing the extremely poor subsoil and/or parent material, 
the steep slopes and the sometimes deep gullies. 

Description 

These lands are synonymous with badands and exhibit 

situations where degradation has reached a final st . 
nstage.

Badlands are irrevocably lost for any kind of agricul-
tural and forestry production. They are the most impor-
tant sources of sediments and erosion debris reaching 
the lower parts of the watershed. 

These areas are generallyThsearasar gnealylocated on the steep hillsides, 

formerly covered by forest and later cleared and culti
vated, under a system of shifti2iq cultivation. With the 
increase in population and pressure on the land they 

have been constantly cultivated without adequate soll 
conservation measures. 

Most of these lands are on fairly steep to very steep 
slopes and probably should not have been cultivated at all. Rain-splash, sheet, rill and gully erosion have 

Extremely hardy native pioneer plant species can occa

sionally be found on badlands or can be introduced. 

Afforestation has ittle chance of success and only pro
tective planting of shrubs adapted to the conditions 
could probably be found in most climatic regions. Grasses 

and legumes play the most important role in this regen
eraLon effort. In most cases spot planting/seeding alone 
does not succeed and mechanical means have to be applied 

to encourage the germination of seeds and the establishment of planted shrubs. 

Overlapping half-moon shaped small basins with a back lope 
are probably the most effective and cheapest method. The 
basins serve as mechanical silt traps cnd store runoff 
during the period of establishment. Fertilizers also have 

to be used to give the plants 
a better start. Under ext

remely difficult conditions, wire netting, sometimes over 
a layer of straw, will be necessary. 

practically destroyed these lands. Gullies have crept 
uphill at increasing speed unt-l finally the lands have 

been abandoned. 

Once a start in establishing a plantcover has been su~c
essfully made, the grasses, legumes, herbs and shrubs 
propagate themselves, provided full protection is main

tained. Small repairs of breaks in the traps must be made 

and a second application of fertilizer is recommended. 
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It is important to catch as much debris and water as
possible to prevent them from reaching the gullies.
Bunds and small basins can be used over the total eroded 
area. The mechanical silt traps can be reinforced byplanting vegetauion around the outer perimeter of the 
basins if suitable species can be found. Loose rocks and 
stones on the surface can be used for the same purpose. 

The elaborate building of small steps on the contour with
sodded risers or stone walls may be applied on selected 
areas, such as banks along highways, but it is extremely
expensive and in fact less effective than the basin
method. Too much loose soil is used in these small terr-
aces and not enough space is allowed for trapping of erod-
na material. Once the small steps have been partly
filled with debris, thereby giving them a downhill slope,
they become useless and create severe gullying. This may
happen during only one rainstorm. 

Gully Control 

The first ptinciple in gully control is to reduce as much as possible the amount of water running through them. 
Gully heads in particular have to be completely protectedby interception ditches, which should spread the water 
over the area treated. Diversion ditches all along the
gully walls at small intervals and in a herringbone
pattern should further divert water from the gully side-
slopes away from the gully walls and spread it over the 
same protected area. 

If the gully is V-shaped, this can _asily be done. On 
U-shaped gullies with straight walls, these ditches should 
start as close as possible to the upper edge of the vertical walls. Again, it is imperative that the whole areaabove and along the gullies be protected. 

On the gully floors, yully plugs and silt traps should be
used. Local materials, found in the gully should be used 
as much as possible. Gabions may be one of the best uses 
of stone, both for the plugs and along the gully walls 
to prevent scouring. Live plant traps for strengthening
the mechanical means should be used wherever possible. 

Vertical gully heads and walls have to collapse and
become V-shaped. By applying the above methods this 
happens gradually and the established vegetation on the 
area around the gully &nd on the gully floor stabilizes 
the eroded material. 

The installation of sophisticated engineering structures 
should be avoided except in very special cases. It can 
be observed that a considerable number of such structures 
collapse after a very short time. 

7.7.3 

7.7.4 

Special emphasis is again given to the basic principle
that the only way for gully control is from the top,
above the gully head and along its walls on both sides. 

It should be left to nature to heal the wounds, with 
assistance as necessary to start the process, which may
take many years to complete. 

If a gully i& not too deep and is located in an area 
where it interferes with cultivation, mechanical filling
by ,machinery'or manual labour can be considered. This 
solution can be applied in cases where the area is diss
ected by only one, or a small number of, gullies. The 
reclaimed gully has to be carefully protected from running
water by interception ditches. This is also necessary
where the filled-in gully is transformed into a grassed
waterway. The interception ditch has to be maintained
until a full and protective plantcover has been establi
shed. Only then ctn the former gully be put to its
intended use as a grassed waterway. 

Outwash Fans 

Outwash fans occur where steep and deep gullies enter 
into more gently sloping land. The velocity of the runoff 
water and its carrying capacity are greatly reduced and the
heavy material, mainly boulders, stones and gravel, are depos
ited at the outlets in a fan-like deposit, which may sometimes
be many metres deep. To stop further extension of such areas 
the practices prescribed for gully control have to be applied
in the gully itself. This gradually reduces and finally stops
the material carried down from the gully. 

The fan area itself cannot be expected to be returnedto any productive use. The efforts made should be only to 
stabilize it by planting such shrubs, trees and grasses, which can establish themselves under the extremely poor growing
conditions. No returns should be expected from these activities,
but they are important in order to prevent damage on the agric
ultural land below. 

Stone, Gravel and Sand Deposits 

During heavy rainstorms, and floods arising from unpro
tected uplands, large amounts of stone, gravel and sand may be
carried downstream from eroding areas and active gullies. This
heavy material is deposited on the lower lands with gentler 
slopes, where floodwaters loose their velocity and some of theircarrying capacity. 
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. Deposits in river channels ii. Deposits on agricultural lands 

Riverbeds are the most common location for such deposits. When flood water spreads over wide areas, its velocity 
In riverbeds watez velocity is generally fairly high, and carrying capacity is considerably reduced and large 
even on gentle slopes, because of the limited cross- amounts of eroded materials are deposited on the prod
section. Consequently, only the heaviest particles are uctive agricultural land. This kind of calamity often 
deposited there, such as stones, gravel and coarse sand. destroys not only crops and livestock but also causes 
Further downstream on gentler slopes and wider riverbeds, heavy losses to property and human life. 
fine sand and even some clay and silt particles may be 

deposited, However, the general effect of all these The only long-term solutions are discussed in section 
deposits is to raise the level of the riverbed. 7.7.4 (i). 

The practice of protecting the surrouding land by levees The only practical solution to the deposits on agricul
and stone and sand traps can be considered as a temporary tural lands, is to remove the layers of unproductive 
solution only. In fact, there are many regions where the deposits and if possible to incorporate the silt and clay 
river bottom is higher than the surroundinq land protected layers into the land by ploughing. 
by levees, because the bottom has been raised gradually 
as more eroded material has been deposited in the river 
channel. This is very dangerous in flat lowlands with 7.7.5 Landslides 
their productive soils. In sudden flash floods these 
levees can be finally overtopped and destroyed, and then Landslides occur as a natural phenomenon in geologically 
disasterous flooding occurs on valuable cropland, villages unstable areas, but they may also be man-induced. This manual 
and towns. deals only with the latter case. They occur on steep slopes and 

The construction of levees along river channels in the 
lowlands is certainly a.worthwhile investment, but only 

on 3oils overlaying impervious subsoil or parent material, in 
most cases with a downhill slope. Landslides are always conn
ected with a high moisture content of the unstable soils. The 

if the sources from which the floods and deposits come basic reason for such man-induced landslides is disruption of 
can be properly controlled. This can only be achieved the ecological balance in the area. For example, deforestation 
by treating the mountainous and steep uplands with all may completely change the water balance in a soil profile and 
the soil conservation practices discussed above. also remove the mechanical barriers of the roots anchoring the 

When these areas are properly treated and protectec 
the 

soil in place. 

occurdnces of flash floods and heavy bedloads are xadic- A knowledge of such unstable areas and the re-establish
ally reduced and levees on the lowlands, on a much red- ment of the ecological equilibrium are probably the only long 
uced scale, may be a long term solution for protecti.ig term solutions for the prevention of landslides. This involves 
agricultural-lowlands. It has to be clearly understood in almost all cases re-afforestation of the drainage basin of 
that there are just no short term solutions to this the area under treatment and the gradual revegetation of the 
problem, area directly damaged by the landslide. 

In general, experience has shown that after devastating As a temporary physical support to the biological rec
floods, governments are ready to decide on quick and overy process, deep interception and diversion ditches can be 
expensive action, mostly of an engineering nature, excavated around the drainage basin of the unstable snils to 
without practical consideration as to treatment of the stop seepage reaching the area under treatment. 
evil at its source. The results of such activities are 
consequently only of a temporary nature and floods ocr'ur 
again and again. (Channel improvement - river training 7.7.6 Sand Dune Fixation 
is discussed in more detail in Chapter 8). 

There are two types of sand dunes: coastal dunes, and 

inland dunes. In the framework of watershed development the 
inland dunes and their fixation are of major concern. They are 
to be found in ttie arid deserts and the semi-arid zones. In the 

semi-arid zones they are often man-made, by cultivating or over
grazing unstable soils without any protective plant cover, thus 

exposing them to the selective forces of wind erosion. By this 
process only the heavy and coarse particles of sand are left 
behind, fter the clay and silt have been blown away, so:etimes 
over very long distances. 
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Sand dune fixation is a unique sector of soil conserva-

tion with specific techniques, due to the difficult conditions,

instability of the soil, the abrasive action of the sand grains

and the low or practically non-availability of plant nutrients,

The final target of sand dune fixation is however identical to 

most other soil conservation practices on uncultivated land 
to create a permanent and dense plant cover. 


The practices for sand dune fixation are dealt with in 

specialized literature. In this manual only very general guide-

lines are given. 


The first and most important step in sand dune fixation 
is complete protection from grazing or any other _ctivity which 
may interfere with the re-establishment of vegetation of any
kind. In semi-arid zones s :h protection may sometimes be suff-
icient to stabilize the dur 3 by natural recovery. This may 
however take many generati s.
 

Mechanical barriers for protecting the establishment of 

plants are required in most locations. This may be done by low
fences, made of dry reeds, mulching with vegetation wastes or 

by spraying with chemicals which are permeable to rain and germ-

Inating seeds, but create a firm film on the surface which prey-

ents the shifting of sand grains. This has to be accompanied

by seeding of grasses and the planting of bushes and trees which 

are adjusted to the low fertility level, the mechanical abrasion 

of moving sand and the low water availability, which is often
accompanied by extended hot and dry periods. P.combination of 

a few of the above methods are generally applied. This creates 

the conditions for the establishment of pioneer plants which 

gradually cover the total area by self propagation. This process

takes many years, even under the best climatic conditions. 


Complete protection has to be provided, even after fixa-

tion by vegetative cover. Even slight disturbances, such as the 

creation of footpaths or.wheel tracks may start new sand move-

ment. 


Theze are conditions where sand dune fixation on large
 
desert 
areas cannot be carried out with any hope of success. 

Under such conditions all possible conservation activities 

should be on the border area, between the desert dunes and 

existing or potential agricultural lands, to stop the encroach-

ment of active dunes onto the productive lands. 


7.7.7 *Swamps 


Three main kinds of swamps can be distinguished: sweet 

water swamps, brackish water swamps, and saline swamps. 
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These swamps are wastelands which cannot be used through-.

out the year for agricultural production. They may be depres
sions without any outlet and which are permanently flooded, or
 
areas with a water table up to the soil surface, or permanently

flooded due to seepage from surrounding higher lands.
 

Such lands are to be found in the lowlands, but may
 
sometimes also occur in depressions on highlands and on slopes
where seepage causes the swampy conditions. Drainage of such
 
swamps is a subject for hydrologists and engineers. However,
 
general guidelines are given below.
 

In most cases swzet water swamps can be drained and
 
converted to agricultural use. Swamps with brackish water can
 
sometimes also be considered for rezlamation for special pui
poses, such as 
lowering the water table and establishment of
 
date palm plantations, or for the production of special reeds.
 

Salty swamps can generally only serve as protected wild
life habitats.
 

Swamps located in depressions without a sufficiently low
 
outlet, or swamps created by a high groundwater level can be

reclaimed by cutting through the barrier and by opening canals
 
to remove the stagnant or surplus water. In swamps with a high

water table a network of open canals and/or underground drain
age pipes would collect and discharge all surplus water.
 

It is important to know in advance to what use 
the rec
laimed area is to be put. This determines the depth of canals
 
and drainage pipes. For example for intensive pastures a
 
groundwater level of 20-40 cm below the soil surface may be the
 
optimum. For most annual field crops not 
less than 50 cm soil
 
above the groundwater level will be required, and for most fruit
tree plantations depths of more 
than 1 m will be necessary.

Generally a combination of open primary and secondary canals
 
and underground drainage pipes is likely to be the best solution,
 
except where high water tables are beneficial for the crops to

be grown on the land.
 

A very special group comprises the peat swamps which
 
have a high production capability, but require very special

safeguards in the form of drainage works to prevent demage

caused by fire and wind erosion. The main precautions to be
 
taken in their drainage would be the ability to regulate the
 
groundwater level, which would also serve as a means of provid
ing underground irrigation, and to keep the surface always
sufficiently wet to prevent wind erosion. Generally, a fairly
 
high water table shoul be maintained in reclaimed peat swamps
and they should primarily be used for the producticn of annual
 
crops or intensive pasture. Fruit tree plantations shold not
 
be established on such lands because of the high and variable
 
water table which would exclude this type of land use.
 



WI.ere 
seepage causes the swampy conditions, deep cutoff ditches and/or drainage pipes would remove the seepage

water to safe outlets.
 

On the whole swamps are the wastelands with the highest

potential for reclamation and sometimes they can be put to
 very intensive use. 
 This is important considering the high

investment required to reclaim such lands.
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Geologic and accelerated erosion 

There are two major types of erosion, mniaely, geologic and accelerated. 
They represent contrasting types of soil removal. Failure to distinguish 
between them has contributed to indifference with respect to recognizing 
-die seriousness of erosion damage and the importance of soil conserya

tion programs. 
l.n its broadest sense geologic erosion is a normal process. representing 

erosion of land in its natural environment without the influence of man. 
Accelerated erosion is in excess of geologic erosion and is induced by 
man's activities which have brought about changes in natural cover and 

Soil conditions. 
Geologic erosion has been going on since the time continents emerged 

from the sea. It is caused mainly by the action of water, wind, temi~er
attire variations, gravity and glaciers. It has been responsible for the 
wearing away of hills and mumtains and the cause or present land sur
face I'laturcs. such as sculptured hills and mountains, canyons, plaihs, 
deltas and streanm channels. 

Geologic erosion includes soil-forming as well as eroding processes. 
The rate of this erosion, combined with the complex processes of soil 
formation, largely determines the kind of soil that has developed and its 
distribution on the earth's surface. 

Accelerated erosion results from mai's activities when preparing land 
for the production of food and fiher and as a place to build homes, indus
trial plants and transport Facilities. In this-way, he has an opportunity 
to exercise control over its occurrence. Unless measures are taken to 
guard against destructive erosion it becomes the most potent single factor 
contributing to deterioration of productive soil. 

The action of wvater and wind are the primary causes of accelerated 

erosion. Only water erosion is dealt with in this book.' 

I See Soil erosion h, win and meaure.r for its rontrol on lalds, FAO,d agricultural 
Agricultural Devclopincnt Paper No. 71. for a discussion of soil crosion by wind. 
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Gullying 

Gully erosion is channel erosion that cuts so deeply into the soil that 
the ground cannot be smoothed out by ordinary tillage tools. It oftenfollows sheet and bill erosion. It occurs, either where runoff from a 
slope increases sulliciently in volume or veiocity to cut deep incisions, 
or where the concentrated water flows long enough in the same channel 
to develop deep incisions. Gullies may develop fi.;an tills which are 
allowed to go unchecked. Often, they develop in natural ccpressions 
of the land surface where runolf water accumulates. Gullies are often 
started by ruts or tiacks made up and down hill by the movement of
machinery or livestock. 

The rate and extent of gully development is closely related to the aimount 
-. and velocity of runoff water. Gully development depends on relativeiy 

TYPES OF EROSION DAMAGE 

large quantities of waler to supply energy for both detaching and trans
porting the soil. 'rhe amount of water available is closely related to thesize and runoff-producina characteristics of the drainage areas involved. 
The rate of gully erosion is further conditioned by the soil characteristics, 
size and shape of the gully and the slope in the channel. 

Hlow GULLIES DEVELOP 

Gullies are known to develop by several processes which may occur 
singly or at the same time. These processes are: 
I. Scouring in the bottom or on the sides of the gully by flowing water

plus any abrasive material, such as soil particles or debris carried 
by the water. 

2. Waterfall erosioa at the gully head which causes cutting back into 
nongullied land. 

3. Slides or mass movement of soil into I'ie gully from the sides, caused 
by the lubricating action of seepage, alternate freezing and thawing 
or undercutting by dhannel flow. 

There is a wide range in size depending on where the gullies are located. 
their age and the many conditions contributing to their development.
They may be narrow and only 2 or 3 feet deep, or they may range to 
enornous size - 30 to 40 feet deep and 75 to 100 feet wide, such 
as in the deep loess soil area of western Iowa (U,.S.A.), or to an even greater
size such as found in the southern Piedmont region of the United States 
and other areas.

The cross sections of gullies frequently assume a V or U shape. The 

V-shaped form often occurs where the subsoil is resistant to rapid cutting
because of fine soil texture or toughness (Figure 18).

The U-shaped gullies are often found in loessial regions and alluvial 
vallcys where the s soil andboth flrface subsoil are easily eroded. Under 
such cohditions the channel flow undermines and collapses tihe gully banks 
resulting in side andboeticawVals a U-shaped cross section. It is not 
uncommon to find both V.and U shapes in the same channel. 

GUIt" CONTROL 
Gullying is an advanced stage of erosion and a very costly one. Miuch 

land can be destroyed by tie gully area itself. Other land loses value 
whci it is dissected by gullies, -often making small, odd-shaped fields ind 
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Fi(tAl. 18. A large V-shaped gully in South Carolina. 

('hoto hY Clemon Colh'ge. Cleinion, S.C., U.S.A.) 
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l- ui '". Repairing gullies is often costly. Ilcrc, soil is being pushed into thegully prior to shaping arl seeding a grassed waterway,(Photo bj, Iowa State Universit), U.S.A.) 

TYPES OF'EROSION DAMAGE 

restricting free movement of farm machinery. The repair and slabiliz
ing of existing gullies is the must costly of all erosion control endeavors. 
It may require extensive earth moving and tile building of dams or other 
structures (Figure 19). Gullying can usually be prevented through good 
land use, and attention to suitable cropping systems and soil/water conserva
tion measures. For more details on control see Chapter 4. 

Sedimentation 

TilE SEDIMENTATION PROCESS 

Soil that is erQded from its original location is always deposited some-.where else. Tlhis may be close to its place of origin; it may make the 
longest possible journey and come to rest in thc sea, or it may settle 
out at any point between these two extremes. 

Tile distance eroded soil particles travel depends primarily on theirsize, density and shape and the velocity of the runoff water. Coarse 
sand particles in eroded soil move the shortest distance and settle out 
first (Figure 20). Fine sand and silt drop out next as runoff water slows 

Some very line silts will set'le out only in standing water. Very
fie clay and colloidal humus will not settle out even in still water but 
stay suspended indefinitely. They are so small in size and finely dispersed
that they assume a colloidal nature (they are kept in Suspension by the 
molecular motion of tile water). Clay and humus particles remain in 
suspension until coagulated by a specific concentration of electrolytes 

salts) in the water, or until precipitated by a sharp drop in tem
especially freezitng to ice. Whenever clay or Ihutmus suspensions

reach the ocean with its salt concentration the particles coagulate and 
soon settle out. Sometimes coagulation is induced by adding salts, suchas calcium chloride, to ponds or small lakes in order to clarify turbid 
water. 

LOCAL DEPOSITION 

The bulk of eroded material from hillsides comes to rest at the footof slopes or on nearby flood plains (Figure 21). This material is, primarily, 
a result of slieet and nicrochannel erosion. I le material hats moed 

a relatively short distance from the fields from whiidh it eroded. It wasdeposited when the flowing water slowed down as the topography began 
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I-. . ;YC~'",'.''. tO fh,tlell out. Thesc dcposits lend• :..higher in organic matter, to be somewlhat fincr te.xlurcd, andthan the original soi; because of the sorting 

.action-"'k t 'V . of the erosion process. 
* Sonic of tlie eroded material from slopillg fields may |indlarge rills, gullies its way infoor small local tributary streams and be carried further. 

S ." 
 Eventually much of it may be deposited as small alluvial fans when these 
-
' i .:sallclbottoinhati channels undergo abrpt changes in gradient. Someaieas when may settle out in[ihe flooding water sprasou n 

decreases in ocvolume and velocity. maylSome may be deposited inra d tan-rlocal drain

age and irrigation ditches or in small local reservoirs constructed for
 
4. 
 5 0 7stock waler or recreatiotal purposes.

MIucih of the damage caused by local sediment deposits restIts from this 
siting-in of farm waterways, drainage ditches and water rescrvoirs.ahnage is caused by the burying of growing crops and 

Other 
by de:teases inl 

"4 the productivity of fertile bottomnlands. Control measures willcerned primarily with the prevention of erosion be conon the sloping uplands. 
FIGURE 20. Coarsc soil parlicles have settled out in this stream which is entering Adjustments in land use and cropping systems may be necessary (Figure 22).a storage reservoir. 

(P'hoto by U.S. Department of Agriculture, Soil Conservation Service) 
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Also, greater use of practices such as contouring, terracing, strip-crop-
Al s o , dra w l ds ie of p actic ssu c h it s c n o r i er r a in, 

ping and well-designed wvatcrways may bc required. 

DO\NSTREAI DI-'OSI-ION 

The deposition of eroded soil in localized areas - areas within an erod-
ing field or in an adjacent one or in bottomland areas of a relatively 

small watershed - is the kind of sedimentation that is immediately evi-

dent and of concern to the farmer. lie observes that costly damage is 

being done tt his crops, his land, and faciities, such as waterways, 

drainage ditches and ponds. But sedinientatioli and subsequent damage 

also occur downstream, often great distances from the source of eroding 

uplands Sedimentation of this kind is usually not as \\ell recognized 


it is often of great concern to thoseby those who farm the land. But 
along large tributaries 6r in the valleys of major

who live and work 
streamls. 

The amount of sediment carried out of small watersheds into major 

upon the size of the drainageIt is dependentstreams can vary widely. 

area, the amount and character of runoff, topogrdphy of the watershed,

the extent of channel development and other factors which determine 

pick tip and carry sediment. It is esti-the ability of the stream system to 
maled that in large, gently sloping watersheds, less than one fourth of the 

material erode' in such watersheds is carried out. On the other hand, 

in small, steeply sloping, highly channelized watersheds one half or more 

of the eroded material may find its way ilto major streams. 

Once sediment reaches a stream, it is transported in two ways: (a) as 

Suspended load is distributedsuspended load, and (b) as bed load. 

.throughout the cross section of stream flow. It consists primarily of 

clays and colloids. Silts may also be distribuled throughout the cross 

section in turbulent flow and tend to increase in concentration with 

depth of flow. These fine materials can stay in suspension in flowing 

water for long periods and can be carried great distances, 


Bed load is made up of coarse materials such as sand, gravel, cobbles 

and small boulders. It is called bed load because it slides, rolls and 

bounces along the bed of the stream. It is in constant contact with the 

and is pushed along the bottom by the force of the water.stream bed 
The nature of material transported is largely determined by the sources 

source the materialof sediment. If the main is from sheet erosion, will 
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be fine textured and move as suspended load. In places where channeler osion is gr ea t , t i he s e d im ent is lik ely to b e co a rs e -g ra in ed a nd is t r a n s 
ported as bed load. Measurements of sediment loads in streams of the 

or more of the sediment isU.S. Midwest indicate that often 90 percent 

transported as suspended load.
 

There appears to be a relationship between the sediment load of a 

stream and stability of the channel. Suspended material travels with 
the same velocity as the flow and is seldom present in quantities greater 
than the flow can carry. Consequently, it is seldom deposited in the 
main channel and has only a minor part in channel stability. 

But bed load is always in balance with flow conditions and markedly 
influences tile stability of channels. If bed material overloads the flow, 
deposition occurs. If the load is less than can he carried, the flow will 
pick up extra material by attacking the channel walls in an effort to main

rain a balance. 

DAMAGE CAUSED BY DOWNSTREAM DEPOSITION 

The major damage caused by downstream sedimentation can be placed 
in three broad categories: (a) channel sedimentation, (b) filling of reser

voirs, and (c) sedimentation on bottomlands. 

Channel sedimentation occurs Mitre the coarser parts of stream-borne 
Such depositsmaterial accumulate faster than the stream can move it. 

tend to accumulate mainly in those places where the velocity of flow is 

decreased for airy reason. Channel deposits often occur above the heads 

of deltas or at the lower end of relatively steep tributaries that enter a 

larger stream of significantly lower gradient. Accumulations at these 

locations reduce channel capacity and contribute to overflow and flood
ing of adjacent lands. It may increase drainage problems of adjacent 
bottonfland by raising waler table levels and by causing swamping. 
Swamping is the trapping of water behind natural levees along stream 
channels which develop from deposition caused by stream overflow. 

The filling of drainage canals and ditches is a serious form of channel 

Channel sedimentation can be a sesedimentation in many localities. 

rious problem in navigable rivers. For example, the tipper Mississippi 

river channel receives eroded material from tributaries at a faster rate 

than can be removed by the Mississippi. Conscquently, large sums are 

spent annually on dredgiiig to keep the channel open for barge traffic. 
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1:11 I-ING OF RESERVOIRS 

Reservoirs arireqtuenitly placed iu (tie pati of livers or Strcamls. The 
still waters of the reservoir canse a part of tle soil, carried by the stream, 

to drop out. Coarse sands and gravcl ale either dropped out before the 
stream enters the reservoir or at tile entrance to it. CoisC,:lucnnily, most 
Of thle sdliuelt 1 01d ilreservoirs consists of,fillesand, silt and sonic 
cla,,and oiganic nalttcr. Sit coiiionly makes ul) half or mole of the 
sediment (Figuire 23). 

Deposition in all types of reservoirs reduces the water storage capacity
al~ shrtes
teirusc~l ift'. his reduces their value since reservoirs 

are constructed to store water for purposes such as municipal water sup-
ply. iliduslrtil use, po~wr, irrigation, rcreatioi or lhiod control, If tlic 

\aler is to be uised by nimunicipalities or by imanufacturing plait, concen-trations of sediment add to the water cost because of the nced for fitra

tion. Most reservoirs are designed for a 50-year life span at least and 
allo%arices are made for siltation. Thus, siltation adds to the structral 
costs, especially if a high rate is anticipated. 

1lie rate at which reservois fill with sediment depends on a uilliber or 
factors, most of allicli are ielated to the contributing walershed. They 
include kirnd of soil and crodibility, topography or lay of the land, cli
mate. land use or type of agricitture, aild tlie ratio belweeii the size of theXalershed and the volume of the reseroir. Although se siltig wit. 
always occur illreservoiis, man has control over some of the contlibut
ing factoirs arid can do much to control the rate of filling. Some reser-


%oils hra~\e bccn kuno\%ii to fillup completely in a few years because of'flor land use arid]misnmanagemuet inl tie contribuin~g wiatcrshed. fin 
oilier cases, reservoits illcomparable locations are known to have slow 

rates of siltation bccause of proper land use combined with good soil 

manageient and use of conservation practices. 

SLI)IMI-NTArION ,ON lot roMt.AI4DS 

Sedimentation tin bottoinlands caused by overtopping of streams call 

be both harmful and benelicial (Figure 24). As already mentioned, if 
flood waters deposit silt in works of improvement, such as reservoirs,
drainage ditches and inigalion channels, damage is done. Furthernore, 
if flooding streams deposit large amounts of coarse material or material 
of ow "ertiity over fertile agricultural land, obvious damage is the result. 
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Fm t,rE 23. l.,rgcaniounts of silt ha.e been deposited at thc tipper ild of this
 
reservoir in California.
 

(Phroto by U.S. Department o Agriculiure, Soil Conervoron Ser icc) 
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FIGUREl 24. A flooding stream ticposited silt on this bottonfland., criously damaging 

the maize crop. (Photo h' U.S. Depolotort of ..gricultur, Soil Con -tiotti .cr'iicC 
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FIG;,E 25. Flood reclamation work, directed by tlhc Soil Conservation Service during1958/59, on thfe Akaisas river bottonlands. Deep plowing turns under sand andsediment deposited by a flood. 
(Photo b)' U.S. Depurtment of A4griculture, Soil Co servation Seri'ice) 

It is not uncommon for large flooding streams to deposit deep layers of 
sand over productive bottomland. In some cases such land is lost to 
production atd in others great sums of money have been spctt in oper
ating large plows and othcr equipment to plow under the sand or mix 
it with the underlying surface soil. 

If soil material that is deposited is of suitable texture and contains fertile 
matcrial it can improve the prc :luctivity of the land. N*the land is being
farmed already, the sediment must be deposited at the right time or slowly
enough so that it does not interfcic with the usual farming operations.

Floods often deposit large quantities of unferlile material goodovcr 
farm land. Deep plowing offers a means of reclaiming the land (Figure 25).

Sometimes poor land is irnprovcd or actually brought into production
by controlled sedimentation. This is done by constructing a dike around 
the area in question and diverting silt-laden water into the basin formed 
by the dikes. The water spreads out in the basin and drops its load of 
silt. Provisions are made for drainage of surplus water. Such structures 
are called " desilting basins." Thcy have been used successfilly in a num
ber of areas. A 312-acre desilting basin in western Iowa trapped runoff 
water from Pony Creek. In about 20 years tilence unprodtctlive area 
lhis been covered Msilt 3 to 9 feet of silt and is now exccll nt Irmland. 
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CHAPTER 4 

PREDICTABILITY PARAMETERS FOR RAINFALL 


EROSION IN TIlE TROPICS 

Conditions that give rise to soil erosion by water quiretients are clearly modified by the absence. 

have been the subject of many qualitative studies presence, and nature of vegetal cover as well as 
(see chap. toseser. basd o th roesprar-f2). quantitativeaustie predictionsndl.idalprevaiiogtllaeconse -ultural practices such as land Shaping or 
based on the roles of itidisidual causative paratti. tillage. 
ecrs have ger.erallv originated and been verified it The following i. a list, developcd from several 
temperate regions. particularly in the eastern sources (particularly ARS 1975). of the general con-
United States (1'isclhttcer acid Smith 1978). %%htitle dittons that lead to Ihigh rates of soil liss by water 
such prcdict;,-iis are possible for certain firms of erosion: 
erosion in lcantni ihere indt'idial predictive 
component has e bett cstablisCd, they present dcf- I. glihintensity acid long duration of rainfall 
inne linucattcois fien their use Is eiEtided beyond 2. High rates (if ovetland flow iroin adjacent 
the original locale iVischniieter 1976b). It is there- uplands3. Poorly structured soils ith low infiltration 
oficond itonus thao enerallyteaicesierosion alnt rates 
anc assless e:T t ii t sole cor oi q acitatlive predic- 4. Soils that lack colicreire betvscen top atid sub-

tile qatritativainjs of rntll I'! sllc Byne icy, surface layers (e.g. lotose lanid fill or soils piledicush of rati rilsial ic e both etitn during contut cnini at- 'icy) 

- o (tic- t d i c n itct i 5. Slopes with high or coderate steepness
6.,olLong Slope, 

pttncilcs diatulderhe the rules of the d ffcnt 7. Tillage and/or plnitng iri rows directed ssith.Causalive ta-cii are UtICStlly applicalul. rather than at russ, iciadlng Slope 

8. Absent or ise c ocer. with insuffi-
CONDIT IONS FA V INi; ItC, II ATES cinrit prtective oig.tsic iestilue 

OF SOIL LOSS IN TIl I 111I' ICS IliStcrically. cIlc:lI pClaps iut always intentional-
ly. ititalli hairilest-c d .' v.city l" pras tires that

It ha, lung ien r'alhcil iit fir w.ater erucsion it) icttce erosiotal losscs lby es..plsltittg thocse paratn-
take place. Iso disitluct plot esss iCnust be Set in til- eters thit le l lemcselves to inanagetnelct. Thus. 
tio, First is tIe adttls)i (kinctic ricergy) rif water 'slien there was a choice, steep slopes w-ere terraced 
(rainfall and pu-sltly ruilf') it) eptirate thetathuble to reduce the sticiels ,andi lecgih otf slope and to 
pallilcls frio -iciolilas S eond thethe . is transiort curtail loss of iciter ly rlliil;f uiniltancous clearing
(lY r t oiIfa ti p s lily rainlll) if d tetachcd p.cri - uf mtaisive arcas l il lorc t is avoidcd; and slhftin 
des front their point of origin to a new clestinatiot. cultivation a.cs practiced sienever crops pro'idcd
It is clear theretocc, that the most Important causes poor Stands inadequate for soi protection. As cm-
of water erosion are the characteristics of rainfall. phasized earlier, troluuc..l populations have only re-
soil. acii phivsLal "licting cif the land. The rcccif.ill cend li egcto tvleviae Itin itcll-estlhalishccd, sise 
rust lie tIt sulh'cicnt crenitv and duraccait) lctjiSc uses ccl lu-of resill e iesli,-caiu of iicre.tscd popula-

declatlcitt aiid prfilite Ciuill Ithiat IS. e.xc'eel tile liondciiticisit acid astciilparivictg needs for food and 
suil's iniltlratr trae I'1,, siil ist be sucsceptillc ectrgy. Thce presstres c ecll)lify sircict-otnomic 
to partithl or ageate; C.Iltdritecitl and ltoiputgraliv f.( IrS flat AF icils 11 et silsicici icin iCinitig 
must hase sulficlent slope scepness acid length to parameter" wshilt reaches beyond the physical fac-
allow particle migration with runoff. These basic rc- tors responsible for the actual erosion process. 

75 

QUANTITATIVE PARAMETERS FOR 

PREDICTING RAINFALL EROSION IN 
TIHE TROPICS 

Equations commonly used for predicting soi lossEan p scbino ion cotedtrpredictngsolnos s 
and prescribing erosion control measures ereuseful 
velopcd primarily in the Corn Belt (Midsest) of the 
United States. Historical review of steps leadingtheir development were given by ',Vischtneier andto 

Smith (1978), Mslitchell acid Bubenzer (1980). and 
NfudcrhaurFste (181) Fista rlaton-Nloldethauer and Foster (1981). First, a relation-ad 

ship between soil loss attd slope le andcogthsteepnes 

was developedpractice Crop andthe
rvation by Ziggparattocters(1940) were addedcover 

following year by Scniilc 119H11. In 1946 tile Mu~s-
fthis 
grave ecrration emerged. ith the addition ofa rain-
fall parameter (cusgrave 1947). Based oi data 
from over twenty-fisetheratifllparmeeryears' research, aidthifrot. ihichs iasmodfid 

the rainfall parameter was modified and fhe suil 

su'sccptillity to erosion (erodibility factLIr) 1uatn-

tii ed, the unsersal soil hiss equation (US LE) for 

preiict ing sheet and rill erosion wis proposed(cVischtneier anti Smith 1961, 1965). This equation 

is now the osit widely used rnodel for predicting 

sheet (interrill) and rill erosion (,Visi lcecr and 

Smith 1978) It has the forii 


A - RKUSCP (I) 

and idetiies six paraieters (factors) as iost in-

Iluential ic rill aiid icterrill soilt etusion by seater: 


rainfall erosivity fIk), soi ccsthiliy (K), ctoppicg-

Itateageincit (C). crusiii L0t1t1l1 practice (Pi), atid 
two topogr.iphic factors-leigth of shlle (IL). atid 
stcel)ceCs of slhoe (S), The authoil quantilcl .ll 
paramneters as ''cicai antical vaihcs" bss-( il sti-

tistical analysis of voluinuiis siiil hlss d.la g.aithercdi 
frots cropltnid erosion resacth Stationcs ccii of the 

Rocky MUlcitncc:ltnS (%VIstu ctcr sill Silnh 19iS) 
Thus the R (rainlall) factosr wias defii-id as ii 
nitber oflerosio-indii untiits assucctccri- iti not-a 

real year's rain; IK as the soil's eroslion rate Ier unit 
of rainfall ctosion-indc:, under unit values of the 
four remaining factors; L as the ratio of soil loss 
from tihe given sloce [ctigih to that holin a utanslaid 
lern'th oi 22.13 it (72.6 ft) o ie sc,,lte sil type acid 

slipe gradient: S as a rattio cit soil loss frit tithe 

prerailing jild slope gradient to that frislt a start-

dard 9 pette-it sliopie, C as a ralo ol sltc loss fructc a 

6icld witi siecfliedi cropping tianilngect and tuoer 

history to that from a compcarablc ficld in lallow con-
dition; and P as a ratio of soil loss from contoured. 
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strip-cropped. or terraced land to that from land 

under straight row cultivation up-and-down the 
slope.

The USLE is universal only insofar P.s it identifies 

all the parameters that determine the magnitude of 
soil loss due to rill and intcrrtll (sheet) erosion. It is 

nor was it intended for estiating losse 
caused by other forms, such as gully erosion (chap. 
1). T he orhs, suc cessfullyleoil y. The equation has been used successfully by soil 
conservation planners in many parts of the United
SatsStates foroearlynearly tstw.,o decadesdeas Unfortunately. peralfortunteyser 

a cywtia o utside ths co Te misuse 
wide:y within acid outside this country. The dlveroper of thle equation recently espres.sed concern over 

thi s mtoater anid reittrated the capabilities anti limi
oatte eq at the 176b)As dis

tattoos by the equaton (','sschmeier 197t1 As dis
77arid agler 1977 Lai 19 a). he stated that apply

n e equation na h steas ttpplyng eu t- ihna ness area (such977; ra the tropics) 
without changing its component s-aloes is a misuse. 
So are applications for predicting soil los.es frot in
dividual scorit cents or esen specific years rather 
tha f to ntr e',n-enual is's ratrthat froi a long-terto nean-antud basis, or for ci
timatingsedintytclds(c g from ,atersiteddcl
cry outlets) rather than erosion lose frcom origial 
posions at specific field sites Current research efforts aicc to cstabllish act equation that will be cap

able o1 estniating soil iosses froc Individual scorms,
which (.s stated alive) is a uils t.l n not intended for 
the USLE (Foster et al. 1177a.b) I I incitruttive to 
note here olier llicinial eriotis associated iw ith the 

use of the USLE as recuiiienlthi h Wcltircicer 
acid St li (1965. 1978) 1 ie follwi-,ng list is direct
ly quciited olot MciVisline'c t P17fib) 

Evaluaing the Iequation' fat lils oil ii,) broad a 

b.se, such as a silgle C Value for all cruplacrl or 
all cirn land. 

Appl ing C aid P valices fromi handbook 
JtUSI)A 212j inilin.tlilliiii.icclv ilthiut tonsilder
ihiglengh lucius liestil i.s it hie ptati es lie. 

n pr.c-iLeco te i lictise %'lie a hrec.iks don 

frot too much accumulatiin of rutlif. the elfec
tive C or P value increasvs rapiuly 
Extrapolating hat lr rClautinduips lar beyond the 
r-ci;et oI tie data cocci ,lu IIhcl eie dir itsd 

Ilis hariadl a-s slicoUlati, c, a plirS plliall
p
 

1) It) L ail S 

Until resc-tch tan .ld lhe data. ta ,sla

licicis ol the lourluls Ill.i" "idc tIe tii ililotinallcn 

available, but their limitatnuns must be recol
nized. 

1 



Defining slope length incorrectly. The effective 
slope length is the distance from the point of 
origin of overland flow to the point where either 
the slope decreases enough that deposition begins 
or the runui water enters a ssell-defined channel. 
Thus. a slope length is measured to a wsell-defined 
channel and does not include the length of the 
channel. Neither is a slope length terminated by a 
pronounced change in gradient or land use itnies. 
the runoif is diverted. 
Evaluating irregular slopes. The slope-effect chart 
[in the llandbookj retlects relationships for uni-
form gradients. A convex slope loses more soil 
than an cquivalent uatilcrm slope, and a concave 
slope l.ses less. It is logical and correct to divide 
appreciably irregular slopes into relatimely uni-
form segments for evaluation, but the segments 
cannot be treated as independent slopes ifone seg-
ment receives runoff front another. A method of 
computing LS for irreguiar slopes was published 
[Foster and \ischrneer 1974. 
In some earlier publications, factor R, unfortu-
nately, "sas categorictll) equated sih the local El 
value. R should e defined as the rainfall and run-
off erosis.ity. El generally relects this combina-
zion, but there are two ex-ceptions. First, El does 
not reflect the erosive potential of aunoif that is 
not directly assctc:atet ith rainfall. In the Pa-
louse region of the Northwest. probably 90 p.r-
cent of the crosuin iscaused by runoff from thaw 
and snosvmelt. The rusi'ie potential of this runolf 
must be added to the local El value to evaluate R. 
Second. on the S,,utheast Coastal Plains, camput-
ed annual El "alues are very high hecau e of the 
hurricaio-associatcd urintrns ani the slope gratli-
cots are quite sniall. Field ob%ervers have sug-
gesetd that tte normally computed El values 
scci,n utrrsttjliarc soil loss fi r Ihis rcnliitirn. A 
logical assinptit is that this is largely attribtit-
able to shieldin qof tie sil surface by excessive 
ponditng of rainfall during the prulonged peritds 
of high ilnttcrtsrmtcs Ilot furiri-r study is ntucdcd to 
dctertine tile variablc- and rreractions resuionur-
ble tot the apparent ovrtinitatton. 

Becatie it has th-c -ii ld sicccstilully on the 
U.S. nrilodarnd. tihe US A: ha" al, received some 
use inttier parts 4 tithe s.orlc. includmitrg ropical 
regions lliuse 1977c; Ihurni 191). llouwever, the 
equaton has vet to be lullv tested lot applicability
in these region%. This is partly clue to tile rigorous 
requirenicrnt ol basing its use on utte-spccilic. long. 
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term (prcl'craby 20 years) data for component pa. 
raoneters. Unfortunately, no alternative comprehen
sive models are available for the tropics, or indeed 
elsewhere. Elwell (1977, 1981) proposed a Soil Loss 
F-.timation Model for Southern Africa (SLEISA) 
which is a modification of the USLE for simplified 
application in developing countries. However. this 
model too requires some long-term data inputs and 
acks the verificatton necessary lot wider use. Below 

we wiil present available information for quantify
ing the individual causative factors for erosion in the 
tropics, whether or not they were intended for use in
the USLE. By necessity, information from tropical 
regiotis will be contrasted with information from 
temperate areas, where most of the quantitative 
relationships originated. 

Rainfall and RunoffErosivity . 
Rainfall initiates the process of erosion by water 
whether it produces soil detachment and transport 
directly by raindrop splash or does so by overland 
flow. Therefore, it is of interest to examine some 
rainfall data frontthe tropics atd subtropics (Table 
27). For example, areas ii the vicinity of Cairo. 
Egypt arid Lima, Peru obviously are not generally 
subject to water erosion because of their negligible 
annual rainfalls (28 tim and 41 mm, respectively). 
Located as they are in tie arid tropics or sub-
tropics, these arcareas itoresubject to wind ero-
siun. However, many truptcal areas receive more 
titan 2500 tit (100 inctes) rainfall per year. and 
many of diem receive substantial ratis every month 
(e.g. Manado. Celebes; Padang. Sumatra; Cairns. 
Queensland; Bclrt. Brazil). tlhetshave thryper-
ods of greater or lesser clutatirO (eg. Sittse and 
Rangoon, Burma; Freetown, Sierra Leone; Cochin, 
India) Consequently. it Ihese latter areas, rainfall 
is cen mrre itetuce as it is curcerrraicl within tce 
more or less shutter swetseastrmi. 

Perhaps nowhere are extre tes ill raintfall m r 
evident than in alawaii. In a S-rtile distance from 
Waikiki B.ait to the head of tie Nlaora V.tlley' on 
Oahu. aitoual raintall r.rges frtn < 25U tim to 
> 4(151 mit. NIt. Wailcale ton Kauai is coirsitered 
tie "-uvetrest place oi e.rlh" wit) approximiately 
12,000 nmr aitilt allnru.ly Yet the busiress 
district of llonllui rCvCs ,,iutu 650 i0 t yearly.
Over 315t) ion of rati fell during Nlarth 1942 at 
LUaturchUC, Ilawai' and 1972 num seasrecorded 

1.J.e,,. rih-pp. L.up.l h.e S.q., Cumpase. H.lii.Prtem.n 
... ,i.un. 27 Apl 1974. 

Table 27. Rainfall In selected tropical and sattropcal locations 
i.-ber oTf kaan annual xier of Mean annual 

manths wIth 7( '6.)>. . . rainfall months with rainfall76. (O,, r _Alerca Atuion aruesas Islands 
-- qJis Ababa. Etliopla 5 1260 Bara Bara. Society Islands 12 2031

Batturst. Gambia
laloto. Congo 4 

9 
1295 Olloon's Day. Vanuatu 10 17791539 Ene.etak. Marshall Islands
Cairo. Egypt 0 7 147028 Guam, Marlana Islands 12 2181

Douala. Ca-neroon 10 4U3d9 tHilo, tiall 12 3470
Freeton. Sierra Leone a 4430 Ittnolulu, HawaiiMt.,nalI Sudan 5 6497 9g9 Matulku.
Pretorta. South Afrca 5 FIJI 12 1777658 Ponape, Caroline Islands 12 475 
Yaounde, Camwroon 
 8 ISli0 Snain's Island. ier. Samoa 12 2670

AsIa Caribean and Central America
 
- "ombay. India 

Cuchin, India 
Coloara, Sri Lanka
tinituan,Pmillppines
long ong 

4 
a 
11 
12
7 

2017 
2913 

2344 
43052162 

-iicius. jindaras 
Colon, Palnams 
El Recrea, Nicaragua 
Gaadalajara, Mtexicoadana, Cuba 

6 
10 

11 
47 

1255 
3236 

3099 
8941224 

Karachi. P,kistan 

Kupan 
9 . limit 

Ma~dras.Itid 
Manado, Celsbes 

0 
5 
6

12 

196 

1468 
12702657 

Herida. Mex ico 
Port-of-Spain, Trinidad 
Sam Jase.Costa RicaVera Cruz. Mexleo 

6 
8 
76 

925 

1610 
19481669 

Hndal.y. Burma 5 828 
Natra'4,. South Vietnam 
P rng,Sitnatrakanoo..rna 

Saigan. South Vietna 
Sitt.e, Bar,ia 

Australia 
Cairns, Queens land 
Oar-in. Itorthern Territory 

Parific san s 

t3--,w~stern Samoa 

4 
12S 

7 
7 

12 
6 

12 

1382 
44862530 

1994 
5179 

4206 
1570 

2d70 

South Aerica 
-suncon, Paraguay

Belem.Brazil. 

Caracas, Venezuela 
Georgeto.n, Guyana 
La Pai, oliva 
Lina, Peru 
Manaus. Brazil 
Q ualao bim. Bca il 
Rio de Jareiro, Brazil 

912 

6 
11 
0 
0 
9 
4 
6 

13162770 

863 
2253 
555 
41 

2095 
Ils 

1:a2 
Arnoka, Yirtat 7 1043 

Sources: B1air and Fite 1965; Lao 1972; Miller and Thom-pson1975; Taylor 1973. 
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during 7 days in January 1979. Typhoon seasons in 
the e stern Pacific bring intense rains (Blairand 

loss. Soil losses from erosion stations were linearly 
correlated with Elio as long as the other 5 factors of -

Fite 1965). Luzun, in the PhiliDpines. has ex-
pcrienccd rainfalliof 1000-1250 m", within 24 
hours. In Culotbo, Sri Lanka. 250 ttm of rain tlll 
in 90 minutes (Burns 1917). Hovc',er, -he record 

the USLE retmained constant. To construct ar. ero-
sivity map based on this index, it is clear that not 
only must long-term (20 yr) rainfall record% be 
available but also such records must be available on 

'it 

I 

24-hour rain occurred on the island of Reunion at a continuous-recording basis forindividiual storms. 
Cilaos in the Indian Ocean with a deluge of 1870 
mm J,736 inl. 

Although very useful for estiroatog relative cero-
sion hazards, mean annual rainfall is nrt directly 

'alculations of storm energy frot intensity data 
have been attempted by various authors (Table 28). 
The different units for expressing energy and intro
sity data are also showntin that table. Wischmeier 

correla:'.d with soi los in the tropics. This apparent 
contradiction is partly due to the extreme variability 

and Stmith's (1958) equation is now most videly 
used for calculating E; 13o is derived directly from 

n mean... naal rainf.l and seasonal rainfall pat-
terns ingien locations (,Map 19); storm characteris-
tics differ in dilferent regions, as do other factors af-
fecting the erosion process. For example. tt mat be 

continuously recorded storm data. V,'ischmeier and 
Smith (1978) provided a detailed procedure to ac
complish such c.lculations in both English and 
metric units. Due to the unavatlability of con

/- ' 

[--

J...---"( 
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recaIle, that the set ,iarid tropics are more prone to 
rainfall erosion than are the undisturbed !:Inid 

tinuously recorded rainfall in many areas, these 
authors tested various alternatives for estittating the-. " 

tropics, as a result of the differenit qualities o1 vcgc-
tative cover (chap. 2, Fig 7) Futhermure. the sea-
sonal distribution of annual rainfall differs w.idely 

El,, indc' (W.iscittcier atid Smtith, 1962). For the 
mainland United States, the 2-yr probabilities of 6
hr rainfall (P) were best for tmaking these estitates. K. -

frotn one place to another ('ilapv 20-23). As e~xpect-
ed. the conc iirattont of;aintiall in shtort seasons ets-

The relatiotnship used was L . '~ U 
hances its etfecti.eness for inducitg crosion. Al- El,, - 27.38Pi (2) 
though the paraitiier of rainfall moust related to 
crusisity of rain eluded researciers for ttany years. Based on this index. atnisoerodent nap was pre
ithas non been tablinhed that the characteristics of pared for croplands of lie United Stas east of the . 
individual raindrops (unb.r. size distributiot, Rocky ,Mountati.s (Wischinoier attd Smith 1965). "
and tetminal %,c!"its)are of primary cunsideration Ateshian (1974) added eriisivity values for areas 
in quantifying rainfall crosi'.ity. Many studies have west of tite Rockies and proposed an analytical ap- "'" ,. . 
been made uf raindrop size (Laws attd Parsotis proac h to estimate the raitifall erosintn index. The 5-. 
1913, flodss i9ti.bi and termioal velocity (Laws original isoernidcntntap sas later expanded to cover . -
1911; Gunn.. and Ki ner 1919). Para itieters directily the westertn stat en aid ii.iidificd for the Southeait 
relatedto these characteristics haie 
with vato therees of .cct. Tise 

been test-d. 
included .r 

wshtre tscoriginalhiher values crcfound toover-isith9711)._" 
estimate oil loss ( vuiscu.. r oundSmith 197). 

nientoo(Rcse 1960). kinetic energy (Mlinara 19591 
ani intensiy Rose (1958) used simulatcd rainfall to
study ;ai erosion of soils in Ugtnda. Ie found 
mortcnitou per unit area of raindrop to be most 

Rainifall index Values Ott tire recent itap range frotam 
< 20 to 550 units. For l'lauaii, the product of5 vr-2
hr and I yr-6 hr raittall was well correlated with 
El.. Hosc.er. the correlatie data base for the ' 

h"i 

' - -. "" 

. a. 

s.losev correlated th sI loss. Iludnoi (1903) ac-
cumulated cunsuderailc data in Rhlidcsia showing 

fiawaii tudy seas sit small (only 4 rainfall itations) 
thatfurther tests of its validuty ate rcquited. Esti

!,].) .-.. 

that turd tan ra iitiji idiamneter increased up to an mated isic, ciett mtaps for the islatnds ate shown inimno.... 75 to 100 .....hr 1but then dec......d.MVal,24. EIS.,lyand Cooley (1931. 198 1 ) -iort- 'I4f' - i ' 

Kutal at.i IKa .ttn ( 1976) rt-pirted tiat rainftll in-lensies ato iuiian dotip ,s arc greater in north-
ed crst. tv inulcx .altis ragitng ..om 139 to 739 in
sclecterl lc.tnois on Oahu and I lawaii, showing 

f,q 5 
' . -

[,] _ "IIIH'I, -

ce. Nigeria t..ini. ,,it"ir..t..-5uhir,Io italcli-
itanes. %\s-h-ti a-ii Sio~uhi (19531 foud as a 
result nit e tensise ,tats,tci analyvis that Il, the 

d e viii.. i..these maps. 
Several other aittin-pis have beent tiatie ito ap~ply 

tie El ilndextirinnuhicCsclosely correlated with it. '.-

-., 

" 

-1-L..,[.JLJI" 

i 
product of the total energy of a rainistorm %E) atid Iormapping rauil'all croi'vity in lictrupics: Bois 
the storm's rrasLtun inirs.tv tur a 3U-minutc (1978) prepared a map follwing a regression analy
duration (fie). gave the best correiatio,with soil sisbetwe:en daily rainlall and daily erosivity for 47 

79 80 



0 . , .... n......n 

. iA m.., 1979) 

1 . 

P.l~p 21. ,loln m.00055.o.,o,IjI for .olosd *saliOo.l SIh Amoo.,o.. ' ml o#s anJlo.lo roslo lo..l r.,o/-ll sn Mlp 2J..3ls.n .olli. sa+o.Il I.. lstol,.J .t.ion. s AiII..mbo,. *odic*SS.00 n i...o..5 ,.,nlS sol... 
th. (Alk~n.n 1~S7)1S17) 

s1 
82 



T'able 2:1. Interrelationships between raindrop size. Sturm kinetic energy. and Intensity. as established 
2-4.6 


by various %urkerS 

ma,te-ype f Intensity range E versus I_ocAt Ion precipitation studiled- 50 A++riu$ of ' (Units of 1) Refe....ce190zo 

Washington Temperate/ 0.03 to-Z tas and 

9 4 3
 

frontal 2-. n/hr .. (1 )3C Pi ejmi,nt Itl, Li te dat D -2.2310"109"2 E~ Pariol 

-- ' n/hr E"-- 91-6- # 331 |-- J liolalr9 i --
Extrapolated to -n Smith10 in/hr ()195__0)
 

>r hr-- - (h- )(173
 

Zimbabwe Subtropical/ e< 9 Id/hr Peak D of erg iEs it e e 


Convec.tive Limited6.5 If965)fIudson 0 i H.5ela
by r data at 


tllundertorms > .5 Inlhr 3-4 In/hr
Ceta feprote 2-. data 50 2 . () 122.' 78(~-)
1 

ro 
S iv toote7 l,mited dataMiamzi ]mprate/ 9.5 _ - t I - (1)ersr-0.1 to in/hr 1 673 7F IF- - Kinnell 

Zi/ebjern husidtropcal/
F L(~ Appro58imately O Range:
y e s > 6 I ~ rcm 9 sec I 

' t429'.2 .534. 1- Cat(Mapt25); 
South < 0 in/hr D0 1 63.13331 - " I.t1 78n/hao9

Eetr 0.33 t i n e .Lh0.23ted Ot 
A > 5 in/hr ac- -in (19) 

H o ict 50,.4.5 atceually -AtnaWe n e95 iVnschmcicr'3 et a.I3igeri4a t ondertore . 50 Increases - - (197)owithII 

Eplanition of smbols: 05 its ,fdlanvolume drop di ametnr; E Is kinetic energy per Ltt volume of rainfall; 

I is rainfall intensity. Units are reported as publ ished by Authors. 
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rain f all sta tio n s in J a va a d M a d u ra , n d o m . ia c u sse d in cha p ter 6 , th is is o n o f th e h i h -p ri r iy
anerosiviy map (Map ruas 26) prepared rsearch areas fr undrsanding the rainRrailert 

for the Indian subcontinent (CSVCRTI 19771; process in th tropics.
 
Bhatia and Singh (1976) indicatd that E'lo was best Appoximating he EI indx bv well-correlaed
 

correlated with Soil loss for India; and Roost (1977c rainfall probability data may criticizd.
used e tric El ounis to consruc: a rai ll crosivi- In conr 5Eto pr10cdure,,many 
y map Ior W5t and Central Africa (ap 27). (hors hale sought a relationship bet. en aslynca

surcd a pa-The utility of tc Eli. as a rainfall rowh n index rainfall parameters andiiihiall cro ity 

fr the tropic. has li-cn criticalv analyzed by many tamtitar (T[able 29). G-1, or-rci.ximon. b"-I,*cn 

workers. One n,"... barsi let Lriiici~ni ii tiic rc- storm kinetic energy (E) and ramilall ainoun , (A) 
quiremcnt of ;abnratc lmig-term rainfall records, were reported by"Charreau (i1969), A+i!c relation. 

which arc nor available in many developing coon- ships bct~vccn I.. and A cre not -e ll del'mcd. A 
tries. Another is etic f'act that successful oic of the rclatiuriship d~clining El,. is a function o1" .A and of'
El.in certaintemperateregions(Lucharitsplaceof [,a (Delaulle 1973 rcqurts rarely I,.6ccr-lnrc 

origin) does nut guarantee its success as an index o+f data. Roose (197JiTl du,,d that a rclattonmhip be
soil loss n vvthJ id nt i- El,a alone s id Shf ol1i reion sui sv anai liv tr ls Ixvecn and A %i. O a irccl 

mac. such is the tropics. T:je Camples 9ro7)dcd oi.5 pcrt:cn in the i~cr. Upper ,'la. l orv Cu.,tt 

aboISewhc %%herer o thevial5 l ha] been xncld(d fur uc in sisbinegal, and Benin, n cxcEpl hecre thennaydyljiIC~- Sbest area eenlscldind ocan 

different georaphical lucatiis n htanr , bu and larg. and mountains inlucnc rea This maonhiptapr. r. 

not been juoiticd by actual testing. As aillre dis- was ured to deveop the El: map (Map 27). To bet
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ter describe the erosivity of tropical storms, Wilkin-
son (1975) modified the kineze energy times ma-
imum 30-mi.nu. inte.ity ide., (El.) for the soils 
and 'e s ita,conditions of Nigeria. In calculatingthe erosion index, he did not begin the Elsosuinnia-
tion for a given storm unti runo"f occurred, there-
fore eliminating that portion of rainfall which wasaccepted by (infiltrated into) the soil. After testing 
several rainfall A.araeters in Nigeria against single 
storm soil loss from bare piots, Lal (1976c) found 
high correlations aisd insignificant differences be-
tween Hudson's KE > I (see next paragraph), 
Elio,. rainfall anount (A), maximum rainfall inten-
sity for a minitium duratiion. of 7.5 minutes (I.), 

Al, and kinetic energy (E). Lai (1976c) also indi-
cated that El, 0 may underestimate the kinetic ener-
gy of tropical storms and suggested that the use of 
Al. instead may be more advantageous. He was 
able to esitimate this index linearly from rainfall 
amounts (A) at lbadan. Nigeria. so eliminating the 
need for recording rain gauges. However, such si-plification cannot be extended to other tropical re-

gions unless a sirmiiar correlation can be successfully 

demonstrated. Furthermore, Lal etphasized the 

tesnporary nature of the proposed Al, index be-

cause it is not based ott kinetic energy considerationss

for tropical stottris. Aina et al. 
 (1977) discovered 

that A ,,,V. where V is the terminal vcluciy of the
median diaieter raindrop, was best correlated with 

soil los., 
w hcreas Kioi.d and Kassart (1976) estab-

lishcd a relationii between E atid A alone. 
 Baillv 

ctal (1976) noted a good correlation between A and 


E..
Other significant modific.tions of Els have been0
provided by tarous authors. Hudson (1971) de-
fined the KE > I as the suo ot the kinetic energies 

in stortis resulting from intensities greater than I 

in/hr (25 it/flir). I Is argutrd that such an 
index is 

m o re a i e, u a te o r d e scr ibing r a in fa ll ero sio n ha zards Ir tropical soils, which iregenerally character-

ized bts well-structu red pitioiles atid inifiltratiton ratesgrater thia I iniir. It iiiit lie iitil that VWisch-

tmeicr s Eh 0 itdex alh innited those storms of<0.5 in (12.53 min, which are separated by 6 hr or 

more even in the U.S. mainland ( l s the maxi-
m um 15mi ensitywas > )95 in/hr). Langbein 
anld -hum 19511)rha fiu d Uid sedimaent 
t.iehd
occurs in raters whrn the annual clcctiveprecipitation ishetviken 10 and 14 inches (25 1-J6 
mini. Annual raintall less that t0 inches produced 
little rurotf. The paradoxical decrease of sediment 
for higher rainf:dhs is attributed to the increase of 
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vegetative cover. Arnoldus (1977 ) stated that poo
correlations between El,. and soil loss were found it 
Bnin.....west Africa. Stocking 9 73 and EIwell (1 a 

that El 
, where l is the maximum 15

minute intensity, was best correlated with soil los 
under limited cover in Ziibabwe. Elwell and Stock. 

ing (1973a) had found thatmomentum the total cumulativ,of the rain in all storms could be use( 
interchangeably with energy without loss of accura 
cy in the El relationship. Upon reexamining theit 
data, they found the kinetic energy (KE) for storma 
with an intensity threshold of 4.3 mnt/hr and above 
to be exponentially related to annual soil loss. Stock-
ing and Elwell (1976) produced a map of mean an-
nuai erosivity for Rhodesia using this parameter 
(Map 28)."-

For other soils, crop types, and crop stages. Elwell 
and Stocking (1973ab) found cumulative rainfall 
momentu m above intensities of 2.1 mm/hr to be a
better estimation parameter. A subsequent analysis 
of these data on a daily basis yielded correlationsbetween soil loss and the product of raitnfall energy 
and intensity (Stocking and Elhvell 1973a). The in-
tensity duration that provided the best correlations 

varied with the density of crop cover. They also
 
combined soil loss data from grazinig trials oat aP1.
sandvecld (Elwell and Stocking 1974) iwith the earlier 
data and determined thatrainfall quantity r.arameters were uselul for soil 1o! cstimatiun (ElIvcll and 

Stocking 1975). 


A distincdly different approach to estimating rain-

fall erosivity has been devised by Fournier (1960). 


He was also Iaced with a larkof recording rain-
gauge data in his atteinpis to relate suspended secim-
ment loads in African rivers (integrated in a specific 
degradation parameter in Tin/km) to climatic 

parameters and topgraphy (see 
 later, this chapter, 

and Fig. 8). Hie succcsshtily correhicd annual spe-

cific degrada tion o a rainfa ll d is tr ibutio n coelfic ie n t 

dd C )ieie s,-Oircnranalfrte2 
hereti pr i> memanrifalorte1wettest month of the ,car and 11 the mean annual 

rainfall. I lisequation for the relationship betwieensediment yield (D) and tl,:above coetlicient is 

p

D - K, ) - K , (3) 

on 

with K, and K, being constans which he identiiledas important for the distinction betseen different 
climatic t)pes (such as semiarid vcrsus humid). Soil 
erosion is predicted by this equation only insofar as 
the suspended sediment load ofa river isrelated to a 
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soil loss for the whole catchment. Since the rate of 
the soil loss is not uniform throughout most water-
sheds, more information and new techniques are 
needed to predict erosion on a surface area smaller 

than the whole catchment. In any case. the tech-nique has been verified on vatersheds sith an area 
smaller than 2500 kin'. Arnoldus (1980) obtained 
poor correlations between the El. and Fournier's 
indices. He proposed as a modification of the Four-
nicr approach, the quantity 

pi'lP, 

I 

in which pi is monthly precipitation and P is annual 

precipitation. He obt tiied an inproved crtclation 
coefficent of 0 83 between t is in lexa tl El,. fb r II 
Vest ,Africa rain-gaouge stations. and aulsauirtu, yils

used this approximation oi the R flL.torin the USLEto construct an asumodeit stap tor Africa. 
Erosi.e rainfall in the tropics dilers frm that in 

other regions mainly in intensity and frequency 
characteristic:s. Raistrm generally are more in-
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tense in the tropics, that is,the energy load Lfat in
dividual storm is much greater than in temFerate 
zones (Kowal and Kassam 1976). This is due to the 
larger size and greater number of ditps falling per 
unit of time. Table 30 shouss some of the obsersed 
ma.mima on rccord tor crosise rainstorms. Table 31 
shovs comparative annual erosion index values for 
the tropics and nontropics. Buil tislcs show the cx
treme aggressivity of tropical rainfall, %vhich is 
generally explained by quantily, frequency, and

e si rop rre
Knt ayd-s ar C t d h ao. 

percent of the drs ps in a typical storm at S.tnatui. 
saldKsait%Niesa hainctcjepre thaZanbut60wee, > 3 itiin ithatt-.csr In Zttib ibse 

an inictsiiy of 63 thinir (2.5 n/ihr) and then de

creae. Bla tihard (1950. 1953) rcported that Ila
si .in r aidrl ,s rarely extce dr 2 m to iim eer 

(but these iere hior r,,raplic i.in%) an,l ali thai 
drop "zschatiqe ,vuhi eniy tna pciirn sm lar 
to Hludstin's Lal t19761 in-li, ated that b-iause'if 
high rairfall tienstlie, over short durations as well 
as increased raiodto intrict by si..d eritaicemcnt. 
the cusiviy indc.,Els. 

p 

may underestiiate the ki
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S ap 25. Slt . na n ut ..ui y ooo r Z iiot b. c f t iodo,, . (llisoll a., diio k~n 13 T64 ) 

vau and the units of;:ns/acrciElis
from runoff alone can he the major cause of soil mined b the nR lu t). u nito cil t
 
loss-during the portion of the ccmnlo
year when snowmelt unt (Tinths/rmetritc El unit). As Intended byutbIhepre v ails . based on unit "alues for other factors in the cqua0 E RErdibility and b.t Characteristicsllability tio These arc specified as folhls for R 100equElihe inherentwater ;s suo ep:ibility of a soil to erosion 

r 
by6 by units i ft-tot tr e/jnrh or 5764 n-Tiiia/cn ; frhydrclcgt.:,i h-ton ,cttt/inywaler s proper.tes. oricrinr -Tnh/ctc' l[ctisely determinedThus aggregateby its structutalbreakdoswnand L 72.6 ft or 22.1cent; C a bare.in; for S a uniforI dlopC of 9 pCrfor fallow. wtcd-Ifrce.m frequc.titi 

i s u b s sud eq ue n t p a r tic le d e ta t l t .oe nt I ro m ha r e so il fi l led c naod i t i t fo r t i e t o ye a rs ji r e c e d i n I t ile n iii 
b y a g i v en r a in f a l l ( o r o ve r l a n d l fow ) d e p e n d s o n a g - a t i o ngdisttr aqgbhte s t a bi l i o f mr r . s uic ei ni t ; a d I fo r P c m s e nt i mi l r o w tion v,t an d a r t i c le (o)rch.,raztcristcs a i g e-; i t o ) si z eThe likchl sd of 

c ro p ti l e igu p a dci d ,), n fle s hi ir E x p c isinri ti a ldeterinitatioils utlr natural rainfall toust alto rcp
parilcle-transportink r':nolf occurring depends not reent a long terti (prctrralv 20 yr tl tit tn 5 vr) 
o n ly rin rainla (ch ra te r itits b u t also o t w a te r m Ca n va lu C hlLh tlot.. . aantire po :seii itl l 
trainniisiOn and rill ll ity properties of lic soil, ratiLe of siot1iii i l i .. tt't -dtit il 501|1cr cstinteIis 
p :rttcularly infiltratin rait at Ih pre ding-. and other rai (JlittI itur )al s.ltiatititl|
antecedent water contientis In the USI.E (%Vi ch- Bet ause of theth i,''- ti -trtn nis. witli rc
meter and Sttith 1978) this siscrttib liiv is quan - suiting tIttIC-tinitn nq and cspens.C nciasure
titativel ydtfined by the crod l.lity (K , factor. which metis. xptr i- n al %luci for the "real" erodili li
has a potential mnoimum nu mnericalvalue deter- ty of soils in general and tropical soils in particular 
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Table 30. Selected data for high rainfall Intensity rates 


Locltion l(Mn/hr) Durat ion 


Plumb Point. Jamaica 792
Monrovia. Liberia 
 418
Mliiia. FlariOa 
 192 

Ciomoo.r Lanka 192 


Cooo.SiLna170 

Ibadan. lligerta 162
"Aaislut. Hawaii 
 142 

Belvio-e. La Reunion 121 

Selvouve. La Reunion 112 

8eivou~e. La Re-inon 
 91 

Chlaos. La Reanion 
 78 

8 
ag.io. PFilippines 49 
Cilaos. La Reunion *52 


Source: Modified from Jackson 1978. Lai 1977d. 

15 min 

15 min 

15 rlin
 
0 min 

90 ati 

15 mn 

15 imin 

9 hr 


12 hr 

13.5 ir 

24 nr 


2 days

24 hr 


in the tropics 


Date 


5/12/62

8/01/74 


1907
 
6/16/72

4/18/74 

2/28-29/64 


2/28-29/64 

2/23-29/64 

3115-16152 


3/15-17/52

7/14/11 


and unpublished sources. 


-This storm produced the highest 24-hr rainfaTI on record (1069.9 mitor
 
73.6 in). 


Taole 31. 
 Selected data for rainfall erosivity according to the E130 index 


Location 

S. Lcuisian4a 


ilungilure. J. India 
Conatry. ouinea 
Douala. Cameroon 

Laupanoenoe. HI 

Hilo. .11 

Corpmnas. Sao Paulo 
Jakart.a Indonesia 

Inde" 

600 


1457 

2000 

2000 
740 

780 

690 

2307 


are rare. Therefore. rainfall simulators have been 
used by various workers to develop such values 
more quicklv \eNyer aitd NlcCunc 1958). How-
ever. because of the shoitmecrii nature of such mnca-
surcen ts, ccrtain precautions nust be taken dur-
ing both the data iollection and analysis phases to 
ensure that sinulacd croliiiiiy values correspond 
as closely .s poisible to "ieal" values (Daiw~lcr and 

EI.SssaaIv 1976) The data reprtied bcluw (Tables 
32 to 37) include values oliained by both nictiods. 
For comiliaraui:e ptrpoiscs. and hicause rtrtaiut soiis 
are conimimon fictisren tciis riue andir pical re-

glut"s. valucs for selcI.U.I IUios on the mainland 
Uitcd Statesare included, 

Froni the tables It is wiar that erudibility values 
for tropical soils vary so widely that It describe them 
catiguri allv as rciusr.itit eroinn is ii isleadig. 
Furti rrnorr . it is rev J t ri minilie w id - sjtilu ol 
values -hiiin ratLn iirdirr th.t s-il ordrs, as auclaist-
ficalltimIc srI. nlas Ia,, uscful fur de-cripits e rrlative 

.,ssessnicnti OIerothitliy class Ir -. AllIslu > Osl-
suls) but are inuilficicnit as a quantitative tool for 

estimating K value. Of particular interest is the fact 
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Source 
Wischreter . Smit* 1978 

CSWCRfI 1977
 
Roose 197;c
 

Rouse 1977Ts
EI-Suaify Z Cooley 1980 
E1-Switfy 'Unpublished)
 
Loeoardi Neto 1971 

Bois 1978 


that soils in tihe same order but studied at different 
locations display wide discrepaincie. For example in 
bot Ilawaii and Puerto Rico (Dangler and El-
Swaify 1976; Barinet et a]. 1971) it eas found that 
Ulisohs were very erosion resisiant as indicated by 
their lose K values. iicontrast. inCentral America 
and Venezuela (Popclnoe 1976: la 1977) Uhils 
covered a wide range liu -exircmely ow" to ,cx-
tremely high erodibility." lit the mainland United 
States (WVischnicier and Soiih 1978) thisorder aiso 
covered a wide range o resisiance to erosion. More 
agrecincnt is found univrs.allv for stringly .iggre
gate'd Oximol. the heavy clay ",crtisbs, and the 
weakly a-gregati.d Aliuibls; these orders posess luse, 
nodcrate, and high crodibliuies. respectively. It is 
important to note here that one possible source of 
thle oalsrrvcd discrt-pancies is the use ly diffcrent 
iw o kers, , in.,iav d il r eti , d classtii ,iftt systml ls. 
Ihlicreil . a incanils oi uni rsul identificaioi of 
soils is ncedd io insure un iforn itndersianiling of 

soil crodiility trends. The family Icel of clailtica
tiun in the U.S. Soil T.,xonumny (SCS 19756) is a 

likely toulfor this purpose. 

Table 3Z. Erodibility of soils classified as Alfisols or Aridisols
 

Series or
 
lde-tification* Type Location 
 K Value Source
 

Dunkirk 	 silty loan 
 Geneva. PIT 	 0.69 Wischmeter & Smith 1978 

Dayton 
 Oregon 	 0.54 Roth CL at. 1974
 

St. Clair subsoil Michigan 0.48 Roth et al. 1974Keene silty lam Zanesville, 0.4 d ischneier L Smith 1978Keene sil Indana 0.36 Roth et a 1974 
MCGry 	 subsoil Indian& 0.36 Roth et ad. 1974
 

Kaoaihae 	 rocky silty
loom Hawii 0.35 Dangler & l-S.afy 1976 

Rabat 
 Morocco 0.35 
 Heusch 1970
 

loam Pennsylvania 0.31 Wischneier & Smith 1978 

tIutat 
 Indomesia 0.26 BoIS 1978
 
Gaaipala Ferruginous Upper Volta 0.25 Roose 1977b 

Saria Ferrujinous Upper Volta 
 0.25 Rouose 1977b
Set& Ferrugirous Senegal 0.25 
 Roose 1977b
 

Punang tnoonesia 0.14 Bols 1978
 
*Identification provided when series was not nacea.
 

Table 33. Erodibility of sails classified as Oxisols
 

Series or
 
Identification* 


Molokai 


Wahiawa 


ouaKe 

Apiopodouse 

Agonaney 

Korh0
13a 


Catalina-

Cialitas 

-Identification 


Type 


silty clay
 

loam 

silty clay 


Ferralit;c 

Ferral itic 

herral tic 

Ferral itic 


clay 


Location 


Hawaii 
Hdai i 

Ivory Coast 


Inory Coast 

Benin 


IvoryCoast 


Puerto RIco 

K Value Source 

0.22 Dagler L EI-S.aify 1976 
0.14 Dangler & EI-.%aify 1976 

0.12 Roose 1977b 

0.10 Roose 193b 

0.10 Roose 1377b 

0.02 Rouse 1977b 

0.01 Barnett et al. 1971 

pronijed when series was not naed. 
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Table J4. Erodiblllty of sol 
 Classified as Inceptisoli 

Table37. frodibillty of soils with miscellaneous classifications
 

Series or

Identirication* Type 
 Location 
 K Value Source 	 Series or


Identification* 
 Classification 
 Location 
 K Value Source
Pacini 
 silty loams Hawaii 0.55 Dangler & El-Swaify 1976 

asleihr, silty clay 	 Harl C1ty 311. Morocco 0.6 Neuscn 1970
 

Io n Marl
Hawaii 	 Loose
0.21 Dangler & EI-Swaify 1976 	 Morocco 0.5 Heusch 1970

Waisanu silty clay Hawaii 	 Marl CenenCed Morocco
0.19 Dangler & EI-Swaify 1976 	 0.4 Heuscn 1970


MarlKukaiau silty clay 	 Sandy Morocco 0.3 heusci 1970
Mcrl 
 and Morocco 0.? Heusch 1970 
.OAn Hawaii 0.17 Dangler L EI-Swaify 1976


Panaura loam Puerto Rico 0.11 Barnett et al. 1971 SentolD Lithool Indonesia 0-14 o, 1
 

Kilo silty clay
loas Ha.;auI 0.07 Dangler & EI-Swaify 1976 	 Cltaman Latosol indonesia 0.10 lois 1978
 
Darma94 	 Sands
Indonesia 0.04 	 Pebbly Morocco
BoIs 1978 	 0.10 Heusch 1970


Limestone
Juncos 	 Sandstone msix
clay Puerto Rico 	 Morocco 0.05 Heuscn 1970
0.02 Barnett et al. 1971 

Darsiaga La.o-i 
 Irdonesia 
 0.03 BoIs 1978
 

*Identification provided when series was 
not named. 	 *dentfica ion provided hen series as not na ed.
 

Table 35. Erodibility of soilsclassified as Mollisols or Vertisols 

The erodibilihy
cablesalsoshow that'surface and 
 for veT. finesand K - 0.44; ARS 1975a). equa-

ISneriscation Type Location .	 
subsurface soil horizons posseas diffcrent susccptibi.- lions,and nomographs vhich wereValue Source 	 recommendedicycural,toerosion.mineralogical,This isdue to differences in rIe tcx-and structural makseup of ihe by the respectise auihors for estinating KMayberry subsoil 	 whenever experimecnal v.,uesNiebraska 0.67 	 valuesRoth et al. 1974 	 are not availablevarious soil layers (Roth cc al.Pa.nee subsoil 	 1974). Thus, differ- (Figs.Nebraska 0.45 Roth et al. 1974 21 and 22). Thesc nomograpis cre put io 

Shelby ezntK values arc needed for estimaing soil losses wideloan Missouri 0.41 Wlrchmeier & Smith use in theUnited States and inmany ocher. in-
Marshall 

191 front the same soil. depending on intended use Ksilty loan4 loia 0.33 Wischneier & S.ith 1973 
cluding tropicaJ, countries. \Vilkinson (1975) and

values of surfaceLuaiualei clay 	 soilsare required fur croplands Roose (1977c) reportedAusine clay 
Hwaii 0.30 Dangler &.EI-Snartfy1976 	 that soil erodibilhies 

Austin Hawaii 0.30 Dangleer &ESmifh 1976 	 while values for subsuciace soils areclay Texas 0.29 Wschmeier & Smith19 	
nccdcd for esti- estimated from soii properiles as describedmating soil loss hazards associatcd sith construcuion 	 byctivities 	 %Vischmce~rci al.(1971) ere satisfactory for soncJegu 	 ferrallihic and ferrirginousJava 0.z0 BOIs 1978 soils. Tables 38 and 39
 

Portageville Missouri O.OS 
A major criticism of available experimental K shus other exaitphrs of such
Roth et al. 1974 	 use in South Americavalues for tropicalsoilssems from theirbeing caicu-
 and South Asia. Regardless of ,lietheror nor she
 

-Identification provided when series was 
not Oawed. 
 lated aicurdinig io thedefintion. given earlier Er- absolute valuesrors in calculation arc likely if the base data for 	
arc correc. relatric trends againEl. confirm the cxrcirre variability in cerloli !uscep-L, and S factotsare nor applicable to he sitleunder tibilities (006-0.48) ainong tropical soils. El-SiaifvTuble 36. Eromibilicy of sails classified as lltisols 	 investigatioi. Indeed, it has been suggested by someauthor, that die los K values attriibuted co highly 

(1977) and Fl-Ssaiy and Dangler (1977) cricicizedcte use of mainland U S.-bascd noiRographs e.to p r
 
Series ar
Sdeitscation 
 Type Location K Value Source 	 weathered tropicalsoilsmay 
not be strictly true, but dirt the erodibility of iropical soilsCecil sandy clay 	 rather a result of overestimated rainiallerosion in-

and provided
preliminary daia supl..iiing rhe need forCecil 	 dilcricsandy Ula
loan 	 dicesas calculated by W'ischmet.r and Srim's El.
Georgia. USA 0.36 Wisc ieer L Smith 1978 	 value (1978) This criticism does prclicise paramcters o erimiate iropsi.alcollected not apply to darta bility, These ci 	 soilcrodiuniforlv undcr controlled siiulated rain- cisms ire roundt-d 1irslon the hidthoseTea 	 itcddata liase frni itiich noiographs u'reunnamea 
 Sri Lanka 
 0.31 Lal 19171 


fallsuch as litie published by dhe presentCecil sandy loam Georgia. USA 0.23 Utischmeter 	 authors developed, thus eithr- rreccritati, cxcesise& Smith 1978 	 cs
(Dangler and EI-Ssifs
Waikane Sandy clay Hawaii O.U9 	

1976) and also given in crapulatiun of nornogr.til values or rc ndcriiiDangler I EI-Sodify 1976 	 thc:nTables 31-36.Freehold loamy sandy New Jersey 	 completely inapplhc.ml,l- 1,)ruse in tropical0.0 Wischeier L S itih 197 uils Se
Himr.aS The lependeince ofil susceptibilitytossater ero-clay Puerto Rico 	 od.soiltrialssisprirriore0.00 	 Barnett et al. 1971 rcmnnitii. d-dI or desiouorlt'NEisral. tcurCsral. .1nidhsdrulogtcal prop- vei)ling pi.trini-eer s'aics fur use in the ionti -

* ficatronpro vied wnense ieswas not nined. 	 crtcs has been established b% eaeval i estiratorsncriL 
 ou side rie iTipics (\'ischr eier graphs may not be aplfrrpsitaseaird .lannerin sods to hiqhly %-arlirrrl 

1969; \Vischciricr ct al. 1971, Roitlhct al. IJ74). The !irst criticism islearlvsupfn)ricd by thedataThese elfurts cilmitaed in Llhedeelonmet of in Table 40. hitch sihis thatprevailiig tcxur.dpredicti-c approximations (e.g. for sand r. - 0.05; classes. conce of organic matter, and/or sciqcutx
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on the methodology used 10 deterrttiie liet particle adjitnerc 0l a & salue slhenes cr appreciabslesize disiribittion In soil. It is 'sell known thaI deter- changes in soil properies take place. Just as fo in mass (as do Ithe irres-ersibly dried aggregatesm~tint ro'rpical soil Iroplerties. particulhrlypar- Sital determination of erodibilits- repealed ex-
ins selected forest soIlsltlcontrast, structural c:harac

Haweaii's Typic Hydranidepts) are less subject to teristics, as rellected by soil contentsofaggregutlesiintide¢ size 2nd acgreg.tte, stability cliaraciettstjcs, is perirnenai d,-ternitin.itions to detect these chantges detacinocait antdtillability. flasetd onttny ulisersa- dillecrent size classes or by' coitibinaltitinsi brisseenmethod -senti i s- (LI -S, iifsy and Litti 1977) Prel it- -s-mi 1,d be tine cotisuoiiti and p~ohatblyv prohibitibe stont s liddle ton s(19110) ilisj ersioin ratio (the aatin these and other ch aractcrisi as. ss e wsell related tonat-v ntilicatiiiii are that lirilitin il tir eroiilii- i cost, 51between water-disler sed < lp tolparticles and lie spla dilohnecly ol roi iicil Sli e~ii liitC paranieiers ilil l rent A sil (romlthle ins -stI lal iotts Siiintiliari zzd abose, total silt pilu s clay coot eat 1 a soill scs (IIhil," s t inle) it ic Ruse IYi Il), uol iog splash erosi in ol"(root those iiil htave been used siicce$sloll v to life 1 !soil si1t, liililt to clili h11as lhce n repniri-d hiy wide usC our raid. ilig soil susiept hi ily to erllosn.l oose Lastl rhican 'oils, discuwrri an intdicatlitiadict the ernitiiilt 01 temlperate suils (l~l-s ,aify and itiost aulinora, only ulescriptii-el, or by nmlerical Runntetand I.ugol-.opez (1iJSO) clitated "erosiee-Da nqller thoo .aggri7.tte hirakiliti~ unider .tlllIctal rainllat1977; Talh: 42). rantks hItest. The are hoesd pairtlvIl th qntan- nets ofPuerto Rlican the basi a of .ssolils atin Ilidle- ss.s a Iaditor wtntribitni tu t soil Ias doe¢ tospiaaltAlhhoinh renhiiiv is jireittinedaclii~liltt litidings dlisctussetd abose and partly ontolie tiliiec o' rira.Llruo-,pz119)aenlcd
inhirrr~it ci i dicrcit i tl h t ugcedhihsdichen ¢nqcnih.sliil (1.Visclittnicr et al ge-ncral iilnscrfailitntis li soil scictnt sisand contsi-rv."- tosimplify the laiboratitry mtr;tsuretntent of erodi liii- after t'ortlic' rCtinen cnt, pro- ile a Sen ili-C antd1971). this i-ail is nut, 1iesase. \Vhihcctit.tiitnl tionilss itidllinilig tile inhnrrs.stin litat piiiirly ag- ty by usiiig the percentage niltd aniiil~ tI.si agtgre- simlile inttiischarauinlc It' Ili d-tl~inc it .ls:eslnq niatural tlilfcrencs itnsoillill i ttecroliliiliy tttnlii rrl- grgeLild st'ry hi: satlin ail silts .t5wellts easily gats. Y~iaitianiull aitld ,tnihflerso t1173) fiiiiiiit hl incttlUilta dhi iinliiii e ndt-t Iilii.-ll iit il rllilihlatisely" ottcilateei cl it j.larticle size distli llnnot dispersillel sillt suid clays aire hiithls errltble. In su5pensiin ltt i i tetit iitinorll in I lille:- Pe'reir., (19 lt i lkniiil ,-Afltand iTolneraJoeica coojstOtl ol ciat 
i sini ustib s do sils,

drastic change either 
t cit rs undergo contrast. scell-aggregated sotlt in sshich surf'ace soilirnl them1"underling soil erodibahite oi 13 lonlked lor a slitple test that would diline the struc

nalurallyot cause of tntan- aggregates do notsegregate frOttt ton's duipersioti ratio) seas by"ilseil thle poorest
splash losess tural condition soil. e sought tocoti0b3n0 in 
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Table 38. No0o0traph-predicted erodibillty values for sowe Brazil 
soils 
 Table 40. Comparison of range of properties used 
to develop existing
 

nomographs with those encountered in selected Haweii Soils
 
Range of K values, by horizon
 

Soil Identification 


"PodzolicS Vermelho 


(XDarelo vr. Lavas) 


Serie Artes 


"PodzoliCo Vermnelho 


(4aarelo-Jrto) 


Serle Godinhos 


'Podzolico Vermelho 

(A.iarelo var. Plraclcaba) 


Serie Quebra Dente 


Serie ?au D'AlIho 

Serie Bairrinno 


Serie Lageiainno 


Serie Ponpeia 


Serie Tres lunicipios . 

Serie Guamgum 

Eerie Laiz De Quieroz 
Serie Pireaao V.rvellho 

Serge Monte Oliopo 


Serie ranquinno 


Serie Iracena 

our~es: *freire and Pnssottl 1974; 

A 


0.49-0.57 


0.30-0.43 


0.16-0.38 


0.30-0.37 


0.28-0.36 


0.22-0.26 


0.25 


0.18-0.24 


0.24 


0.20-0.22 


0.17 


0.06-0.16 


0.11-0.13 
0.10-0.12 


0.09 


0.06-0.07 


0.06 


others frogs fregre 

B 


0.42-0.57 


0.20-0.20 


0.16-0.40 


0.14-0.22 


0.11-0.17 


0.25-0.27 


0.1S 
0.20-0.23 


0.18-0.2f. 


0.17 


0.07-0.14 


0.11-0.16 
0.11-0.12 


0.06-0.09 


0.07-0.09 


and Pesso~tt 


C 


0.54-0.62 


0.32 


0.43-0.59 


0.29 


0.15-0.22
 

0.30 


0.57
 

0.27 


0.49 


0.42 


0.18 


0.17-0.21 


0.25 
0.10 


0.15 

1976. 


Table 39. .%oorijh-predicted eradibility values for some Sri Lanka soils 


Soil loentltication 


Katunnyake 


Batticaiaa 


Kankesanturdi 


Mannar 


Anuradniapura 


;ianoantotj 
CdaullJ 


Ratnapara 


Katugascotj 


Source: oshua 1977.
 

Classification 


Sandy regosol 


Noncalcic brown 


Red-yellow latasol 


Red-yllow 1400sol 

RedJish-brown earth 


Reddish-bron earth 

Red-yellow podzolic 


lRed-yello. Podeolic 


Reddish-brown latosoltc 


K value 


0.48 


0.35 


0.33 


0.33 


0.27 


0.27 

0.22A 


0.22 


0.17
 

Soil property and units 


Silt + very fine sand 


(0.002-0.1 u=)
 

Sand (0.1 =n-2 nn) S 

Clay (< 21A) % 


Organic matter, X 


Soil structure class (1-4) 

Soil permeability class (1-6) 


Extractable Fe - Al 


(Sesquio, ides) %
 

EntraCtable 

Sources 


Table 41. 


Soil 


Kawaguae

Hilo 


Kukaiau 


haalehu 


Pskini 

daip.u 


,Moloknl 


Uai.Ia.a
4ne 


Lualuale 


Si. % 


tO develop 

Nomograph 

1 

13.9-82.3 

Range encountered 

to develop Selected 

homograph Hawaii 

2 soils 

32.2-59.1 10.0-56.A 

1.4-31.7 0.59-40.9 1.56-33.4 

4.2-44.5 

0.9-5.5 

2.6-66.5 

0.59-2.12 

19.6-88.8 

1.10-18.8 

1-4 

1-6 

not given 

4 

6 

0.97-3.76 

1-3 

1-5 

3.62-34.3 

not 9ie 0.12-0.32 0.0062 A 103 0.45 1 

Wlschneier Roth et .. El-Saaify 
and Dangier
 
eL al. 1971 1974 1977
 

Comparison of nmomgrapn-predicted ana eaperimental erodibility
values for Hawaii 
soils
 

pparent Predicted K value based on
texture H2Oaisperson Nah r
 

0.25 
0.07 

0.22 
0.03 

0.24 
0.03 

0.15 0.09 0.06 

0.17 0.19 0.11 

0.08 0.08 0.05 

0.14 0.10 0.10 
0.15 0.09 0.03 

0.070.15 0.190.27 0.050.05 

0.13 0.11 0.13 

Experimental
 

0.35
 
0.07 

0.17
 

0.21 

0.55
 

0.19
 

0.22 

0.14
0.09
 

0.30
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Table 42. Regre-sion equations obtained at the Sth 
step of stepwise reqression
 
analyst, ror s.oil properties (e.ludlcng mineralogy) ald erndibilty
 
of Ha.ati sails under different antecedent ,nulstureconditions
 

Eq,,itionIla. 	 Equation 
 ERODIBILITY CLASS 

Kdry .1I250 0.01100 LT250. * O.001d tl - 0.01722 SUS _ 
- 0.31106 aol - 0.03631 tl I--'
 

-et 	 * 

- 2.64034 K-cO - 0.05921 PE F7
 

2 	 I 0.13945 0.00145 BS + 0.00036 MH + 0.00668 B0 

3 gehted , 0.03970 * 0.00311 LT250. * 0.00043 Mil. 0.00185 BS- 0.00258 SI - O.O01323SA.I00 -

Source: ElI-Swaifyand oangler 1977.
 

Legend: tdry Erodibility under dry antecident moisture conditions.
 

K-t Erodibility wider wet atecedent moisture conditions.
 

Ketgnted Mean weighted value for Kdry and Kwet 
as explained by Dangler

ad EI-S.4ify (19761. 
 5
 

LIM20. Unstable aggregates (%).
 

api pHKEl - pHci"20
BS Base saturation.
 
M5O Meaneignted aggregate diameter. mm/25.4.
 

Si Silt-sized particles (%). 
M1 Sind )lC ,il{) (silt-sized particles (%) + very fine sand ()].
 
SA>100 Sand >IQC. (t).
 
SUS Suspension percentage (5).
 
80 Bulk d nsity. 

one measurement of infiltration the effects of perme- particle size distribution and aggregate stability. As e-	 2.3 

ability of the soil and surface sealing resulting from yetno relationship between these soil properties and 
aggregate b .rakd.runder raiidiop ittpat. Perci-
 erosion indiceshas been deveopd. Soilson sloping
 
ra was furced to conclude that whie his test added to lands in Taiwan seve classified in five categories of 
the intotmation .itclttittsin,4 lc test sas increasing relatie erodil.idiv and tiapped accord- 0Ott flu 
available to assess soil structural condition as it ingly by the Joitt Commission on Rural Recon
reatis to erosie. The putential of this property as struction (JCl(R -ARI.Ik 1977; Map 29). It is not 
an index olerdibiliv. is still utlear. Cormury and clear inv these catrgor , tiay iclate quantitaively 
Masson (I961) noted that relative crodibilitirs tif to the K factor ofthe USLE. 
sulle Tunisian smils ranged from 1-12. aid ar- An alternativesystem for estimating soil loss in 
ranged thecir valii-cs to otradle K valtuesof 0. 1-0,5 Zimnbabcwe has been devised by Elcell (1977). based
in the quanliati.e sysitetn of the USLE'. -]'hcyten- on a different quantitative definition of soil crud
tatively assigned K "alii:s if 0.05 fur Resdziias iLility. This elfist was itade to reduce the nced fur 
with sotl crt toO 61 jiorcalcairrous bruwn sods oi expensive and titte-consurning field plot studies 
eroded cinrl.v F,i tier (1967) lit.ted ec.ral ltacturs fur thedtecr-iiiation ,t indivhi. valjes of lif
likely to plav a role tit a cuinliricheniive of f-rent erosion factors.inil,:x 
 lit deyvsing the -simplified" 
eroddhlty 'll,-c ace pdirtidIc size distribution, soil loss stcsiatiOit mcodel fir southern Africa 
chemical cotnpoiion as it aliCts tlucc.ulasin and (SLENISA), Elserll (1977. 191) retained the -unit 
dispersi. orryoo. d ..argll. os cui, clll ihat pl"t- COIngrpt.. 	 r.. 
 of theU.SLE but included ontily three 
nay Centitrihute to . cir i'itlii tt l.rger p.aiccles , causative paraneters o crosio:: 
cohc-ion aid st.ilhity -it sil uq;r-t-.ci, and he 
prroncaht'ia l ,Ii liiu Fcr tiler also prlcsitcld Z - KCXsoii 


(4)
 
dala from Seucea.] to illustratedcac'rioratioc*fsiruc

tore and reduct;uri of pernabiity witl continued where: Z - predicted mean annual soil loss. (TmI
intense cultivation. He ctilized I Icnin's"insahility ha/yr); l.p 29. tietui.. *irdbithly T1' itost cnd cot. Cl..1c. 1-1 i..ci... q d... od,bitily. UCIA. lARD0index- ,hich is based on dispersed and aggregated K mean annual soil loss (Tm/halyr) from 	 13771 
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Table 43. Sail erodibility values (F) used 
In the SLESA Model 


Soil teutsre Soil type 
 Basic Index 


Light 	 sartas 40 
loamy sands 
sandy lo.uzis
 

Medtran 
 sandy clay loam 
 S
 
clay loam 

sandjyclay 

Heavy 	 clay 
 6 


heavy clay 


Notes: Subtract the follow ing fre the basic index: 

I 	 for light textured soils consisting mainly of Sands or silts.
 

I 	 for restricted vertical 
permeaoility within 1 m of the surface. 


cr for severe soil crusting.

I for ridging up And do.ri the slope.
1 for deterioration in soil stricture doue to excessive soil loss Inthe previous year (>20tiha) or ror poor manaqemen.

0.5 	for slight to moderate surface crusting or for soil lossesof 


10-20 t/ha in the previous year. 


Add the following: 


2 	 for dcop (>2m) well-drained. light-textured sands.
 
I for tilan~e techniques which encourage maimua 
 retention of water 

fortiesoilechues which encourtoe high surface Infilration

and r 	tiruln water StoragJe in the prof liee.g.ripping, feel trn 
plaotiitsI forthe firstseasonof otillage. 

2oreetfor1ofnotilagr. 


a sta tdard t ata
fied plot30 inx n 

-!5 percent slolpc a tnadfcdpot3 nx1for a soil of knowntaE Landscape and Topography.erodibiii yunder bare f ; 	 observitg mallow It isevident i ost form sof rainfall cro-C - the ratio of soil lost from a cropped plot sion, particularly massive gullies, ravines, and land-to that lost from hare fallow; and slides, that. other conditions being equal, hilly andX - the ratio of soil lust front a plot of mountainous regions ate especially subject to soil 
length L ani] iumeS. in that lost from erosion. On the other hand. completely levelareas 
thesandard plot. are lets subject itscl erosioo ttan to drainage prob-

lellsGenerally,. liscver, the major cultivatedIn this case. the K fat us- incoftrates both the 	 art-lails of tie u,)tld brtevern th-ce exirctns of
k ine t icen er by o f ra tiil.dl a nd hso il c rodi ilit y a n ti stee l slop es and lev el lan d . oh shudn~lisdwl atrin the 	 It h as lu n g bee nserved that higher erosioit d hiazardis arc alt,.iys .should niat be cotleiesi %ith 	 s-the K factor in theiitaLISLE. Rathrr. eroibitlv (F) is treatcd 	 highe ate alvas a sub- sociateid vih s leper slols Er-owtcorkers atdcomroncnt crodi-
i K and the auth-rs delitnrd a soil co:ervaiontts have also detern ii that.al-
bilitv hO1h [s aeM.t1 
th e in dex r a ig r d t fr i) adjust ed tie - pe r un it ar ea i s highlci rfi l ing cr tutu fo r shorter 

tles Its lijic -dlis tr. or viosvalre lie 1 tife 1Ii iii ril"iais"soil lI)0, 
om 4 i hu t we r e 

pending on perntea itv. structure, and ,onrrva- slop olequal steelne.,.Shripc inpercenttirjpitsi

lionpractices 43). Figure 23 provide5iTai,le an (s)and length in ieteri or feet (. ) arc quantitative.example of threterelatio¢nstps. The X factor in lyincorporated intheUSI.E hv theiitcnnioiless

SLE.\ISA isthesame as the LS lactor of the USLE factors S and L respectively. Remember that all pa-(secnext section). ramctcr. when used within the USLE formulation, 

10I 
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reintended forpredicting Io till
es front and inter-

rill
erosion only. 

The exponential dependence of soil loss
on slope
steepness (or gradient) isgenerally accepted and has 


been verified
by nit workers (Zing 1940; Mls-
grave 194 ;wischmeier ani 
Smith 1965; Iudson 

1971). In certain cases the dcpendcince ofsoi los oil 
slope gradient was shown totake a pure powec fort: 

.
 
- csa (5)( 

in shicli E is soil loss, a is slope gradit, and ' as 
well astheexpotent aare empiriclcnstanL. The 
valuewoa varied 0 4 2] dcendig on tie 
experimental conditions ucd by de diferent 

rs.
In oter cases a quadratic form was obtained. 
ire 

E - a • bs 
ian rina

in enhich a. A. anti€ are etua)trical coiistaiit \Vmiesh-

mier and Stiri (1965, 19711) using the laiter flr:i,
calculated the dititnsionlic S latior for the USLL 
as 

(7) 
3 t 13 

o 613 (7) 


inwhich thefigure
6.613 is the value ofthe numera-
torforastandard soil plot (I - 9t). 
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x to 

2
 
10- ioles/-n/tnii

.0d ioedhitliy F. (Esmit 1977) 

In thetropics
severalauthors have confirmed the 
influence of steepness of slope on soilloss(Hudon 
andJackson 1959.Fournier 1967. Roose 1975a; Lal1976). Here also.asexpected, soil lossgenerally in
creased e xponcntially swithslopegradient (Rouse
1977c). However. among the few exceptions. Lal 
(1976b) and other workers reportcd that the 
presence ofcrop an o nuich cover caused inconsis
tent relittonstitps heustccn soil loss and slope gradi

even(
9 

7)very stalln0vat tatuontthe 25-0 call0dcallsoil lossRouseto dettiunwtated -cnsitivitva7)sal 

in slare steepness Foarier (1967) earlier reporled
sitttar data siti soil loses at S,fa, Senegal. in

sroitr frot 305-fu9l to 433-1 20 Tmnkmt shet1.5creasitg 
prcent . Tpe ependenceso Io" 1so was 

percent. Tre dependetice o soi hrta on slape rac 
gr 24 asnr 25htornithn 1r,cifcis tslope on 

gretr lossesh c forcgiind inui onf-r ian ,.cie
e(i repi u d
l a sli ls c,c n at, and 

vitlcamic ashsrris. t,~-cticls c.vin I tunt, tinner sct 
losses ita iisjn~razptd atas-ettuanlecedtrii tuntir t it inres ni nitigio toite that 

soil etuslut itnboth rrtup a linear deipen,lisplays 

soil los, aless'-1 

d 	 cdhI t ) llc fl=in soi l sa ss l 

dets tat. altrouah r rti ct existsamorg
 
boakersallhough rurrfti per unit areathat. oliuc. 

totalvitluiecoi orl ruilitg donflung lpes an
trtasoilc o nlses rbito t aefn om
thee
 
duces grcatcr toillossesper unit area froe the 



001--

040 
E 

060-

0 M-SHORT LONG /S*M-LCIIG r / 
A4Wh-ShORT r0.955 (I% 
A WH-LONG 
0 WP &WK-SHORr 
- W P & W K - LO N G SH O RT 

OLL-SHORT r0 882(5%)
LLLONG 
L N 

060

050 

-

040 -
.- 0 

Ku 
o KU 

a H 

A K 
* N 

pP, 
A 

0 
X 

- - -- 0.-
:5e 
', 

--

O 

.5 
o o o00 I 

0 .. 

A00'-........ 

0.. 

0 

.. .. ... ... .. .... ... .. 

-

................ 

0 0 ,, . I 
..... 

S0110-L/,N L. 

O0---
S0 0 30 -

0200-

0 

Z 

a 3 

oo 

0, 
.. 

, 0 0. 

- "f 

~~. . . . . .. .". -. 

-
., . 

.".. 

. 
-

. . 

010 i 01000 

SLOPE 10 0 5 SLOP 0 15 . - - 
n ~ 0 00.0~e 

mm~ ~2or an~lI: e"J-o-lope length ~is ~i Isdc~d~ n 0Alm~all. . It- i. .qnl pe1ren. Resdin Th.is s ol i.dicllo -CJl. Ionpu ... d~. aotesthtr IIS nt ui3 -mt~llcd
i lal ](rvkl; s
...'1"P'....1*"1*- .. j... """.... .......- ,, ...-,,.o.d.,.........,........... .2. . .. .. . .g .
 
15llWf0 5 00'O 

E - 00 W- -50-0-

- - 19( Ii) titiess 1- l seitatt) o i s.... " Au.!.,,. 9l"':76o "ti .,, o .
 

longer thhn from the shotter slopes. It isfurther shown lotrc:idual)ahu soils. a aii, are calcula 

in ca v 3sshjshat te rien i :ac o s oil Vl esE) re on 

eorner rthat t 9depend ntsollo l ed at0 6, 0 76. and 11I forslopesof 4.9, and Ian slope l isi tngthnthe form pe... .. ...t...et9ly. e'hif .rte.Lh indicate thatthEhas.ra uiatcd as. 

contrquio 

1 

iofhipb 

length 
(rahlected 

in the 

osfetilesthe
patent (a) tivncns of vrland5lpw) 

to erosional osses trot
then tropicalsods e xceeds that cwhich ay beecstp

in %whichi and m arc e piricalconstants. V alues :,ia:0dfro t thecxOo,nts us0d on the U .S. nair 
for For sp es t pec en re sst he exponentcd wbyseveral la d .. 0slop Snt h 19inI ) Ba'w d on hi 
borkers to ranigefrom 5 p)it 0.9. deetinding on the equation. Wilositns L. a di-tonlss facto 

p rviihoitgupc (Sn t and.ii~ nit 957). Tnf(ierorthe USL'. has hitn calculatcdascxp tr.-nt e. P. Itc 
eqlim ale'.elpd by thit-c autorsutilizes he ex-

oncti of 03 1*,r Iupcs of 5 perLcet or steeper and 

cr a.ti tctoin 

-

u--

-rit-i-xottt-Iei -h-i~ -li- 0 0 

2.. .. 2!:,, f. 

- -... . . . 

- - - -

0 n 

. . 

N 

1 , 

. 

o 

. 

-

has gencraliv been aceptcI as satisfactoryvtn inthe ropics (1-IiudL n 19 71; R o c 19 77c; Elw ell 
1977). For do~pes of 3 percent or less the exponent 
beLOineS 0.3. and for 4 percent slop~es it is t)4 
(WVisthi - r and ."inith 19511). Wor~k in s1,etropics 
(tflodn n 19 5 -,.; D amnc r el al . 19 7 6) in d i c at ci that 
the cxponrt ttIayhac a illff-rent value Irom that 
used in tultperatc zones. Based on tIe data present-
cd in Figure 24. , alues sithin the range of data 

L ( lie (s 

where A- shopc length in mecters.. 22.13 m (72. 
ft) is the length fnr standard plmtsfor %whichl- - I 
and ri is the cxp, mente.il nd l).': 

I n p~ra c.ti e th e v a"lus for t he len g th ka nd :,lillSfa c 
tort arc cner;tlly dctcrtrild as a cotmbined totto 
graphic factor, LS from either tables or graph(Vichm-icir and Smith 1965, 1978). Table 4 

= 
. - .n ,, 

134 

.: 'o o 

103 



sho,s the laicstrecommendations for calculation of 
the com.bined LS .. t... t is based i (tihefornL.t: 

LS-(_ )m04 1- 0.30, c 0.0;1s)6.613 

in which al the terms hase been explaied above. 
Although Table 44 shows data for slopes ranging
frost i to 60 tsercent and lengths frn 7.62 to 305 

M. it is important to indicate that data for slopes less 
than 3 percent. greater than 18 percent, and longer 
than 122 ts represent extrapolations beyond tie 

range of research data that the authors had a 'their
di.posaxl. Therefore, the applicability of the data to 

the tropics must be particularly questioned where 
longer or steeper slopes are culivated, as they often 

are under high population pressure in developing 

tropical Countries. Even ithinthe range of research 

data availab!e, verification on trooical soils is lack-


i mg. T h e d a t a i n T a b l e 44 a re a l so i n t e n de d f o r u s e on simple uniform slopes. To handle the real siua-
lion Of irtegular slopes. Foster and \Visehrneier 
(1974) drvised atorasiaiiows: refinement ot the topographic fac-

(SkiI _ .. ) 

Le ( 
72 

.
6 

)- ( 

in which 

- distance troi too of slope to lower etd 
of any segment j in units of 3.28 meters 
(10 It); 

- slope length above scgtn,!tj in units of 
3 28 meters: 

1
 
- - o'erall length of slope in units of 3.28 

nieters: 
S, - value if slipe factor, S for segtnent j; 

ani 


S - (0 043%' - 0 lOs . 0 43/61613 where s 
is the sttic ite iriess io l,,cnt, 

This eilii.ittun roiy app l y to irrigular sIopes by 
breaking tirm up insi, a serics of sigtnents eacn th 
uniturin ru-iiar .uiplui having differeni gtadietts 
and lir1au , dillererit lengths 

An alernativ,: tiopoiraIlti iaraineter, which was 
discussed earlier, is ;he "-irugraphic coefficient" 
(0C). defined by lournicr (19621 as 

T 
0C -

S" (12)
(12) 
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in which H is tileaverage height of surface relief 
cathit.....t.iin i.. . arid S the projected arc 

the catchrtt,: in square kilometers (see chap. 2) 
considered the term to be an expression oft 

sivenes of the landscape and foird that 0(0 sw 
necessary modii"yig mtathematical , parameter it 

azalysis of correlation htween specific degrada 

(based ot river sediticit loads for cacsm 
>2000 k ) ard the climatc coefficieni C 

cussed earlier). lie found a need fordisnguist 

between regiots of "slightly accentuated rel 
(0C > 6) and those with haccentuated rel 

(CC > 6). Agai, no evidence has been fount, 
the literature of the applicability of Fourni 
sopographin coelficents or predicting site-spei 
soil losses in the tropics. 

As ,.ill be discussed in chapier 5. the relationsi 
b et w e e n so i l l ossan d r unff a n d to p o grap h ic p a r ; 
C S provide the qtantitatise basis for selecting ;*t.d,., 
designing erosioti cotol practice.. Unfortunat, 
must desigit criteria that have originatedUnited States are inapplied in tropical countries ,little testing to seek itnpoved alternatives. 

Crop Cover and Residue Manageotent 

Long years of experience have shown that other I 
tors being conitant, rainfall erosion froti vegeta 
soils isdetertitned by crop types, planting densi 
canopy charactert tics, groth habits and quality 

stand, cotibiation ivith oiler crops in Space (int 

cropping) or tiie (rourtio). cottribution .td nt; 
agettient of groundrcovering residue, and t 
achieved gtuith tage devclipintit by the tii 
(erosive) rainfall arrives. llihn (1957) co.tclusiv 
ly ietotiStrated the tle of crop or other ow gro 

rainiall
ing vegetative canopy as a ititercepitor Ifdissipates the kitic eiiergy of raindrops. th 
cl1 ietiig the r.iniopI of its soil detachig pos, 
The presetcc of1ht-lhty vegetation also causes i 
creased iiitiltrati. reilied rotitll' iinc raseid s 
tiosture hisses duc ti trai pr.ion, bitling of 5. 
by roits, increased soil otgaic matter (which c 
act as buil a covet and an aggregate binder). at 
the slitstig ti ohsUtitictiion of uvciand lime (Fi 
13) F (19ii) triiedcd at extetsve a.ci. 
of ite rciCgtnic rile tit vreeitic cover in sod r 
sir and cons, reatii in ,At- and laugasca 
Iludsin ani J.ckson (1959) otcd ati iiverse rel 
linislip hltsCvttf prouctivit, ol 1o0itaize and soil 

(Fig. 32). Krantz ct al. (1978) detnotistrated thfallow watersheds on Vcrtiiuls encountered far mo 

0 

0.01

0.05- a* 
a 0 

0 

/A I 

o.01 

-

0. 

0 20 30 1s 3 

F ig -2 6 .Cp aa . fi-mp p ed.d I.U .oV -

ina r.h ,(ktc 9i ...t (y ..... , 

soil losses than cropped vatersheds in the semiaridtropics (Fig. 26). Ritmwanichu reported thai soil loss 

from a fallow soil on a 7 percent slope in northeast 

Thailand amounted to 48 Tm/ha/yr comptared with 
only 0.075 Tnt/ha/yr undc grass covcr. Addittioal 

evidence for the imprance of vegetative cover has 

been provided by Temple (1972) 
 and Balck (1977) 

(see Tables 45, 46. Fig 27). Dune, Diriclh arid 

Brunengo (1978) illustrated the effect of sod 
ex-

posure by grazing on erosion rates in semiarid 
Kenya, and concluded that eroSioin rates accelerated 

dramatically as ground coser decreased between 20 

and 30 perceit. 

Because of all th1e fictors contolliigctop covet ef-

feeiivcess. a (iuai t itte assc ssin nt of crip efects 
ot soil erosion htscs-il c C f.ictur-can bLceti 
quite involved. For applicatin in the USI.E lie C 
factor isdelincd as a diitiinilcss "r.itio Iwiemce 
Soil loss Iri.n l.Lidc-liled ..ider S cili,:fl c,-ii-
lionsand ci rpitu.i..nq lo fitoit l..-il,.. c,1-
tintoit fallos (\Vischieir and Siih 1971) Its 
mtagnitudle tnav le derived expeticti tallv frontte-
search plots isgddesigned si)StiICaSorC]01 udecr the 
codition t.ti o cEd Oili-ric. to itlc at n5 .n. 
tii.il nuinterit. val,_ croliaic ie.c i is-t lic tic-
finedanti iliciiitirntion as -.ll as ci,%scr elhttiv-
ncss (esxirescet as a soil Iss raim) estmated. Also 

3. s. Ri,.., L.,,j lp.,..... rh. aantl~ai ..... WtO.a i tS~i. 
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needed are calendar dates coinciding with each ofthese period, and distribution cur'cs for rainfal 

erosivity (El %alues) during the year. \Vischnteier 

ati Smith (1978) provided tie data required for 
such calculations in nty states. Unfortunately,
hardly any of the required expcrimental data or 
coputiutation.l compunetnts listed atoe have been 
dete:ntincd for ihe trcpi.s. Sample data far Hawaii 
arc shown its Table 47, antid Cstliated loss ratios foe 
sclectcd tropical crops are pros idcd in Table 48. 
The usefulness of thCe data s ,til be limited to -.,t. 
taiv-c evalu.atin ofctup cover eliectivenises as the 
dates assoc.ited "ilthvarious agronumic practces 
and raitfall emo-itite ditriutitois iith: the ycar 
arc reriticl for culis aicl licat ut i order to cal
culatc the ttc.ii aiiual -alues it C. Suth distrtbu
tions artscarce for ripOt-l ir,-.ons 

Antti..ig other jtcniiS t, id,-iifa C fa tir for 
tiliat, d tips in the !.iji1 s *euct'hi-i by l.aJ 

(19764,; Table 19).,-i I.,.,t(1977,; Tal, S0). 
llth ircc dhes'liii i \in 't \tIrica.the tit tetn 

Allisih, .anti the rond .uii Iilh \lli.-is itoil OsiIoIs.
 
Ehcll . S.tith-ng (ii aigc
(Sio7r1 *i hid il.ta 
froi, q.t.. ,i ,.:.s h, Ii . diIFt -1.1 Vlhit 
andtic, .lop'.,: ., i cl.,hil.l.. Ih,',ttc,ci i t-d odi 
and s..tit 1I ,A ii s.-i o. foititg lu-iclie r 
soi t.as cv.duaiilhv uis i .,lic.ld d"piscd sli 

Vecu, time inte l I tII and . k1,iititg(1976s) Ohen 
cotisileCtd the nine utijbutios of cripi uover andrainitall throughout the season, aid ds ciuped a per



Tasle 45. Runotf 3rd soil erosion fr0n various crops on Identical plots atp 
 T Table 47. Sample data for estoloated cropping-___ _ __ _ _ __ _ __n_ idminigelent residue managemet as a component of the overall_ __ _ _ (C) factors in sugarcaneuemn
and pineapple fields heme ft roprent aoeallon Maui. Hatjil crop-managcmci chcme ofen represents a realis-


Cultivated 

plot * narrow Plot tic mens of soil erosion control that is perhaps the 

Cultivatej griss belts cultivated Grass Average annualC alue most amenable to the needs of the tropical small 
Rainfall plot across %lope farmer.St. IJrass plotYear (on) a S a S a Crop and planting Lahaina &I schedule 
 Wailuku
1946/47 731 9.0 16.5 Pau.ela Land I "anagemenrtand Support Practices.. .. 3.9 3.8 1.Z 0.6
1937/4 5]0 16.4 1t.3 .. .. Sugarcane. Ir igated10.4
19,3/49 2.1 3.4 0.3 Escriin ant-tent tunes. Larmers discovered thatshap654 Spring planted 0.13
21.8 0.13
l-Ug,3d 553 44.1 .. .. ing their laids in certain wavs, such as contour12 4 4.3 - 19.213.1 1.8 7.3 0.
-- 0.6 4.7 0.51953, 511. 1.'52 6.0 26.7 65.3 Ratnon8s0 2 . 9 6.4 

19.1 7.7 15.4 2.2 5.3 0.9 0.11 0.14
lO1. 0 30 .3 9 .0 Suimer planted O.1 

pianting and terracing(chap.5),was necessar. tor 
195253 1 .8 .5 0 .7 0.11 sustained agricultural production410 13.3 6.2 11.8 Mcte fecently. it3.0 6.9 0.9 3.9


510 25.5 48.8 21.2 3.2 
0.3 

0.11 0.14
1953:-4 Ratcon
1953c4 -0 25.5 14.3 3.4 .2 0.4 has been realized that crop canopy and residue man.5 21.2 37.6 14. 
 3.4 7.2 0.4 fall plantedA'era4e 690 19.3 36.5 Fallplare 0.2; 0.27 agctnent and subsequent reduction of die C factors.ae 15.5 19.6 11.636.9 -- 20. 2.1 4.9 alone insutificietitforcontrollingrunoff and- .2 -- 0.50.5 Ratoon cro-

M.! 0.21 si o
sion sptiea.
on slopin lads. Thus, many forms of land0 smns
a - runorf is percentage of annualtotal;So,-c!: Teple 123. b soil loss in ma/ha (1.4 L/ha). RatoonWinter planted 0.230.18 0.240. id shapitig and preparatist prior to planting l-'elncliJin soil 
citerged in spoiirmtofcropping actors.These s-ill
1 asnedto the bttom of the plot but p even by the tank Pheapple"


lip frusaenttr-tn the tank: for grassplot none. 
be discussd in more de~at in chapter . For the
 

Spring planted 0.17 0.19 
 piesent, itisinportan to titicatcethatthe quanS-nee planted 0.29 0.13 
 titais-e
index furjudging the elfcctiteness
of such
Tasle46. Punoff, soil erosion. ad sediment concentration relationships at the Fal piantei 
 0.31 0.31 supporting practice,isthe P fji. of thieUSLE.
The conventional basisestablished !.trosiei plots, Tanzania 'Vischmier
 
Wite paneand 
 Smith (1978iis tillae up and dow n the slope-Plot 1 Plot 2 
 Plot 3 Plot 4 Plol 5 Ploto Plot 7 Plot8 Source: B,-oo~s1977.
Factors listedInclude ratoon Crop .nicn presumed to induce themot soillossamong afternative practices-and istherefore
amre: assigned the rtiaa e: ltrusn 
 fare: 


Season uncoilt. cult. coIt. sornsnu.Osass consues 12 iOnthsof th . nonthcrop cycle.CIlt. ungr. Thicket 
otrdci thetal paecipitotiossi U S, data %mere nnit tothlrs, 

U Srdataawer e I'fcais liyWidch.
Pecntae runcif total prcpitation*
1931134 52.9 Cent cuver-soil lossrelatioui
34.8 25.2 tt ip This tp oa o
29.1 2.3 3J.3 ? 7 n mner aridSir iri (!9;6) lot contouring, contour193=135 47.3 24.2 20.d 27.9 0.9 propuoed as ottalternativeto 
A,Ora.3e 27.1 0.5 0.4 the USL.E cioppin- sirip-cropping, and cont ur terracingatslope tece5b 4 31.5 23.0 ntliaettent factor |iilI26.0 1.9 30.2 0.5 reIIJIitCs enitisive rest- ncsse0.4 itg The same 5 rangitig up to25 pcictent (Tables 34. 55. 56)Sail erosion in l/ha authors aneited to qjatmii isii No ititir cl:si ate OS~tlalslc !r ttssii 
1913'34 )"., 80.4 0.31' mana g-tnt treatmoti s that flec t ) iiail 

ei 
66.5 oilp tip iIpn0 37.5 Mor
1931,35 93.7 90.3 44.7 37.5 ? alit. tin such dii .1 lio c been 

Aeraqe 0 ['rhap0 25.0 097.d 95.2 43.3. properties fliot tOse52.0 0 31.3 0 0 irectly related to crop callpy dicteritincd an h,ieiechiracterisilLsFrlcir classification for I.ids .Illi lopes steepero difleren: crop than 25 percenit,foc a 'l, c~ln-.-s.bn ,srunofafin alhhsh these are oftenused by19)11,34 42.2'ii S1.120 53.294, 21.515  25.745 
 sutitci r/artners iis i t ly tropicalmegtons soith1334/35 55.2/5 ;_!(5 73.935 52.285 30.235 
It addition to plait caniopv, plant residues, as rapidll iicme.sitg population iitin 

cuera e 43.2Z4 .4,, 3 61.60a 44,3)00 27.990 cveor asoa tijolot510 ratoecinp t ctiV e v r art a]'. a ...o deisifyfator c rco...p c'itof C 'illions(Fig.o.r.t fpi e .32a1 4c.also 211) A]ite, tehitu- Itan
 
s,, lie'ott5 itclive ai.aililt iis. :I (Table
be allel 
 [.AND-USE PATTERINS ANDtQsai,tytt relatel to les. thinl FARMINGhalf te 1943/34 rainy season, before *h'ch
r-4.,; S, cnntour 52) Intad iosoil loss. Average determine by doublin9 1933/34 

early stildi N illtftitl~al Alii., Isil~on SYSTEMS/aloe and peot.iolyan undereCtination. (19t7) iii, d the netlthi. of rirlch iii stitl, OiutIrl. e Il,.i [1iliecoily pall ,I!lie ,,as-sil The paroilici iitlUthl" Ill thed psrsitiussctitoIt 
Ilicfiot li.ts I(, iite rcs.1ll,lsel.-lluise (ITJD75) iiislirli] ttyan out l c i .ll fiostiil9
li-scsIShiiltl
ftllPd4 1g'vtCillliii'rl9 tif|1 I- Ill IIlh'l~llv Illitilt hr !.'illct -titts1t- .
1 l,tiil Ilsist1,1eItlltliflist il!i c ait lwt~(1977) thilttl,.il lilih io ,1tuit41 s ill I llltipf.iil -oI,I IJhl.111k IlelfvilltetPIhfip ,itlent ilsili co if jtlillitl ,f hiiiltil I,IsI i fl i htl utteii l i I i liiiV ti ii. ip,,s.ili lowti rtthu -1iii(1e ')ci j 
 ..l l ti, hiu I si ..sittular r. stintlie 5 i -d l li tteiss .iitltii iinii, ,tiii. InIt "tu ev.lhilald a .iiit t ,.Ii . ilou. II 'isrates hs 

itiltIh.[an ise sI I ilii.i..iiaitil itf- t %!jen k|Ie e1 imle,t ieiuiudii cls+itlc 
e 

I i tis [hi lesigii toili.l iir.t. uIt'beto cen iliilih -1 itlthrateall,a soil , ficirir tas (I,'ap.5) lie j,)cie siii tollI a, ef)u i tol iec pitthe slaneas ihat pruposcd ca icr lie k"islhillt1er teens and sytsut, to ihiisot colimp i bilty and soti(1973; Fig . 29). It is rclev'att to indicate here -fhat measure tIf lucceis. The tliscisitv of tariing Sis
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Table 48. 
 Croostale periods, durations, 
avd estimated soil-loss ratios
selected tropical crops 	 for
 Table 48. (Continued)
 

Crop Stabe-description 
 Duration Soil-loss ratio 
 Crop Stage-description 
 Duration Sail-loss ratio
s. Planting t close in
Yms 1. Lanj Preparation to planting 4-5 mo .2050
2 mo .70-.60 
 Plantains 1. Brushing, plowing to planting I mo
2. Planting to estiblisunent .70-.60
5-6 im .60-.30
3. Close 
in to full cover 
 2-3 ma 
 .60-.40 

4. Full COver to harvest 	 E r stiment to first
4-5 mo .40O0 	 4.e Full 
 coe 0.30-.20
5. Harvest to land preparation 
 2-3 yr .20-.4. 4 	 Frsthre to finis2
 

Fir vest to finish
harvest 

2 mo 
 .20-.10
Miscellaneous 


S. Establishment to second
 
vegetables 1. Land preparation to planting I vi .a0-.60 harvest 7 mO 
 .10-.05
6. Second harvest to finish
 

2. Planting to full7growth 3 mo .60-.40 
 h 
 2 mo .0
3- Full goth to harvest. 1 .0 .40-.10 
 1. Finish harvest to rebrushing

4. Harvest to land preparation 1-3 mo .20-.10 
 and plowing 2-3 yr .05
Source: 
 G. Marte,,. East-West Center, Honolulu, Hawaii. 
 Personal
Pigeon peas 1. Land preparation to planting 
 coniuniation, J979.
 

a) Mhininru tillage 

. Paotng to 2-3 months 2 uk
b) Complete pl ; o .40-.30.40-.30
.80-70 


Table 49. 
 Soil loss coefficients for maize 
and copeas under different
 
a) Minimum tillage 1-20 30-.20 
 treatments an Alfisols
b) Coolete plowing


3. 2-3 months to har-vest 2-3 mo 
 .)0.60

a) Minim tillage .20
1-2 mo 


(n tn 
 H
4. HaoYe, toe ln prepaatio 	 (convaionoe -a
 
)Coolete
4. Harvest Planing 2-3 noeie	 Slate Bare ploi.In9, (conventional conventionalto land preparation 	 Maize-co~peas (conventional
1-6 mo 
 .20 


(:) fallow mulched) ploing) 
 (no tillagei pl.ing)
 

Son gro..n 1.
Coffee Land preparation to planting 	 1
i no .40-.30 	 First season1.0
fe
Con n 1.Ln.rprto oPatn 	 U.0
10. .001 0.20 
 0000
0.0
o.0 0.10 0.0 0.060.06
2. Planting to 2 montsS 
 2 mo .30-.10 

3. 2 months to fIrst harvest 21 no 	 10 1.0 0.0 0.0 0.04
.10-.05 	 0.0
4. 	 is 1.0 0.0 0.14 0.0
First to second harvest 	 0.04
 

12 no 
 .05
 
Second season

1 10 0.0 0.11 0.0
Shade gro.n 1. Land preparation (hoeing. 	 0.19
 
1 1.0
shade control ) 	 0.0 0.04 0.0
1-2 no .30-.20 	 0.01
10 1.0 0.0 
 0.0 0.06
2. Planting to 2 months 	

0.04 
2 ii3. 2 vanihs to first harvest 	 20.
3- Planths 21 mo .20-.10 	 15 1.0 0.01 0.16 0.03 3.39
.10-.05 


4. First to second harvest 12 mo .05 	
S
 
Source: L41 1976d.
 

Pastures
 
nirrgate I 
 Land Pepar on to plantg 	 sand land uses ;n the tropics is great ad
a) Hint.-u tillage 	 woud ra r tha lows over the are. Erosion is generub .40-.305) P Iowing and sprigging 	 be difficult to discuss fully blcic. Insicau,amn .70-.6o 	 a barief ally limited in extent alihough losses of suspendedci furroing ina sprigging 	 outline of major patierns that emerge fromI wk .50-.40 	 a survey fine clav may2. 	 Plant q to close in of the literature is presented. occur. Shifting cultis awion is practiced

on land incapablea) :inrmn tillage 	 i leain ae of being boded bo paddsr. liii2 mo .40-.20 	 nt in ilde ule paroun nb) Plowing and sprigging 	 Agricultural Cropping Systems2 no .60-.20 ce 

3. 	 Agvailaceurr e treStli	 arc mill.cut in e junle dround .Close in to grazing or 
 s Iirni ini4. Grazing or cutting to 	 Numerous r.lassifiLationsof agricultural systems 

plcs adttig 
cty sr.san ani
f:ic been prolovsed lor !ic tropics, 	

pla-s 'hcm in iles. alung .vYthfor cxrmilc, by tidcrltrutit \'hereas the larger pI'sfull cover 	 na lie sold1-2 mo 
 .0S-.01 

*!'t-fipanyarid ;ist (1958). and Ruilictibcrg (1971). for Ilcl. the rest are 
ibuincd Ctoin are pl.anted in
 

Pastures 
 One of the simplct fOchselrgacea 	 ci al. 1961) rclcrs to siall areas fi)rone. to. tsr three years. The opera-Land prearatlon to planting 2-4 k 	 three general rit ciits.80-.;0 	 of agricuI tire, oitier tl.a it live-P1anting to close in 2-] 	
stock farting. lpracticcd in thetropci anti sulip-

t n is conduced esucltiallvat the lani v sulaino .10..20 	 tence Iscl. Froin tteerisili itairdpttsinr. the trostics: padds (patii) or Iowlart rice; shifiins; cultia- critical stage i%diiriig the onset if the rainv eascanr t ls grazi 2-3 .20-.05 tion; atd iutemve cultivatiton.ids? culture i when h tSoiltrac Is sCrCttalslsV.:eiduring
4. Begin to end firstgrazing 2-4 at .05_01 	 i the
 
practiced in Ilaareas sithin the losslatid tropics and first )car imnicdlatelh alterplaitinq .Aniierprobrequires excess water Fields arc aricd year alce len is the .oninion invasion by Impera:a tylndwa. 
year under carefulmanagcicns it hich fertility is(Continued) 	 cogon. and its subsequent taloeer alter larest clearrestored by the addition of organic matter ;nd the ing. This seast is so dense th.it it cannot be removed 
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Table 50. Estimated value of the C factor 


Practice 


Bar 

Forest or dense shrus, high mulch crops 

Sa-annan, prairie 


Bare ol 


in good condition 


Over-,jraed savannan 
or prairie 


(burned
(suried residue)residue) " 


(surface residue)
Pineapple and tied-ridging (slope 7.) 


Source: Roose i2P~c. 


by hand tools and may spread to form a savannah 
(Ochsc ct al. 1961). Intensive agriculture may be 
practiced on sinailholdings or on large plantaiiois. 
Crops raised by monocropping include bananas, 

cirus, pineappie. coffee, cocoa, tea, rubber, spices, 
copra. palin oil. sugarcane, fibers, and others 
(Ochse t a . 1961). 

A more extensive c!assification ofagriculur.l sys-
tens in tilt tropics (Whittlrsey 1936, cited by Tern-

party atnd CG(I 195"1) itt)Lli-n livrotck. This seven-
catcgty s)stem it tre cnicd hiticly as follows: 


a Nomadic herding is found largely 
 in 	 arid 
rerons. 

b. Livestock ranct~ing involves maintenance of 

pasturc arid improveitctit of the breeding 

c. Sltifiit cultvation is foindiniot gcncrally ot 
Ithc )uorcr 1 id stils ofint tropics. 

d. Rudimentary srdcntary tillage is fotund oil the 
more fertilesoils of the uolanls. 
fr tillagecexists predomi-Intctisice ssst1icrlce 


nanlsv in rice culiture. 


(. Incrisic subsistence i lage without rice 
 ic-
curs .nt stri tIe oli with lss raitahll thiun rice 
dett.tnl. 

g. Coimittercial t11utaitincro) iillage is generally 
resrictcd to unonuicul' ire o rubber, sugar, tea. 
colf.c, basana, arid so on. 

i)l'1
 

In West Africa 


Annual average 

C factor
 

sa 

1 ~,Row 

0.001 

0.01 


Crao cover of Slow developent or late planting 0.1
 
(first yea-) 


0.3-0.0 

Crop cover or rapid development or erly planting
(first yenr)Crop cover 	 0.01-0.1
or slow development or late planting 

(second yi.nr) 
 0.01-0.1
Corn. sorynumi, millet (as a function of yield)
Rice (intensine fertilization) 0.4-0.9
0.1-0.2 


Cotton. tobacco (second cycle) 
 0.5-0.1 

Peanuts (as s functionl of yield 
and date of planting) 0.4-0.8
First year cvssava and yam (as a function of date

of plantng) 


0.2-0.8 

Palm tree. coffee, cocoa 
with crop cover 
 0.1-0.3 

Pin-zople en contour (as a function of slope)
 

0.2-0.5
0.1-0.3 


0.01
0.1 


In the souib of" Brazil where few 
land is abundant, land is farmed 
years and ihei left idle. Maize is 

people live and 
for one or tso 
planted up and 

down steep slopes. yel in the first year erosion is not 
reported to be a serious problem despite the heavy 
rain period. This inas be due to the vigorous crop 
growth in the )rcsetice of initia'ly adequate fertility 
and good soil structurc. Hioevet., during te 	nec-
ond year the fertility declines and soil siructure 

chotoes so that ruioif and crosion bccoire s3 niii
cant. This ltcntenott is also true of che tea c5atca 
in Brazil. whicLh arc planted on even gentler slopes 
than inaice (Thtoimttas 1967). This situation s a 
that the initially good structure of tie soils is 

fragile that soil aggrrg'ates bieak dlown easily even
after shtot periods ofcultvation. Mixed fartiit in' 
vilving hil cattle and crtiisipp.rently success
ful in a li-sn tropical art-as. The Tcso listrict of 
Ugatda and norliern Niirria arc e.xttplsc of* such 
successes (Ihlititas1967). lwssever grazing alonr or 
in mixed farinit is associatec with tany serious 
erosion pioblers, iartiCtilaily iii scmiarid reitouIts. 

The torcinot eroin problem in G snalior (5 Ia
dhya Pradh). India iu 1roa..n lirsi rk. Sinte cis$ 
arc sacred. they not killerare a.dti rintgthe dry 
season the prohlci,.- of feicittg becuic so severe 
that weeds and grass sod arc cut from roadsides and 
wasiclaid to feed the animals (l'endlcton 1940). 

Table S1. Clasi~aino cr001basedon
ptectiveOhaacteristics
 

Description 


crops
 

procive chactnoferiscs


1. 	 tall. upright crops generally 

gron on unridged lands 


2. 	 leguminous, annuals; short, 

bunch, and procumbent varieties 


3. 	 tall. upright crops grown 
on 

ridged lands 


4. 	 woody. bushy 
row crops with Individual 

-C 
 ajth and leaf development
 

B. 	 Broadcast crups
 
1. 	 tall. upright crops broadcast 


for fodder
 

2. 	 short, leguminous crops broadcast
for fodder ard greeit manure for 


3. medium height planes fur fodder. 


green manure dnd wee- fallow 

C. 
 Orchards/plantations
 

1. 	 individual trees 
and bushes 

planted on a regular pattern 


2. 	 hedged cropse 
3. 	 thick stands of natural and exotic 

trees with little to no grass co,.r 

0. 	 Grasslands 
1. 	 stoloniferous grasses planted in rows 

frot runners; permanent pastures 
2. 	 seed established grasses usually 

broadcast; bunch earieties 

3. 	 species compos ition closely related 

to the natural regions soil types 

and condition of the veld 

Source: Elwell and Stocking 1976. 

similarities In soil
 

EAing Ies
 

annuals: maize, sorgqhum,
 
sunilciers; perennials:
 
napier fodder. tugnrcnne
 

beans: soya. velvet, Jack.
 
dolicnos. and French;
 

grounonuts, tonOeds
 
tobacco varieties.
 

group I crops on ridges
 

cotton varieties
 

see Al
 

see AZ 

unn h-,
 

weea fallow
 

coffee, cit.rus.
 
deciduous fruit
 

forestry
 

star. cikuyu. 

torpedo 

love grass, Sabi oanicu=n 

Katuenora Rnu-i.--TlTn 

natural veld grasses. 

usually mixed soicies 

predoninantly bunc 

grsses, both annual aid 

perenn1at 
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Terraced firming hasgenerally been tried in Africa.has failed because Jhe terraces have bro-but means that the soil is fairly well protected from theerosive action of rainfall. The main dilficulty wisken down. This sysieti sceets to nrk well only in the system is lilac Iurgeonii g populations have con-densely populated areas such as those in Asia where tinually caused fafllow psriod become 

sutficient labor is avaIable to maiain ard repair enedterraces. Similrly, Thomas (1967) below the period necessary for restoring theobserved that soil tc, its former produrlivity level.onil in the densely -puated areas of Africa V rious ratios 
Asia will people and have been rccoiniendcd for crop:fallow periods,mtake the effort so spread iaiure such as 1:5 in Vcneteiela. lit oiler sections of [.aiion croos. 


America there is still much experictadin to find 

Shifting culit ation is air important aspect oftrop-ical atgricuiture arid has a profound effect 

a proper ratio (Vaters 1971). ''hclier shiling cul-upon the tivation degrades tie soil or nut is a cnnltrovcrsisJ(Nye anld Grecnland 1960; WiVairers 1971).
land 
question. Aside fron tie hazards associaedih the


About 30 percent (36 million kin') of tie world's ex-ploitable siois, invoJving 200 in 250 millio people 
areas cleared itentcioaiily for cultivatiton. uncois
trolled burning of rorests has been cited as a cause ofwere reported as fari,'l in this rtann r (ti ick serious erosion (Lal 1974). Thom as (1967) provided 

burn, Aain ;i.1974. Ld 174) It fallo,wing %ariouslyas slash andbuslh is known an interesting dcscriptionoripa. ladang, patch. shifting cultivation; theof African formsTo underEuropean or Northagmiultlr, n,rnada, swid l,:n, and other terms. A geCn- American, azcutsiomed to neat and urderly fields ofcral deliinih t,,i shiti,; cultivatiton is "any system croitf, stch a farm presets a bizaic :lltperancc inunder willi I fi-I is Iti-ltu rd for h:s Ilian ten years tie forest. lieClt is;a !rr.i, iivCrs itV i)cri 1 s stuh Ail 
frii ine area utilat i, .Ifietrlsith that area is abats- coifee. cocoa, banana. taro. aid yais or if tire soil isdoned temporarily and anolh-r piece of land cuti- poor cassava and sweet potatols. I leter-Akter asvated. Tie blrr s1esof tle Ltilivalurs msay or iliay not this ysl-rn appears. it isbe .tb.rnliii t-n a woise ine as regardstetlc liol it-Ilf is al)air itnttd; eritinito'lruitectimrt fir , .lh rop is gartihrdinu arIunlly ri cn t ",iI. -'iiiui is 

whenli.l, I1.i.i.l reiulli,"-r- re.idy. rhu elilrrigh cover is left to irirtct t1iell alter ti ftiihlry iii the soi1land is jtrIrucd toli h c- front the irying; cll -is tii the soin a ttntie cl estored (Cr cenl aid 1974). In shiftinq cultivation a liuwcr ol ran. Addiiltoita evidence exists to Utport
variety of crops are planted in ite land area cleared ashiftin cultivatiun athouh many regard it as abytiesthearecultivator.planted atSOnletiminethe same as tiany as tse lityspc o pri iali aid inCmtise, which generally estingly, sysc (F AlO 1957). Inter-lre

prinisic ari infficetitsystnt957) Intr-surface
it appeari that no general intensive methodFAQ 
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rable
52. Soil lossratios (percent) for final cropstage (harvest to plowing)

hen stalks are chopped and distributed without soil tillage
 

o oo umsorgh.. Soyn.....Mulch 
 OILd 

I in 
 Grain
 cover- Seedbeut io-tII seedtedt corn resIduel st hble 

48 34 QJ 42 4830 37 26 4650 32 3722 1s30 21 3828 26 3019 22 
17 12 21 16 17 

7o 12 a 15 
 10 12
90 
 4 3*
3 2 -- 4-3 

Source: Wlschneier and Smith 1978.
 
Percentage of a field surface directly conered by pieces of residue 

t This colun applies for all systems other thaa no-till;Co.e. 
after bean harvest may includean appreciable number of stalkscarried
over from the prior corn crop;
For grain with meadow seedtng. include 
 meadow gro.th in percent cover and 
me ado.limitgrain period 4 to:? months. There iter,classify as estalised 

Table 53. P factor for conservation practices in West Africa 
Conser-ition Practices P fa:ctor 

0te2--l1ging0
tie f thort-o0.0-u.10 

ntierosive tuffer strips from 2 to 4 m wid.h 0.10Strawmulch 0.012 
Curasol milch 60 9/i/rn ) 0.50-0.ZO 
2-3 yesrs of temporary grassland 050. 

Reinforced ridges of earth .ir las dry stone walIs 0.1 
Source; Roose, 19;7c. 

of m echanical agr ict ur chas b en fou d in tle nt by rainwa er. Nu rien s supplied by ecum pos

tropics to supplantging the old style cquirit g only a dig-stick and lire (Scasoy 1975). Bhelgian ing plant remains lead to aagrono- tire first brief fcrtilitv increase inyear or trio, altershic a donward trendmists attempted to establish continual agricultural eisues due to le(acfittg .widpioduction in tire Cnto (now 
reitsal ol iutrenrIs by

Zaic) to replace crops..All.n (19h5) illisiracd stich a iend. As tIeshifting culivaiiin. The sysen Jailed (Ecrlkotin structure tit the i ltrI e ' mcaorates and ieiak1976). e d cr ps provide Ics vc t- tovr it year. ihic 
Changes in soil prodctiviry associatei wlh lind danler of soil his incr.tois The perid (if culisause after cleariq have iicen evidenlt bI ti not well in- tI nitr ratn I....it .ir-I" a d,,,cn i,r imire st-arsveuiglilgd. Si s it re e ,Ira .. g iis u.kh ItiII irl ti hr i t"ll it.in.l."l I I i ii trIlsoonllase Ir rot- isev l ititg .rituliulur- be.in . IFirs;. lir suir-sis 

grass. hih, aid 
ice. tlir .iid itt'u ne-il I i.tlliw .iti islirl tre ire rellrilsed tliolt the allitord ii r liio ilt, isl r,111i.vitdr b tie lli estland to be ciltli ,itd. SMetla tircal rimUval attd rc- %egetaunt

mo.a by burning of rgnc mteral rt the soil 
ule At ti pr tlsro en n toil suppit inceacs ise cc1 osIhi tn etur drps. ha is.

l b t orlig t t iand Icaching of (originally recyclable) plant 
e stlit re rn € ir ilin iS.ntsthre stage tforsoil structure nuiri-deteioratuir lowerleutilic. yiedsAn exanple Irtinit the Tiv areaareUrccpr~irle and ertoaroun periodsin Nigeria 
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illustrates
thisproblem. In thisregion. coverinS ap-

proximately 26.0(10km' and supporting a popula-

lion of 900.000 people. some of the more heavily 

populated areas (iih more than 15-4.4
persons per 
kin, are shoig a reduction in the fallow period 
(Vernic-r 1970). Lands once fallowed for ten years 
now restforonly tiv. Declining yields have led to a 
longer "hungry sea~on" at the end of thecrop year 
and a moennmt asa.v front yan production (yams 

require relattty more feri:lesoil for success) 

toward smnail grain produttion. Each year, more 
land goes out of prodtlction as fertility declines and 
erosion stripsthesoilatidesposes underlying rock. 

A major change inland use patterns in the tropics 

is ith.it alt alv, in places. tiefallowperiods of the 
shlftii' cultivatoun cyclehave bec abandoned alto-
gc cr. h'lis ishappening at a time when the re-
source .,-i re.linological imtpils tnqtired to sustain 


agriculturalpmroition oil cleared lands are ill 


drlined. Citinuous cultivation
on moderately slip-
ing land of an agriculturalexperiment stationat 
Sercre, Tcso district,Uganda led if such intense 

erositn that in ten years the land had tolieaban
doined. Nearlt. i, of' a iiliilar rrusion-rcsisiani 

nature. stiltale for incaiii or seinipcrinancri 

cultivation. ii,,itd oitly "a iclativcly simalldrop in 

soil prof1UtiLMt viser twenty ',ears" when two years 
of natural tallow I'lluscd ihrce coppiotg yearo 

(Allan 196). The attestiaff,'ted by reduted 

fallow periods and the impacts on productivity loss 
due to this redictitin are not known cvrn approx. 
imaely. Ao American ollicial with USAID has, as
quoted from Eckholm (1976). "*suggested that crop 

yields are declining 'inwide areas of Volta, the 
Guinea Coast, Zambia, Malawin . Madagas-and 
car ." Eckholm continued with the observation that 

per capita food production in Africa has dcclined 
over the last twenty years. 

The reason for yield declines under shifting culti
vation are not entirely clear. An analysis of the 

properties of sonic Zambian soils led Ballantyne 
reported by Allan (1965), to conclude that 

loss of soil oiuciure accounted for grain yield
7 5declines under shifting agriculture. Lal (19 c) has 

shown that soils commonly used in shifting agricul-
ture suffer reduced infiliration, change in surface 
texture froisfinertocoarser, and reduced moisture-


retention capacity with consecutive cropping- He

I
hypothesized thatsoilerosion isthe cause of these 

deteriorating characteristics. isReduced soilfertility 


a generally accepted reaso for yield declines and 

was illustrated by Ofori (197). Hudson and Jack-

son (1959) have shown a diicci relationship between 
soilloss attd crop production (Fig. 19).See chanter 3
 
for additional information on erosion-productivity 

relatiotships. 

Wild Lands 

Forsts, grazing areas, and other uncultivated 
lands. which often are in steep terrain, are termed 
"wild lands." Vhen these arc situated at the upper 

table 54. 	 P values and slope-length limits for 
contouring 

Land slope .laeimumlength' 

(SI P value (ft) 

I to 0Source: 
3 to 5 .50 300 

6 to d .50 201 

9 to 12 .60 120 
13 to 16 .70 80 

17 to 20 .80 60 

21 to Z5 .90 50 

Source: dJischmeier and S..ith 197S.*thase values -ay o Increased by ZS percent If 
residue curer attar planting wilt regularly 

excted 50 ltr'qnt. 

Table 55. 	 P values. maimumstrip width;. and slope-length limits for contour 

strip-cropping
 

Land slope P values Strip aioth§ laaitm.m length 

() A' JT C ((it) (ft)
 
I to 2 0.30 0.45 0.60 130 
 800
 

3 to 5 .25 .38 .50 100 600 
6 to 8 .25 .38 .50 100 400 

9 to 1Z .30 .45 .60 80 240 

13 to 16 .35 .52 .70 80 160
 

17 to 20 .40 .60 .80 60 120 
21 to 25 .45 .68 .90 so 100 

Source: Wisch.eler and Smith 1979. 
* 	For 4-year rotation of row crop. small grain with eieadow seeding. and 2 
years of meadow. A second row cropcan replace the small grain if meadow Is 
establIshed in It. 

I For 4-year rotation of-2 years
and -yearmeadow. row crop. winter gratin,
with eieado,seeding, 
For alternate strips of row crop and smallgrain. 

ml gan 
§ Adjust strip-.ilothlimit.generally Downward, to accominsdatewidths of farm
 
equipnent.
 

Table 56. 	P values for contour-farmed terraced fields.
 

rC-routtna 	 sediment yield$
 
Land slope Contour Strip-crop Graced channel ner'round 

ill) iactort factor sod cutlets outlets
 
I to 2 0.60 0.30 O.1Z 0.05 

3 to a .50 .25 	 .0S 

9 to 12 .60 .30 .12 .05
 

13 to 16 .70 .35 .14 
 .05
 

17 to 20 .80 .40 .16 .06
 

21 tv zS .90 .45 .18 .06
 

isctunier and S ith 1971 a
 
Slopecsntourlenigth is the horizoital ten ace internal. rie listed valursfarming. 3a additional cuntouring 	 are forfactor 
is used in tie cOiputatin.
tThcie values may be used tor control ot interterrace er.sion .itn specified 

lI-lasstolerances. 
'TheSevalues includeentrapment efficiency of theand are used,for controlo 	 citchienit(see chap. ZAIaffsite sediment within limitsand for estimating

the fiela's contribution to watershed sediment yield. 
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parts of river haiins they will greatly afrect water 

flow in the lower parts of tire streams asnd rivers 
(Kunkle and Harcharik 1977). The highly beneticial 
effects of for'sts on cUtrollitg runoff are well docu-
mented (Bennett 1939, Kohnkc and Bertrand 1959; 
Ahmad and Brcckncr 1974; Patric and Brink 1977). 
For example, in a comparative waie-sh.d study in 
Kenya. in which 76 mm of rain fell in 3 ) nain at a 

maximum short-duration intensity of 254 mhr it 

wasfond ha t a 2. ha/ hroug Ilu imcn duced a loi ot 2.5 m'/sc through a flume in-

stalled in a grassed waterway. The peak rate 

through a similar installation in the adj.icent forest 

watershed of similar 
area was only 0.J56 m'/sec, 
alttost forty times lower (Pereira 1973). Infiltration 

rates are signiticantly higher in forests than in com-

parable agricultural or pasturaj 
areas. la a Russian 

study, hardwood forests were found to have roughly

six to twenty times higher infiltration rates than 

ploughed land (.Molchanov 1963. cited by Kunkle 

and Flarchar.k 1977). In a tropical environment, a 

Hawa'ian study of forestland versus adjaceti agri-

cultural land (pineapple, sugarcane) or pas:oirc 

showed that 14 of 1 sites had much higher itfiitra-

tiori rates in the forest plots (1.2 to 500 times) than 

their counterparts unoer agriculture or pasture 
(Wood 19771. The same author reported that forest-

cd soils had greater pititiics and less erodible ag-

grcgaies than the non-f-trest-covered soSils. In Nige-

ria. even in ecutidary forest (bush falliw). much 

hither infittiuon cali..,it3es (horizuntal plus 
ver-

tical infiltration) ,ere fund sliet compared to such 

land after a year in crops. This was att:iliti'ed, at 

least in part. to horiztiual channels firnei by the 

activity of jilts ait] c:rhli .irnis il tile surface hori-

zons of the frest 
soils, which disappeared alter cul-

tvatiin (Vilkinsin and Ara 1976). 


The valuahle ountrihuti i if luor-st litter has also 
been realizcd ty conserc.itiontists (Ilenticit 1939). 

Most nimujrian i- th tisgsimuld I'avcs, stetas, and 

bark lragircnts that cu nir i : tile litter act as 
a b+ir-
rier to protect ire p r-s and .hitinls ito which 
rainfall imay infihatz (Lowdermiilk 196. cited by 
Bentett 1919). In the pt senec of Siich protection, 
dcsructive elfectis if raindrnp impact and formation 
of soil surtace sc:ils are unlikeis-. Secondarily, this 
ground cover ws',cs as a sp ge or Itlticr thtat alt-
sorbs arid Iuld raitniall. I iteser. t, -s lunction is 
not .oosilderesi as itl-,riant as the sa ctuiarding of 
soil pores againt swaling and thus maintainitg high 
itiiltration rates and reducing runotf. Litier also 
contributes to slowing down tie surface mnuvem nt 
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of runoff, thus allowing good water infiltration dur-

ing longer contact with the soil. The surface of un-
disturbed forest soils is characterized Iby a thick, 
organic-matter layer with considerable biotic activi-
ty (Bates 1960). The organic matter fraction ofsnils 
has been correlated with aggregate stability (Bayer 
1968; Greenland 1971). Thus, long-term benefita 
of rich forest litter is that it favors aggregate stabili-
ty, a actor which earlier was shown to b strongly 

lr 77. credibgler 1977). 
At least half of the wood cut in the world each 

year is burned for fuel. Eckolm (1976) referred to 
this as "the other energy crisis." It is becoming in-
creasingly difficlt for people in India. Africa, Asia, 
and Latin America to obtain wood Ior fuel. For ex-
ample, in Ougadougou. Upper Volta, 20 to 30 per-
cent of a laborer's income is spent on firewood. A 
circle of 70 kilometer radius from Ougaduigou has 
been denuded of trees by the the inhabitants of this 
ci(y-aind the circle is expanding (Eckhiolm 1976). 
The greatest scarcity of wood e.xists on the Indian 
subcontinent. where, as a .tteisnative. tiany rural 
inhabitants use handmolded dung patties for fuel. 
This practice is rapidly spreading and subserquent 
loss of the major source of organic fertilizer is 
assured. (onsctquctntly the impo-erished soils are 
further degraded (Eckholn i976). 


!n the Philippines, at 
the peak of the dry season, 
vast areas of pasture are burned by ranchers in an 
attemot to eluiiate the unplataaule (to cattle) old 
cogon (Ihperala Lylintca) atid to provide young 
growth for forage. Vhen the raitt season Loin-
niences. surface cover is cainv and erosion is thus 
enhaticei. Furilic itett c, b.. tong actually favirs lie 
establislmnent tit fIrt'aacylinditca over othier forage 
grasses. In the lloius region of the Puhilippiines ilice 
is an unusual demandlfor fuel to cure tiliacco. Tree 
curtitni is inteisive, so that in ihiN iiuntainous 
re.ion erosion is acc Lvratsd (iVeidch 1975). 

Stiltiog cthivatito itsoe of thre me.iin sources of 
dctlore.t.ition in Thailadi. rrsuting iii increasiing 
soil erosion (tie Bier 1977). Il Sabah. logging roads 
are cstablished with a mininuti of eartiwsik iul 
slope gradients are disiegardi-i; gradicnts 'of neatilv 
30 drgcres are not uncounitn. There is no atientiin 
in draittiage by rise oc islscris or kccling th. is at:r 
on (tie it side tifthe road. lhhus, ertoiitn tie, otilr
ing loggingt as well as or years altcrwards. Ulhi
mately, u hole sections of radis stli .rd lead to litar
niation of gullies (Burgess 19711. Vth the land rush 
on in Sahah there is growing conce;n that the forest 

will diappecar as seems to be the ate of the lowland 
Dipterocarp forest in Peninsular Malaysia (Chtim 
and Soon 1973). 

Construction Activities 
Poorly planned construction, whether for homes, 
factorics, roads, or shopping centers, may cause 
serious erosion problems. The major difficulty re-
suits from the removal of the vegetative cover and 
topsoil, which impairs infiltration and faors runoff 

from rainstorms. For example, the constructionhomes on what had been farmland in Kensington,
of 

NID resulted in 168 Tm/ha (75.6 ,ons/acre) soil'loss 
per year (Guy 1965). A 2.65 km (1.65 mile) long 
logging road caused an increase of 250 tintes the 
sediment in runoff during the first storm following 
construction, in comparison to an adjacent water-
shed (Frcdericksen 1965). In Tama New Town, 
which is a very large housing subdivision near 
Tokyo. (1200 Inrn annual rainfall) 15.4 mm/yr of 
soil were lost from loam and sand layers. After iom-
pletion of pavements, drainage ditches, and the es-
tablishmets of cover, the sediment yield approaciicd 
zero (Kinoshita and Yamazaki 1975). A compara-
tive study in the metropolitan area of Washingtun,
DC in the United States thowed that soil losses from 
constructiot sites varied from 100-500 Tm.hatyr in 
contrast to soil losses of 3-7 Tnt/ha/yr frtm noncon-
structiun areas (Chen 1974). Similarly, sedinient 
loads in a stream from an area undcrgoing urban-
ization near Ottawa, Canada wete 3 to 5 times as 
great as those from a neighboring rural .trea (War-
nock and Lagoke 1974). Sediment yiciu was 91 
Tm/ha during constructioui of an office complex 
over a iwo year p:riod in Reston, VA. Ali adj.icent 
fotcsted area yielded ncgligihle seliment. It w.is aut 

(arnd ihat installation of paved streed,parking los,
and buildings by no means reduced sedimentation 
proportionately. Increased runni was considered to 
cause greater erosive power on the channel system 
(Guy 1974). 

Ateshian (1974) found that an average of 31.3 
percent of (he total annual sediment from roadbanks 
was produced by the largest storm. However, for 
highway design work it has been pomied out that 
more liable estimates of sediment ,wshod may be 

made on a year. or monthly basi than from individual storms (Diseker aid Sheridan 1971). 
An additional study of rver sediments on the 

Coastal Plain and Piedmont areas of Mariland 
(Wolman and Schick 1967) indicated that sediment 
concentraions from construction areas ranged from 
3000 to over 150,000 ppm; in agricultural catch
ments the highest concentration of suspended sedi
ments was only 2000 ppm In terms of annual loss 
this represent. a maximum of approximately 500 
Tm,nJyr f.om construction sites. Road cuts in 
Georgia (Wolm. ' and Schick 1967) produced com
parable losses of roughly 180 to 490 Tm/ha/yr and 
surface tosses of 3 ;o 6 can from the road cuts in less 
than one yrar. 

Na quantitative itformation on the con,ribuion 
of construction activites was available for de.:elop
ing tropical coutries. Ilowe-ecr. the data presented 
above would indicate inevitable serious losses of 
soils during such activities %.hetiever protective 
precautions arc ai tollosed. The extent and du
ration of distiurhance associated wiih a specctic 
construction activiav %ill deterine si-heth.r tire 
magnitudes and intacts of rrsulting sses arc as 
inip rant as ihcue aifccttig farms atid %.idlinds. 
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'CHAPTERS
 
EROSION CONTROL MEASURES
 

from the discussion ofthecadsatve factorsof soil 
mersion in chapter 4, it is evident ih't several factors 
stesubject to manipulation, a fact which provides 
te basis forerosion control. Among the parameters 
ithe USI.X, controllable parameters include pri-
marily
C (crop management), P (sup port practices), 
sad1.S(topography). While the soil susceptibility 
?sameter (K) is generally presumed constant and 
•"ierent in he soil, it too can be changed by any 
-.tans that alter siil siricture. Such alceration is 
atrsmonly achieved by tillage ind amendment man-
aement practices such as in the reclamation of 
vsic soils. 

Absolute prevention of soil erosion is unattainable 

md often unnecessary; therefore a realistic goat is to 

leepsoil losses witsin "tolerable" limits asdefined 

schapcer I. Ifthis can be achieved throughout the 

•lpirs, a major step will have been taken toward al-
,'isting critical world tood shurtagcs and reducing 

it trequently calamitous effects of"erosion discussed 
achspter 3. 

Conservation has come to mean the wise use of 

nources. Given that, according to a widely used es' 

tsate, a root of1soil gcn'.rally requires more than a 

•Susand years to form, limiting soil losses is man-
!gory if future human generations are tosurvive. 
'Kemust learn toblend our land use more harmoni. 
'illy with the environment, a! the. recent concern 
ith ecology has taught us. We are rapidly running 
tofnew locations ofarable land. With the human 

Apulatinn expected to double by the early part of 
tt twensy-first century, we must conserve (wisely 
nit)existing soil resources and limit the exponential
,tpuladion growth. While the latter problemomust 
t solved by other disciplines, dwindling soil re. 


'irces and soil productivity are our problem. Herd 
tit exceed the carrying capacity of the land in 
rany dcveiopiisg nations; vast tracts of timber are 
I5llrcul are built witlout regardand logging roads 
a ecological consequences, especially in Southeast 
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Asia; shortened fallow periods in shifting cultivation 
render that practice little more than intensive agri
culturewithout the inputs required for sustained 
productivity; emigration is followed by resettlement 
on fragile o il sy tems wlirh require caret,,d man
agemeni to support agriculhur;al creip. as apfiars in 
be evident in Amazonia and Indnesia; throughout 
the tropics whtolesale dr'truction *ftwoodly plants to
obtain firewood leadis removal rf cnvcr. The listt 
goes on. All reslt in evrr.inrrrain.,,il ,eses. 

The first step in a conervatiin 1Imn should be an 
inventory atid classificaion of lands furtheir best 
possible use. Such a plan linulirerngniye the lint. 
taions and constraintsihit may have so he ronsid. 
ered to use a partirular lanti area wisely. The land 
capabilitv concept was first developed in "he United 
States (CS 1948; Klintrehicl and Nlismiimery 
1961), hut physical and eicioe, oniiniim. itnditinns 
are so different in de tropics that the U.S. lassifica
tion is not relevant-either to tiose !er developed 
countries (LDC%). or to excessively stcep slopes
anywhere. Erosion risk .issessmei shoiil bercceig. 
nized as an integral part ofland lassifiration (Blair-
Rains 1981, Douglas 1981, llcnnema and De Mecs
ter 1981). "Sheng's scheme of land capability 
classification forJamaica" (Slienq and Stenneit 
1975) serves as a imolel tor l.secloimoiicoiuntries, 
especially those with predomiianly hilly land (see 
Table 57). Preparation of iuch a el ssiicitinn is a 
first step. If land use is planned so as to itifurs 
either to this clasqsiiric.tiotir a similarunr, many
erosion proleims rnihl he asnidid -it lie omet and 
later minimized. In the wiordsof the ptroierb, "An 
ounce of prcventin.t is .%nriha 'pundof" ure." The 
basic principles of crision cniirol invl,e tle 
dissipaiinn of rainitlrip itprt which limits suil 
detachmnst aid favnrs sj,.er itifiliration, ani rrduc
lion of runoff 'lume and ve",city which diminish 
sediment transport. Nhich of this cart, e at hievd in 
cultivated lands by enhancing the sitepis it(gud 
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Sheng's scheme of land capability classification for Jamaica 
--A treatment-orieintedscheme especially for hilly watersheds
 

1. Gently 2. Mderately 3. Strongly 4. Very 5. Steep 6. Very 
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_ 	 _m I 
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d -C3 


2 S C1 1Shallow (p 
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IS" - 70' 

C3 
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sloping 
20' - 25* 

C4 

25'- 30' 

ff 

Steep 

>30" 

F 

CFTsol..slope-depth 
F 

Z1 

Is FF FwlretenceF 

P P f F 

I 

_ _ 
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I. 	Symbols for most Intensive tillage or uses: " 
C 	 Cttivable lund1, up to 7" slope, requiring no. or few, Intensive conserva-

tion measures, e.g. contour cultivation, strip cropping, vegetative barrier, 
rock barrier, ass In largerfarms,broadbase terraces. 

C	 Cultivable land 2, on slopes bet.een 7' and 15' with moderately deep rills 
7 	

needing more intensive conservation e.g. bench terracing. hexagon. 
minIcon.ertible terracing for tI convenience of four wheel tractor farming. 
Inc conservation treatments can be done by mediu.xsized wmachinessuch us 
Bulldozer 05 or 06. 

on slopesfrom IS" to 20'% needing bench terracing,
Cutivable land 3. 

hevugon, and mlniconrertlble terracing on deep soil and hillside ditching. 
Individual basin on lessdeep soil. Mrchinlzation Is limited to small 
tractor or waliing tractur because of tie steepness of the slope. Terracing
 

C3 


can be done by A smaller tractor with 8 ft wide blade. 

Cult ivable land 4. on slopes of 20' to ZS'; all the necessary treatments areC4 
likely to be done by manual labor. Cultivation is to be practiced by walking 
tractor and hand labor. 

P 	 Pasture. improved and managed. Were slope approaches 25* and when the land 
toowet. zero grazing shouldbe practiced. Rotational. grazing is 

rect.arended for all kinds of slopes. 
is 


Fl 	 Food trees or fruit trees. On slopes of 2S' to 30'. orchard terracing is 
tnt main treatment supplenented with contour planting, diversion ditching. 

And mulching. Because of steepness of slopes, interspaces should be kept In 
permanent grass cover. 

F 	 forest lend. slopes over 30e, or over 25' where the Sol] Is too shallow for 
anyof the Abovesot conservation trehtments. hiaff: 

(Continued) 
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Table $1. (Continued)
 

2. 	Any land which Is too wet, occasionally flooded, or too stony, which prevents 
tillage and treatment, should be classified as: 

a ,elow 25* Pasture
 
Above 25 Forest
 

3, 	Gully dissected landswhich prevent normal 
tillage actvlities--forest.
 

4. 	Mapping Symbols; might be labeled as:
 

host .tensive use
 

example. C2
 

means: 
 Cultivable 
laAd2
 
clay loam - 1 to 15 - 36 In
 

Or. Itcould be simply labeled AsC2.
 

Andhusbandry which favor high praductivity as 

.dl (Shaxon 1981). When supported by a rcalistic 
and capability classification, implementation of 


tese concepts can provide a safeguard against 

ecrc soil erosion. 


There arc many ways to classify erosion control 
practices but (or our purposes the primary break-
Sawnwill be into traditional for the localized methods 
employed largely its te LDCs and dredoapd to indi-

atemore universal practices. 

TRADITIONAL SYSTEMS 

I
 

Somesuccessful forms oferosion control are unique 
a certain areas. For example the "lock and spill" 

thniqucis traditional i" Sri Lanka. In this incliod 
afairly deep runoff storage ditch is constructed at 
tk base of the field, with a bcris placed downslopc 
tihe ell Runoflis sturcd in tie basin and even-

thdic.Rnfissudintrbaian 	 ,c-
tually evaporates or iriilitratcs into the soil. On 
Pineapple plinatioss in Ilawaii it is customary to 

Position and secure large plasiC sheets on small falls 
n the waterways to prevent rrndercutting and down-
vUling-a practice that works quite well as long as 

'be gradien is not excessive. A seemingly clever 
uotion control practice in Ecuador ha- beer rcport-

Ofverbally by Dr. D. Pluoknct of the World Bank 
Two bunds arc constructed up and dovn 

dope. The area betwectn is shaped into small ridges 

thatwind in a serpentine manner dows the hillsidc. 
Runoff water is thus confined laterally by tie buns 
and prugrcsscs relatively slowly downslopc behind 
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the barriers made across the slope by the ridges. Un

doubtcdly other crosiit contrul procedures exist 

that are as yet generally unknown outside the coun

try or area in which they are practiced. Such tech
niques represet a potentially valuable conservation 

resource and when recognized should be made more 
universally available. Sophisticated terracing sys
fems have been built by early civiliz.tions in many 
countries (e.g. in South America and the Philip

pines); many are still in use today. 

DEVELOPED SYSTEMS 

A number of erosion control practices are used 
throughout the world in developed countries and in

crcasingly in LDCs(Fig. 30). 

Vegetativc measures (such as itulching, use of 
cover crops, strip-croppiog, and the like) all favor 
maintnance of good rainfall ir'ilration ints soil, 
mitnneo odrifl41lrtonnasi. 
whereas hicavi 'r mechanical csjlrr.,tirrrt (includinLg 
land-shaping, construrtio of waterva)s, contuur 

bonds. icrraces. or ridges) arc based on reducing 
topographic hazards and safe removal of runuff. 
Boti have feasibility hiits. Very oficn, application 

of both kinds of mseasuics is necessary for a sound 

conservation program (Lal 1977b and 1981). In the 

following pages various erosion contrul measu~res 
will be discusscd in broad tcrins. Spsecifications and 

detailed desigt critcria may be obtained froto pscti

ncn. technical sources such as the Soil Cunservatiun 

Service (1975a). publications of rice Food and 

Agricuhtn.as Organization of the United Nations. 

http:Agricuhtn.as
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other enginecring manuals (Hudson 1975; Beasley 
11172), the Manu.d of Reforestation atd Erosion 
Cs.tt.,I f the Philippines (Weidct 1975), and/or 
(t,tn eclaacicnced field conservationists. Thc prob-
h'a11s ind |iac:icc of soil conservation %-cretIh sub-
jet ul a recent conference and subsequent published 
pt:cccrdugs (ICSC 1981). 

Vegetative Control Methods 

V aget.mm.isthe key to the prevention of soil cro-
-i Isac tch apts 2 and 4). IfajI soils were pcrijcau-

.alty ,a %caredsautt'llataturc forests or grass sward, ac-

t, Ieatald c.t,,a nuold not be a problem. Hoscsser, 
th t f. brief Fplesads of time, farining, logging, 

files. Imnlni:g. and constuction activitics expose the 
SIl. c.hih itItn btornes vulnerable to erosive rain-
fLll .i-I riunal" In Table 58 arc listed all the plant 
spcclas dtasusscd ia this chapter as well as others, 
h.- 1Ia c ber fio nd u cf l for er.sion control, 

.\n, itardLndi 

P,',rl LarJ Several attributes of natural fo:est
%Cgetvatik'n are responsible for the effectiveness of 
(treatsin irotccaig the soil against erosion. In the 
liii ti otpics thesc nclhde the appreciable soil pro-
ttt I, the canopy arid undergrowth, little soil 

esl,t.tie duc t aliunidaiat litter and Iininmurm dis-
tu -Lan, Lec CfaciJ. soil binding by highl 7 pro-
hlict :d itras and dccotoposed organic matter, and 
the fit .1icnlly sigiificani activity associated with the 

I~l. IcSICeCf eaftlhorms or other soil fauna. Coupled


aithhehih cvajotranspration demand of forest 

- irt atin. tl.rse .atributes can m inimize soil 


,i ai cit ard tnaxiaaiize infiltration rates thus 


I, o thg rCstairttd runoff and erosion (e.g Lallllt. Sanslhcz 1976) 
V'std .zcu recortu d that each country(I16U) rtiendc 

Icc -1 at lrast 25 percent of its land area in forests. 

' lll g( tieal 3taenieClrt "as prumptcd by the occur-

rt tat ltru,. dioughts dust storans, erosion, atid
sud,lt atniperature chaniges in Mexico followingthe dhsir,icttu, of forests in that country. In light of 
t.e Nlcxiu in r kperarnce. 	 t is unfortunate that Lcr-
Leres crc usrd to detfahlae and thus destroy large

alras l jurslc in South Vicmam (Nlahcr 1972) In-
tica siasigly. ho.sever. 1d.do -vski(1956) claimed that 
tIItc is au evilcne to uphold the belief that a soil 
maay beatie teas poor to support forest regrowth in 
traipisa Jiat;s. 

'I Ir allustrations that folouw show how some de-
vchpi.g ccounarics treeplantinghave incorporated 
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in reforestation or afforestation programs ininr, 
primarily to curtail or correct erosion problems. 

FX^ItPLE I-INOtIA: Alfurestatiun ofa hadly.. 
cd and gullied 272 ha acca at Rchankhcra L 

been r-vottcd (Jlotc and Malik 1974). Initi&!, 

fencing was installed to kcc livestock out. Then. 
, 
trenches ISO by 60 by 45 cm deep were dug. a 
v,hil seeds of Dalbti.;/a mtiov, A:acia nilotic a, 

etl.tu. 4dantg, ana were sokabul,huz rlceta, .Albizija rlbt/ 
Nursery transplants suaplciaented the seeding 1:., 

project was started in 
 1951-1952 and rcfurcsiaiu 

was completed in 1964. Today ctmplete cover ca:r.
 
and the soil is well protected. 


EXiPLx 2-hIALAGAsy REPUOLIc: Retimn_ 

degraded lands is ongoing is the halagasy Repo2, 

(hladagascar). Various Euaij.ptui species are Is 
ot cd and 130,000 ha of high land have b en prin


cd with these fast growing trccs. Pine plania:

have been established on 16.000 ha, three quar.n 


of which are located in thaehatsiatra Valley. In
dition 4000 ha of land around Lake Alaotra ht 

been sown from the air with Afiarnaa spp.. Di.nc 

diigana (scient ific nanic uatavailable), and other s t
 
protct theiwatersieds (Le luouralicc 1972). 

EXA PLE 3- TaE P 1actaaPtPcS: Different obj. 

tives may have govcncd the planting uf forests ae 

the Philippines. Only eight species of sawtinber ar 

trcomaiended. as too rany species were parcsuanr. 

to cause naarketing prublens. The eight arc laig


t

leaf m a -rtenia /p (T itrraogany (Soi rnaer -la) teak 

randa), benguct pine (Panisa in:ula i), narra (P1a-, 


carpus Iitnza), prickly ntatra (Pietotapus idaliasua* 

mclina (Cihna arbotra). katiskis (Allbiziaja, alasat4 

and bag as (Eucaraptu x d lupa). Four of ther 


specis-bniguct pine, mcliaa, kariskis, atd bagru 

-are also rccoaaraisctdd for pullwood plalatins 


lpil-ipil (Leucatna lkueorphala) is the commonest fudwood in plantations, a]hthoughu turn) and Cassia siamca kaawti (Glinsa-are also plartt:d for clitc 
purpose (Va:idcl 1975). 

EXAMPLE 4-loLtvta: In South Amserica. Chas 
(1976) has suggested that algaroba (Pro opia spp ). 
carob (Ceratunia alsqaa) atid hons, hicust (lId/illt 
IL'acanhA ) bc used fir fi.rcst f.arning itt lolivia. Al 
bear pods hiat coa tain 16-21 1icrcell protirin and 

the meal is an exccllent food source for catIl and 
suit.ble forhuman consumption as well. Thleir es-

TabJe 58. Selected vegetation useful 

Acacia catechu --	 Acacia, Catechu. 
Cutch tree, Khair 

Acacia decurrens -- Back, silver, or 

green wattle 
Acacia man1 um --	 NLA.t 

Acacia nlotica -- Acacia. giuarablc, 
sutodr
 

Acacia tortills -- uAe.n-azla 

AWoa barterl -- M.A. 


Aesch)ynoaene Indica -- .	 lnt vetch 
Agave cantAls -- Haguey 

c -n 

Ailanthus excelsa -- Allaithus 

Albizia falcatarla -- Karlskis 

AlbtreeILbek --	 Wosan's t regu, 
Stris tree 

Jr
 
Alnussartu -- Japanese alder 

AlternnLhera brasllana -- Racuba 


A rugosus -- Alyce cloer 
Arachis hytogea -- Groundnut. peanut 
Arundavellasepalensis .A. 

Astragalss grbanctllo --	 11ivetch 
Avrn satlna -- Otts 

-

Aronopus co ipressus Carpet grass 

8 o-

gamausa vulgirls -. Bara.o. tawuyan-


Kiing 

Bothrlochloa Irtermedla -- Australian 
bluestem 

Brachtarha decuaens --romus slip.-- trae grass.A. 

papyritera -- Paper 

mulberry 

Caunong Arhar, pe..cpea.-. pigeon 
Congo pea, etc. 

Calamagrostls spp. -- Reed grass 
Calllanracallothrsus - N.A. 

Callielcin $pp. -- Calligon 

for erosion control" 

Calopogonlum caeruleum --	 Calopogonla. 
Jlcuma 

Calopogonluam caucunodes Calopo. 

Calopogonlut 

Katiang asse 
Cassla hookertana 	 -- Shower tree 

Cenchrus clll rls -- Sanabur 
Cenchrus sitigerus Sandbur 

Centroseaa pubescens -- Peaflcer 
Ceratonla siliqua -- Carob 

o -
Cllorls barbata Chlorls 
Cloris bournel -- Chlor.s 

Chloris a .. 	 Rtodesgrass
Colfea spp. -- Coffee 

Cotolarla spp. -- Crotola-la 
CyclZopogor:oloratus -- N.A. 

ynodon n ._ Berauda grass 
EXnoaao plectostachyu" -- Stargrass 
actylIs g icerata-- Cocisfoot orchard 

grass 

dabergia sissoo -- Slssoo 
Datura Lba -- Trupet tree 
Deturcala -- trumpet -rEe 

Oenllrocalautus strBlmtuis -- hale b oo 

an 
ba-woo,t ans. 
etc . 

esvodtr. ltfusun -- darer beggar
"eed 

Deseodlus Intortus -- Desmadlsan tickteed 

-Spansh cloveresmoalias uncnatm e3roussonetl 

Olchsantthita anaulatuas -- N.A. 

Djttar decuatens -- Pangola grass 
Doli ;os lublab -- HyaCinth bean.
 

ablb
 

(Continued)
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Table 58. (Continued) 	 Table 58. lContinued)
 

[rjgrostis curvuli -W Weeping love hauclea spp. -- Sarcocephalu$. lathea 	 Pueraria thunberglina -- Kudzu vine Swietenta acrophlla -- Large leas
 
grass 	 tree, West African mahogany,
 

bo..ood,bengal Rhynciosia minima -- N.A. induras
 
frigeron mucronatu- Australian 	 pertwptocin AJhogany

dr~rn.c~a.aautisy pea4OalRobinia pseudoacacla -- Black locust .k~n 
daisy heomarica northlna -- Apostle plant Sbn spp.-- tia 	 Tamarix aphylla-- laarlsk
 

Panicum marian -- Guinea grass 
leconell undulata -- Marwak teak 

E pp. -- Eucalyptuas Sanseverl uineenss -- Sord plant.

Panicum turgldum -- fanicum A r plcan lectona grandis -- Teak
 

Ficus not& PaspaTus nottto -. Bahia grass 	 bostring heAp le hroslia candlida- White tephrosila 

Gleittsia itracanthos -- Honey locuat 	 Sansev zeylanica -- Ceylon bowstringr
Penniseltus clandestlna -- Klkayu gristelrt 	 Terannus labialis-- L.A. 

Gitricdlia sepui -- Madre de cacao.
 
kakamatl. Pennlsetum pedicellata -- Penisetum Schiostachyu- lumaxpao -- Boho Thea slnensis -- lea 
Nicaraguan 
cocoa shade Fennisetum polystichyon-- Thin Napier Sesbania qrandiliora -- Agati, bacule, TrIfollm pratense --Red clover 

grass 	 furl, etc.
 

Goelina arborea -- Mielirge Trifolluarepens -- White clover
 
Pennisetum purpureum -- Elephant grass. Setarla splendida -- Bristle rassa
 

-- Soybean 	 Napier grass Sorg.ua Srgh la Gu gaagrass.yruma atemala 
yerba Giatemil 

Phalaris tuberosa -- Large canary 	 Sorghum Spp. -- Sorghum

lalon persic -- N.A. 


grass Stizoloblum deerangiana -- Velvet bean Triticu. aestivun -- Wheat
 
Heliantrus tubtrosus -- Me lCan (M n eranin
eas-nlaer Phaseolus to -- Urd, blackgram 	 Urochloa Mosambicensts -- Buffel grass 

Jeruse; Phiseolus radists -- Mtong. mung bean, Stylosinthes gracilis -- Stylosasthes Wedelia spp. -- Wedella
 
artichoke green gram Stylosanthes goavanessis -- Stylosanthes.
 

Brazilian Zea mays -- Corn, maije
 
Haonota r -- Duaanay Pinns caribaea -- Cuban pine. Carib lucerne
 

pine. slash pine
 
Indigofera endecapnylla -- Creeping Stylosanthes humilis -- Stylosanthes
 

Indigo Pinus Insularis Benguet pine
 

rstroemea subcostjta -- N.A. Plnus palustrls --Longleat pine Source: Bunting andhilsum 1928;FAG 1977b; MAS 1919; RRIM 1917; Shankarnarayan

and Magoon 1974;Weldelt 1975;and others.

t ntana ca-Tan -- Yellow sage Pinus patula --	Tropical pine, Mexlcan .Many speciesare of greatest value when planted In cobination with other
 
yelloa pine species.


tI.A. - not available.
LaSturul $1l.diCuS -- R.A. Pinus rigila -- Pitch pine 
Lespedeza Cunesta --LespedeldPnstad c a ePous -- tobially pie 	 lablishment was encouraged all are legumesteda olol la	 since floodwaters. The living fences also serve to trap silt 
Leucoena leucocephili --	 Uanin, ton 

11:achile, Pithrcolobanhaole 1p1l- duke -- (thus able to fix nitrogen), drought resistant, and from the floodwaterson adjacent firhls (Nabhan and 
ipli. latoro relIa, ableto fruit for a hundred years. Sheridan 1977). 

to1hum perenne -- Perennial ryegrss 	 oplna ExAMPLE 5-CARIEAN ISLANDS AND MExIco: The role of Leucaena ItrutorpAala in tie tropics is 

tupinus spp. -- Lupin Populus balsamifera -- Cottonwood 	 Developnment of plantation forestry is a najor thrust rapidly cx.panding (NAS 1977). Briidc itswide-

Macrapt iii it, atropurpureum -- Siratro Prosopsis juliora - Con an s-squlte. nithe government ofJamaica's watecished program. spread use for firc.oud it has aloe s asnwindbreak.
 
algaroba The favored species is Pina catbaca (Carib pine), as a firebreak. for clagcoal ttant.tcture, for forage,
 

il lotus J,,icus -- N.A. %hich ;s being used to restoreeroded uplands and to as a feilizer source. fir %iod and pulp-and ihe
 
l Indicus padauk, Insure regular stream flow (SI:cng and Stcnnct appareit abilitytocisarnptctc sutcssfolly with cognPtercarpu Hirma,. 


stlva -- Lucerne. alfalfa Burmise
 
roseuood 1975). For Trinidad and Tobago, mcasurcs rccnin- (Impri'ua lindratt). For enanile. tin de isand of 

.4eosa $pp. -- Hmosa mended to curtail lthe erosion caused htyburning Flore in sth.ncsia. ihere it is eniti'd lmll, 

and shifting cultivation have been to establish such , 10.000 ha of vulanic slopes in daiger of erosion 
crops as limes and tonka beans al the 500 so 800 ft have bccn planted witlh L.cucacna and 20.000 ha

cua cinhineni -	 elvet a erocar vdal s - Prickl 

Mjcuna nigricans -- Ltpal Pueraria javalica -- gudlu 	 lvels and to allow areas above 800 ftto rcvcrti to tore tcre planned over the next four )ears (Nlrtz

M,,sa sapientum -- Banana Puetrla phaseoloides -- Tropical kudzu 	 natural forest (Hardy 1942). Living fence ros ner 1976). Leucacna is also irittg considtrred in the 
(primarily willows, and cottonwoods) protect the dry monsoonal atcas of the Notlhcrot Territory of 

(Continued) land in Rio San Miguel. Mexico front eroding Australia (Wahtcr 1971). OilCr rapidly gruwing 
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Isg..n..us trlFpical trees have great value. AIbiZna 

j/.r.., ,a (c.alld a miracle aree because of its d.ccp-


,l,,,A. -i1-,,tptilp. cc.), Ct.sind~t ralla .,'Atj.i 

(tick..vd. iicbiLeaks, eradication of imperata 

v,.is) .nd .Ljaij tn ,t, io,,n (e.ceptional perfornance 

on p.,,.r sies) are atmong those advocated (NAS 

197tj) 


To uptiniize land cultivation while at the same 

tt:kc picicrsing the vaduable role of trees in hilly 

arr.s. a -stl i ultusc (the taiL.sa systcm) is being 

i.d 	 t) lotciiry depaitcnts in some developing 


ttitit Ci lit uric furti. the forest is felled and 

t..ir.l b) a gruup of f.,rt. rs who then plant crops 


it ilricea. Trees are planted among the crops by 

l.rs. y drzpart..i.. personnel and the seedlings are 

tru.id by the frmets, along svith their crops, for 

al,|,t..s tcl ) t%%o)cars. Subsequently. shade front 

tie titc. i, enough to prevent furlhcr crop grovth 

as,|i itc f.,t n:ts arc a stgttcd new locations nearby 


it. t. frst Iliuovescr. the farmers return to the old 

.	 irsnd the tice crop until it cas survive 
s~l.i.t t ic..i(T ttp.ny and Grist 1958). Seventy-

i.te %,-J.) spci-s atid 42 agricultural crops have 
I-re istad as used in tils system in the tropis 

IKtr,:. nirtd by Ro.he 1974) For cx, tnple. taro, 

s., ct pui..io. cussava, maite, and upl.nd ic: are 

s5..; tJ .s agt.coltural ctops to be grown in the 
l.dlhl.lnjics under the iat.sia system; however 
Lb.itatt pl.,tm. t.assava, taize. sugarcane. rice, 
t.l,.,o., and )antis are nut tolerated by forestry of-
fi.sair ;.. son coutricEs. 

"li ts (til)one example of successful utilization 
of fit litnld wit

1 
apparently minimal degradation. 

Si.diar piec.,utirts are needed whencver distur-
b-nits i itatutal fuicst arc brought about by other 
at t . ittcs stin as logging and mining. 

Uaztnt L.nd A probler- of great concern in de-
c.,pitg citnt ttes is the nmanagement of livestock, 

'le detn(i.tion of grassland by overgrazing in 
N,.ish Ati.. fur examtple ;s estimated to be 100.000 

I-i a )e ar (le Iloueou, cited by Sei.ple 1971). 
0ihr .. tuplcs of destructive graiing in semiarid 
re l,.-ns havc Len revie.ed in chapter 2. Brown 
(197 1; ,pri lateJ that culsivatiun can support three 

tit.s e ltesetIt 50 tntlon pastoraliss itt Aftica 
ait susst sied that thcsc pastoralists be converted to 
eshtitors in areas of inure than 250 ntm annual 

r.t1f.,ll Ur ,h6Iee strigariUn can be made available, 
I Ia rid~ted that if such a plan cannot be worked 

128 

out satisfactorily itis imperative tihatherd sizes h, 
reduced. Young calves can be sent to fatening arcs, 
enablespaioalissto feed their fitnlics on grain 6 

six moiths. Seuple (1971) obierved, however, the 

dcstocking is not casily done because of the culursi 
and social values placed upon large herds, rega.d 
less cf the physical condition of the animals. i'-
latter observation was supported by Hudson (19811 
S-topic suggested that legumes be fostered by dr
ferred grazing pcriuds arid by a seeding progant us. 
ing S!,.tjanhes spp. and Deirnpiiu. '." plannedand

0

prescribed burning was also tccuiitsneodcd to can. 

vert worthless brushland to grassland and woode 
savannahs. 

Stocking rates must be realistically determined 
with view of boilt animal requirements and laidt 
capability for producing the sper.ilic pasture under 
consideratiun (Blandfotd 191 and Blair-Raini 
191I). Thcteforc, tno uniscrs.l fortiula catt be Sitris 
for conscrvation-ninded use rf grazing land, list

rington atnd l'ratdliti (1974). for u.atildl, suggrm
cd specific stockitng rates for Anktlso, Uganda. atap 
proximately 1.1 ha per adult animal. This raitl 
applies to rangeland largely under Brhiatia d&sei 
best with unpalatable Cjni.opograt apionada remoed 
(Ilarrington attd Pracltetl 197 1). 

l'astrland. On eroded slopes atid gullies various 
furss of vegctative controls inay be employed. ne 
staighltforward technique of planking trees, shrubs. 
and grasses, usually in ri.itures, is onr approash 

hcn the terrain is not too steels. I luwevcr, as stiep

ness ir,Lreascs it may be tecessary to use more rsdi-
ca measures such as biological ctgincering (Figsp 
31. 32). Examples cf thi. ate the various fotmt of 
brush matttng or brush cov r tCLhniiJues. In oie 

ntcthod sprouting or unsptroutcd pegs are driven is 
along the contour to about 20 cm deep. Spioutiln 
brushy.oad is sprcad over tic sle, lsit (thicket) 

ends downslope, leaving ro tncovCted areas. T1 
pegs are then connected with witc and dtivcn (us-
tltcr into the ground. ptcssing the biushwood firml" 
to the ground. A snodificatiost of brusl tnatting i 
for the brushwood to be placed on stall platformsat 
benches on tlte slope with tire wood covered by soi 
from tie adiacet uphill bench. lFeitiliLer is mied 
int as well (Wcidelt 1975). Accordirtg to Vcidelt ite 
biush matting method, in one of its many forms, i 
probably the most stable of all live structures and it 
recommended for steep slopes, unstablc soils, ali 

( _ S 

\" 

-- - - - - - - P 

firr, St. T €b. stiingsrrt.. i - soilt I - briLut.,.J 

htigh intensity rainfall areas such as the typhoon belt
 
in the Philippines. 


Another form of biological engineering is the was-

ding and staking method (Shng 1977b; Veidelt 
1975). It is used, fur exanmple. on road-fill banks and 
slopes in Jamaica anti t I'hilippines. The tech-

nique used in the Philippines requires shallow 
ttenches with stakes driven into thie trenches about 
W0to 70 cm apart. Walditg consists of straight rods 
ftsm such plants as Lcucacna or sunflosver inter-

ovcn between the stakes with the bull ends of the 
rods bent into or covered with soil. As practiced in 
Jamaica. this method is more like the brush matting 
techniqte. It either case. howcvcr, grasses or tres 
itay be planted in the bare areas between the was-

des. 
flydrosccding or hydciromulhing is another form 

of vegetative cotlroi that lal gaiitd cunsider.able 

Popularity in the past dtLadc. A slurty or siispen-
sion is prepared of seeds and/or stolons of grasses, 

plus a mulch or binder, fertilizer, and watct. Ap-
Plication of she suslsstsion on bare alupes cat. be 
done from back sprayers or tank trucks. Weidclt 
(1975) has reported that evets inaccessible atas in 
Japan have been hydioseceded successfully from lIl-
tpier,. Is any case a glass curer is ptoviled to 
lopes both quickly and conveniently. This tech-

oique is widely used for stabilizing road cuts in the 
Untied States, Europe. and Australia. 
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Fit-rr a2. Tm...aht siLtir *,t.. . C.., r ti.; 5.5 

CuttivaedLandi 

Erosion control on croplanos needs special em

phasis at these are the lands with the most potential 
for alleviating food scarcities in developing coun
tries. The effects of cover and agricultural manage

ntet have been discussed in chapiter 4 under the C 
and P factors. Although these effects are closely in
terrclated and difficult to evaluate indeptndesnly 
(Wiscinier and Sitith 1978), implementation of 

sound practices is a powerful tool for miniizitg ac

celcrated sotl erosion. 

Use if Cater CLop. At tile risk of being repetitious 
it is emphasized again that maintainig adequate 

cover is probably the best means of ninimizing or 
prevettting soi erosion. For ers.atlle as )ebra. 
lult, 141rl11 Iitlia. Pat taok (1975) i|onid sltcific 

losses of 42 Ttt/ha under 1250 trin sf natural rain
fall (June to Otiober) on bare fallow soil with 9 per

ccnt slope. Unler the same condiltions. natural grass 
cover reduced soil riscs to I Ts/li.ts addinion to 
protecting against erosion, coer crops stotlher 
wceds atid may be incorporated inro the soil as 
green tnaiure (Crmts.stnlnco 1976). Their isnor
lance incteases sliest tlte p. iialy rop is slo, gru,
ing or planted at love density. The el't'civecss of 
cover ctps depends on such factors as density of 
foliage: root growth charactcristlics; waser retegation. 

http:Ts/li.ts
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depleticn, and penetration; soil fertility; and so on HS, Brazil that soybeans (CIlrist ma) gave Im'.' uccgrowth ald fruit yield decreased because of the incsco 1976). Figure 33 illustratrs some ofthe alter
(Sh.ic to ilscs- Itan Wheat (71iicucln airitian)(f:-, roapctiun (l'aclico ct al. 1975). natives Ofstrijc-rr,,pJ"i.g.in.ci .%11976). Somce examples foillow Iccot.ctivc cover 
h..c lie tisc .f cover ccops furerosion control in cc al. 1977). Among the important practices recommended in Crop rotalinn, as a fonuiof multiple cropping. is 

i.,c.cs oiePhilippines is ihat citrus orchards should be in- an established method of maintaining soil fertilityc iii,.l cous.its. 

Il cilheCr A.ntd oil p.cloplantations of Suicatra Afltiple Cropping. Multiple cropping is an ap... =tiplaoccd with cover crops. For example, in the 
 and rcducing crosion. A grass ctrgrasslegumc mix

al.i .c. ccnvn.,s has been used for is bolt higlh!j picoductite al- provinces of latangas and Camarines Sur. citrus cure (ground cover) alternatcd in time between anmu/.ip,. 	 nicic piaclicc thatcnccrccidr 
ucr ihy )ecars as protcctive cover on ncly plancted soilconsucrving. Vhlicer it takes the form ofk goves arc planted to the legumes. Caloplanicnsm annual crop such as maize will provide the soil with 
pl.cc .ciocs (Nfilsui and Currier 1925). Otlcer ec:e.ctial cropping that limitsthe bare fallow a6r, ciutun, acid Purar'jaanica (tropical kudzu). lpil- excellent cover as well as fertility het the residues 
hlcvccccs itscel air L'rncmaceniapubr 'urractia between crops, or iicer-rcw crupping thait u!a ipil and Macre dc cacao are also used as rover crops arc plowed undrr. Apart from the prrteciinn procrncand 	 limits 
pha.,ccdet C.cr Ici.ccs ha.c ben clissificd ioto slc.ctial extent of b.crescil witiin a fichl.theretuh a -inBatangas. When the plants arc about a meter vidid cy thegrcundic.,ver uhtic cip will.cinnual pro
tb, cgclc.s Oce cccicdrs tie ltw-g-wing type suit- the same. At any given tinc, cover absorbs tie high they are cut hack to abou: 80 cm and the trim- vide a denser, more thrifty stand Icy ;cscoring fertili
at.le icr direct control of splash acid sheet wash such forces of raindrop ini:,ct and slows down rucs.5 mings are allowed to fall to :heground, thus supply- ty to the soil. It will tius increase soil coverage. 
as fce.o/,.cct mucunoidei.Crnitornapshecns, In- For example, at erosioi-culncerablc period of thin ing nutrients and reducing soil loss (Ifeenan- thereby limiting erosion. 
dic- r.idvcapc lla. atd Pueraria to fivc yra dz n.d.). Shifting cultivation is the earliest and simplestphactalaidiri, to name ctexists in tcaplantations fronithe timed 
a few. hleoler group is composed of erect- fellingacd clearing the ol trees until the nc,!c Strip-cropping isa means of "dividing land into form of rotation used by humans (see chap. 4). A 
gowiig t)pcs that are rorc suitable for green planted trees develop a complete canopy. Durir~ tcrnaic strips of close growing, erosion resistant '*short" period of cultivation is followed by a 
t..ccccc , .Iuding Tephona randidaand Crotalaria this period mulching or incr-row planting of sats plants such as grass, grass/legunc mixtures, sniall "long" period of fallow. As failcw pcricds become 
acia.,,Ia (ucnicg and hilstcm 1928). Afclctlna tcconsecclcd in East Africa (Oticno 1975) .t paiots, or natural vegetation with strips of wider shurened, it has bern augscscecl that use of special
.o.inhiAnki iasgreat picmise according to oogo- beteficial form ofcover/niixed cloplcitng used in & spaced crops such as maize, sorghucics, cotton and ized crops between anncal ccpi will prevent soilt 
ing c.Apeinnets in Nl.ysta. It grows faster and .coffee-growing areas of East Afica is to gri- mot crops" (Coscantinesco 1976). Almost invaria- deterioration. "Experiments in Africa using star
incite vigc.rously than conventional legume covers bananas and coffee together. T-he bancana plar.c ly the praccice is done across the slope, that is, on 
s- It acium mucunoidej, taru- to trce and the fallen iaves d thecontour. An indication of thesuccess ofthe thectas 'atip.C Calopoonium provide shade coffee 
hc.cn.(.'entijca pube~renc. atd Pf,rariapharevloiJs. the foricer serveas an anti-ctosion mulch (Consca- tiqkiemay be obtained from Table 60 in which soil 
Il.,e'er. Niucuna fades out in 8 to 10 months so tinesco 1976). Studies in Kanpur, India (Sharmoa loses are compaced between cotton and cotton : 

tiat it is nccissary stmultaneously to plant Pctarca al.1976) indicated that a pure crop of urd (I'hacc!u planted in strips ws~h soybeans and soybeans/stub
[r,.jclic.rjor Calopqoganum carrul'umin addition, to muncro)and a mixture itfarcar (Cajati cjaan)a' ie. Soil losses were always greater for cotton alone 
t.ile user iihen Niuruna withcers arid d;-.s(RLIM gtoundout (Aro ~,)pogaca) werc ust effective kc and the effectivetess of scrip-crupping in reducing 
1977) "t'hcfree rooting perennial herb. Alikonanthrra controlling splash erosion aicorig the crops studied, soil loss increased with greater slopes. This form of 0 
6a1.h.a. -btch is propagated by cuttings, is highly which also incltded maize, sorghium, gcar, atds- multiple cropping may he applied in several ways. 
rcectscetcdcd as a gricnd cover on the edges of be.cts. Soybcans cunicullcd slcct erosion well i forexample, rotational fieldstrip-cropping is used b 

lItne terraces uf oil paint plantings in Malaysia orange groves in Minas Gerais. Brazil; howcsi. successfully itihahtcate arabic stips and grass- o .--

(l)uclcit and Tac 1974). Newly planted stands of lod. Fertility status is favorably maintainced as Well 
oiluber trees are vulnerable to soil loss until the can- uhen the arablc crop is rotated with the grass. Iluf- o 

oi', ch-es after five )ears ufgrowtl. A comparative Table 59. Comparison of efect of vegetatint kr strip-crupping is anothce foret in whicl pcrta
study ulseicral forcis ofcover vegetation, including covers in erosion aint strips of grass, rarely more than 1.2 to 3 m ir- . .q. 1...reducing in 	 3,..n, ,
Mialays ia over a 20-montis perilod setsrp fgas aeyccr ho12t t ~ a- _. ... rgciirc... .cc-..tta~.icin.cs aid a grass, was made on an immature -ide, are left between cultivated areas (Constan- 1c.1iltn,,),.*71) 
sarld of rubber trees in Malaysia (see Table 59). 	 Sol deposited 
I lti a iint of soi dep sited on the terraces from on terraces 
the kiter rows. ishci had various covers, was used Cover spp. (on) Table 60. Seasonal soil loss from Cecil clas loam (Alabama) plantet.d cotton aid 

o 

______________________________________to c.ttofn strip-cropped withl soybeans to 
as Allindcatioi of tCeCffi.iency of each cover prac- Calopogonlum 5.64 

te filr eui!,icn crIitL Itis noted that Calopoctiium Soil Iss (I./ha) 
%,asti-c as cffiticcot in ptevccting soil loss as Puera- Pueraria 11.07 Slope (1)
 
ri. nctdocr cIrceC ritnes as effective as bare soil. In Rainfall 

Vcria's (19(,8) asscssenct of thevalue of the pro- Crotolaria 15.69 (cm) Cropping System 5 10 15 20 

Ic(tilecarcipy providtc by several common Indian Tephrosla 14.02 Early su r 35.4 1cotton tonea 7.2 1.8 6. 51.371 3.041 
le.kccdcccs. rtcuoctg (/'haaeoliradcitur) provided gooid 1extios, soybean strips 6.18 8.43 12.1 16.21 
cail) tivcr arid protcted the soil from the high-itt- Srate 12.67 Late suier & fall 21.64 Icottoratone Z.8 3.16 13.56 16.55 
tensiy 	July rains. Similarly. itwas found in Gusiba Bare 19.04 Lcotton. s0ybea- stubble strips Z.3S 2.41 3.11 4.41 

Ba90tir.groclmg season 51.01 Icatton 10.59 19.00 10.91 69.59alone 
1cotion, soybean strips 8.51 10.90 16.81 20.63 

I 5n.it.... ,.. Uai.-il, .1 h4.6y.i. Ky.A Source: RRIN 197.a...lhq c.(L. 
I 


rtcSc.L....p.. tcc,~l.. J..c......b Rainfall data were not reported. 	 Source: Modified from Bennett 1939:349. 
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(/ivrrorin- p urt/ur 


glass (C pleclaaarA.snm), 	 elephant grass 
nm) and eeping loegrass 

, j
(tira &nsi i roinl) i i otaition with maaize, tobtcn., 
au&f..1agccrops suggest that the residual bencfil of 
t, gi s IC) is bst in, the first )-car"(Constan-
hcits iJ76). b) the third )ear. shen the grass is 

i ,. thre Are no benefit s. R otations planned 
,,a tru.tn LUnirul should be short, with quick 
l.., cs lion cash tu forage crop ar..J back again. 
,rcu.utlc the bct alcrnaztee rotations fur grow-

u, iI,,..., =inZirh. b'.e are one )'er of te.ephtig 
I,g, s, foul.,-cd by two )ears of tobacco or two 

11,si.a iAd luJUr)Crs of tobacco. Both Irave 
ir -arcrp to gass ratio but soil loss avcrageo 12 
I rI..,i) r tn alc fa t rotation and 14 75 Tnt/lhayr 

d~jitg tl.eluongcr rutation (lludson 197 1). 

Drniq) Al.'ti.g A %ry CffCLiv EWay o i- 
pro,e iI: cutCr is to increase the density of the 

'i cr,,t I cli r cxgriple. liidin (1971) h a.sit .
 
sf.i.sri,a rnrzcgrS n in Central Africa at 2,0ii0 

1lartt ha (u 4 i jair in I at rows) lost 12.3 Trita 

iLi-ril t Gnc )ear. 'hen t|re plantpopulasiort seas 


1, J7.0Ou0ha (027 in apani 
.a...u.t 1s U 7 Tnt/ha (Table 61). Of 

i. ticc 	 in I ri torts) 
.1 i was only 

L.,sc. izh ~teri.reused pluant detsity, necessary 
arIjiiiit i iraiagcetiits,such as fertilizer add-
itc. ate reuited. lhcre is also a density limit 
ii,t ,hh urruetiton bctwece, plants firitspro-
di,clii,ssetrely. Overall, itrplcnientation of guod 
a1.u,,,I,,tpt.,-iccs will reduce soil losses and nost 
be tu-u-le,-d, -AlilrlierAd component of the strare-
gy lorelfci.rtc soil conservation (Shaxson 1981) It 

has been said that if all maize grown in Africa %ci 
produced at an average yield of 5 Ions a raLt.k 
thian about I ton/ha as at rsen. hein halfthe en' 

sion prublems of the cuntinent would disapplro 

(lIudson 1971). 

. Ml/hAin M ulching is art im portant erosion cors. 
trolicchique, especially on cultivated lands arid 
construmton sires. Mulch is a natural or artifrit 
la)crof lansresidue or oiher tiaterial, suchat 

sand, :;avel. or paper, covering Ile soil surfaic 

(SCSA 1976). Ilic nulch naterial takes nrant 

foris-fron unused plan remains, wood shsasinp 
and jute netting to bitustren, plastics, and chetiric 
sprays. Its greatest piotective value is manifesren 
,then te land ould otuertise be left bare, that i. 

after harvesting. befoe planting. and durig eath 

stagesofcrop growth. 
Frequet ly used nzrural mulcs in Ihe humid 

tropics arc sugacane bagasse, ba ar;a leaves, cixie 
nut fronds, artl straw fluu rain Nulihnt icps 
absorb the direct impact of raistdiups arid ther, 
minirnizc soil deachurcnt by rainrlrop splash. In ad 
ditiou rurff isslowcd down and losses are rcduid 
because the infilration rate of he soil is mainrain 
at its ntauimut level (-al 1975). Sotmie workers su 
gested that mulching enhances the activily d 
earthworms in soils. Tattle 62 shoss tireClIncl of 
rnulcfing on cartworm populartions in Nigeri 

Some evidence that confirms these benefits exists in 
the Iropics.A tApiodoun ie.Ivory Coast, West 
Africa. two plots were observed by Roose (19750); 
one was a natural rainforest, the otler a banana 
planting that was mulched with straw from Guate. 
mala grass 1Tip,8cutn /axuim) 	 at 20 Tin/ha. 
M easured soil loss. at 0.1 Tr/ha/yr, was essentially 
thesante under both conditions. Another example of 
the value of mulching in preventing suil loss is cvi-
dent from Table 63, where uninulched plots always 
ol more sedirnient thn Iheir ritulchted counter-
parts. 

Although mulch material may be transported 
oin one site and applied elsewhere this isan expcn-

siveand time-consming process. Such a procedure 
may be used in labor-intcnsivc siuations, but agri-
rulurally it is geerally easier to grow a live souce 
of mulch in which the desired crop isplanted in 
strips opened by tillagc or use of hlebicides. Ex-

perimcnts wilf Syloranhh .atili and m.ize in 
Nigeria (L.al 1975) showed that this conmbination is 
effective Iuurerosion coitrol, but Itha he former ag-
grcssively conpetes with tlhe latter for available 

ater. Perernttial crops is Uganda, such as bananas 
and coffee, arc generally mulcle, and banana 
mulch is used on coffee plantations in Tanzania 
(Ahn 1977). 
Mulch farming is not equally succcsfril when 

used under different climatic Zones o0 farming 
Eatltworirs improve soilpermeability and allo, tystcits (Lal 191). A problem with mulch fartring
high itfibranion rates tobe intirairtcd. is that itisdifficut to prepare the seedbed forthe 

lie bCnCfits of Iurlching furreducig sil losse Ifllowing crop with nulch oil tIre ground. Hcrbicidc 
are ,ell established and wcrc discussed in chaliter I mranageincl will allow such a lireparation to take 

placeunder cultivation wih reduced tillage. Disc 
erowing some of the mulch withwill incorporate 

Table 61. Te effectof crop management on soiland .&ter losses the soil. but in itaty developing 	 countries whCCfrommaize InZinuao-be nimal-drawn machinery is used, tIhe IcChniquC is 
Plot A Plot a unpopular with farmers, although it should be cn

edlum pco uction level Hig t-production level 

Plant population 25,000 pl- s/os 37,000 plants/hA fble62. 


fkainsfatl 	 11)0 =. 1130 a 

113 " 
 Iritti 

fertilizer application Of20kig/ha;P205 50kg/hi Nt100kg/ha; P205 80kg9/Itao 
cr.p r sid es 	 Reso.ed Plo.ed in retent 


Crop yteld 5 ton/ha 	 10 ron/ha aolcoedIlter-row 
R nofl 	 250 mis 

Effect of mulching onearttheorm
casts 


In maize In Nigera 


Eqalvaleit 

ctl
atsVightnuuere 
 iace
 

2 

Worm csts/r (tons/na) 1 0.28 0.00
 

5.28 
 1.0
 1ce 
Z6 197 9.76 0.36264 5
 

€ouraged (Constantincsco 1976). Other frequently 
cncounlered priblemns are rates
theexcessive of 
residue dccopnipcsiion in cerlain regions and the 
tendency to enhance the proliferation of pathogen 
inothers(tatch 19B1). 

conit conSinhd 
Construction sires, including highways and urban 

developments, arc particularly prune to heavy soil 
losses tless great care is takcn. In most countries 
official soil conservatiot agencies have been elstb
lislicd
to help the developer and honeowrer aswell 
as ic farmer. Direct consulation is usually avail
able to the builder, in addiiut to "titten informa
lion such as leaflets and bulletins on niinizing soil 
loss For example, tie fllu ving rccoiricrnrlatios 
were made for construction aitivitics in Ilawaii, and 
gencrally apply else liere (SCS 1971). 
I.Prcparation of a ground plan furthe outside is 

as necessary as a floor plan fir he inside. 
2. luilditigs should bc planned In oforin to nat

ural topography in order to tninimize grading. 
3. Disturb otly the conttructioun area. Do not 

clear an extended area unless construction will 
start immediately oi the tholc area. 

4.Protect tirccsand shrubs iha1arcCo be cC

rained. 
5.Stockpile and save topsoil for final grading of 

tre lawn area. 

6. Procc the bare soil during con-.truction. 
a. Coetilc drivcrays, grading, and sodding 

as quickly as possible. 
b. Protect bare areas, such as stockpiles, with 

mulch. Sugarcae bagasse spread 2 inches 
deep tid secured .ith fiber tneiing is cx
ccllcu. 

able 6 . Effectof mu ch ng In N ger a on
 

sedimentdensity In runoff ater 

uidermal
 

Slope SedimentdensityIn/Il
 

20 i' 	 atnlch 10 7.00 0.45
 

Sail loss 	 12.3 ton/ha 
 0.7 ton/ha ;kmrlched 56 13 15 5.75 0.08
 
Saurec: Modifiel from Hudson1971: 19. 
 a Ce.: modifled from Lal 1915. 
 Source: Lat 915.
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c. lfstorkpilcs or rough-gradcd areas aretoeb WVest (Muldenhaucr arid Foster 1901; Meyer 1981; ful on stnpes of 3-7 perccnt in the United States are usefisl onl, on gentle slops, IIowe'er shh hs 
esposd for several months, seed with rye- Chisci 1981) and h.ave hccn tited in sote develop- (WiscLhnicicr and Snith 1965, 1978). Art effective creasing nultn tles spes in developing coon 
S.is as ieisliotaty cover and irrigatc ifnec- ing countries in the trolqics (ilurni 1981; Barber ca variation of this method is coioaur ridging (listing) trtes (see chap 2). farms estahlished on slopes sot 

hIl Bonsu in ridges h- nr note liol establishment. 	 al. 1981; lOil). Nint gciscnally these tech- which and furrows are fussned listen 200-25o f36-47, rote are unommnn. is. 

7 	 Cuoitul ruoirff ssater with tensporary diver- cliques involve suit .rotd[ land naniipul.ition, either (ridgers) and then maize, for cxattis planted n 'u knoledge the eirvmle is found in GuatI.d., 
si.us and sr tras. manually or by machinery, and sometit es the use the furrows. Another modificaliot is Pntedsp whr 	 naliq. IhC een 

y.B sismsalremove all debris and grade to provide ofvarious fabricated structures. 	 cropping, a practice n whidh * ri o s trip - here 'th nte s as e beefocdn to f*atIj.I 

adequate dainage. Then prepare the seccdbed, 	 nated with strips of row C rps o s ae alter la nde slo asnsteep as 6t ( iealel.)fet ic. .,aid estsl.bhs permanent vegetation. CPslstatissTilla¢r on the contour h crops festrall grait plat rd Un Slo6)s Serl asr 65 (ty14)erreai 
- tiord~~C-r~ato ssgicltsr T oo r ('iscloioicr andsStoith 1 97is1.s 1976) f eslspsrt a d ass-I ilsos it ,inigionessv 	 1965, a.,e, lesgtl Undut vslttscdur tsgle gadientysneaiiin portions

hsj 'd,d d rsdile ateas shiossd be Ai "a'-/ae I or a.rry years te Convers- also nore effr ive tlas cusiti urssg 


, ulhd tional tillage opc ratiuns sed in itesiv e a icu u fe Two cautions should be roted: In tir absence of of the slopel
 

.ing.discing. drainage provisions. if raissfall eceess lie tetetition 
C ,plan cssesded (SCS 1976) fur use oio in developed countries have been plosts 

-onstuctlion sites its lla-aii are Bahia grass, fler- planting, and cultivaling. More recently, in te or acceptance capacity of the soil. breakover of Tr, arit 
siud.s grass. Bofielgtass, pangula grass, Kikuyu sponse to entrovioneital Pressusres arid oil shutn- idges otay occur, atd subsequent scouring tay Soil consersaton terraces are artificial earh et
gs.ss. c. ts. yegtass. Lippia. Vaipahu fig and ages, the concept of minimum tillsge has evolved;. create greater erosion dattage than hsat incured ba htstlstructeri .crossshqpeatregular .ersi

lu y ut slopinrg ant
specific system of tillage, but frOtt up-and-down -slopetillage a d planting p a- cal iterals d ut 0. ihe sl . . 

\.eidClia M u rt of these probably thrive throughout this does not derine a 
n arr o o t e or p la firo s h a t effectiely re e estab lis lhtcnt of grass strridsl ias tte io 

Oe t oo p.s T he sou l .hitg m a erials reco m tenided refers to a ty sys esi o f tillage w ith few er ope ration t i es. L ile iv 

.aauiare sugarcane ba- than the co,nt.tin.Il one (Witttius ct al 1973) as5 percent otT the cotitor cas result 30 very high duce t e slope length atId gradient wihinthecultb) l, SCS (1976) for 	 i ts fc a n sesrc Runihoff at
til los se s . in the e t e e e a fiv fo ld a c l eratio o f at ci p r nst s 1 97ji 

T I .e mo s t r a d ic al is t h1ei o -t!ji .g e ( ni-t ll) sy sie . ,i5 
m lea ljpe t a i sh s a d u st. a nd pla n ar s l a vg a s se - , 	 ie conSe v d (e g. t

i gs O.) rsicpl sl 	 e s .- und r strong ind condi- " vl.i I the only still m a ip lation is ti opti na ttench soil loss as oIs rve d fro t parallelto-doel r si o llec t s ot t lenraee s may a 
u 

Is, st, se the tihe cxsti veciaton. -hear with land Africa regsbs) dismsed throngh
to r'eceive the sccis o a I wita o.ri tdFlls g the classfica. 

ide tots of S cng(i977n)t iso ttajir types of erraces, 

i... rsust tie achored with asphalt spray or or slot its sod of g The comnpared non-ridhed in semiarid or of drain.sc .jose ritiog Use 	 of hsdrlsecding is commson on trench must be wide enough 

ro o should bc used only on gentle slopes, should pro 
s cl, -il)is f both building sites oedraisage of carssive velad flo, at, Olen ill be dFsoloii-i 3) hlag.arid road basks. ro it. .f tire transpla nitand to provide sccd or 
l.utleasiscss toies ae rapidly accepting !oil cordi- corag. 'es ae cntlld y tirsiides. crop 


iss I., sli dhtie slo.pes (Dr Buod 19/ ), but colation. atid/or pua-i ciSopetiion (Youog 1973) splled as the sile conservation flea sure, the cuos

2
Rise (19756) is she sattie potbi.'!,iun, stated that The ultimate in row crop producstion ii tihe United tour rows should be laid out with precision and lunr- irtf. Bench terrs arelevel or slighl.
 

-

Sit- ( < l0 Tsilli.t) all protect roadbanks effcctive States is continuous nu-till corn culture Witl ths e deliberately Mainltained to avoid breakover. Co- shupsng steps or iltfilrts li.t itn across the slipe.I) g.inst erisiotn It Malaysia, Sirong Ycsh tols of residue on tailr fc Tits iras t ie is aitlt tdoch ,te ocntourcre aidd osrrspicho.(1,) f- ,d that turX-oil emlsionsi iiiott sprayed oi a as 	 o done.g aongocontourAS elfelsve aZ peers.stsent grass for water or d idging ae more effective 	 5ste p ro1SPlalfirted Il., "1In r~ ir fet iothaa contourig atone. tecedTsiressinscrucsrdb.1 grass, sr the say be if 
ISi.l' eiditle esposed soil surfaces reduced soil erosion control (Witsr us et al. 1973). Mlnimuri Several other aglonic ncenlods are used on rock watts The terraies niay be lesel, outisard 
h-t s 1j) 130 t 117 ,e rietI duting the monsoon sea- till.tge may rathter the cond- On) is basin listing or tied ridg. sli,1.1ed, or its555d sli 1 tie prefdrreoappioxitate closely gently Sloping larid 	 rl strueig 

1976), a technique that estab- for the higher rainfall arets sif the hlstid tropics.
Silt. lt+li(-a ted oil ousitteased sisil . Late s oil is a by- tis fsoud in several traditional tropical creoppin g (COstant isesco 	

priid i dt silt coi g dil cs are
di nit ar) Ishes a large number of s iall basins irta cultivated .enel e s es 

I ncorpor at iot of system s such as sh sfting cultvation and r
pi d s.t of the ru bber industry. 

glass sceds eompreitu) sedentary 	 field by creating small dass in Let- to jitilty vulture sliile outwardfAt. ,pui With the emulsion llage. 	 runuerous the pattiosiarly ststed 
shovel. s hijid e i t l s seea ppi lr sae cacrto se siarid regi ns 

losses in R ecen t data from B razil cur.;p ared conventiono ros w ith a yi g echa sis s or 
c ause a cd ucti un o f 9 3 percent in so il 

ttr successi corts cro01 w within the ill ohsi "stlypercolate , 5 Iithlos ri fall ies, . .wibded basiisalid no-till cultivatio oti Ce e se ta 
on two soils ( ieratti et al 1977) O n the Lau d l soil te soil eab e.itinp.o t-e, i id the untrated soil surface. 	 C ttino e rovided is er 

is titrar seie sssila t t cu r dgs. in ben h srearsnting t 5 pat tisul.r| Itu athi, fir euoonttteIsic i .tsial Control Methods 	 Roa sioil, erisimnial losses welre 20 lie i.et to-n bonding is anulher prgaCi. ilar to tie. rid11icag Sheng (Sheno arid Sroncit 1975) behoves ha, 

Alui. crtalt.i lin 	 ts-pat, larly those related to frot the no-till Illas the c.sssvesaional plot, on it that it S inttlesided to Ic boIh soil rid. aiid a ini5 steels sri s, d-n se l i ns , f'id shirt
an( t e s 

p i d z,I i zc diL in s ai si hi a t i t p lu ts , no - ill c u I trolld - .te r c e i s g . Us ed os y i t I i din b tds a e a e, h 	 sii ,l ,,,.i h - t u c se s ta ive o r b io lo g ic al i et ti d s o f 	 menlld.ciP. g ain ns cali Uor'srvig.edgm ssl ingIndiah.. 
ent iont ielso f le vel to lo g ad ie t si if t le e sds y a 0 i ng se e e osui- A I I yrra D o . srd a . 

6 3 p e rce n t o f so il 	I s.sc s co m p a red to con l id e ch an 

grai.i p iod stiin v.as similar 04 rned upward (I udsoti iol v975).K;att et Pa (19751el iilu atra .d ile efitiaiy of b n h terc i.i 1(o 1o. l,iisd s i itse d earlie r m a y n o t be effectiv e 
cver. a i 

st uhcir-o Alillo gh it is difficult to gcneralize tillie. The cort 

bei.g if- rai sings cs- i iioring iit sAei,- s)lie (25% i s
 

.l-oi ti shpe hitiois fur eg tatve control meth- smiller its the no-till th.,n Iire conventii al sysiei, I. (19781) criicized he use of hosd s as 
, - "-.I.iar d this case ). p la rodtitessn the r o ou r ls t 1 . 

bai r lo s (I - a t i er a l 19 7 7 ) I s N gria . al ( 97 &l iv e fo r e rosion an r sussiuf (O i rol a t 	 lted 
od s, - l e g ( 1t9 79 ) ha s state d tha t g rass 

ises "err nl 
dsuisg a soi loss of 124 Tsst/ha) as was the case in soybeans, a-,d attributed this to improved soil %,sic ent cast take place betveen cossceuti,,e boutds Tr- 3 fti ide hei h trrtases ussil a 2.5 peresnt in
oi 17 slIps i El Saladur were ineffective (pe- reported negligible stil losses from no- till culture (d 5ropics. Con siderable water and sedincnt Snove- Ts of soilita; siil l'ucrd to I Tre ha 

on 

a.oa.ain .1 0' slioiis. It is irportant to storage and infiltration. -col 	 or slope CS ,odrecognize 	 sing in iregular ard ictite a25 nim in

111ct~ liots th'at oeccss.a1e supplementary me-	 , sninsieh field. Also the buids are susceptible Engineeriiig sperfiCatins ate soered by S-tig
huai.ic.. curstisl measures are generally dictted by Contour Tillage and Ridging Performing till' S frequent bt: kovcr as excess water cosccnlrascs (Sietug anti Steiset 1975) assl ritrus sii f tee

Ptev.dhng slole asd landusc. The rctiaindeefof this operations aidfield. (aes This causes stiore racesrrsoteicesdnousig, aiihtuls e, they arce out 

Cthai,tfe -1l dcscritsc the so-called mechanical tech- slope) rather than up and dov.n slpe often resuhls us n th absnce o bon, mere rtan aedace11-lc o, tlhey armorious erosion thar in the absence of bonds. asiis s tllsiuls. A mteersionthan FaesrrcI)s, 
noiucs ol control. most of which originated in the reduced soil loss. The practice was proven most 0" The mechanical control practices discussed so far u slope of 30 (58 ) is the in, tsr al hAit fur 
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CROSS SECTIONAL VIEWS OF SIX MAJOR LAND TREATMENTS 
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Limits arc also placed onbench terracing for cultivation; in Jamaica it is 25..the length of the benches(J00 in in jaiaica for example; Sheng and Stennett 
1975); otherwise the velocity of runoff will be too 
handmade benchcs and 3.4 to 6.4 ingreat. Bench widths vary from 2.4 to furfor those5.2 mmade 

with machinery. 
lillsdr Ditchei. Hillside ditches are used to break 

a long slo e into a number of short Slopes SO that 
oesrtsoc thtnrunoff will be safcly drained without causing erosion 

tSheng and Stc,,iett 1975). The most uscft,' ,ditch is 
essentially a narrow reverse sloped bench. Ltly in-
terspaces between ditchics arc cropped. so that cun
touring, mnulching, or some other conscrvation 
treatmenthImustbothbeTaiwanappliedantito preventJamaica,soilpnaloss to theleditches. 

are successfully raised with this cultural system 

3aiin*$. Small round benches of approxi-
maicly ;.5 mi diameter are constructad for individ-

alpat uha aaa rctu.B hmevs 
these basins are sut enough to control erosion attd 
hillside dildies are also installcd, with cover cropsthis sort have ben ed ashe a wll for direct seeding oftsvf di rect eebains of 
forest tree... pcies on st."ee slolCs, llis is an impor-
tant conservation technique where land is dissected, 

soil depth varies fro~.t deep to shallow, or wherewhere rocks and stores are present in large quantity(Shicg and St ...... ,,1975). 
(Sroead-
attd 

Orchard T rractr. These are essentially bench ter-

constructed for fruit or food trees on steepslopes (25' to 300). An inclination distance of 6.1 in't reeommended for most orchard terraces and thespace between the benches should be kept in perma-

nent grass (Sheng and Stentsett 1975).,xAO

hAlive rlbl emnri Miniccinvertible terraces 
3.4 n wide bench terraces interspersed1.5 to 2.1 in basins. Fsmit withthe basins and vesvriales or food trees are grown inor yams on the lerratcs, 

wniihgrass or cover crops in between. This couserva
other terracelion practice provides flexibility than tieprocedurel, greater 
lure is desired, If more intensive agritihe slope call be co......ted solely to 

cich terraces. 
 If less anteisave agriculture is dsired, thcn all the terraces can be planted to fruit or 

food trees (Slieng and Stenneit 1975). 

1.1
 

Ilexoaonx. Thc "icx agor" methodl, designed forlarge or medriunm sized cotmmnercial orchards on slopint land, originated in Japan. As noted in Figure 33 
the hexagon is formed by a farm branch road that 
encloses the orchard. Opcration routeswheelcd tractors meet of fourthe farm branch road a! an 
obtuse angle. 

It order to design terraces in the field, many
farmers and conervationists in the United Sts 

ni..ttsfIand elsewhere use a terrace-spacing formula (SCS
1975a) unless local conditions dittate other dinen

sions (Fig. 35). The formula fur vertical spacing is: 

VI - XS + y (13) 
wh r VI- vertical interval in feet; X  a vari
able from 0.4 to 0.8 tha is dcpendnct on rainfall in

tclsti y . (The GolfStiates in the ULiitd States are assigned a value of 0,4. . hile drier states of thc north 
ccnral region, Nusthw 

c st, and West have a value of 

0.8); S 0. (Smli, wvith'below ave-ragefront |.Ui go)- land sloe in ftl/OU watecr infI; Y - a variable 
fr s t. (roisywit rovig ite 

cover hasve a value ofrates 1.0, sshilc 40s le deal,le is assigned 

For masiimum ltrizotital interval ts formula is: 

"I - (X S + Y' ) (14) 

where H-I - horizontal interval in icet; and the re

to terms are defined as
note that both formulas 13before. It is importantatd 14 require site

specific values that ate often not 
%etifiedbefore use.
with subsequetit over- or under-designing o! terraces.
 
The universal soil 
loss equation lends itself to 

S 

-- ,:; ,o q,
tul-

Fi - S.1 i 1... kli - - p 
1.. '..... t111-4,Li 32) 



evaluatinr 0he horizontal interval ora terrace if the 
1. and S fi tori are available. 

15). 1.se' 

-0.76 0 .


0.76 * 0.53%+0.0(6sditches, 

%,here s - land slope in percent. and SL -
E/KRCP. where L - allowable soil loss in 
tuns/.- .:.yr, asid K, R. C, anti P are ccfincd as in 
chapter 4. 

Ilossr,,cr. this formula is not widely used outside 
the United States because quantitative values for the 
factors of the e|uation are riot generally available. A 
rrport ofa recent application in cast Africa was pro-
vidcd by I lurni (0981). 

-t'all 
Although the various contouring and terracing 

tc-hrirlucs already described arc used to reduce the 
.chl.vity of flow and thus the scouring effect of ot-
oiff. csccss watcr must be disposed of in de nitc 
sthmrls. tsrart Wcially constirucrted r'atrrways (Fig. 

36) Sic.r ilfi atisns arid design criteria are provided 
in the Ergincerittg Field lanual (SCS 1 r),

9 7 5 

Hudson (1975), Beaslcy (1972), and other agricul-
tural engineering boks- Watcrways take many dif-
fescnt forms, sorrr 

- •1.,St,,'*..,.r ..' . 1'-. 

of which arc explained below, 

";. i., .".available 

-: ' r 
.4u3/see 

/ rc/ov o9 / ' . 
;i o . ,J . . 

Disrsio,.. A diversion is in individually designed 
graded channel wish srtiorting ridge on the lo,c 

anti is c.rr rttctd ac.os slope (SCS 1975.)
Variously called storm water drains, diversion 

or diversion terraces (hudson 1971). they
ari the first line of defense for protection of the cualr-
vated area where there is danger from'cxtrancou 
runo/T from pastures or timbcsland above the cult. 
vated Lnd (Constantincsco 1976). 

The major uses frir diversions arc to reroute water 
around gully heads, to protect lower terraces b)" 
diverting water frotn the upper terraces, to break up 
water conctentrations on lotg getrle slopes, to Ft-
duce he length of slopes in cunjutction witlt othei 
conser 'attun measures, to collect water for water 
harvesting systems, and so ott. Cross sections of 
dis-ersiuns may be either parabolic, trapezoidal, or 
V-shaped. The susccess or failuc of a properly dc. 
sigred or constructed div' rsion is dependent on thr 
outlet and on proper rsaintenattcc. Repair of darn-
aged grassy areas in the sod and elimination of 
weets arc esscolial. 

Chanrnel7Trars.These chatels are locatrd acros 
the slope so as to further istcr upt the flow of watrr 
across tre cropland..\ccording to Iludsun (1971) 
they are tcrrcd rilgcs or bulds in Crtmsrtonwealth 

courntries. They may be sliglily graded or, in stsn.
 
arid areas, 
Istilt pfctly (n the contr to absotb 

or water. Generally their shape is trapeV-shaped in cross--.ction. For moss soils, wateroidal 

flow vchscity in the chanel shoul trot exceed 061if te csannel is cultivatd; 1.1 iser if n0 

cultivated (Bcaslcy 1972). Broad-bascd terracs 

fbroad-based conrour ridges) up to 15 or wide, in ros. crops can be grown, are found in Zim-
bab,,,,e and South Africa. lTre narrow-based contour 

i arc often i--,4tobacco fields in Africa (Iludson 1971).i .,qtshaping 

'I°"s' ,'/ ridges with stccp-sildcd banks arc sll to 4 si wide andj J cannot be crossed by iractors; theyj~on 
-' '---//-

.s:~ 
/ $EC 1rov 

f 

J J 

F.S.- 26. M.)., . 

.T :rov 
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r ll'raisor. Grassed waterways are n-tert.ay.. 
siucrcd 'aterways shaped to desired dimensiont 

d' fur safedisposal ofrunrfffronardvegea a field.diversion, terrace, or other structure (SCS 1975) 
trtrtl~enuseri as an rrthr- ftr si rt s they are often 
called "terrace urstles" (Ilrtdely 1972). 

Grassedh w;tcrways shoul Ir. cutstructl its ad' 
vancc of orher cLhancls hIsatdivcharge into shlrm. 
il,'-oz arcThree shapes (par"ArliC, traliczsidal, V-shaped) 
used but (Ire parabolic crosi-sction is most satisfac' 

lory. Tire location of the grassed waterway should 
conform to the flow pattern of the area and ideally 

may le l,,att:d in a naturally vcgctatcd sraw. Or-
tentiencs gullies may be shaped into grascd water-
ways with hulldhzr- work followed by the plAnting 
of gras:. Generally the flow velocity in the channel 
will vary from 0.91 to 2.13 m/.:c depending on the 
soil type and vegetation present. In India it has hecn 
rcconnlrnded (Shankarnarayan and Magoon 1974) 
that ()nodon ptrcloil.yur, Unoisioa ssrcsasvhss, 

rhant.i numannufation, and Cyodon dacrflon may be 
used in ..-- vays. Further to the north in Nepal it 
was found that thin Napier grass (Pnniterum poly
tr4(yn) had a greater basal area coverage, had a 

higher )ield, and retained more silt than two other 
grasses tested ffle waterway stabilization (Sachdcvc 
ccal. 1976). 

The selection of grasses fcr plantintg in watervays 
must le ,radc with view of ilir adaptability so i.rc-
vailing soils ind the rcgi. ir's environmental cendi-
tions. Mainentarce requires that damage to tlte srd 
be repaicl qstik ly atrl a tinsc grass swar1 rust Ise 
nrmintaitt-d by occasinnal frtili.atits if s t stry. 
The waterway rl:initcly should tnot Ire use'd as a 
footpatr for anirsals or humans and care must bc 
taken to prevent damage io the sod when mosving 
noachitery across it (Consanrsinesco 1976). 

Snrlurt 

The installation of rncchassical structures for erolion corrtiol slhtuld be considered a last rcort. They 

arc difficult and often expensive to construct as.d tc-marrd expertise in desigr. As pointed our by llud-

son (1975) "'Everytlhing is against their being suc-

cessful. They wrillbe built in adverse cuoditions, ir 
poor ustable soils, ir remrote inaccessible areas 

-iere rnaint:rance sill be poor, and then they till 

be cxpcircd to wit hstand the onslaught of torrential 

floods asd to last forever." lfnsc,-cr, %,herescgcta-
tive measurrcs alrne or in coutbisation ih lc l.rd-


irethoirt already described %ill not 
handle 

the water coo..r.. rations involved, structures.ta;

be usesi if cconosscal A structure is slcfined as a 

desigter) device, constructed or ssasrr f.iatic,l t
is used in soil ard arerr cons'rvation so trtart, 
rrgriatr, or sn lrrl water flosw (SCS 19i5a) 1 It-y 
are used sptcilic.lly fil :--:-dc atd gully rsrrnl.sr 
water siri t, rcvairr Irictliurn (Ilod l ri t)..sr.i.tedilie slssr.,g , st;rfatc-,,vale: ishless. waier-le-I 
Control, irsigatirn, drainage, and sltnrclrs¢ ant 
ttr:abassk protection, 

The Soil Conservation Serti e (19754) states chat 
many structures are composed of the fol'rwing cons

poncns: 
an earthernl:nksscnt 1s- ,- 5oater.,(is r h 

the spill-ay; 
a spill.ay inlet that is a box, a ,.eir (dan) in a 

wall, or aculs-ers; 
a spill,,ay conduit that is an enl,,sed box. pipe, 

or open channel; 
arod a spillway outlet that . ais apron with or 

without an energy dissip tor tr a canctscvccd 
outlet. 

Eartl Ernbanlr nt Thce arc tss,-d ftr floods. iri
gaiot sescrvoirs, anti grade stahili ariott situ(t ures. 
As the basis for a silt-trap d.tm. ssrrIt enlsatAkments 
h.ave %-idlcspreraduse to rctlirc the sc,litnnt Ina.] of 
downiicaa.- s'aer supplics. i",,rex.irr~c. usban tIc
vcloprncm often sl-'qulics an rrrtrarktnrnt during 
construction,. fur collecting sedhiment front the site. 

Obviously prcliminary 'urrs" v,tsrk is nreslhsl so 
hu il a fuos tional ,inl, rts-.t 'I lIc rtssrc csf she 
soil As wrtll as r rairs gslgr.il d.a n. .t Ile 
gadtlcrl. if an isrtrlrundsrrg ,tstrt iosrslediesI (lr 
example, sorils cosupt.ed hus,-I) ssf sItsik-s'.-Ill 
clays might Ire uotifal,e ) 1 Ih,-l. --of of IV., Ls 
of pcrnrc;thlc rmaterials. an ercrnr- (,sr. litg Its-a 

t ules ti tasaii, is ncc.-sss.ry It Cs t,5rrsctirr intrfor-

Sprllar i, ltr. ,tntdit, anI owleir WVoter ir

pourded by an ertlsankt-rr crsir tsr ilirstythrough a box. a s, ir in a all. tsr a s ,'l-it-sp¢ 

entrance. In certai,, struturres a stsnrltr Iotte or
 
rcclangular thantnl) carris 
 %%.tire rrss:hr tl,,. 
s.ucur.. At the atrler. s.sfcrls I .....sl u ,.5r is..cc

s "i atill hi (tade 

apron of the ssructr) or -5 ra cr alj )larrIhssis ks
 
which scrs c as eneirg) dts ilrattt


Figure 37 illustss.trs sr-set al fintmif strrs se str

trivial structurcs Chs st.r1. b. umsl: lit,,-,sa .a gr.',,
 
nublter rf dr-signs Iat- bret... pI-l,,sel ( )h I isly
aun (if the ftstrgtgrni r tsrtltll 1 Ih .1l,,lt 1 Ihr 

hr rslmsulins a kn l-l-ahh, engiccr Is g
ore 38 gis- a gerr sirrulr f-Ihglj s las slltthItr. 
nssre Irt re-jtiired silts.5) p,r 

Vtr i...s. o ris) Ir I"..I ii.s r.., rrs-rdI 
Icoi.sls(I t h- . sk sis llIh,t ,,% I- ssi-o1wvssi sarin a golly A Irk -fill ,I.t. (1 tw 1) ri.lrtr'-I h)y 

wise s'lling is srt-r prvlI ,tiryAtsls"0s t.r1- - tl 
wite tnrting serttresl by p,,t 1 1 slt,4,,r sls.,w 0s 
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.- -placed on the upstreasn side of the netting, which 
slows ru"-.ffahid irls Lp d ortres linht 

haiidsinlrmiimoool 0a)in(ig hih lrcuucles 
4 ~~~~~~ tighltly pack~ed toehrltrznal n eue~are 

"5'-- :... ., 	 / t '\ may be conut ctsdwith two rows of vertical postso 


into they ,hannel 
e e 40b). if there is considerable ho the 

1 	 ~ d/ivken floor and logs packed in be-
(Fig.s"n 

r have notch,I f 	 d 113 shlruld a rc ang lar whiu h it |) 
bewide enough to pass the full flood of water, with-
oultrcstrictott, 0irndrwise scourin of tire batiks will 
takerlarz. inallytritv tnor lricki tylivo d ;%mril-d nt 

- ULMit0 lirrild A~writ. SIESit arcih J tuLture latks i 

STreep holes, it laics tensile sitciilk and should be 

L. lutiresed. loore coniplic discussions of thesei ten-
ktra ry structures tiay lie found in l Iudsun (1971)
qrsadWcitlcet (1975). 

Cully Cuontroul and Stab ilizing Slopes 

?i..ki.d. .1.paI.a.y. A. T.. d,.p *piI..,.; B. A -. iin.iiimt d,ip m~~pI~~C. A ilr.piI1 ISCS Huldsont (l97l) said "lit grill y eror rol a baig of fertil-
t575'i ~ucr is ni0c c licct se: titan a barg of ceitett." I lur-

e , it is t~ always pissible to ch~eck dcitsc ttaing 
tandhead cunting, thle mnain suinojrccsscs (if gctllj 
fornitain-- by vegetative itreaurics alirte. 'reniativc-
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. y
accept the classification ofSieng andt Sienit 
(1975)hpsireamilthiat n gullics are less ;o tiri0 9 in duoT 
niciiun gullies arce 0.9 to 4 6 in deep. aiil Lumge: 
gullies are over 4.6 mndeep. The 11111r4V procedure of 

gullies (Constantinesco 1976). N rally, oos.e cf

fort is required fur lai ger gullies.
 
a di id ruGenerally iuh
 

the eiad of tiMe ully is a irt sli ;o i I...lit i runo 
( lcrtet 1939; Curtstattineicsco 1976). 1 lie is visionr 
nrirally is located abrce -fie gly lca i.at a titi

int thei.l k Ai 
. I lie disc, sir. is 01 45 to 0I 91) 1111 r WOIin 

t ine 7f7 4 in .lmIh tpirry hlke 

(USDl)A 1973). A gene ral rule of thu ni tit Indlia is 

that ats ly with a w trwa sliic t)ri nto pc incy 
and a srjictl draina~ge at ra cart lit- tntein lii toy icc ii 

.r!.c slopes atd vchg1a7g tire gill (Sii.h lt1974). 
Alt utte hithailjerts is rc g i a 

godly. rr.ri-.ri sirtcuitcs irray liv ai.iit) r r 

stabilirnIg hiead cuts of lagi gitilies ant ir.rcis 
(HIecti 1977). it tire Phrilipp ines the ic i ao-yir lii usit 

dos-er. riprap itricrplanei r ith cninigs, ptine scnour
lureS, solid cu Of turu loilt. iiO turisiFUMC 
grass sods (Wotrltc 1975). Althourcght ttiniran y 
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infihtraiior, and isrrvinsing surf., c water accusnula. 
lions. True control is then accomplislhed by revcgc.

'ftaing the prublcls. site and proper management 
theicafse(Siocking 1976).G asscd i alcrw a .sm ay liect risituried from ex -
ising gu fli-sif the necessary miachin ry is available. 
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T.,o
utfuctures are not recommended in the United 

S m.all a nd m e d iu n..size d g uli e my Ie e sh a p ed 

with a bulldozer. The channel cross-section should 
e broa and f a ftn,ler She proper forin isachieved . should bc sccdrd with nati e grasses. 

Usually the soil in iie L.-dof a rcwrksird gully is 
poor so that ofiecnimcs sacks (jutC paper, etc.)o(good soil arl~aid in...ov i n.'lipsi thefoor of 
the channel. Then th bags arc slit .,nd the grassscedling. arcplanted ihrous h the slit. This reduces 
bcforc the grass is cstalhshcd (Iludsun 1975). T he 

dcpth of fluW should be 0.15 to 0.15 m to keep theflow vCl0sty betreen 0.91 and I 82 m/second. Thegradient should int exceed Ill percent (10 m drp/ 
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Sitacs (USDA 1973). in the labor intensive societies 100 rn lenghi). Ponds mnaybielocated at tbeends of 
ofo an y deve l o pin g c ou n trie s s u c h s ruc u rs s cein f leg r a s s ed w at rw y s th a ts r, ca s w a ie."-S to r ag i:quitejustified. ,Mostfavored plants for gully control areas for livestock, rlshs fIlalning. or recreationa:c those of great dcisity. low height. With suffi- (USI)A 1973) 

.icntly it notlig vCcialivc potlliuiis to rculain erect As one exaplle illtile irt)os. ie i-ost-tal prin.under inteinse rainfall inipact or overland flute, and cipl s as stated abou c havc b es used ti retniva e theih deep dcnscroot systetis (lercdc1977). Tall spectacular lacaks its,'-ariouiplacr. on Nladtagicar.grasses arc not generally reconctdcd for gully sta- Diversion ditlhcs were providcd [ale tl'Ilat.kabilization as tley lie f;. under flu inipac and may ;;:-d and the slopcs nfhi walls %rc rlduccll topic
substantially increase flow vrlocitics. 

sa collapse. This Ws full.,cd by inst..lling logIthas bees concluded that affurestaiion alunt will fascisses, stone gabi-,, or hulaisg pIdni dckcs inb reclait gullies in western arid Lcentsal India The position wish wire netsing; r'rgetlatling.ithpohles nust be solved ott the individual water- grasses, such as elephltSigrass, bushes (.thsmila) ord.shs where peripheral bunds arid drop structures at (rees(Eral)pus spp ). and waisin t"hebac level by 
gullyheads can arrest gully progrcs7. Ilithe eastern means ofdikes across te outlei (I.e ,ourdicc 1972).soil regio of India earthen cheek dasis arclic-Ing used. Paddy benches arc dc,.chlcd bclow :hecfl ra3edams (R)s 197?). Only poruus chck dais Consol in Lisnbering and Land C earisgoI se w ith "w e ep h o le s" ) ar c r cc o sn ic i dl d f o r l. l sg O pea s )ml.c au se I sn,ij i r r i ,ioj nal

used.~ ~ ~ ~ ~ _gnPaolpenherrede-loedblots~s"d lAnds and elsewhere in he United Stair" as proIulcitis, CSlI..cally in the hun tid m ipir wlietIey rccluis less ailshrein ian tile nonporous there is atc clr.,tI lulilIrisog arts i),and IIcril-S pqPs.Orilcntiles loosc-rock chtk dams (Fig. 39) fall is i1.11islat l ag1., it. "lsIr lfing ils.lfUribe CO liStsuci d fi nm availab le SIock ils thea Ca ca iiSs o l[) ii lluin , 
d

n.l diliils l ni. ei. ra storsling luck ;ilnil or -ists wirc icshl, ga i )ls. (t-ic- .. iJ tsraili (sliq tral k) -. l l'i q i t ,Il% arc nlfiiUrg.and bo ott (I Iccde 1977). vulnerale 50 crt,ilini .Sitlirs fitniiluern Q-ect-Use of flxaillc stonc-fillcl boltcrs has bccn rcc- land indicate that in grltip s-h'ctiisn irarfue hllgu.ing
wills.cdcd fur trappinisg sits and rcclaisiing gusllies in a rainif.rest. 18-21 perircnt of the area is covcred 
,n Zinlhabtwe (Slucking 1976). Inscisivc scslisdus of

1 
wish skidilails, nf usticlI70 pcitcut ate harceSlil

"'O'cetiing existing uintcls in Australia involve (Gilimour 1977) To k,-rps.l lssh t a miimurn
ce'll lchaclanti vegctative aiclhods. Initi.,lly, cost- ilo ur piroluised te f.'lll.%.ii gi i lit-s;
'Ourzpluwving or ripping is crnploycd,with tieIrc- I. K clsall ra.ds. skidtrails, and I .g -a ,jSas far 

purpose of breaking up crusts. aiding water f[ollstreams as/,s IIc. 

;4_ 



2 Use a l.gssii arch in tractor skidding rather leIge; of sword plant (Sanjneias giuinernjrsl and Gradient 

.srii..ging tile lugs. Ceylon bowstring hemrp (S. Zfylarrcra) were recoinma. 
3 Krep the grades for roads and trails as low as mended forplanting on contour as sediment trap.. 

i.rlssui adequate drainage ofroads and trails.. .. (Ersqeon ,intcwonum) and I'digifcra ende.aphjlla.'". 

5 Pa,.i e uphill logg rg wherever possible. advocated for bank stabiliz stion. ylla w 

ft UL'.in, LugttIrsos of lugging, before tile rairly Another problem of irregurlar occurrence in aso*R 
...... inslCttpotential probl. .areas on ciation with logging or clearing is ladslides or malt 
rr,.di. .,nd sced or hydromulch where neses- wasting. This is the domoinant f/oami of soil loss on A 
s..ry, stCCls-slopedwatersheds wl-cue Ihlow slides (debris Cro.. Gectlon ronL . 

V. 5... ll- suggsctions made by Nfcgahan (1977) avalancls) arc russ likely tu be initiated b)" Inggint 
ftr hn.-t r ad tutistrumnuon in likeUnited Snatrs are or destruction of forest cover. Roads cause slides 
al., pplunLCl tL tle trpics. Suds obvious but ftic- more frequently titanthe actual timnber harvest al. 
niurtt:." ir-urrd suggscions as keeping lngging though clearcuting reduces slope strength mot 
to,,fi as n.rtu as possiblc. locating roads away than any other logging system. Clearcuning is not 
hnt I cruisin la:ard sites, and taking advan- rccommcndcd in steep terrain (Ilaitingcr 19;6. 
i.,n",.I ilfr~;lips. tatural beches, and lower gr.tdi- Ricc 1977). Similarly the cffrrt of fires on slopes is 
riitifirltai.,,groads e.xemplify the rcLomtncnJ.- Ile long term is to increase the risk of slides (Rite C 

tuort Mck",.,harinae 1977). 
A tutl.ir of suggtstiutns made fur land clearing Torrent flow is another feature of forests -hat can 

i. su.nan. (Vat d'r n\'crt 1974) should apply c.use severe prnblets, csp,-iallyt) forest roads.front ve, 
n.tr n rn ly tl tthout ritetropics. Fr xample R oads built parallel to tile channel ufa torrcim , or .

il c is generally an trvcrsc logarithmic relAtionship road cutting across such a channel, may be severrl. 
beit.ec r the force ncCssary fur compaction and soil damaged. In the first itstance bank erosion is nit B th*51' 

% .tle n.,til.. Since cuonpal-ionl reduces infiltration main threat to the road; in tlte second. tile culven. 
,.I%saicg. all clearing and 'vindruowing should be bridge. or paved ford may be damasged, esleciallv 
d.ttr durng t.e dry season. and burning shutld debris blockage occurs (llattingct 1976). Protecrios 
pi.tedl ntt..h ng. To Lcp the number of pas- ofclantcl banks is recon enenldby riprap (rocs). 
sgres ut -11Cll A' low as possible. distancs be- sills and check d&ms forchatnel-bed and bank pro
t.cii .. Itors shuld be twice tite future plant tection; groyncs so divert llowing water; and lin 
iti, islntar,ce rather titan :;e 40 so 50 meter ditches. check dams, and Ile liL for flood dir

sia.,ig n.rtrnlly used. V'an de, \Vcert suggested charge. To protect bridges, ctlvcrrs, or fords -
I.atA hrnlld,,zCr -tilt a K. C. Stinsr blade for cut- against bcd erosion and against blocking, sills and r 1 

rig d. s trees sLould be used rather than a bull- check dams arc used (ldittinger 1976). " -

: f rIUIe. as tLc lattcr causes considerable soil For staiilizing slopes and road cuts it dcvclopio" 
hlustt...:- wiern uprooting she trees. Finally, countries, retaining walls of ripr.,p (rocks) arecorns 
stniI, neatin g should be carried out only when mooly used. Incriplanirg of the iiprap witlh vege" •. .. 
111111,1sgL .,d)i rle access to the area. rion may be employed as well (Wcidelh 19751 

Itt.. ilAts.g uf treak in Trinrdad (bcll 1973) has Whcrc stronger structurcs arc needed, gabions an 
.. 

rc.l-
.1 set . .t. td oscs C tjitrol rncasures recum -

jat t'.up planlting of teak with shirub 
used as tle bo itumof a slope. tlhcscare prcabiel 
ed, heavy, gal-vanized wire baskets filled with roti 

it- . Ul"Filrr¢ l., U).. .1 
(t-0Ldd, IS;J) 

.eriIr~c E.rural~li i~ rtlr. "/JA. Icr.4i.i~ yllt"A. L-o barsi; 
, 

C C.. 
C... 

gs,.r, ct.,1,llhsl.cd bctsrn groups; use of unplant- %Vcjdcli (1975) stresses that rte first litre Ofgabios 
cd still,s by gasdcrcrs fur one year fLlluwcd by cs- should always be intdined t-ard rIthslIpe. An its 
ii. lirit of shrub growth; and control of burn- gcnious, and at tlse same litleecrnortiical, use CM. 
itg B.Ai " en .cntso far as to suggest elimination be made of worn-out atiurnobil- riftsto consUr' 

t 

ol i,-k , h.,,rebcras a wood crop in Trinidad if all rcetaining walls or so place thrtn flat on the SID I1 

else IA, (Fig. 41). hVterepossible. vc;cianitn is inierplatrd 
I ,,s.. orntrol on tea cstaicsin S,'iLanka in the inncer circle of soil dcfincd by tile tire (Wei 

(I ccir-Snirth 19311) was advocated as a cornbina- 1975). 
i , of mrcrLni. .d arld vegceative procedures. 
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1.2.1. INTRODUCTION 
Ever-increasing demand for rood production has intensified the quest for moreproduction per unit area of land under arableand for an increase in the area 

cultivation. Some regions of the hunnd tropics, Latin America and some 
parts ofWest and Central Africa. constitute the last great frontier 'Ahere the opportunitystill exists for bringing more land under arable cultivation. In other densely pop.ulatcd areas, efforts have to bi made to increase the production pi;r unit area. Therole or management of soil physical properties for increasing production per unitarea cannot be overemphasized. The development of stable and viable systems ofsoil management for tropical regions with harsh climatic environments must bebased on a thorough understanding or the soil physical condituons. if they are to 
be successful. 

The research information on physical characteristics of the soils of trcpical
regions in relaticn to their nianageitnt is far behind our kno%%lcdge of soilchemical and pedological charactcristics. Lack of adequatcl:, trained personnel is one or the reasons; another is the failure on the part of decision-makcrs and
planners to recognize 
 the importance of soil phi sical charactcrist,cs in main.
taining productivity of tropical soils.

An attempt is made in 'iis chapter to review the present state of knoledgc ofthe physical characteristics Of soils of various tropical regions. The objective is to
discuss the presently available information in terms of dcselopin sUtahle soi!management systems for sustained productivity. One f the ditlicullics in comparing the results obtained by various researchers is the lack of uniformity in the
techniques adopted to characterize soil physical properties. An appraisal ofvarious methods of soil analysis to develop uniform methodology will help reduce
the time ard effort required to obtain this vital information. 



Soil Physical Properties 

1.22. SOIL TEXTURE 

Texture refers to the relativc proportion ol primary particles of sand. silt and clay. 

and other skeletal macrial in the soil body. Due to intense rainfall, soils or the 

humid tropics have been subject to a process of cluviation involving downward 

movement of clay and other suspended colloids. As a result the Surface horizons 

of these highly leached soils can be olcoarse texture, conlaining little clay and silt. 

The 'clay bulge' in the subsoil horizon of many soils in the tropics is partly at-

tributed to illuviation and flocculation of suspended colloids in this horizon, 

Sinyth and Montgomery (1962) and Ashaye (1969) in western Nigeria. Ahn 

(1968) in Ghana. and Sys (1972) and D'Ifoore (1968) in Central Africa have all 

observed the texture of tlte surface horizon of soils tn the wet tropics to be 

dominantly sandy loam to loamy sand. 
Silt:clay ratio is an important criterion for classification of soils in the tropics 

(Van Wambeke. 1962) and for evaluating phenomena such as clay migration. 

stage of weathering, and age of parentmaterial (Ashayc. 1969). lie soils of the 
West African region, particularly those derived from the basement complex rocks. 

have low silt contents. Low silt content, clay migration due to excessive leachitg. 

and the changes in silt:clay ratio with depth in soil profile arc common feature!. of 

soils developed on basement complex rocks (Ashaye, 1969; Lal. 1979). In 

general. silt:clay ratio is higher in tilte surface horizons and declines to a constant 

value at about a metre below the surface (Lat, 1979). 

Some upland soils of the West African region arc also characterized by a well-

defined gravelly horizon at dilferettt depths (Collinct, 1969; Levcque, 1969; 

Riquier, 1969; Segalen, 1969; Smyth and Montgomery, 1962). Similar soils have 

been reported in the tropics of Latin America (Alexander, 1955; 1973; San-

tamaria. 1965;Thot, -, 1974) and South East Asia (Panabokkc and Quirk. 1957; 

Panton. 1954). These gravel horizons are often compacted and rigid because of 

the clay matrix, and can cause a mechanical impedance to the root development 

of various arable crops (Babalola and Lal. 1977a.b). In addition, variations in 

gravel concentration and size and depth and thickness of the gravel horizon arc 

important reasons for soil variability. The predominance of savanna in regions 

once covered with lush green tropical forest is also attributed to low water 

availability and poor root penetration. resulting in lack of forest cejivcnatioi in 

these gravelly soils. Sonic savanna soils in Venezuela are Lharacterized by an 

abrupt gravelly 02t horizon at 15-30 cnt depth (Comcrnia. 196). 

One theory attributes tie development of this well -delined gravel horizon to the 

intense activity of earthworms and termites. In the savanna region of West and 

Central Africa, termite inounds both ab.uidoncd and acuve may coislitute tip ito 

20 per cent of the Iand surface. Termite activity can inlucnce the texture of the 

surface horizon by bringing subsoiil material to the surface (e.g. P1crez.lscolar mid 

Lugo-Lopez. 1968). Termite activity produces stone-free topsoil aitd concentrates 

coarse material and gravel in the subsoil. In addition, other soil physical 
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are also 
influenced. Termi:e activity can also influence both the paticrn of nutrient dis

tribution and mincral soil horizons (Watson, 1962). 

The natural texture (feel) of many tropical soils can be considerably different 

from that indicated by their particle sizecdistribution. This is attributed to the for

mation of stable microaggrcgatcs of silt and sand size from clay by the action of 

iron and aluninium oxides (Dc Vlccschauwer et at., 1979) and other agents such 

as organic matter content (Perez-Escolar and Lugo-Lopcz. 1968). This subject is 

length by Ahn 2.3 of this book. The method of 

characteristics su .h as bulk deisity, infilhration rate, and root penetration 

discussed at some in Chapter 

mechanical analysis of soil must therefore -lke into consideration the possible 

presence of unusually stable sand- and silt si'ed aggregates. The soil must Oe 

thorougly dispersed, by adequate chemical and mechanical means. before sub

jecting it to a routine analytical procedure. Th. primary particles of sand size 

should be subdivided at least into coarse and fine sand. if not into atl the size frac

tions proposed in the USDA system of textural classification. 

1.2.3. STRUCTURE 

The conventional definition of soil structure as the arrangement of primary par

ticles into aggregates' is perhaps not broad enough to incorporate all attributes of 

this important physical characteristic that plays a dominant role in the manage

nsent of soils in the tropics. Dihlirentt coticcpts of soil structure, its management 

and methods of determination, are explained in Chapters 2.1 and 2.2 by 

Greenland and Quirk. It must b= realized, however, that soil structure and its 

stability govern soil-water relationships, aeration, crusting, infiltration. 

permeability, runoff. interflow, root penetration, leaching losses of pl nt nuricnts. 

and, therefore, the productive potcn:tal of a snil. Whereas soil tcxture cannot be 

changed, at least over a short period of time, by any economical neans, successful 

management of soils in the tropics as elseskhere depends on thc management of 

soil structure. Soil structure is thcrriore an imoortant but vag~cly defined proper

ty. From the point of view of soil nianagcnicnt. soil structure may be regarded as 

'tire property of a soil that regulates a cominuous array of various sizes of inter

connected pores, and their stability and durability. governs retention and mosc 

mnent of water, regulates gaseous diffusion from and into the atmosphere, and con

trols root prolifcration and developmeitt. It is a complex phenomenon indeed. Soil 

structure, thcrcfore, both directly and indircct), promotes or controls phienotmena 

such as wind and water crosion, waterlogging and aeration. drought stress. 

!caching losses of plant nutricnts. soil temperature. traflicadily of farmi 

achinery. root pcnctration and devJoimeiit, and crop icid. Ccriaill) thei:c are 

diverse opinionts on the subject, and there is ito single method tf determination 

that can evaluate this complex soil property. 
Structural behaviours of soils of different tropical regions hase hcn in. 

vestigated by many researchers. Ilowcvcr. the techiques adopted depend on the 
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objectives. Whereas stability of structural aggregates to raindrop impact and 0 pro Pncew 
maintenance of pore space continuity arc important criteria for soils prone to er0- - Selono 
sion by water, air:water permeability ratio and oxygen diffusion rate arc suitable 4_4 8,och,oa 

assessment methods for soils subject to waterlogging. An assessment of slaking Me, s460 u 

and incipient failure is important for soils susceptible to crust formation, whcrcas 440t ---- ceMlose... 

shear strength and resistance to a simulated root (penelrometer) may b4 -- P, ,Ine

monitored to evaluate the physical strength of the soil.The most important •-

criterion, however, that relates to all aspects listed above, is the pore size distribu- o-- Control 
lion and its stability. 300 

Various methods employed for structural evaluation are ditcussed below: 360

(i) Rainfall acceptance 340 -" 

Soil erosion by water being a major problem in the tropics, rainfall acceptability 320 "
 
has been considered an important test of soil structure. The ability o,.a soil stir- 7i' 3
 
face to acccpt a continuous heavy rainfall is a critical factor in the prevention of E 300 "
 
accelerated erosion of noils in the tropics. Earlier work on rainfall acceptance was 280 
done in East Africa by Pereira (1 955; 1956) and ,.ose (1960; 1962). Pereira (1955) 6oo 
 .
 
defined rainfall acceptance as the proportion of the simulated rain transmilted from 240 "
 
the surface into the subsurface horizons. Infiltrability of the soil surface is rclated to T , , 

the stability of aggregates to raindrop impact and to the resistance to the shearing g ZZ - "
 
force ofrunning water. Pereira and his colleagucs(Percira, 1941; 1955:1956;Pereira o A '- 200 
and Beckley. 1953; Pereira and Jones. 1954a,b; Pereira ela/.,1954; 1958; 1964; U ISO[ -- -
1967; Pereira and Hoscgood, 1964) used this criterion to evaluate soil structure und.:r 

different management systems. For example, Pereira et at. (1967) reported that con- rEo - -
tinous cultivation with ploughing aid harrowing decreased the rainfall acceptance 0 -A 
from 94 per cent in the first year to 75 per cent in the fourth year afcr initiatingcultiva- 120- /
 
tion of arable crops. Similarly, the rainfall acceptance ofrlcan weeded plots was only too
80 percent ofthat ofthe un weeded plots (Percira eal..1964). Fallowintg with grasses too 4 .
 
and leguminous cover crops improved the rainfall acceptance compared with soils so
 
under arable crops (Pereira etal..1954). Fallowing %ith elephant grass (Pen- 60 
niseturn sp.) and Paspidutn improved rainfall acceptance more than falidwin,7 un- r ,
der legumes such as Pueraria (Table 1.2). Similar results from West Africa have 40
 
been reported by Lai elal. (1978) (Figure 1.1). The maxinum infiltration rate was 20
 

Table 1.2. Effect of grasses and leguminous fallow on rainfall acceplance: adapted from 10 20 30 40 50 60 70 60 90 50O O0120 It0 0iS 160 1;0 

Pereira et al. (1954) twe I i 
Figure 1.1 Infiltration into Egbeda soil atter growth or diffcnm ,cgctaise 

Infitration rate Percolarion rate fallows 
Fallow crop (cin/hr) (cni/hlrl 

observed under Brachiurio.a grass, although Gicine. Silot nthcs. and Pucraria
Grasses 10.8 37.3 have the additional advan:agc of contributing tosxards soil ni.rogen. and an arable 
Legumes 9.9 26.9 
Arable crops 9.0 24.1 crop can be easily planted through them by *sod seeding'. In :ocssal savanna soils 
LSD (0.05) 2.6 10.9 of northern Nigeria. Wilkinson (1975) observed a significant improsemcnt in the 

infiltration rate after six years of grass fallow. |lowcvcr.most of the benefits of am
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provcment of the infiltration rate with fallow disappcarcd with the first moldboard 
ploughing prior to establishing arable crops. The maintenance of soil structure, by 
a grass or leguminous fallow, should be an important criterion in developing 
suitable tillage systems.

Dagg and Macartney (1968) adopted a different approach to moisture conscr-
vation. R3ther than improving rainfall acceptance, they developed a tillage system 
that prolonged the time for water to infiltrate into the soil. Water retention in the
surface was improved by a system of 'tied ridges'. This system did not prove 
economics! and effective in sandy soils of northern Nigeria (Kowal, 1968; 1969) 
in spite of the authors' limited sucess in water conservation reported in earlier in-
vestigations (Lawes, 1962). 

(ij) Aggregatestability 

Rainfall acceptance is related to aggregate stability, and has been used by various
researchers to evaluate soil structure. Stability of soil aggregates is determined by 
a process of sieving in water with and without pic;ious treatment. In East Africa, 
wet sieving without treatment was used by Martin (1944a,b), Pereira (Pcreira and 
Jones, 1954b), and Rose (1962). Percira and Jones (1954b) reported that water-
stable aggregates greater than 0.5 mm were 2 9, 3.8. and 31.2 per cent of the 
total soil volume in clean weeded, slash weeded, and unweeded soil. Structural
stability declined with cultivation. Cultivation produced massive clods that 
adversely affected crop yields (Taylor, 1974). Martin (1944a) reported frcm 10 
years' work in Uganda that the percentage of water-stable aggre 6 atcs >0.5 mm 
was 30.5 under cultivation compared with 52.9 under grass cover (Table 1.3). 

Table 1.3. Effect of grass fallow and cultivation on water-stable aggregates (>O.5 mm) in 
a Ugandan soil: after Martin (1944a) 

Percent Per cent 
water-stable water-stable 

Treatment aggregates Treatment aggregates 

2 years grass fallow + I 48.2 4.5 years cultivation 35.6 
year cotton 

3years grass fallow 57.1 3.5 years cultivation. 36.9 

4 years grass fallow 63.1 
2 years fallow 
2 years cultivation, 42.0 

3 years natural bh fallowyeasnatul b.2 56.2 3 years fallow3 fClay 

LSD (0.05) 

While investigating the st ucturc"of tropical red and black earths fron: Hawaii, 
Ahmad et al. (1969) obsrved a significant effect of the cations on the exchange 
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complex on its stability. The percentage of stable aggregates and saturated con
ductivity were also related (Table 1.4). The aggregate stability was in the order of 
Ca = Mg > K ;) Na. 

Table 1.4. Effect of cations on sutucural stablily and saturated hydraulic conductivity 
of tropical soils from Hawaii (Ahmad et al., 1969) 

Cation Plastic limit Stable aggregates Saturated hydraulic 
(%) (%) conductivity (cm/hr) 

(a) Tropical black earth
 
Ca 30 12.1 0.10
 
Mg 27 9.5 O.4
 
Na 27 0.0 0.00

K 28 2.8 000
 
Untreated control 30 85.8 0.17
 
(b) Tropical red earth 
Ca 40 62.6 0.26 
Mg 45 67.8 0 13 
Na 45 0.0 000 
K 48 25.2 0.00
 
Untreated control 43 14.9 0 13
 

Considerable work on structural stability has been done on soils of Puerto Rico 
by Lugo-Lopez and his colleagues (Lgo-Lopez, 1969; Lugo-Lopil e al, 1957; 
Lugo-Lopezand Juse, 1959; Lugo-Lopcz and Escolar, 199; 1969) and in 
Hawaii by Uchara (Sharma and Uchara, 1966; 198; Ucltara t al., 1962, 1972). 

Bonnet and Lugo-Lopez (1950) related stability of aggregates of an uplandcatalina clay soil to its dispersion ratio, e;osion ratio, and to soil erosion. 
Aggregate stability was not correlated with clay or silt content but with soil 

organic matter content (Table 1.5). 

Table 1.5. Relation between stability of soil aggregates of a erusol. from Laja Valley in% 

Puerto Rico, and soil components: Lugo Lopez and Juarez (1959) 
Soil component Frtluc r 
Soil component _,__u_F_ r 

Clay 0.75 0.08 
Clay + silt 0 SO 0.11+ + matter 29 18" 
Clay + siltsilt + organicorganic matter + Ca + 28.4g 0.66Ig 0.70 
Clay + silt t organic matter + Ca + Ma + Na 29.31"" 0.74 

Soil organic matter therefore plays an important role in structural stabilizatioi.. 
more perhaps through an increase in cohesion of aggregates than-with a decrease 



14 Soil Physical Properties 

intheir wctrability (Godcfroy and .acquin. 1975. Panabokke and Quirk. 1957).
The iffect or planted fallow on the structural stability of an Oxisol (Terra Roxa)
and an Ulisol (Red Yellow Latoxol) in Brazil was similar to that observed in Fast 
Africa (Grohmann and Conagin, 1960). Cultivation decreased the stability of 
aggregates by 69 per cent in an Oxisol and 10 per cent in in Ultisol compared 
with grass fallow. R-scarclh on the structural stability of Hawaiian soils has 
elaborated on the cfWect of mineralogical characteristics, including that of 
scsquioxides and allophanes (t'Crguan and Uchara, 1965; Urhara efal.. 1962: 
1972) on soilmoisture relenti. it(Sharma and Uchara, 1966; 1968). More recent 
work on soil erodibility under sinulatcd rainfall is discussed in another section of 
this chapter (Dangler et al., 1976). 

In francophonc West Africa various researchers have compared stability of 
aggregates to wet sieving aftcr pretreatment with organic liquids (Chevalier. 1949; 
Cabin, 1962b; Ilnin et at., 1958; Monnier, 1965). The coefficient of stability S is 
expressed by: 

S =(A + L)/(A g + A + ,gAg,) (1.1) 
.k'-4 

where A + L is te percentage of silt and clay and Ag_. Ag,, and 
Ag,,_,,, refer to the percentages of aggregates from wet sieving without 
pretreatment and with prctreatment with alcohol and benzene respectively. The
index S refers to intability rathe, than the stability of soil aggregates, and ranges 
from 0.1 for a stable to 100 for an unstable soil. llrin's index of structural stahili-
ty applied to a range of West African soils under cultivation (Inccptsols. Ultisols, 
and Oxisols) was evaluated by Boyer and Contbcau (1960) and Boycer (1970). 

Cormbcau and Monnicr (1961) used another index to determine structural 
stability. This index was based on aggregate size and is 

(Clay + sill)%(1
 
Mean per cent aggregates (1.2) 

'Mean per cent aggregates' was calculated by wet sieving and dctertrir.ing the 
weight of allaggregates greater than 200 um minus 0.9 x (wLof coarse sand). 


(iii) Soil erodibility, detachability, and transportability 

With the development of the so-called 'Universal soil loss equation' thatfacilitated 
soil erosion prediction, various researchers have obtained direct or i,,cl 
measurements or soil erodibility (A). The term soil crodibility encompasses 
detachability, i.e. the ability of aggregates to withstand raindrop impact (struc
tural stability as described in the previous section), and transportability as related 
to the carrying capacity of water. Soil detachability has been mcasured in terms of 
the kinetic energy required to break a natural soil clod, and is a function of clay 
mineralogy, texture, organic matter content, and heat of wcttiog (llruce-Okinc
and Lal, 1975). Prc-cquilibration of soil samples at a relative humidity of 98 per 
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cent (pF 4.2) is necessary to minimize the effects of the initial soil moisture con
tent and the heat of ,%cting. A comparison of various detachtihility indices for a 
range of soils from Nigeria has been recently reported by Dc Vleschauwcr rtat. 
(1979). After considering the relative mcrits of all indices, the choice was 
narrowed down to eiher the De Leenheer-De Boodt index (De Lccnheer and De 
Boodt. 1959) or 116nin's stability index (ifinin clat. 1958). both of which were 
related to detachability. The multiple correlation cocfficient rclating soilcro'sion 
determined by a laboratory rainfall simulator and the detachability index of De 
Lcenhcer and De Boodt was significantly correlated only ,ith soil organic matter 
content and CEC (Table 1.6). The relative proportiol, of waier-stablc aggregates 
was related to pF ratio and organic matter content. 

Table 1.6. Relation of multiple correlation coefficicnt (RI) or soil los ISL). Or
 
Leenhccr-De Boodt (LD) index, and watcr stable at:ei,cgacs (WSI-ov:,iproperties: after
 

De Vlceschaux.cr el al.(1979)
 

DcLachhbday indices 
Soil propertiet SL LI) WS 

96 clay + pF ratio 019 0.15 0.25 
*%.clay + % organic carbon (D.C.) 009 0 32 0.2

9clay + % aggregatesmm 0 13 . 14 009
>2 


pF ratio + % O.C. 0.30 0.5 1.0.28 
pF rato + C EC 043 017 025 
pF ra:io + '%aggregates > 2 mm 0 19 005 021) 
.OC. + CEC 0R3- 078- 047sdO.C. + % aggrecates >2 mm 0.29 0,36 0.40CEC + % aggregates >2mm 0.39 0.15 0.09 

Bonnet and Lugo-Lopcz (1950) reported that an upland Catalina clay profile in 
Puerto Rico, with a dispersion ratio of 12-20. colloid/moisture equivalent ratioof"0.97-2.26. and erosion ratio of 6- I-t.lost from 5.3 to 7.1 tonnes of soil per 2.5 

cm of runoff per ha per year. Based on these preliminary findings. Lugo Lopez
(1969) predicted the erosiveness of sone soils from Puerto Rico by an index that 

involved dispersion ratio and soil moisture equivalent (Equation 1.31. 
Dispersion ratio 

Erosion ratio = (Colloid Cuntnt iosturc quivlcno (1.3) 

lie observed that erosion ratio ( 1) was linearly related to per cent of silt and clay 
aggregated (Equation 1.4). 

Y= 125.5 - 1.42 (per cent silt and clay aggregates)" 

Laboratory and field rainfall simulators have bccn widely used to obtain quick 

http:of"0.97-2.26
http:Vlceschaux.cr


16 17 Soil Physical Properties 

estimates of 'soil erodibility'. However, at best the results obtained by these 
methods reflect the relative crodibility of a soil. Rose (1960) obtained rclative 
erodibility values for some East African soils using a laboratory simulator. Similar 
studies have been conducted in West Africa by Roose (1973) and Aina el al. 
(1978). in llawai; by Dangler ct al. (1976), and in Brazil by Mondardo (Mondar-

do and Vicira. 1975) and Wunschc (1977). The relative crodibility of Allisols, Vcr-
tisols. and inccptisols from Nigcr:a as investigated by a laboratory rainfall 
simulator is shown in Table 1.7. Without proper adjustment, these values cannot 
be used in the universal soil loss equation for predictive purposes. 

Table 1.7. Relative crodibility index for some Nigcrian soils: Aina rl al.. (1978) 

Soil type Relativecrodibilityirdcaoa a 5 per cent slope 

Vct .-in Dry run 

Typic Chromustcrt (Ngala) 0.43 0.77 
Oxic Palcustawf(Funtua)
Oxic Palcustalf(Dangappe) 

0.09 
0.07 

0.57 
0.37 

Typic Ustorhcnlt (Aponiu) 
Oxic Palcustalf(Egheda) 

0OS 
0.06 

0.16 
0.28 

Typic Palcudult (Onne) 0 )1 0.001 
Osic Palcustalftlagunnodi)Oxic Palcustalf (Alagba) 0.01300.001 0.0010.001 

O.tloxicTropholiumulttlkom) 0.001 0.001 
LSD (0.05) 0.02 0.15 

(iv) Porosity andpore size distribution 

Total porosity and apparent bulk density has often been used to asse s soil struc-
lure. A knowledge of apparent density can be used to reduce the variation in the 
physical evaluation of a range of soils (Forsythe and Diaz-Romeo. 1969). 
Methodology for characterization of pore space is described in Chapter 2.1 by 
Greenland. Pereira and his colleagues (lPereira and Joncs, 1954b; Pereira el a.. 

1964) related soil management tcchniqurs to total porosity, and to relative 
proportions of macropores determined by drainage at 50 cm suction. Whereas 
rainfall acceptance was not related to total pore space, the percolation and infiltra-
lion rates were related to macroporosity (Pcrcira and Jones, 1954b). For example. 
the relative proportion of freely drainablc (transmission) pores was 20. 23. and 
24.4 per cent, with corresponding percolation rates of 24.9. 26.2, and 39.6 cin/hr 
for clean weeling, slash weeding, and unwecdcd plots respectively (Percira and 
Jones. 1954b). Pore size distr~butiot in relation to available water and root growtl 
in some soils of Nigeria has been rcportcd by Kowal (1968) and Babalola and Lal
(1977b). 
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Some tropical soils are naturally compacted and hav. low total Porosliy 
(Bridge cl al., 1975; Ilonisch, 1974; Marino, 1965; Parthasarthy ci al.. 19761; 
others are easily compacted by methods of forest removal (Cunningham. 1963:. 
Lal and Cummings. 1979) and by soil mismanagement (Casagrande etal 1975; 
Shukla. 1974). 

Porosity and pore size distribution of soils in Latin America have been in
vestigated by many researchers (Roberts, 1933; Smith and Ccrnuda. 1952) and 
have been related to soil water movcment (Lugo-Lopes and Escolar. 1959) and to 
root growth (Lugo-Lopez, 1960). Grohmann (1960a) monitored pore size dis
tribution of a range of Brazilian soils and reported that the relative proportion of 
fine pores was high in Red Lalosols (Ultisols). Terra Rosa (Oxisol). and a red 
Yellow Podzolic soil derived from sandstone (Ultisol). As much as 40 to 77 pKr 
cent of pores were >0.02 mm in diameter. Medina and Grohmann (1966)observed that micropores represent 60 to 70 per cent of total pore space in a 

L-4tosol Rosa. Similar to the East African experience. it was observed that the 
total porosity of some Brazilian soils declined with cultivation (Oliseita. 1967). 
and root penetration in the Barrieas series in the Tabuliera area of Brazil .as 

seriously impeded as a result ofa plough pan fortned by cultivation. Similar obscr
vations were made in the Recife series (Oliveira el al- 1968). Excessive and un
necessary cultivation, overgrazing, and overstocking can also degrade soil struc
ture. For example, Chandler et ol.(1964) reported a decrease in macfoporosity to 

7 to 9 per cent of total pore volume as a result of overgrazing of pastures in 
Catalina clayey soil (Typic Haplorthox) of Puerto Rico. 

1.2.4. WATER MOVEMENT 

Soil structure, particularly pore size distribution and continuity. i% related to water 

transmission and hydrological characteristics. In fact. th. criterion for 
characterization of soil structure used by Pcrcira in East Africa was related to 
percolation and infiltration rates. The ability of a soil to transmit water at a rate 
comparable to that of rainfall intensity is an important soil property that main
tains adequate soil-water balance and controls or accelerates runoir and erosion. 

(i) lirliltration 

In general, the waicrintake rate of tropi-al soils und,-r their natural v, etation 
cover is high (Lal, 1976; La and Cummings. 1979; Wilkinson. 1975: Wilkinson 
and Aina. 1976). |loever, the removal of vegetation and intro. ,ion of 
mechanized tillage operations result in disturbance and exposure of soil and cause 
a rapid decline in the infiltration rate (Cunningham, 1963; Lar and Cummings. 
1979). 

The infritration ratis of various soils of Puerto Rico hae been estcnsively
studied by Bonnet aid Lugo-Lopez (1952) and Lugo-Lopez er ol. (1968) (Table 
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1.8). The mulch o sugarcane trash in the Vega Alto silt clay at Rio Piedras. 

Puerto Rico.increased the infiltralion rite by 30 per cent compared withthe practice 

of burning trash. Wolf and DrosdoIT(1976)reportedthcrcsultsofinfiltrationstudics 

on two clayey Oxisols. two clayey Ultisols, and a sandy Oxisol from Puerto 

Table 1.8. Fight-hour infiltration ra.e ordiffcrent soils in 
Puerto Rico: after Lugo.Lopez etat.. (1968) 

Soil group Eight hour infiltration rate 
Minimum Maximum 

(cm/hr) (cm/tnr) 

Vertisols 0.18 9.58 
Entisuls 2.32 27.55 
In cptisols 2.75 13.25 
Alfisols 2.78 11.58 
hiollisols 8.22 19.55 
Oxisols 8.45 15.40 

7.40 23.68Ultisols 

Rico. Water infiltration into all soils was very rapid, reaching a rate of 9 cm/hr 

after one hour of continuous flooding. High structural stability or the clayy soilso 

permitted infiltration rates in excess or that for the sandy soil. Water-intake rates 
for some soils of Ilawaii have been reported by Uchara cta/. (1972) anid for some 

of Surinain by Kanierling (1975). (o-

Gavande and Gonzalez (1969) reported the infiltration rate of four soil series in 

the Alajitcla region uf Costa Rica. Both theaverage aid instantaneous infiltration 
rate were exponentially (negative exponcnt) related to thc ttme (7). The numerical 

value of the exponent was different for diflerent soil series and ranged front -0.02 
to -0.17 for the averagc infiltration rate, and from -0.02 to-0.95 for the instan-
taneous equilibrium r,;tt. 

Infiltration rates oi "'igerian soils have been studied by Wilkinson (1975), 

Wilkinson and Aina (1q76). and Lal etat. (Lal eto1.. 1978; Lal and Cumnings. 
1979). Studies conducted on an Alfisol in wslern Nigeria indicated that the in
filtration rat, of an erc ed soil was considerably improved by fallowing with grass 

and leguminous cover crops (unpublishd data of Lal). However. the improve-

ment was rather slow and the soil did not attain the itfiltration rate that existed 

prior to clearing even -after three years ofcontinuous fallowing. Otte of the inipor-

Iant reasons for high infiltratioii rates in sols in western Nigeria is the abundant 

activity of the carthwoi it fIi'pcrinthiliis afriaconis, whic;h produccs tlurrt like 

casts 2 to 8 cm long, and also of Eudriltscrgeiia",,that produces I mi spherical 

casts. The intense activity of earthworms and other soil anitals produces con-

tinuous and stable channels giving the soil a honeycomb like structure. Badly 
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croded and structurally degraded plots are devoid )f these worms. Unless ar

tificially inoculated, worm activity does not redevelop under coacr crops, at least 

not for several years. 
High infiltration rates, determined by doubic-ring tifiltromcters. can be partly 

..ctivity in the surface horizon influences theattributed to lateral flow. Biotic 

horizontal infiltration rate. The horizontal component of the saturated hydraulic 
conductivity of these soils (K,) is at least as much in magnitude as the vertical 
component (K,). This is obvious from the results shovn in Figure 1.2.Compared 
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Figure 1.2 Vertical and two-dimensional infiltration for an Eheda soil series 

40 cm of water %%asabsorbed by the 

horiiotital flow in a period of three hours. Ilighinfiltration rates in Puerto Rican 

soils reported by Wolf and Drosdoff (1976) crcal.o atirliuid to lateral ninsc

mn, dow nslolic. This lateral movement %,a%alo responsiblc firdwnslopc 

movement of NO-N. Iccause of the high infiltration rate. Asclla and Rodriguez 

(1973) recommended in furrow methods for determining the infiltration rates of 

some Colombian soils. This type of infiltration test is useful for planning irrigtion 

Frogrammcs (Borden elat.. 1974). Sin-.lar observations have been reported for 

with one-dimensional (vertical) flow, at lcast 
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soilsof north-eastern Thailand by Bridge et al. (1975) and forsome soils in 

western Nigeria by Wilkinson and Aina (1976). 

(ii) Hydraulic conduc'vity 

The equilibrium infiltration rate is closely related to saturattd hydraulic conduc-

tivity. The information on saturated and unsaturated hydraulic conductivity of 

tropical soils is rather scanty. One of the difficulties is the lack of suitable 

methodology fordetermining the hydraulic conductivity of highly variable soils. 

pa:ticularly those with high concentrations of gravel. 

The saturated hydraulic conductivity of some soils from Hawaii could be 

related to aggregate stability (Ahmed ci ol., 1969; Sharma and Uehara, 1968) and 
to the nature of cations on the exchange complex (Aimed el al., 1969) (Table 

1.4). Gumbs (1974) reported that mean laboratory measured values for sontc soils 

inTrinidad were usually greater, by a factor o 1.5 to 15 times, than khe field 

values. The saturated hydraulic conductivity was highly variable, but significantly 

correlated with coarse sand (positive) and fine sand and silt (negative). Bridge et 

al.(;975) observed similar trends in hydraulic conductivity values measured in 
the laboratory and those obtained frontinfiltration rates measured in the field. The 

hydraulic conductivities of the surface horizons of four soil serie:, in Thailand. the 

Phetchaburi. Nakhon Pation, Chai Nat, and Ratchaburi series, were 81.8, 23.1, 

34.4, and 4.4 cm/day respectively, compared with 3.2, 34.1. 0.47, and 48.6 

em/day forthe layers immediately beneath. The unsaturated hydraulic conduc-

tivity (K,) decreased by at least three orders of magnitude as suction increased 

from 0 to 100 cm of water, 
A little information is available on the hydrological characteristics o soils ot 

the West African region. l-lumbel (1975) compared the results of a model study 

on water movement with that ofdirect nicasurement o permeability on a ferralitic 

soil in the Cameroun. Mensah-Bonsu and Lal (1975) compared the saturated 

Table 1.9.Comparison between thefield dctcrminc.d
and laboratory and calculated 
saturated hydr.,ulic Bonu antidonduetity of an Afisol:tensah Lan (975 

Profile Depth 
(cm) 

Laboratory 
(er/see) 

In situ 
(cm/scc) 

Calculated 
(em/sec) 

-
1 0-IS 

15-30 
0061 
0.066 

0.0025 
0 0018 

0.011t6 
0.0134 

30-68 0.019 0 O 15 0.0141 
68-115 000048 0 000022 -

2 0-15 0.017 0.0017 0.015 

15-33 
33-93 

0.034 
0.0055 

00014 
00032 

0.0091 
0.0062 

93-135 0.0044 0.AtC31 0.0096 
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hydraulic conductivity of an Alfisol determined in the laboratory from un

disturbed cores with that ofin-situmeasurements and with those calculated on the 

basis of an empirical model based on particle size distribution. Assuming the if

situ measured values to be the most representative of field bchaviour. laboratory 
dctermsncd values of hydrau!ic conductivity even on undisturbed cores were 

higher than the in-situ determined values by 24 to 10 times (Table 1.9). 

The saturated hydraulic conductivity of soil. as far as possible, should be deter

mined in-situ. The soil volume of undisturbed cores is too small, considering the 

high variability of soils in the tropics, to represent adequately the sdil mass. 

1.2.5.SOIL WATER RETENTION AND SOIL MOISTURE CONSTANTS 

Soil structure (pore size distribution and size, shape, and arrangement o 

aggregates) also influences water retention. Soil moisture retention characteristics 

should be determined on undisturbed cores or in-situ. 

(1)Moisture retention curi'es
 

Relationships between soil moisture suction and moistu;e retention (pF) for 

tropical soils have been studied by several workers. It has been generally con

eluded that the pF curves determined in situ can be significantly different from 

those determinied on undisturbed cores. For example, data in Figure 1.3 indicate 

significant differences in pF curves of an Alfi-ol determined in situ compared with 

those determined in the laboratory on undisturbed cores. In general. core samples 

retained less water at a given suction compared with insitu measurements. 

Similar results have been reported forChilean soils by Millar (1973) 
MoIsture retention characteristics were found to be significantly influenced by 

clay mineralogy (Borden eial., 1974; Warkentin, 1974). The nature o,'cations on 

the c-tchange complex also influences moisture retention (EI-Swaify etal.. 1910; 
Lognat-han and Krishnamoorthy, 1976; Moss, 1964). EI-Swaify et al. (1970) 
observed that moistutc retention at different suctions of a tropical red earth con

sisting predominantly of kaolin and iron oxides was independcnt of the nature of 

the saturating cation. However, the moisture retention values of a tropical black 
earth consisting predominantly of montinorillonitc were dependent upon the 

nature of the saturating cations, with Na giving the highest value and K the 

lowest. 
The moisture retention of predominantly eSarse-textured soil! "ith kaolin and 

iron oxide clay minerals is generally low. The bchaviour of Vcrtisols vith nioit

the soils derted from volcanic ash matcria-ls and rich in 

allophanes (Andcpts) is quite dilTerent. An example of the latter is shown in data 
morillonite, and 

forsoils frot Costa Rica (Gontzalee and Gavandc. 1969). 
These soils have exceptionally high water retention capacity and a low bulk 
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density. Soils o1 organic origin, i.e. Ilistosols, :Iso have high moisture retention 
capacities (Pcrcz-Escolar et al., 1974). 

0-1o m 

A POSr-CLEARING 


00 MEcHiAICt. ] SLAS"IANOBUN SLASH 


600 .- e anves 	 -timated 

400 

-I, 
a 20 	

j3 

8 PRE-CLEARiNG 

600 

400 

01 02 03 04 01 02 03 a t 02 03 04 

SoA,, ,1 ',e. ( ieni q lI 

Figure 1.3 Soid moisture characteristics as affcctcd by methods of clearing and 
determination 

Similarly, a complete range of moisture characteristics of eight lateritic and 
alluvial soils from the Amazon region in the north-cast of the State of Maranho, 
Brazil. has been described by Roeder and Boriicmisza (1968). The moisture rcetn-
lions for these soils were similar to those of an Alfisol (Figure 1.3). The moisture 
retention ranged from 20 to 25 per cent at 0.3 bar and 6 to 8 per cent at 12 bar 
suction, 

The preparation of soil samples, such as air-drying of sod prior to pF delcr-
mination in the laboratory, can have a significant effect on moisture 
characteristics. Forsythe et al. (1969) reported that volcanic ash soils in the humid 
tropics lose their watcr-holding capacity when air-dried. Similar result, were 
reported by Colmet-Daage and Cucalon (1967). 

(11) Field capacity 

Field capacity, in a dynamic sense, is not a constant value but represents the 
range of moisture contents retaincd in the soil when macropores have been 
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drained against the gravitational pull. Though conentionally ficld capacity has 
been estimated in the United Staics to be equivalcnt to soil moisturc retention 
when a saturated soil is subject to a suction of 1/3 bar, 1/10 bar and lower suc
lions have been found appropriate in other parts of the world. W\'olf and Drosdoff 
(1976) reported ior some Puerto Rican soils that the field capac;y was €itablishcd 
at 1/15 to 1/20 bar. The field capacities of some Ugandan soils have been cs

to be at 0. 1 bar suction (Pidgeon. 1972). liouever. Fernandez and Sykes
(1968) estimated the field capacity of some Brazilian soils at 1/3 bar suction, and 
reported that the moisture equivalent was not similar to the moisture retained at 
0.3 bar suction. Similarly. Medina and Grohmann (1966) estimated field capacity 
at 0.3 bar suction. i-simu measured field capacity values arc generally at suctions 
lower than 0.3 bar. and are more reliable (Avella and Rodriguez. 1973).

Many researchers have estimated field capacity from soil components such as 
texture and organic matter content (Table 1.10). Though cstimatcs can he ob
tamed by this empirical method. the reliability of these results is questionable. 

Lugo-Lopcz (1951) reported functional rclationvhips bclccn moisture retention 
at several equilibrium points and the clay content of some Puerto Ricin soils and 
concluded that the field capatity of both latcritic and non latcritic soils can bees
timated from their clay contents. Pidgcon (1972) obscrvcd significant correlations 
between particle size composition and field capacity of some soils in Uganda.
Similar corrclations for sclcctcd soils from Zairc ucre found by Tran-Vinh An and 
Nguba (197"1). who reported that 80 to 86 per cent of the variation in water content at field capacity was directly rclatcd to contents of clay, silt. and organic 

matter. The moisture retention in some Costa Rican Latosols. Andosols, and 
Inceptisols sas found to be significantly correlated with clay silt. fine sand, and
organic matter content (Gavande, 1968; Gonzalez and Gavande, 1969). 

(iii Wllting point 

Wilting point refers to the range of moisture contents at sihich the rate of water 
supply to roots los behind the esaporativc demand of the atmosphere. This im
plies that wilting point is not a constant property but varies with crop and the 
evaporative dcinaqd of the atmosphere. The numerical value of the unsaturated 
hydraulic conductivity (K,) is an important factor alfccting the %,lting point of a 
soil. Conventionally, wilting point is cstinatcd to he cquad in the mnislure content 
retained whein saturated soil is subjected to a suction of 15 bars. Ilowcvcr. many 
soils of 'e tropics seith coarse textures do not exhibit significant dillcrcitcs in 
moisture reteition bctecn I or 2 bar suction and 15 bar siction. For these sods 
wilting often occurs at suctions nuch lower than 15 bars. This. howcyer, dependson soil texture and mineralogical composition, as esplaincd in the following 

ex 	 imples. 
Lugo-Lopez and his associates (Lugo-Lopcz, 1952a.b; Pcrez-Escolar and 
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Table 1.10. 
Region 

hl1l,lpr .r 


Pucrto Rico (lateritic soil) 
l',crto Rico(non lateritic soil) 
1.1.mda 

Nrgerta 
Z.ic 

sudan 


(b)I l"1alc piili 

Pooro Rico lairitic soil) 
'uctito Rico (ion-lateritic soil) 
Uganda 

Nigcria 
.,rc 


Sudani 

l..t h'nilahe e, 


Ug.t.ida 
Sotmn 

Surm.rm 

Relationships of field capacity, wilting point, and available water to soil components 
Regression equation 

Y= 10.02 + 1.65 (clay) -0.02 (clay) 

Y= 10.98 + 1.70(clay)-0.022 (clay)' 

Y=7.38 + 0.16 (silt) +0.30(clay) + 1.50(O.11.) 

Y= 0.102 + 0.003 (clay) 

I'= 3.22 + 0.31 (clay) 0.35 (silt) + 5.61(O.M.) 

Y= 19.6 + 0.40 (cl) 


Y= 5.80 + 0.53 (clay) 

Y= 3.28 + 0.53 (clay) 

Y= 4.19 + 0.19 (sil) +0.39(clay) +0.9(0.M.)

Y = 0.003 (clay) + 0.006 

Y= 0.25 + 0.32 (clay) +0.196(silt) +2.0(~l.)

Y= 10.53 + 022 (clay) 


Y = 169.3 - 1.50 (clay) + 6.09 (O.M.) 

Y= 0.04 (clay) + 0.96 (silt) - 3 (0.,1.) 

Y= 2.10(silt) + 3.3(O.M.) + 3.2 


0 NI. Srje.,,c ,iter. Allsoil constiiutcnls sieeuptcscd as percent on weight basis. 

Rz Source 

0.91- Lugo-Lopcz(1951) 
0.92 * °  

Lugo-Lopcz(1951)

° 


0.96 Pidgeon (1972) 
0.84 " Lal(1979b) 
0.80* Tran-Vinh-An and Nguba (1971) 
- Drover (1966) 

0.89** Lugo.Lopcz (1951) 
0.87"° Lugo-Lopcz (1951) 
0.991, Pidgeon(1972) 
0.90 - °  

Lal (1979b) 
0.87 " 

Tran-Vinh-An and Nguba'1971) 
- Drover(1966) 

0.8V Pidgeon (1972) 
0.78" Schroo (1976) 
0.79, Schroo(1976) 
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Lugo-Lopez, 1969) compared the relative values of moisture retention by cs
timating wilting point by different methods and found that in the case of Catalina 
clay (Tropactic clayey, oxidic, isohypcrthcrmic Oxisol) with 18.2 per cent iron 
oxide and high clay content, the wilting point was better estimated at 15 bar suc
tion. There was a significant effcct of aggregate size on wilting poinL The moisture 
retentions at 15 bar suction were 25.7, 24.8, and 23.0 per cent for aggregate sizes 
of 5 mam, 3-5 mm,2-3 mm, and 1-2 mm respectivdy. Similarly. Olivei a elal. 
(1966) compared the moisture retention at 15 bar suction v,itd that obtained using 
thebiotic method and found a good agreement between them. Obi (1974) has 
claimed that okra and sunflower were able to extract water from soils of southern 
Nigeria (Itagunmodi, Apomu, Iwo, and Cba series) at suctions of 17 bar. The per
mancit wilting point as observed by the biotic method was then related to the 
moisture retention curves obtained on disturbed samples as shown in Equations 
1.5 and 1.6. The results of thisstudy are shown in Table 1.11. 

Wilting point with sunflower = 0.47 + 0.86
 

( 15 bar moisture %) (1.5) 
Wilting point with okra = 0.61 + 0.63 

(I5 bar moisture %) (1.6) 

Sykes (1969) found a wide variation in permanent wiling point, lIe used a range 
of soils of different textures and compared the permanent wilting point obtained 
using five crop species with moisture retention at diflcrrnt sucuons. lie observed 
that the wilting point ranged from approximately 7 bars forII 'ialhits Onnus to 
39 bars for lgrcpj'run imeriueiuni. The wilting point varied with soil. species.
growth environment, and above all the unsaturated hydraulic conductivily of the 

soil. 

Ttble 1.11. Comnpari,on o',,Jing point for some Nigerian soils (ON. 1974) 

Soil series Depth 
(cu 

I.uoiuiuiuodi 
,\l-uu 
Io 

0-25 
0-25 
0-15 
G).i0- 15 

Moisture rletiuon at difkcccnt suctionsFicild capacity 15bar Wilting. Wlhinj,
sunflo. er okra 

21.4 130 II 6 95 
160 7.2 1.1 3.3 
180 9 3 8.4 4.9 
13.6 6.5 5.7 3.4 

Some sandy soils in Blotswana have been reported to iase a very lo. moisture 
content of 2.5 per ccnt at %%,iltiigpoint (Whitcman. 197?5). 1he nioiture content at 
wilting point has also been observed to be rcl;itcd t0 pmto particles less than 

(Uabalola. 1972) and to finer fractions (Rajamannar and VcnKataraman, 1976). 

http:1.50(O.11


26 
27 

Soil Physical Properties 

(iv) Available soil moislure 

The available moisture capacity of highly weatheredSimilarly 
humid tropics is generally low. This is one of thereasons for the frequent drought 

stress cepcrienced by shallow-rooted arabic crops even a few days after a heavy 

rain. Data in Table 1.12 show that the available water holding capacoty of some 

Table I.:2. Available water capacity of some Nigerian soils 

Iorizon 	 Otganic Available waler capacity
Location Soil series 

(cm) C(-%) (cm/50 cm) 
Uncorrected Corrected* 

lbad.n L-.gbcda 0-15 1.50 1.57 1.34 

(Tropudalf) 15-22 0.76 0.89 0.52
 

22-50 0.28 
 2.59 1.08 

Ibadan Il.ldan 0-25 1.30 4.12 3.74 

25-50 0.44 2.50 
 1.40 

0.970-16 1.12 
15-28 1.66 0.98 0.60 
28-45 0.49 1.63 0.96 

Ihadan (Apoiu) 0-9 2.48 0.67 0.65
 
(Qu;rtiipsamnteit) 9-36 0.30 1.69 1.64 


Ogbomnosho Alagha 0-13 1.10 0.68 0.68 

(Udos) 13-36 0.70 1.66 1.66 


N,ukka Nkopologu 0-43 1.23 5.55 5.49-


Itwida" 	 Iwo 

Immgq:u 	Ezilo 0-12 0 R6 3.39 3.35 
12-28 0.29 4,81 4.67 
28-50 0.33 6.12 5.83 

lenin 	 Mifor 0-35 1.2 091 0.91 

(Udox) 35-74 0.7 1.11 1.11 


western and southern Nig".ian soilr is rather low. In the top 30 conthere is enough 

7 days for maize and 3 to 5 days forrice. The low availablewater for only 5 to 

water holding capacity of soils of various regions of the tropics has also bccn 


reported by other researchers (de IMAclo,1974; da Silva c al..1975; Walab ctat.. 


1976a.b). 

The controversy as to whethcr the water is equally avad;ble at various suctions 

ranging from fieldcapacity to wilting point also exists for soils of tropical regions. 

The majority of researchers bclieve that most of the available water is held at 
draiiedrelatively low suctions. Gavandc (196i8) observed that most rxircs 

bctwecn 1/10 and I bar suct:on. Another study by thesarne author on other. 

different, soils of Costa Rica indicated high water retentionbetween 0.30 and 3.80 

bar suction, followed by an abrupt drop inmoisture retention ahove -'.ctions or 

1.0 to 1.2 bars (Gavandc and Gonzalez. 1969). The availablc moisture content of 
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some Zzombian soils has been estimated by -lonisch (1974). ic concluded that 

1/3 to 1/2 of the available watcr was retained at a !,uction of less than I bar. 
Wolf and Dosdo 1976) rported that for the soil series of Bayamon. 

Ilurnata. Torres, and Catalina in Puerto Rico, the bulk of water was released at a 

tension of less than I bar for Oxisols and slightly above I bar for Utisols. Similar 

observations were made in earlier investigations of Lugo Lopez (1952a) and 

Smith and Ccrnuda (1952). The available water retention capacity of some soils 

of Surinam was calculated from the difference of moisture retained at pF 2 and pF 

4.2 (van der Weert and Lcnslink. 1974). 

Ihi functional relationships bctccn textural components and soil organic 

n,'-: content with moisture retention at 0. 0.1, 0.3. and IS bar suctions, and 

C.I and IS bar suctions. for thewith the difference inmoisture rtcntion between 

surface horizons of I i toposcquences from South and ,estcrn Nigeria are shown
 

in Figures 	 1.4-1.7. 

The available water holding capaciy may also be related to organic matter.
 

clay content, to the nature of clay minerals, and parent material.
 

(v) Estimationt of soil moisture regime 

One objective of dctcrmining soil moisture characteristics and hdrological
 

water balance of a region. The imformation on water
properties is to compute the 

balance helps plan cropping patterns. supplementar" irrigatimn rcquircments. and
 

special precautionary nicasures needed to manage ,surplus "aer. A ,,imple water 

balc cin be emade by computing the waler deficit a%the differeie hctwccn 

potential evapotrauspiration aid ilcprecipitation rcccicd in that period. Such a 

water balance has becn conputed for Brazid by dc Cam;,rgo (1962) ad for 

Venezuela by Burgas (1965). 
Another approach would be to determine, in detail, different components of the 

hydrological cyclc including runoff, deep percolation. cvagpitranpiration. and soil 

water storagc. Detailed work on this t)pc of water balance has Ken reported from 

East Africa by EAAFRO. in Northern Nigeria by Lawcs (1962) and Kowal 

(1968; 1969), in the Ivory Coast by Roose (1973). ii Senegal by Danceite( 1971). 

and in Sao Paulo, Brazil. by dc Cainargo (1962). Indirect estiniates of soil watcr 

characteristics have been obtained from empirical relations invol%inginformation 

on bulk density, true density, and tr\tural coriTposiloi0 ICasinirn. 1971). 
ic's nicliod forEvaprotranspiration has Iccrconputed by u'ing Thnitli. 


somo locations it Costa Rica. and prciction' n,',mlc
f'r s.-l mioisure ,tiragc 

using both actual and potential cvapotranspiration (Garcia Bcna% idcs and Lcgar

da. 1974). This work was etenided by Fors, the (1976). who decelopcd an em 

piricil relationship for predicting soil moisture slotage from cathcr record . lie 

assumed that the ratio of cvapotranspration to oiatcnual esapotranspiration 

decreased linearly with decreasing extractable soil moisture. 

Direct tncasurements of soil mois-ure storage by neutron moisturc mctcr have 
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The neutron moisture meter has many advantages, bot also limitations for 
been made by various researchers. Dancette(1971) monitored soil water storage 

in sandy soils of Senegal, and the technique has been employed in Nigeria for general use in heterogeneous soils. For highly variable soils it is difficult to obtain 

a valid single calibration curve. Calibration is drastically influenced by physical
dccrminini, the water extraction pattern of maize in lysimcters by Babalola anj 

factors such as bulk density, texture, and gravel concentration. Even the size and 
Lal (1974). and :n perennial crops by Atago (1913). Water balancc under ica in 

obscrvcJ that in- shape of gravcls have a 'hcrmalizing effect on the neutron (Lal. 1974c; 1979a).
Kenya has been investigated by Cooper (1974). Charoy (1974) 

using the Thus the neutron moisture m:tcr has to be calibrated for each soil and each
situ soil moisture characteristics in Niger , ")uld be better measured 

neutron moisture meter, and chapters in this volume describe similar studies, 	 horizon, unless the soil happens to be uniform over the entire watershed. There 

may be large patches of rather uniform soil in some regions of the tropics. but 

these are exceptions rather than the rule. 
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1.2.6. 	 PLASIlCITY AND A1TrltlUERG'S LIMITS allophanc, such as many soils'of Ila-aii. plaslicily characicrstics. are generaily 

not imporlant for upland soils. Plastic charactcrisucs may bc important for 

Plasticity characteristics and Attcrbcrg's limits arc important for developing lowland ricc-growing soils of south eastern Asia Nshcre puddling is done to pre
tillage systems and for construction purposcs. Whcre tillage is bccoming un- vcnt dcep percolation ard .o control %ceds. though the ucfulncss of puddling is 
xopular because it is a major agent of acceleralcd soil erosion, investigations on now widcly qucstioned %,ccausc of thc economical availabilily of some hcrbicide%. 
plasticity limits arc no longcr a research priority. In addition. thc surfacc horizons Van Schuylcnborgh (i954) indicatcd that air drying of samplcs of soils dcrivcd 
of a majority of soils in the humid regions arc of coarse sandy loan or loamy sand from volcanic ash. and containing a high proportion of allophanc and amorphous 
texture and do not have plastic characteristics. With the exception of Vcrtisols material, can irreversibly affect the upper and lowcr plastic limits. Ahmad ci at. 
and perhaps those soils developed oil volcanic ash containing high amounts of 
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(1969) and EI-SwaiFy eiat. (1970) reported for some soils of Hawaii that plastic 

limits were independent of the nature of saturating cations. but were significantly 

dependent on clay type. 

1.2.7. SOIL TEMPERATURE 

Though. ne't to soil water, soil temperature is the most important physical factor 

not been given the research priority itaffecting crop growth in the tropics. it has 

dcscrves. Many researchers and planners fail to recognize the importance of the 

adverse effectof supra-optimal soil temperatures on the growth and production 
cowpca,potential of crops such as maize and soybeans. Though crops such as 

a higher optimum soil temperature. i.e.pigconpea, cassava, and upland rice have 
0 

30-35*C (Lal, 1974b). compared with that of maize and soybean, i.e. 25-30 C 

(Buckle and Grant. 1974; Lal. 1974a. Minchit etal.. 1976), they are by no ncans 

immune to the high soil temperatures of 40-50'C for 4-6 hr a day often found in 

urgent need to investigate the physical and physiologicalthe tropics. There is .o 
effects of high soil tUlnp,'ratucs on crop groi,th. 

A review of tcmpcrat.,rc relations of tropical soils (Lal. 1974a) indicated that. 

with a few exceptions, most of theresearch on soil temperature has bccn con-

cerned with the effects of management- In Central Africa. Dipricz (1969}) in-

vestigated the physics of propagation of the temperature wave insoil under 

different covers, ind computed the phase angle and periodicity for different 

treatments. 
Pereira et ol. (1958) reported the effect of various types of covers otnsoil 

temperature for some Kenyan soils. The maximum soil temperature at 2.5 cm for 

bare ground was about 50'C compared with 35'C under grass. Temperature flue-

tuations at 20 cm were negligible. Soil temperatures under dileretnt tillage systenis 

on some western Nigerian soils have been reported by I:al(La. 1976; Lal etW.. 

1978). Soil temperatures of similar magnitude have also been observed in north-

eastern Thailand (Blcvins etal.. personal conlotunicanton to the atihor). 

Sonic data on the effect of management on soil temperatures and crop growth 

are available from the tropics of Latin America. Lugo-Lopcz and Capicl (1972) 

reported the mean maximum and oniniutui soil tnlpera tUre at 5 cilldepth Iior 

soils in Puerto Rico. The inaxai,Jm temperalure was 36C at Pio Piedras. 39"C 

at Lajas, and 34*C as l-ortma. 
Forest removal resulted in an increase of 20-25 dcrC (50 dcgC on bare ground) 

in Guiana (Tlicil. 1969).in soil tetmperature range compared with forested iand 

Similar effects of deforestation in frazil arc reported by Basios elal. (1974). The 

effect of incorporating residue mulch on soil temperature for soils inSao Paulo. 

Brazil. has been reported by Nliyasaka cl ol. (19t6(6) the nt'txiiltlton soil 
ott mulchted smil. Similar-temperature on bare soil wvas48'C compared with 2 IC 

ly, Mscnezes eiol. (1973) and Sails etal. (1974) reported an itcrease ini soil 

temperature with a deccease in degree of soil coverage. In addition to the direct 
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effects on crop growth, high soil temperatures also adversely affect so:'processes 

such as symbiotic nitrogen fixation (Dobercincr. 1970). 

1.2.8. 	 METHODOLOGY FOR DETERMINING SOIL PHYS!CAL 
CIIARACTERISTICS 

Literature cited indicates that considerable progress has been made in 

characterizing physical properties of some soils in different regions of the tropics. 

tlowever. considering the importanc, of physical propertics in descloping viable 

systems of soil management, soil physicists have still a long way to go. The 

process has just begun. It is important thcrefore. particularly in this formative 
so thatstage, that the methodology adopted by various researchers is uniform. 

results obtained from one soil and region can be comparc %kithanother. This ap

proach wdl also avoid duplication of unnecessary and rather cspcnsise research 

efforts. 
1.13 is by no means a final verdict, and isThe methodology proposed in Table 

a mere suggestion of some techniques that may prose useful. For example. very 

often mechanical analyses conducted on the <2 mm fraction ssithoul any infor

ntation on the amount of skeletal material contained in the original soil sample 

lead to erroneous conclusions. This type of textural analysis can bc extremely ntis

leading in the case of soils with high gravel contents. A similar argument applies 

to bulk density measurements for gravelly soils. As a rule of thumb, it is important 

to remember that whereas it may be possible to determine chemical characteristics 

kcll ground soil sample in the laboratory, soil physical properties cannot be 

adequately described by laboratory measurements. The process of ,oil sampling 
on a 

that 

possible, all physical characteristics such as pF curvts, infiltration, saturated 

hydraulic conductivity, bulk density, and crodibility should be determined inisillf. 

Field methods are laborious, time consuming, and expcnsive, but sorth the effort. 

Because of the tinc atd cxpcnsc involved. the adoption of a untiform nictiodology 

destroys the physical characteristicsarc tobe monitored. As much as
itself 


is an important aspect of soil physics rccarch. 

The neutron moisture meter is a useful but an expensive tool. Itonly giscs an in 

direct estimate of the amount of hydrogen atonts in the soil.that e hope is 

relaite' to soil moitiurc cointent. There aic :laty stnuccs €ierror illhcd.A good 

errors. ".:..tgrt the grasmilctriccalibration is the key to avoid soie O1 these 

method of tuil moisture detenination is simple and reliable, it '.-,idrahacks that 

are avoidable. Ita gravelly soil. itis important 'o make collcctin for gra. clcotn 

centrations. One or sitall introduce in theto stoes can a sigilificatit error 

moisture regitie evaluation. 
Studies on water balance ar-,dplant wvater rcquutcmcnis hmis4osiig %sitliciCtS 

require speeial planning. Weighitg lysinters, for the sole purpose eldetrtcriining 

potential or even actual ,svapotranspirition. are too cpcns.se. htsicad of daily 

values. weekly averages can be obtained v thsimple drainage 1)simcters. Though 

http:cpcns.se


Table 1.13. 

Soil properties 

I. Texture 

2. Bulk density 

3. Infiltration 

4. Structure 

3. Moisture potential profile 

1'. pF curves 

7. Soil moisture regime 

4. Sod aeration 

11.SoAcrod~hhtsy 

I. 	 Saturated hydraulic conductivity 

II. Potential and actual 
evapotr.lnsptration 

Recommended methodology for determination of soil physical properties 

Recommended methodology 

llydroinetcr or pipette method following a 
thorough mechanical and chemical dispersion. 

(i) 	 By core method for non-gravelly uniform soil. 

(ii) 	By excavation for soil under forest and 
for gravelly soils, 

(i) 	 Sprinkling infiltrometer or field rain 
simulator, 

(ii) 	Two-dimensional infiltration test 
using spherical cavities. 

(i) 	 Rainfall acceptance test of Pereira with 
suitable modifications. 

(ii) 	 Il nin index of aggregate stability. 
(iii) 	 Kinetic energy required to disrupt aggregates. 
(iv) 	 Pore size distrbuuon cdmputed from pF curves 

determined insitu. 

Using tensiometers or neutron probe. 

(i) 	 Intsitu measurements. 

(ii) Field capacity-in silts. 

(in) Wilting point-ccnpare the biots: method with
 

that of undisturbed core samples subjected to 
different suctions. 

Gravimcric method. 

Sampling by diffusion tubes. 

Unit runoff plots in the field under natural 
rainfall conditions. 

Field method using double-tube technique. 

Simple drainage lysimetcrs. either monolith or 

filled-in, 


Remarks 

Proportion of skeletal material 
(>2 mm) must be determined. 

(i) 	 Correction must be made for 
for gravel concentration. 

(ii) 	In addition to overall bulk 
density, bulk density of the fine 
earth material should be 
determined for gravelly soils. 

fDouble-rig infiltrumetcr gives 
high values of infiltration rate 
because of lateral seepage below 
the ring. 

For the regions with high earth-worm 
activity. characterization of ,orm chan,'els 
may be an important aspect of soil 
steccture. 

Tcnsiometers do not perform ,ell on
 
gravelly soils and psycrometrers are
 
unsatisfactory for field measurements. 

Correction to bemade for grasel
 
concentration.
 

Neutron probe requires acareful 
calbration for each sil and each
 
harizom.
 

Laboratory sinuilator gives detach
abilty rather than erod~hdltv.
 

Saturated h%draul,c conduclis ty below a 
water table can be determined by the 
auger hole ntcthod. 

Weighing 1)smesrs are t-o epensie
 
for these routine measuremntents.
 



36 37 Soil Phsical Properties 

monolith lysimcter: arc preferred. filled-in lysimcters can give good information. 
depending on the objectives of the investigation. A simple two-way comparison in-
volving the clT-s on water requirements of two crops or two management 

systems may well be obtained by carefully constructed filled-in lysimcters. 
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Appendix A 

Use and misuse of the
 
universal soil loss equation
 
W. H.Wischmeier 

7he ainiversal soil loss equation permits mcthodical drcisfln-akling In
 
soil conservation planning on a site basis. Nearly t- decide% of wideopread
 
use In soil conservation district programs have confirred its reliahlity

when used as designed. Cut sometimes the equatLinn Is also u.cd (or purposes
 
that it was not designed for, simply because it seem.% to meet tie need better 
than any other tool av.ailable. Such extensions of its *!,plIc.tlon shtn,,id not 
be categorically discouraged. but proper precautions are needed to avoid
 
possibiL misuse or false conclusions.
 

Design and Chracteristics 

The universal soil loss equation was designed to predict soil loIs from
 
sheet and rill erosion. As used here, soil loss must be distlnguishcd from
 
field sedimenr yield. The soil loss predicted b! the cquitten Is chat soil
 
moved off the particular slope setr.cnc represented by the selectel topographic
 
factor. This is the information needed for soil conservition planning. But
 
in most cases, nut all of the sediment produced on the %lopes leaves the
 
field. A field's sediment yield Is the sm of the soil Insse% on the slope
 

segneuts minus dersltion In depressions within the field, at the toe of 
slopes. along field boundarics, and in terrace channels. lhe equtation does 
not account for this deposition.
 

Ieither Is erosion synonymous with soil loss. ic soil loss ftom a con
toured and stripcropped slope, for ear.pie. Is m'uch Iesq than the i-,nt of
 
soil eroded between the sod strips.
 

tiany variables .3nd Interactions Influcnce sleet and rill erson. the 
universal soil loss equation groups these variables under six miJnr erosion
 
factors, the product of which, for a particular set of condition4, repre
sents tha average annual soil lots.
 

IM. II. WG'ich-wior is rca-csrch ntat isti,:ia,, .h:,zi-:uttuvAL F,'r.rr-h.Srrocc' 
U.S. Departme'cf of Agriculture, a,:d rrof.'ror. Foflr:-.se of .. ;,'icultur.i1 
1),qinoering, IMrdtw Vnirera:st, West iaf.i'cte, f'liri 4730?. This article 
origiaally appcnrcd in the Janianry-tcln,.iry 1976 Journal of Soil and Watet 

Conservation (Volumse 1, no. J, pp. J-9).r 
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372 Apperdix A 

The equation Is 


A - PJ(LSCP 

ere A is thre average soil loss for thre tie loterval represeted ry f.actorwhe A is .ersollie lofs for ire (timeInrvalt /r i ieaeI, expressed In ie denson faco K (ually tons/acre) 
of R is obtained from the iso-erodent np, A will be the avernflo annual ul 
loss. 

R is a measure of the erosive forces of rainfall and runoff. It usually 
equals the local value of tireerosion Index (El) rainfall parameter, but t o 
exceptions will be pointed out. 

rle tirhe e a tu arsoil. For a verecordsinherent tof 
K reflects =aodibilityree a For a givenere 	 irticularp s 


7 2
 soil, it equrils tlireaverage soil loss per urric of factor- It from a1 .&-foeit 
leriCirhof 9 perceirt sl rpe in clean-tilled continuous fallotw. It Cal be mea-
sured on other slope gradients and adjusted to tie 9 percet standard witin a 
s lope-effect formula. i: can also be computed as a function of tie soil's 
ph)'s Ici and chemical proecrt les. 

L and S ire dimerrsionlie factors that adjust the soil luss estimate for 
eff Ects of length, steepness , and shape if tie fie ld s lope . 

C introduces tire effects of the cropping system and management variables 
on soil loss. 


P reflects tle benefits of supporting pract.ces, such as cortourlng and 

strl-cropping. 


lire equation comrutes long-teen aver.-.ge .rirru.rl sol1 loss;es for specif Ic
conh a altiinsof copysicaI|ard management coidit leirs. It ras rcieslyrd for field 
r by soil con-phservation plinners andi terlrcnicons. "Iis reqliCd that. ir be 

to1,by arion erionlfars wirsevi.1irres at115arar1I rria sit esoilve 
ea- y to solve a., include ony factors whlge values at a pit'Jc.lra carin 

be diteimin-d from avaiflail e data. Some portentaI details ard refinements 

were s-i rniccd In tire Interests of utility. 4 


Earl of the six eroslor, frctors in tie equation is a Curetion of numerous 
ecoidaIry variables and lrrceratlon effects that n,i.t be consid:rc.d when com-

putin'g local Values of the factors. For field alipilcatlon, local values for 

tie eqiatlon's factors are obtained from prlim!.hed charts and tables IS. 6. 7, 

3, .9,1n). Ihese chart values were developed from research data collected at 

ti8 stations in 26 siates. They average the effects of radim fluctuations In 

marry of tie vatlahl es, which can bias short-term soi laoies. 


lhe relartion of a particular paramec r to soil los-. Is often appreciably 

Inl ltioced by tile at which other p.ararntaters -ire pres.uot. "To tihe ex-
tcl thiele levels lchthit Interaction ol pr e valuated pren etisting data. 

tet tat relt ert li currd1ble d c1 fo,
efftsn Cevaate o lst data,
they are refl ected irr tire er|u.atiarn tin irirhi tire estabilirhd percedrres for comu
puting local factor vales. Factor i reflects tire interaction of rutnoe slze 
arid r.lin Intensities. Tle soil loss ratio3 ar d 1:i distrbuthrr curves used to 
evaluate C acrcount for the Interactions of tire crop system with m:rnagcnerrt 
ard ralirstorm di-tributlon. The relation nif slope steepuess to.efectiveness 
of contourlg arid stripcr,ipping is refleced in the tailec of P values. Ther 
ire. h~wever. In~dicat/on9 of interactions between soil. topocraphy, antd sut-fae Codtiorids that require further research before their effects cal be In-
facco tlesIn thatreu uther proeearchu fres. iselect 
corporar.ed In the factor-evaluation procedores. 
Corrfi,e ne Limits 

SiI losses comput ed by the equation must be recogni zed as tie best 
available estimates rather than vs absolute data. All empirically derived 
prediction equatlona involve experimental error and potential estimation er-
ror dule to Elieeffccti of on-eanured variables. 

Tire prediction accuracy of the equation was checlhed against 2,300 plot-

ycacrQoLhoiLjtia d.ata froreql9tlcl.plotc. aarwj lyecattered locationts (4). 

The published 16-erodent map. El distribution curves. table of solt loss 
rati s, and slope-effect chart were used to evaluate tire cquatIon factors ariA 

predict tie avrrage anual soil Iona for each of tire 189 plots, lhe pre
dictrd loss iforeach plot was then compared wit., the measured as erage annual 

011soilloss fir tire period of research record on that18 9 plot.
rflrilr rrrrrrrl soreI loss for tire -rpnt sa-plt was 11.3 cnn- per acre. ror s 1.4 to, ad 5 of tie 189 predictions 

Thea vercee lirewthin e n of he . b peciof 
(84 percent) wern within 2 tons of :he rcasured Ionics. About 5 percert of 
tie predictions differed from the mcsured los.ses by a little irofethan 4.5 
tons (40 percent of the overall mean). Slgnilicantly, hooe;er, two-thirds of 
tire88 deviations that exceeded I ton were from cruiparisrues with soil lors 

2short enough to represent less than 'wait of a rrrmdr 20- to 2 -year
rainfall cycle (2). they were probably biased by cyclical effects as a re
si. Wri t atr r vlae rmterbe n hrs h q
sln. pdict is fiactor are evaluitld from the tablesa n charts, the qua-
Lion predicts the average annual loss for a 22-year rainfall cycle. 

Designed Uses for te Eqation 

Applicationis for wii te eqration was specifically designed and field
tested (10 I ncliyee 
tested (10) include: 

I. Predict ing average anorrat soil novment frer a given field slope
 
under spicifted land use and roranageneot conitions.
 

lhis can be tie average annual soil loss ron a given crop qysttm. but
 
It need not be. It Cor b tie long-t erm average for a rarticular crop year

In a rotation, SCih as second-yc.r corn In a 

1

whert-eairr-corn-corn sysien.
 

or tire year when a field In a ro-Iill system is plowed for weed or lns,ct

control. If R and C are apjrcpriately selectcd, tie prcllctlon can be the
particular Stage, for re pI, Ei- seedbed 
and-er ivrrtpeiod fr cornrinua gie, p firra.riertrnd syt cee.Jhe 
and -':talt:Ahncot period for corn In a given crop ind m.., .,E sy~tvm. Tire 
length of tire crop-system Interval for which the aver. ge si I lorss is computed 
Is not restricted, but the computed soil loss will be thE istinrtcd average 
rate for enouph recurrceces of that interval on the griven field to average 
out fLie effects of candoe and their Interactionsat1 orL-ter variable with 
other factors. 

2. Cirllding tie selection of conservation practices for specific sites. 
I] s is tire application for wl h the eq.at1:in -s Initilly Intended 

and 	 has 1rh:its giclre contrceliitll. Fr this r It Is s.'d TIr
, be fila p c l d to r n e lm toal rr, I...i s I I-. T eproduct of factrrrs R, K. L, and S for a given site dettmines tire bslc soil 

loss Index for that site. lire tolerance lint divided by tik Isoe Is tire 

maximarrm value of lactor C tat will me'et the cstablisiJ goal rnltn.t special 
srhporrtlrgopractices. If supportIng pr.Ictices I ile cor.iorI ngI (r 6ttrIp
cruping ate added, the matloon all owble C va lire i Ithcred u a fa dri 
of I/1. Interlnj; tire local table of C virres wih ti tiretrd value derived 
by tris metirori provides a list of the varlo-c alteri t i' e er-brtlis of 
crop syst'm rlld minr.lrit ptactlces that will the r.rr..it rllhld .av.r .. ...loss from the field below tie prescrired tolerauce level. A firme r cin then 

from this list the combiration hat is best suited to iis production 
plan and ecoomic situation. 

.3. fEltlmLirig ti.e reduct ion in still loss atta.!-lhe feri v.ailou 

clnrcri that a firmer mi;hrtmake ta his ceplilog .,yp.r ,,r L ItIfral pIret Ices.1


4. icterililneg how eruch more itin lvoiip a g v field could Ire safely 
cropped If coriutrir. terraced, or srripeirohd. 

S. ieteainire tie mainn-on slirpe length nn whci given erIppirr aI 
riallarent systems can be tolcrated In a flivid.raximum lergths so computed most be colared oith tie critical-length 
limits for effcctveress of the practIces considered. k'irn these limits are 
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Withcedd P flo Cm rliidly lPPraehithlc I'll thgiirL, tictra' would-merit 
6. Providing local soil loss data for Soil Convrvatimn Service tecih-

discrssing erosion 
niclans and others to use when control needslion plans with farmers or and conserva-contractors. 


1he equation enables the technicianhe is loslng by to tr:l .1 farnmererosion alt how much soilard how MCi lie c11i iieluce tie l1opractices. im sing otherThe data can also be translated Into econormic effects.7. Estimating soil leases from construction 
 rangelanr, woodlandrecreational andareas (7. 9).

These estimaten are less accurate than croplarid ent o.te because Cvalues 
for these conditions hsve
cropland conditions. not been determined as for
h-lenthey are, tilesoil accurately as
loss estimates should be as 
good. 


io d? 

Applying te universal soil loss equation ir newfor purposes that it wis ge,)graphic regions ornot specifically ill: d.ui di..frstitute a erisrtre. iit roC r,%-ally con-such adaptatil, Iry a. r-.; .1o ire rily.lcru.rinted ".rirericlalywith ilreeqorrIon as a handhook fiolrl CIallIconclusions. li to mlinsi or falseApplyig the equation to sitratiolls 
cannot be for w1hlichits factor valuesdetermirned from existing data with acceptable accurrcyFailure to recognize the Is a misuse,true interpretations of
of the factor-evaluation 


its factors and limitations

formula, and charts 
can lead 
to false interpretation
of tireequation solutins. 


Specific haz-rds and limitations that
out In relation must be recognized can be pointed
to four problem areas. 


WL2ersh..J 
 diment Yields 

Time equation can be prorterly uised to cO .,,rleloss from the tertal avera; annual soilsheet and rill erosion within mi particular w .ter:;iid.computational purposes. lrwever, fora complex watershi nirst be subdividedwhich reprer-ntative into areas forvalues of tie six fictoi J can be delined. Applyingeluation to thea complex watershed by usinmg 
overall averages of 
slope length and
gradient with estimated w-atershed-average values for 
factors K and C would be
Incorrect. 
 To use 


values mast 
the equation correctly, the combirritio of !,elected factorreflect ilow tiEe param.eters are assocli


Time 
 ed in irich subarea.sum of rhe soil loss estimates for the Individualage area approximates tracts In a drain-the amount of 
soil moved from 
Its originmal position.To compute time sediment yield in the drail.g arm-a,doced to compersate this estimate mist be re-for drriosition 
at the tlreof field slopen, i field boon-
daries, in deprr!;.;ions,

the path traveled by the 

in constructed s.t'dillent bat is and traps, andrunoff It alongas moves fror tire fiel to a stream. Sedi-
iro be taken into account. 

ment additions from sources along tills pah1 nu-;t
Tile gross soil loss estirated

with by tHIe erlumitin shi(,tld be useda d,'positi, equation cog;i-lherand estimaten of ";rdimeit .'1d,s trenombant., ai.d tinms from gully,ch-inmel erosion. No depositlo elration.and a sedlment delivery Is now avall.ible,ratio is used asa nimrd accounting for sedimentload ehanaes below the are.rs for which gro; soil Innsnent yield esttlte Is computed. f. ncdl-nlrtalned by thil procedure Is a lung-time average for tileparticular watershed conditions. ieither tiregross soil 
loss nor the deliveryratio can presently be predicted on an Individual runoff-event basis. 


Predictnrg Specific 
Soil Loe Event 

If the equation Is 
npplled to a specific rain event. 
using storm El 
for 


tigenot: 
lnq2
A and tie for nrmeroulsralor V~ait cropltfirh ini lossi fAit tt C,recurrcncrs 
of it will I.Il qllithis event thieAVeton iti 
 field and
cropstarc In
period. IHoever, the s-ill loss 
th-It

in any one of t me-.e events mia differ widely from this average In 
either direction.

Soil losges during specific stores 
arl In specilic yari are greatly influericed by Irregular, temporal lurtuirlor.s(mioraIrIly in seconlry pir,affect tile equation tr, thitfactor jiue.,. Sirrcc tiletive effects of o,. Ilve and negathese fluctuitions tend 
to baiance over
they long (1,leperiod,do nut Invalidate 

a 
tie equition for predicting ilor..-terr nver.ig-l aenfor nprclfic land soilarcIs and rnarueint c,n-lt I n,.
denrnlled to f"ilt an rq,rtlonpredict specific soil loss events mit ,5cc r..nt fir h. Ir teripraryeffects.
 

Fullowlag are 
some of 
the fluctuating variables relative to 
factors R,
 
K , a rni C :values of
rrlu.,athe obtained fromEl p.rameter for
the iso-erodent rip are IrcitInnitl22-year 0ev thcr e)clus. a,-rape ann-,1iEl values
elfic year withi for a spe

2 2 that perlod usually range fromdouble less thin i-liftie -yeir average and are inflrencepd by 
to are than 

well atr cyclical lare o.rrh- virlt lnn- alf ect,,. Even IO-),ar a-'er -, can b- %ir' lfi'Ariiit.laid i pitly biiised.m-in- stai El valuos tend to follow a Idistr brtIo, and -n,,rnl frrqiencythe probabilities for exceeding variouscomputed from long-term rainfall records. 
i nlitidcs can be
 

Specific probibilLtieS
locations were for 181published in Agriculture Ilandl.ck !:o. 29
used to compite (i). lihns. can be
roigh approximaitiors of soil loss pre! rbillitles ,nnfield, but they do not 
a given

account frr differences due to 
a-soclated deviations
In other factors fran tl-irr average values attie Soil loss per tire loatl-n.71:2 iZ-cmajmtrtv f.r-o:,
urnit of 
 Y, Is an avera;u f-r a -.
EI on a given f!eld varies fr-
[(n sili. Ir-rver,
 
s:rr
Untll runoff to stern duebegins,to flurtuati,s In ,Irteccdeutsoil losssurfaceis conlItlorsnegilglble.arid st,'rn crhrcterI-lnElC.Tire threshold 

Intensity, or rln anount,El for insipl,-rt runoff is a function of tie Interreltions1rry vaimirles. Under ofaveire antecedent rcnditions, ruins cf 0.5
Iv-.sbetween brilbs Irch orof 6 hrours 
Tirese rains were 

or rare rarly proiuce ig'iiileurt soil lnsseq.omitted from the calculations of avr ige anrBut soll loss from rl v -ne.rains of more 
than 0.5 
inch in also
In tine to affected ty virlationsinsiprnt ruinoff. blrn rain falls on relativilysoil, most of dry. freshly tilledthe watrr nay Infiltrate before
lo. average soil lrss pcr 
r-ff begain, resultlrg In aunit of El for tihit storm-.sututated soil, i tn rain f-lls nrn prcrunoff begins quicklv and ro-mt of the riln becor-es rirnnff.Such rains unoilly produce aLove nor'val 
 soil loss 
per El unit.
fall year, ost In a low rainor 


t 
all rins rly occur on dry, receptive sill. In anccmly year, cxwet tie probabilfty of erosive rainstorn, slrlniig a presaturatced soil is uch greater.Some rains are .iccmpinriel by

1rplet emergy 
igh wln-i thlit Incrersu' the velcity aridof ra iidroirs. lhuret eccur ii a I-lirl -aln rlt--,rphre. Sr-estores b,[-ir with a very high lmtemrsity airrise-l the mi f1,Ctlillm , lower Ji, Ily tei thatiteusItIles rilrierater a lIm: inflitrit,- rite.Starinn the morierate Intemnit len 

In oihr
precedeseasons the igI ntcrn.it ,. in srrmnthe soil Is cultivated i.icn vet ii, rc-ln, cle!lh.

it Is In nIi.r nrisonsciltlvmt-d oil Coistore Is ideril 

A cla)-lrn ort fragrl[an 18 rtri- bvlo-


when for line orlveclcot|ii. 

fluenc perr,,eabllity the surface I-rn -rn-nlfltjiflly In-In early sriing or In a very urt gre-imghave in significant srl ,-n and yeteffect on infiltration rates doin. Intr ih-rnrin 

on dry soil.
point in time.Iliese and andother rardr- variationstheir Irmediate cinnat he prediredpri.mury atid fer a seerlilrInteractl,,nbeen numerically evaluated. effect.
Using the average soil 

hive ltialan per El rnt for a
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particular soil Is adeqsiate for predicting long-term average soil lona but 
Inadequate for estimaating soil losses during specific storms or il specific 

years. 
h oLr L fsw tor, for use. Includesus, x111 tg:1no1 as derived field also 

so-" averaging of secondary varlabls. The Gll loss ratio-; tabslated in 
Agriculture Handbook Ila. 2R2 are averages for cropstage periods that cover 
time Intervals of oovs to three months (0. 10). Early in a cropstasge period, 

the 	ratio will osual.ly be hsgier than average because the development of 
cover is gra.1iua. later !n the period it will be lower than average. In a 
poor growing season tise ratio will be above average heca.;,e cover and water 
use 	 by transpiration are icelos normal. In a highly favorable growing season 
the ratio will be below average. The residual effects of turnplowed meadows 
vary according to their quality. Cover effect I, a specific year may also be 
substantia!ly Influenced Iy dr:vlation of the season.al diStribution of El from 
the note.al for the locality. The El distributilos curv-s psdII.ised In Agrl-2
 
culture Handbook 2R2 '-pressntregional 2 -year averages. 

A crop canopy or conservation tillage practice Play delay the start of 
runoff long enough to te 100 percent effecticvc for v.oderate stsols on a given 
Ileld sod yect all-s &oist tiali erosion iy 1 , ,ses.d Illt In.is of unoff. Aver-
age lncrease. In time to inslplent rusnoff that ross Ilt.from crop canopies or 
%.p ccial tillage praJ tIce-s are reflected it) tise talbulate i tol-stage ;oil loss 
ratios used for ltrivatios of local C valises, lot dlviat iotssfrom these aver-
ages can substanti.ally aifect losses during specific stomo.o 

So wr'esof Error in t': l'fLue2ts 


Perihaips ie rseat-.t potential source (if pre.dlictlos error i Siuperficial-
lity 	 Is se'lecting factor values. The :.onditions to be ev.slu.ted st be clear-
ly defissel. Sos I1, cover, ani eanagesesnt CondltlousS ay lint .stch ay specific 

tIn table. 	 r.tios,lIn its Ee of K vlues, soil Ios-; an.l P valse:s. Itstelpolated 
valuti gssde. by jud - nt as,,lknowledge rf the s:'sstt1 t canthl be msc) 
moe accurate thn values selected directly ironm tihe t.blies. If the selected 
values do not trsly represesnt the conditions to be evaluated, neither will 
tie cer,|sted soil loss. 

1

th r ptcsstt a rc,'sof error Include: 
1. Ejaluating Ehe factors on too broad a base, such as a single C value 

for ill croplad Jr all corn land. 
2. Applyissg C and P vs lses fron tise h.sndbook isdiscrMniately without 


con siderinsg les ;tis limits beyond which tise practices becosso Ineffective. 

tWhsn a practice breaks dsswn ftom too m --h acUs.tslathsn of runaff the effec-
tive C or I value Iscreasses rapidly. 

3. E,,trasalating fasctsr relationships far seyosnd the ange of the data 
from wi,ich they were derived. Tiis haz.ard. .siwys ;pecolative, applies pri-
marily to L and S. Until research can exs.id tls,data, extrapolations of the 
fotnslas provide isebest Issormation available, but their limitations most 

be recognized. 


4. Defining slope length incorrectly. The effective slope length is 
the distance from tie point of origin of overland flo to tie point where 
cither tie slope decreases enough that deposlion begins or tise runoff water 
enters a well-deflied channel (10). This, a slope lessgth is measured to a 
well-defined chansel and does tot Include tile legth of the chnns'l. lielther 
Is a slope length teri nated by a pronounced change in gradiest or land use 
uslescs tEe runoff Is diverted. 

5. Evaluating Irregular slopes. Tile sl.pe--effect ciart reflects rela-

tionships for uniform gradients. A convex slope loges more soil than an 

equivalent unifurm sloe, and a concave slope loses less. It is logical and 

correct to divide appreciably irregular slopes into relatively uniform seg-
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mesetB for eva lsation, b.t the legs-ests cannot be treated as Indpens1¢nt slopes 
If One s'egment receivies runoff frum another. A method of computing LS [Or 

Irregular slopes was published in 1975 (1, 6).

6. Ilssome earlier publications, factor R, unfortunately. was categori

cally eqsated will, the local E! valse. R shol! be deffiled as the rainfall 
and runff erosivity. El generally reflects this cortiination, but there are 
two 	exceptions.
 

First, El does not reflect the erosive potential of runoff that Is not 
directly associated with rainfall. 1It the Palouse region of the lorthwest, 
Iialably 90 percent of tie rosaion Is caused by runoff from thaw ar.lss,,v.-elt. 
The erosive potential of this runoff sv-1r be added to the local El value to 
evaluate R.
 

Second, on the Southeast Coastal Plains, computed annual El values are
 
very hj:h becauase of the hurricao-a..soclat ed storms and tile slope gradients
 
.are ire seal, I. elld sLserver. have So'i;t'scd that tie norssi ly comp.ted

El vAtlee seen to svee-etlivate S. i as for this condition. A logleaI as

surption is iht this Is largely attributable to shieling of the sail surface 
by excessive lianding of rainfall durilg the prolonged periods of high Inten
sitIIs. lHot fostiser study Is no.d~d to d,,tes ine the variables al indter
actionsi re:.ponsible for the appat:lt overestimtion. 

Gcss~s'f ins is's t2l'sh 1
t
.sfa 

It tcletlvrw s l eqliation is usd to loss datal t c loss 	 geerate soil 
r ceo atII n wth Other par. -e *trs,in luattzi s p depo sitionas eva s n of Iope 


or sedilient si-livery ratio!;, precision issfactor -v.alssrtinIs much mare es

5 ' ts Ii. fsr co.e-tvati,)n s i ides. ThIs .fil les ihe r cks .1 pl.nssins als-o 

'ig tie ssloatlou .s;sls st a local s.ss-,ple of plot data.
 

lie resca leher needs to exercise josgnlsst In selecting pertinsnt factor
 
va Iles tlIat will account for dlfferences from averages; and for differences
 
fros' fi l d cosslit lo s slid srmalfli d operations. For c avopje, the P v lue
 
for f.ssllilss oct.5 ls-pe ous a narrow plot Is likely to tC at least 50 percent
 
loer tsas the contour factor for a wile field.
 

Chts:l1 a rotation or managencsst practice does not Ieoedi.stely change 
the residsol effects. The preceding systen r.y rerain influ-s lntial for several 
years. iIow a plow with a small i srden tractor or a sF'de -y eave ,.rh 
more plaIt resIdue os or at tie ssrface thia toldboard pliswing and1 thus merit 
use "I a such lower ssil loss ratio than that lited for the same crop system 
usder field cosditioos. Also, problems polted ou- In tie last twapreceding
subec tics. becos e pa;rticularly relw.h.a whenet the equation Is used to generate 
data for analysis of other factor relatioss. 
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Use of the universal 
soil loss equation to predict
erosion in West Africa 
E. J. Roose JA 

Erosion has for centuries been an obstacle to development. Consequently, 
man has tried to remedy this In diverse ways (terraces, reservoirs, itinerantcultiv-ation, ec.) that sore or less take into account climiatic, economic,and human circumstances. With the purpose of rationalizing the choice of ersion control methods, several authors have formulated eCuations linkingsolids transport of field scale to causal and conditional erosion factors. 

Amung these attempts, the universal soil loss equation is by far the bestknown and the most, widely used on other continents as well as in the UnitedStates. This emirical equation Is based on the statistical analysis of more
than 10.000 plot-years of data of sheet and rill erosion on plots and small 
watersheds. The equation is 

A - RKSLCP [1J 

In which erosion (A) is a multiplicative function of five determining factors:R, an Index o rainfall erosiveness that Is a product of maximum 30-minute 
Intensity of the rain and its total kinetic energy; K, an Index of the sus-
ceptibility of a continuously fallowed soil to sheet and till erosion; SL, atopographic Index Including both the angle and length cf the slope; C, a 
biological factor expressing the combined Influence of vegetal cover and cul- 
tutal practices; and P. an index showing the effectiveness of supporting erosion control practices, such as contouring. 

Knowing the value of rainfall erosivity, soil erodibillLty, and slope,one can calculate the effectiveness of various erosion control techniques to
tise If one decides to introduce a cultivation system Into an area withoutexceeding an acceptable erosion rate. 

My purpose is to apply the equation to the experimental results obtainedIn West Africa by the French Office of Research Overseas (ORSTOM) and the 
French Institute of Applied Research (GERDAT) and define Its limit of validity. 
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The results came primarily from 13 stations measuring sheet and rill . 

E. J. Roose is a msotar of reacarch in soil science at 
of Research Overseas, B.P. V51, Abidjan, Ivory Coast. 

the French Office 6__ 
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Z 	 eta lion on ahout 50 plots nf 100 to thin agree wth principlei In 
0 5,000 square 

cover. Alt i the cont.lnrd the cl 1itir crn
5neters located in five .Ivty Index of IWischieler and mnlth (4, 43), ulich talcs Into account the0 	 West African, contrieu (Fi.ere 1. ci.,n!ned effects of aisnt,nc maximal Intensity. and duration of -IlI signill-

S o 	 'lalleI). Clln.itEs vary from the cant rain.0. 	 dn;e so.leq..itiir IaI fore.t in the Ufortunitely, the anaiysl2 of rain galui:c charts Is cytrcrely tInrc-cnn
0° 0 	 lower part of Ivory  . lana(ro attempt to sinplify tie mntlud, several athors (1, 6, 11)W I 2100 millimeters.) to the steppe of have noticed that excellent linear Fegr.'sslons exist bet.ecn kinetic energy 

ElieSahiellen plain of the Nlilger' (rain and the amount of rain; but that the regression bet..,.-en the r-as m-l intensity,10w)..- Aside from the Alln.oto (130) and tche a.'o nt of rain Is curvilIneir; and the scatter of points Is 
station located on a vertisol, all Much> ,. greater (4, 2). Several authors (6. 7. 11) 1 ie publlshei an eq.iation
other stations are set lp on ferral- valid in Upper Volta at,d In ll;er (nd prob.ably in all of tLest Alica) thatto lltic and ferruginous tropical soils. permits tie estli.ition or the lnde, as a function of the rainfall amount (I0 

oand Its 	maximum intensity in 30 minutes (130): 
.OO Rcs 

R - (0.0158 It x 1i0) - 1.2 121 
i.-e Tile most significant results of
 

eylierivlenta are slhown here to demon- lie-ever, the study 
of the s:iatital distribotion of this Index of eros
. strate the adv.tages and the limi- ivIty, R, u-ses a najor difficulty In Africa dIe t, - -cill n,,hbir of stat- t lions of tile universal soil loss tions equipped with a rccotr,!ig rain gjiie ant the shirt period d~lrlng which 

equation in West Afri~a. they have been keeping records. On the other hand, these stations hive had 
c at tleir disposal for the last 20 to 50 years in West Afriri a relatively 

o 	. RainfalL Eroaziity Irler, R dense network of neasuring stat,-nv of tlie i-unt of dilly rainfall, u.hich 
al tie alculation oi representative averares. 

12 
e therefofre have been ledDX , On the ol1 croded surfaces of to study in detaill the conectlion existing b,'t cee,.i the .anuont of dilly rainthe African continent as on the fall and the in1isx of rainfall .rosivity, P. The revolts sha that thereCre't Plains anI Ct:tit 11,71t iln Amnrt- tXist sttrng varlati,ol of R for rainfall of the i ' a:noint and that this 

ca lwhere the roltivated slopes are 	 varlation incr.ls.s with the ,a,,nt of rainfall (lahle 1). Oru the other hand,us .. 	 mIerate to neariy level, it 
-? 	

is tile te average amouits vary little from one station to .,i,-ther Iron the lowerlurpact energy if raindrops that 	 Ivory Coast as far as the Nig.r. 

ses t0 toos Ts Impact energy ln Ethe coastal zone of the Ivory Coast, a rigrss in 

v o ew aSets into motion tie destruction of = 0.577 


ca ntn. lie 	 l.cer iIvier exists 
t (R - 5.766) betapcen this Index (R) and the rainfall ian-.,int (11) for
 

7Em o0 o , alglegates 1.4111, 
 rulnuff water pro-	 rainfatll of tie oJuneto Septc,.,her nonsoo," tile. A curvilinar r'gression 
vrides for the transport of detached exists for high intensity r.infall in the other r.onths. Tils corvillnear
 

c rprtgcle. ton Is very scirilar for all the stations stleJ bt.uen Abi-ijan
rclrs and n Oi tie hare, plots of Adliopo- Ouiagadougou. fli;cd on- doiuii';, It has beeii 	 tiose rgr.,:.siois, one cin trinior( gjh strls ofshown (28) that 	 observations of faily rainfall in order to find satisfactory inthly .ind 
w *. the .i,,nt of ra.ifall fails to ex-	 yearly avetagcs (5% error) of the r. infall erosivity Index and try to map< -p*v 	 Ilail the li'liom-niu-toi of erosion If the'ir distihution (23). It his ii taled, therefore, th t a iun'le cmbiein 

Oivine..u iat sivuoltaniennsly talke In- pirlcal re].ittcilship exists betu-n the yeurly avera.e erolvity Index (Rim)oc)--to accounlt sorill water content before over 5 to 10 years and tilecorresponding an~nual averige of iitnfall amount 
oo 	 the raifall and tue maximal inten- (Ilam) 

sity if the r.iif.all during a siuffi
clently long period of time 
 (20 min- Ra/lln - 0.50 f 0.05 [31
iutes for solids truluspurt and 10 min

to utes for runoff flow.) This rate has been verified at abiiut 20 ra!nfa I recording stations in 
O.- -, In tie Iledltrranuean and Saliellen the Ivory Coas', Upper Volta, Sci:il. Niger, and lTlI id, wit the exc.pt ion of 

zone. ilucl (12) .iii1 (?.1, stat tihe itliloo c 3.1) 	 ,ns located a t.inld m .. ns as well iii Ihe re-. i-i r the sea.- .o, sctiiite th.t It Is [lv exceptional 	 l1l;
- 0 0 	

rela ti n..ip 131 his p,-. ttd -is to '.etili i, liir 'l "i f tidl In50- to lO0-y,.ir-freueucy rain that deot Co ast in V (.II) I the IIii Ivory (01) Ill lta a n fir I lii.- - I Africa 
ina r.d1i.llIy ttaisfit rs tIhe ]liljseile. 	 (32, 3d). lis !ketch (Figire I) Is a goiiie the ireci,.. (5.) of whlich out

0 e. o il [lie other hl.Ii, tile results isho side, oh m alutainus and coast-l 7tnis Is sufficinit to prlit the u e of the 
thit In dry or humid tropical envi- universal soil os:; equltion. 
ronments the level of.erosion depends rigue I sliCas th.it the rainfall eroselvty Is viry hiel, In thle limid 
on the sum of the 10 or 20 most se- tropical regions and decte ses alimost i,ar.llel te ilu. l raalilf.ii lines be

- . vere rains In a year rather than tile twe,,n Abldjan (11am - 2.100 rim; Ram - 1.200) and O,..lii..iu lii - 810 rm;I I 	 exceptlonal rainfall, taLing into ac- Ram - 430). This Is explained by the correlation but-n the .nnulla average
X C count existing well-developed vegetal precipitation In this rtgion. the amount of the 10-year rnln ill and the 

http:raalilf.ii


curves "Intenaaly x duration" (2, 3). Since rnalla| in of the nae type In 
all of this zne, It Is no longer necessary to Include the intensity ofTable 
rainfall in addition to Its amount in order to evaluate the average rainfall 
erosivity, as .4evCral authors have proposed. 

By way of compari on, let us point out that the indx varias from 50 to 
650 in the United States (43), 60 to 300 in Tunisia (1;'), 50 te 300 In 
Hlorocro (14), 60 to 340 in the South of France (18). _'00 to 1400 in Ivory 
Coast (28), and 200 to 650 In Upper Volta (31). 


Soil Erodibility, K 

The laboratory tests being insufficient to class soils as a function of 
their susceptihility to sheet and rill erosion, Wischmeier suggested a study 


of this factor on reference plots of about 100 square meters, with a 9 per-

cent slope and treated as bare-tilled fallow without the addition of any 
organic matter for th ee years. Many soils cultivated in Africa are not 
represented by slopes of 9 percent. We therefore have adapred this proced-
ure by choosing slopes characteristic of the noils aiud the land;scalaos and by 
correcting the measirevanets with tileaid of tie tologra hlIc fatCtor (SI.). Tie 

soil erodibility Index therefore Is calculated with Ehe following equation: 


S 2 
K- St. x 2.24 P,1 

where A is tie erosion iln tons per hectare, It is the ralnifalll ero. avity Index, 

SL is tie topographic factor. and 2.24 the coefficlent necessary !o go from 
metric units (t/iaa) to English units (t/acre). In the United St.res, the 

Table 2. fleasured Index of crodibility (K) of varioas soil types used In 
ti__s __tud__._' _:_us,'_aptililitytl.lls.r
sdK__ 


Vale Na,.of 

Location Soil Tyjpes hax. Inl . Used Measures Source 

Adlopodoume Low base-saturated fer-

ralitic on argillic-sandy tertiary material 0.17 0.05 u.i9 24 (28) 

Agonkamey Heditm base-saturated 
ferrallitic on argil- 
lie-sandy tertiary 

Bouake 
material 

Eroded reworked fec-
0.11 0.03 0.10 4 (JO, 28, 

"Varios 

Korhogo 
ralitic on granite 

Impoverished, reworked 
0.16 O.G2 0.12 4 (2 25)from 

ferrallitic on granite 0.02 0.01 0.02 6 (32) 
Gampela Tropical ferraginous on 

lateritlc pan at 20 cm 0.32 0.05 0.25 5 (6) 
Saria Tropical ferrupinnus on 

lateritic pan at 50 cm 0.28 0.06 0.25 3 (29) 

Sofa Leached tropical fer-
ruginous with stains 

.and concretions 0.17a 0.05 0.25' 2 (4) 

Th vl us frK e s aranteaaavuosvd -age 
evalueused for K at Sofa Is higher titanthe maximum value observed be-


cause organic matter was plowed Into the soil tiaefirst year. The effects 

of this were not overcome in the short term of the experiment, 
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3. Effect of slope on erosion and runoff .. function nf vuKetl 

cover and soil.(thvar) Runoff M 
Slope Bare Cropped Bire crpped 
(7) Forcst Soil Soil Forest Snil Soil 
(7.)__orestSoi__Soi__Fr___ t__ ,____Soi_ 

- 60 19 - 35 16 
Adiopodome 1965-1972t .5 
Ferrailitic soil on ter

tiary argillic-sandy
 
materials 7 0.03 
 138 75 0.l" 33 24 

Average rainfall 
2100 na 23 0.1 570 295 0.7 24 24 

cultivated crops from
 
1955 to 1962. Leach
ed ferruginous c h

ed ferruginous trp- Slope
 
ica c with
soil stains
 
and cotcret ions 1.25% 1.50% 2.%
 

Ai/year) s8.6 
 12
 

Annual average runoff
 
16 22 3r)
 

rodlbility index, K, increases from 0.03 to 0.60 for propr-%Ively more 

cr dible solls. Table 2 sunmarizes what few cprras,.t nl r esa it,1 --.;t in 
West Africa. 

Application of the soil crod ihillry namiag.rah (1 ) in 4via,1he ttio' 
of soils to erosion has glvtn satisfaItfry rait.s for the tcr

rallItic and ferrugIno n soils stulied. tile ,tlan s.ll1-. that werewith t e .. 

;avel ly or covered witha rocky debris tIt cts as a pr,.e tiv,. -IrI. This 

is very Importint ina tripIcal anil mediter raa,.an ret I ( . ,, ... At 
Korhogo. for example, not only is the factor K very low (0.02) hat It dimin

ishes proportionately as the gravel concentrates in the tipper surface (Table 

2).
 K Esti,.ated 

Lh msil_Ipd 
bv the Nonairlph 

010
 
(from tertiary sand 0.0 to 0.1
 

ferrallitic soils from granite 
 0.10 to 0.15
 
schist 
 0.15 to 0.18
Ferruginous tropical soils from granite 0.20 to 0.30
 

Two conclusions can be derived from the overll rcs"llts:
 

1. The variability of monthly and yearly meastiremcnts ncct'ssitatt'5 go
ing ahead with replicatioas in space and especially in tine. 111c measure
meats should only be done on tilled fields for over three years with,..itburial 
of org.,nic matter. Working of tile soil eliminates the faafauaralsfaraed 
by tiaebeating action of rain. Ih-uever, too mach c.l tivatin gives sai1l loss 
and.runoff results lower than the corn or cotton plts. lherefaare- one till

in eacti rainy season ald two or three cultivatlos and haica eeding 
are enough to maintain the soil su, face in the desiredconitn. 

2. Ferrailitic soils are very resistant to erosion, anl ferrai.nous
 
tropical soils are clearly less resistant after twe or three years of culti
vation. This difference Is explained by the low permeability of ferroaginous
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soils, their tendency to seal, their relatively high content of silt and fine 
sand, and their very low level of organic matter. It netm-i, therefore, that 
the spectacular erosion observed In Africa Is due -o te extraordinary rain
fall erosivity rather than to a particular high erodibility of tropical soils.
 
Ilowever, El Swaify (9) has shown that in Ilawali the range of erodibility of
 

Ir tropical soil. Is as great as in the tcmperste zona.
 

) 0 
.	 The Topovgraphi !7actor, 5L 

Hist ,,ors agree on the Important role that slope (leniPth, shape. and 
w especal.! stecl,ness) plays In Eliedevelopment of eronslon, air h-I,erosion 
V Can somnetim5s start on slGpe less than 2 percent (10). Zing (46). sur'arsr

iIzing experimentation carried out soils of
on the the tempt-rate American re
. gions, showed that soil losses increase exponentially with slope steepness,
 
. lithe average exrn.r nt bein close to 1.4.
 
I c On a ferrallitic soil rich In gravel (alfl ol) In lllferla. al (16)
 

U" o found that erosion increases with slope according to an exponentlal curve
 
g - exponent 1.2 when the soil Is bare, but 
 that it is in,!epen-lent of the slope 
o (1 to 15Z) if an adequate amount of residue (4 to 6 t/hi) is left on the 

-ao o surface. 
.I r .O l lhe other hand, Hudson (13) in Phodesia anl Roose (.'I) In Ivory Coast 
0.4U	 found exponents larger than 2 for various tropical soils that are poorly


covered. Wischnicer and Smith ('12) estimated that a second degree fits
 
better than a logarithmic function.
 

iflence of slope lenp.th being variable. participants In a workshop 
Purdue University finally adopted, for current usage, the... ponent 0.5 to
 

express the Influence of slope length on soil losses. The equstion linking
 
erosion to slope Is rltten:
 

- - (0.76 + 0.53 s + 0.076 s2) 	 (5)a 	 100 
) 2>4 

4. 
 where A Is the slope length 	 in feet and s is the steepn.ess In pr...... 

At Adlopodoum6, on bare soil and averaged ever five years, ristilts 
W. 1 

. similar to those [ofWischrmeler and Smith's tiheoretical curve hive icea ound. 
. to but these results vary considerably from year to ycir (25). UlJr c .:v.,v

tion, tle results vary greatly as a function of the percent of soil coaered 
and cultural techniques (Table 3). At S .a In Seneil (19). It appears that
 
very slight variatloo4s In the slope (0.5%) are sufficient to le.id to notable 
variations of erosion and runoff (Table 3). At BCnin. associates(40, 41) observed 	 i.ill.rine andtha.t the infl,.ence of slope 	length. on r .l,,nis not Con

stant nor very Important. This unlc(ttain influe4nce of %lope lr4gth on splash
0 and rill erosion brings back into coi sidvratfon the e-ffectiveness for African 

conditions of antierosive techniques. stichas terrates, banks, and diversion 
-' .ditches that are too often blin,lly ,;sod In a variety of clloI tes (. '). 

o-	 From a scientlfic point of view, th~is topn4gr.philc factor iI f:,rely theo .weak 	 point of the universal soil loss eq,,ation b.cause the Infloice orf slope 
.	 Is not Indelendurt of vgetal cover. cult.ral tirchniloer, 5,li, a. probably 

of climate (28, 31). Ilnwever. -hile - [iltn to hi e !., flc;(nt dita avallible,either on 	 Ingraphlitonecan rely this to Igdex (it WIlrineler or an expon.-ntlal 
the (SL tO .. largeequation of type - A0. x s1.5 2). Both are itltactory In a s B4 b 

4 .	 nit ber of practical cases, at least on non-s'elling clay soils (13, 6). 

oW	 Vegetal Cover and Cultural Tced1jnqti,?r, Factor C 

a 4
 
0 This Is by far the most Important conditional factor. In fict, a, long


o -0 	 as the vegetal cover Is uninterruptcd, whether it 
iS a matter of forests, bush. 



10 
0 - - 1 1Z 

.navannah. and pastureland, or of a simple muitch. cr,)%ln ani ronoff are smill 
denpite the croaivlty of the rainfall, slope steepntss, and soll Inatability(Tables 4 and 5). The burning of savannah, cipcclally if It is late In the 

'c3 K dry aeason, significantly Increases runoff and Iti solId content (30). But 

a. c. 
5. 

when the soil iF totally dended, uranlon bcco-r.are multiplied by 100 to 1,000 and the flaw by 20 cat.,str, ;)hi:to if). Under Soil ltnencultivation. 
erosion is Interei.ate and varies to a large degree according to the type 

C -0 0 0 I 0
o-'.- 1 -

.0 
0 W 

m 
of crop. the rapidity with whichnlqu-s put into use to encour.ge it covers the soil, andIts gro.th. Density the cultural techcarlinc-, of 'i't

0o. .4 o x a lg ...cultivation of the soil. appropriate fertilizati.. .and rt.rn of "

a 
C3 3 0;3 t, o "-.L X : . -, dues play a 

Factor 
predo.inant role. 
C of the Wischmeier equation expresses the co.-,blned Influence of 

u . the vegetal cover and cultural technique% on solid transpnrt. It Is calcu
a o latcd for each characteristic crop-stag., pcrl,,d (5 In the United States and 

0*~ It - -- 0 i, up to 8 In the humid tropical zon c with two cultural cycle-.). "laing Into 
o = o - - account only the mean annuai % bce Table 6 presents those v.iors that have 

r 
3 't been obtained for factor C in .st Africa. 

The use of factor C Is capable of helpr.g tn define the ctultural tech

0 r niues best suitcd to each crop and the rotation to use in order to take into 

w 
m c 0 account regional ecological conditions. 

° o. " 
I 

-o n --Erosion 

0 1 
Control Praetico, :acior P 

.> - . -o Buffer strip crolplog and natural or artiflcial msichlin alone could be 

a ,o 
- IC 0 " 

. 
A 

o 
,0. • -

the subject 
problems of 

of smnil 
soil and 

plot studies. These studies could 
water conservation (Table 7). 

help solve certain 

0;c0c 

-

2" 

)oo 

- ., r . a1.0 C00 -Buffer 

0 
Strip C! [,pin3 . By alternating on a slore cultivated In parallel 

0E 01. 

a 

o oo 

0 0' 
c0 

a 

-o0 0 r.a 

U 

r4 

U 

0 -4 , 

a 

.0)) 

. 

-4,4 1 

Table 6. 

Africa. 

The vegetal cover factor and cultural technlques (C Facto-) in West 

ao . 4 a A ..nA.,.I 
a 0 0 u4 

"4 , m Cultural Techniq.es C Factor 

G~~uC 0inuousl Har cont y fal low.,d 
C 

a a 
Forest or 
S.avanoah, 

dense shrub, high mulch crops
prairie In good coodition 

O.nlo 
0.0I 

S0 c. 0u E Over-graz,-d savannah or praire n.i 

a*- 0 0 A Croi cover of slow development or late plantig 
" ,r 0 U 0 first year 0.1 to 0.8 
,3 0o, .LA 

0 
LA 

.0 0 "4 1 U .-1o 
Crop cover of 

first year 
rapid developmcnt or early planting -

0.01 to 0.1 

.o,.'. 

S, 
0 

00 . 

0 

0. 'm 

• 

OUOu .0 

.0 

A 

U 
.ni; 

a I 

.g 

Crop c,ve-r of slow develt-pment or 
secod ye.ir 

Curn. sorghlom, millet (as a function 
Rice (irtensive fertilization) 

late planting 

of yiell) 

-
0.01 to 0.1 
0.4 to 0.9 
0.1 to 0.2 

WNu r CoLt,,n. thac, (',conI cycle) 0.5 to 0.7 

•4 
L 
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*E 

Uo0 o 
0o 

LA . 
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. . 0 
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lot 
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Oa00 
0 0 

0 o 
o 0 

a" 
r 

ai 
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(as n function of ll 
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strips (20 to 
50 m wide) with narrow strips (2 to 4 m) permanently covered 

with Prass. the 
1,tdscape is rapidly transformed Into a succession of fields 
of gentle slopes separated by grass-covered evbanutments. Due to floe roots 
and to ntivrerouis grassy stems, tite strips ;ibsob a largce part of tileflow 

(10 to 60% at Adiopodoum) aindcAunc tie dcpouit of eroded soil in the up-

stream area (70 to 90Z at Adiopodouni8) (22). rmbanknents of 50 cm formed 

naturally In five years following alluvial deposits 
in buffer strips have 

been olserved at 
several locations In Ivory Coast. In tireSahelien zone 

where the gras.ses have difficulty protecting soils from the first rains,


2
Del'aulle (7) has shown on large plots (4,000 m ) that ridges of earth and 

low ery stone walls are slightly more effective than grass buffer strips. 

These methods further permit the determining of a guide from which It will 

be possible to move from an extensive nomadic agriculture to Intensive 
stabilized cultivation while progressively modifying ther topography (22, 33). 

A sftrrw mulch several centimeters thick Is as effective as a dense 
secondary forest 30 meters high (25,35) In abs.orbing kinetic energy of rain-

fall and maintaining erosion (0.03 t/ha/ycar) and 
runoff (0.5Z) within ac-

ceptable limits. Given the difficulty of procuring the enormous vegetal

qua.ntities necessary to cover large Industrial 
 plantings, one must consider 

either leaving the maximum crop residue on tie soil surface or using soil 

conditioners. 


Ati'Tfioial ,I ch. By spraying a thin permeable film of polyvinyl ace-
tate (turasiul su ied by 1;.eclit) at 60 gs.lsip p l per liter per silore meter 

after phllug sillI lo.u-s, have been rdlct-h froml ii It 90 peri-IL andLte

flew Ir 25 to 55 percent of the check. lhie nsr.tying of this type of 

prus.-ible pListIc, mixed l ithgrass and fertilizers . is a future prac-
r seeds 

tice for protection of -c.lped industrial 
zies, road i 'hnl.mi'nts0 and -has-
niels. 1hirever, It Is still too expensive fur irdin.ity agricultuire (35).

Cultural practices (maximum soil cover through early aund dense planting, 
use of fertilizer, optimum worklng of the soill, nijlch, plant coveritng, rota-

Lion, etc.) are much more 
 effective In humid tropical zones than mechinlcal 
tchnliques (terraces or diversions) that are ro;tly to build and difficult to 
malntain. The latter, however, are the practices men loiled most i soil 

conservation manuals all over the world 
and mast of te time are recommended 

without preliminary study of adaptation (22, 26. 28. 9). 


Diossion azd C'ontcloona 

Hre than 500 annual measurements of erosion on experimental plots have 

been completed In 
 West Africa. This allows us today to evaluate and to put

into practice tile universal soil loss equation (14). 


It Is well to recall, first, that thi; equation aiis at predicting sheet 
and rill erosion In hilly areas, excluding mountains, where energy from runoff 

Table 7. P [actor for conservation practices In Wst Africa (7,28). 
Conservation Practices 1i Factor 

Tied-rcdglng 
 0.20 to 0.10 
Antlerosive buffer strips from 2 to 4 meters width 0.30 to 0.10 
Straw mulch 

2 0.01 
Curasol mulch (60 gr/l/m ) 0.50 to 0.20 

2-3 years of temporary grassland • 
 0.5 to 0.1 

Reinforced ridges of earth or 
low dry stone walls (ridge 


elevation : 80 cm above channel) 
+ tillage + cultiva-

Lion and balanced fertilization. 
 0.1 
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and linear erosion (mountain, stream and river) predominate and where the
 
rainfall has very different characeristics. It neither approacheus the prob
lem of flow nor that of transport In solution and neglects the qualitative 
aspect of erodi.d materials. Bit the fertility factors of a large number of
 
tropical soils are found stored In the fIrst 20 centimeters (especially under
 
forest conditions), and sheet erosion selectively re,ovcs the organic and
 
mineral colloids as well ae the nutritive elements thit assure the chemical
 
and water reeerve of the soil (10, 20, 28).
 

Secondly, since this empirical eqiraton Is based on the statistical
 
analy is of a large norberof results, It Is inrportant to have nu..erous repli
cations in space and chelfly In time to evaluate locally the value of the
 
different coefficients to use.
 

Finally, since the data 
come from plots of limited area, it is difficult
 
to use these results to predict regional values of sellment transport on
 
large watersheds.
 

Realizing tllis, It Is necessary to recognize not oniy tie practical
 
utility of this equation on the land to optimize the management of agricul
tural land, but also an evident scientific interest to define the relative 
lInfluence of each of the factors under consider. rion.This equttion fulfills 
Its purpose, wbicl Is to determine the antlerosive technllpies ti pit Into 
practice In each particular case of soil m.iagement. On the ancient African 
continent, its use sents to be pirfectly acceptable and justified by a mass

of tesults related to soils aIud to the slopes m st currertly cultivated in
 
West Air tta.
 

Tht cro.lvity index accurately take! into acc ount the interactions of
 
amount. Ilit-.l;ity, and duration of rainiall on solid transport; there could,
 
hii-,ever, le Idltd to it an "antecvdant soil viil tur Ior-,.e" esptpuss lg this
 
einitiou ifore tie rain. 'hie anallysis of ho,-oi-ads (if r in rige ch.irts
 
has alIbod us to present .a first approximation of tire spat fii distribution
 
of the annual mean erosivity index. Iowever, tie i;uvtlon mumst be asked
 
whether It is better to base tie erosion 
control s5sii-rm on the mcan erosivity
of rain or on tie hazard of a 10- or lG0-year-frql.,ncy ralinstnrm. 

The soil cover resulting from plants (and stune;) has an impurtane that 
exceeds that of all the other factors determining erosion. Plant archltec-
Lure as well as tillage practices play only a secndary role once tilesoil 
is 90 percent covered; however, tie cultural antier slve techniques are veryhelpful In all the cases where tile soil is sparsely cover d. Inlex C allows,
 
In addition, the selection of practices and crops best 
adapted to local
 
ecological coudi 'uns.
 

Coitrary to an opinion widely 
held anong agronomists, ferralliltic soils
 
and. to a lesser degree, ferruginous tropical soils, esPecially If they are
 
gravelly, seein less crudible thin a large nober of leichcd soils of ten
pcrate regions. It Is the special erosivity of tropical rainfall th.t leads
 
iii tie severe erosln damage seen iii tropical zones uhien the soil Is bare.
 
]he soil erolibilIty nom,)graprhi proposed in 1971 (45), Ohlch permits the es
timation of the index 
 of the resistance of soils to erosion, seems applicable; 

however, a xoderating coefficient should be addcd to take Into account the 
gravel or rocky debris present in tlc tilled srnice.

If the universal soil loss tquatlon se-; to be correctly applied to 
those clay soils that are prcedomiantly kaolinitic, the mist wlidely occurrin$ 
and cultivated In West Africa, one muct be very cutiois wiere swelling clay
soils are concerned (dark brown soils, ecrti;ols. etc.). lit work of ileusch's 
group (I) In horocco demotstrates that the vrtilsols on the v-iris ,f the kif 
react very differently.
 

The topographic [actor and ItI particul;ar tile slope lenr Ithcert linly con
stitutes the weak point of this equation, since it varies with the sol type, 
cultural technique, and the vcetal cover. But while waiting to g.ather a
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by E.L. Skidmore 

*fl'RODUCTION 

Wind erosion is serious in many parts of the world. Gheneralareas most 
nuucertible to wimml erosion on n.griculturnl land include much of l'Orthani the Naar Est, parts of Africasouthern and etstern Asia, Auntralia end southern 
So,,th Anerics, and the remi-arid and arid portions of North Anerica (FAO, I'6)
In addition, such agricultural areas as the Siberian Plain and others in the USSR 
nrc potentially succeptible to wind erosion, 


Soil erosion by wind, generally thought to be limited to semi-arid and arid 

areas, cin be a problem wherever: 1) the soil is loose, dry, and reasonabl- final;"
divided; 2) the soil surface is emooth anl veretative covcr'is nbs.ent or npir:e;3) tie fiel, in lareL; and. 4) the *minlis nufficiently rtrorT to r,,eve oil. f cte 
coiditions re likely to prevail in semi-arid and arid areac, ,here precipitation
is ina t here the cliatic vreriei from lano n or c totlequaor, erso to , ye .ear 
rrvet auita irin.g crop.- or residue cover on the land; however, tbetr sosctime 

l:nd erosion d,~am-aenin several w~ays. It ph'nirally remoaves fr, the fiell,V~nd eroioniayn. dari~es in evnral reonovnItphyniraly
the m ost Lylma,portion of So-ne soil lo theproductiv it- andL-nghsa--, fertile1936; 1975).the coillerodedthereby entersvrring atuonpmeric(D anielduntioo., 

1936;no Lyles -)7)- robscdredvnaiilintyo othe therir(iien -al ?oodruff,f, 173), Wicho',hobrcurcm a c-rei t raffivisibility, pollutes the air, caues traffic 
hazards, fouls nmchinery, and imerils ,nmimmalad },mon healti. Dlo,:ing coil also 
fills road ditches and irrigation canls, reduces cecdlinZ -urvival ;id i-rorth, lomtrotl.e marketability of any veg-table crops, and increases the susceptibility of plants 
to disease and to the transmission of some plant diseases. 

This piper presents criteria for -. mo ing wind erosion on a region.l bamis 
orThispapr- jczit;perets inderosonritria n are~orvl bsican17yfirst anssssing it on a field basis. Also, the regional wind erosion hazzrd c.nr

be evaluated aced on the erodibility of the coil and msteoroloical conditions 
conducive to coil detachment and transport, 

2. ASSMSflO WnM EROSIN ON A FIELD BASIS 

Studies to mmderstarnl the mechani.s of the wind erosion process to i-lentif-
major factors influencim;e wind erosion, on.s to develop ind crosion control tiethowi: 
led to the develo;-iclt of a wind erosion equation (el epil wnd'Noodruff, 1963;lioodruff a.nd Siddotmay, 1965). The equation mie designed to metcrmiine the average
potential erosion fro a particular field and the field conditions necessary to reduce 
potential erosion to a specified znciunt. 

3/ Contribution fro the Aricultuxral Research Service, U.S. Departmient of Ari-
culture, in cooperation with the Kansas Aricultural Experimenmt

6 Station. Dept.
of Agronomy Contribution Ie. 1 47-a. 

It in sonuIed that tho reader In familiar with the wind erAnion equation, 
therefore, only f lrier description will l Civen here. Moro detail h.ntbeen rivenby Chepil and Woodruff, 1963; Woodruff and Siddowny, 1 65; Skidmore mud Woodruff, 
1968; Skidore et al., 1970; Skidore, 1976. 

'rho [7.nnrnl functional roiltioninhip l,etwnen tbe dep-n.idlet v.-%rinhle, F (the 
potent is:l average i annual oil lo o in tons per h ctnr.,), m ud the in d,,I:lnlent v mri-E - f (I, K, C, L, V), where I is a soil erodibility index; K is a 
noil-ridCe roughness factor; C in a climatic factor; L in field length alone the 
prevailing wind eronion direction; and V in equivalent quantity of vi-'gtative cover. 

Relationn ainong vriablos are coisplex, an- a s imle cq'matinn thit cypresne E 
as a function of the independent variables has not 
b.:endevised. T:e equation was 
solved in a stepulise procedure involvinf graphical oolutions until a coimputer 
slto a eeoA osmlf h rcdrsktion as devlopid Fse n kdoe 90to simplify the procedure (Fisher ad Skidmore, 1910; 
Skidnoro t.,. 19"0). 

The colution of the wind erosion equation gives 
the amount of erosion expected, 
in tons/ha/year, from a riven africultural field. 

The inforn,,-tionneeded to Pozecs potrntinl coil iose from a field in: 
(i) percentage of nail aggregates exceedinC 0.84 rrm; (2) length and steepness of 
windward knoll 'lopu:c; (3) ridg-e heig-ht and opacinr; (4) clie,•tic f-actor;(5) ani of de iat ion of prevni lin wind ero ion directihn fro-,rIC It a irlon to 
fi),ld strip; (6) prconriernce of Ain' erocion forces in proai Iirj wins leroion 
direction; (7) height of wind brxrier, if a'".; (3) field wnidt; ()) qu itit, of
vF-Cetative cover; ,and (10) type of egetative cover. Information for itc.s 4 and
6 and for determiniui item 5 can be ubtained by month for anmy UZ', loritions fran 
the literatue (Zkic-nore and Woodruff, 1963). -,-he percent.-s of soil a-rei,t-mex(itrlmdiotit0. 4 :-mI1te 1),can4 nedtt l1)oantainedcby drnedsiyvdn:;ciovnr;is from Cr e or n s ttytim percentage often twind l y n e erav inpinrtciie,ril edetermined from w#ind erodibility groups 'onsed on soil type 

or prem'ominant coil t tetural class (yes, 1972). Other factors can be measured inthe field or enti nated by coep:rnG field conditions with nimilar field conlitions 
for vdich the factors have ben measitrd. 

3. ASSFSING MUrD 0011 COUPTYlOSION A AJTDREIOAL BASIS 

hlewind erosion equation can Le used as a b-.nis for essesring wind erosion on 
area, nucm an a county, larger than an in'ivi'dumli fiel.. 

In the USA, pertinent data cam be ottrined fro rwvral so-mrcem. A.n-alarea 
cropped m;,i yield dat, for each msjr crop are availaAle h- county frai "Arcultural 
Statistics", published by state beir-,m o: ajriculture. lot-1 PnI Sr's !-- caw:t,- inavailable fromi the Concervation ;:ceAds Inventory; coil ;".t. r, amvm.mi-im>'fro, soil 
curvA-ym.; nAl climavolo:,ic-l uata ere availzlole froe theiecory Center. Uintg those aiata end the wind erosion i:at ional C11 i-tolo,.ieale;,mtion, one iii to-ie
 
potential averae innual soil looa for a county or a romp of couit ie.
 

Consimler ;llin County, Kansas, for example. Tetle 1 gises tie major soils in
tle county, th areal extent of those coils, their epproximitte erolibility b-ared on 
roil t.xtural claenifirition, andi an entintate of the vera-c xnnual ;,otentiil soil 
loos from each of tle soils. For this colculation, it win are-irei that the firlI is 
iidea, ssooth nid bare of ',eCetation. lImegrain -,told of mijor crops A-n t inited 

froe the average county yield of that crop, multiplied by a factor that co-e-ures tl.e 
estitated capability of a particul-r soil with other roils in the county to produce 
a given crop. The straw or stover wan esti:ated fro riin yield. On the avrrafg,
winter wheat prodliccd 1.7 quintals of straw for each quintal of grain. Sorhm andmaize produced about equal Crain and stover. 
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-----------------------------
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the erosion in the county, one must know the distribution of
To further sass.s 

the various crops Crown on each soil. For example, what portions of the 1CJ-ha Aneelmo 

fine sandy loam are planted to wheat, sorehum, or maize and what portions are in fal

the dominant tillage and residue mana~erent practices on
 
low7 In addition, what are 


that soil?
 

a county. In the U a..convnientOut let us consider an area even larger tha 
o-oo-.- mo----e-w--e-C27nc-O-o--- ._. 

cize for aseeirqG wnd eroojon is the land resource area (LI-A), composed of lanxd 

resource units, each usually several thounnnd hectarco in extent and characterized by
 

a particular pattern of cail (including elope and oronion), climate, water resources, 

2-- . of farenin,. (Major 1-1! resource arean connint of #.eceoh~a~land vue, nd tp 
- - ---- reCiono connist of georaphically~ ~ ---------------------------rsucuis;mjrlaid~ ~ mjo renource~~ ~ ~ ~ ~ ~ ~ noitd1 ~ ~ - - - -~- - - -~- - - ~ 

aosocinted najor land resource areas, Austin, 19 2.)-

in Kansas. This areaFor example, let - consider the counties of LRA6 
72 6 

. ! 11 I! 9contains major crops (with area and yield of24 counties wit. total land area of 5.5 x 10 ha (13.6 x 1o acres) and 
3.9 x 10( ha (9 .7 2 06 acres) of cropland. The 

-- ,---
c,0 - - ---
each) are shown in Table 2. The amount of residue produced per unit land area was 

. 
estimated from Crain yield data, aeouminG that the residue/rrain ratio is 1.0 for 

0 
maize and sorghum and 1.7 for wheat. Approximately I10%of the wheat planted was not 

OmO~mr~m maharvested.nr-~J~m-

Table 2 LANDRESOURCEAREA ?2 - 24 KA SAS COUI1TIES 
'Z 1!77 cl 9 11975-76 YIELD DATA 

POTIZIAL SOIL LOSS I/ 

.5 CROP AREA YIELD RESIDUE 1 31/ 2 

9.09090900000000000000000000000000.0.0.0. 
I-~~~ ~~ -oeo.o~~~'- - -- - - 1 000 ha -- q/ha-- - yr---.. - -- t/hs" !n Z T " ". 

75 22 16Irrigated saize 652 67 67 

C" ", a Sorghum 402 35 35 75 43 31 
cA 

Hay 137 67 0 0 0 nl 
-0 -00tJt0SO--- -tJJPf .-c;--

70 13 23 52 34 25Continuous heat 

40 22 16Fallow wheat J 273 19 33 .
,0 . > t 

ist9-,a_- '-- OO Fallow (no crop) 1 273 0 0 75 23 

-5
'7 .o ' ' 

t
S 0-- 0ia10 V a o0F . ...o E r .20" 

TO LAND INtk2MIRY AREA: 5 502 700 ha 
.- - Z7TALr------ - - - - .. - -oo~*. 

2 
1.-.. ~ ttCC33See text for conditionse.
 

2 Eotimated amount of residue after harvest.
E. - cEC 

___-_-_-__________________________________PZ111 - Planted but not harveoted.
 

E. -ULLULL.o" oFLC C 



Averat- ennual soil 
los wno entimated by the wind
esidue
And S iddo, sundiL: cbitte 
erosion equation (woodruff, 1Iq65) for three o 

sWide omb iationa or condition s. 1) rfed biaridb ofield with Wide field,emi-ridged surface bar
an't -orehu reri:lue left - 1/4 or maizest. n-lin (30 cm tall), 1/4 flattened onotlhr the surfaca, sid the1,,'2rr-oved; 
 1/4 of continuouc %heat r.aidue on vurfce plus protnctive valueof rrowac: whnni (noodl ing1/5 of the residue produced remaining on aurlace; 

.ith ni tooliinL) equivalent 1/10 residue produced;to -heat (planted, harvested)with residue e:uivalent to not follow1/4 of residue
3) -. %,c conhtionS an 

proluced in continuous wheat production.2 except that the 
field in 200 
m (660 ft) wide. The menr.nfor
the aren were a6 and 78 , renpctivly for arodibility I and climatic factor C. 

to t.ie relationphip of"he the wind erecionaverse. a'wual soil equation, wP.9 60, 2loon tor the croplanrd in the27, a-nd 18 metric tons perhectare for the three 4-county area, accordingtlevels or onsu-ed management.ran-tland. Mont of the non-cropland inAnnumning that the non-cropland in no-.erosivr,the total inventory land the nveragc soil loon forarea bec:,ie 
tree love 

43, 20, and 13 t/ha/yr, recpectively, for thea o:" anement. 
That corresponds to 588, 274, and 184 million metric
ton sof . 
4. ASUSSr:L 
 -1051017 HAZARD FVta BASIC SOIL lODI ILTY AND CLIMATIC PO'TI.AL 

T0CAtISZ .,2,SIoI
7io (erodibility and climatic factor) of the five 
independent variables of the 


win: erosion eq'uation are basic to thealterable by eanare-ent coil and climate 
ant than are the others. of the region and are lessclinstic factor show promise for use 

sed together, soil erodibility index 

____o _____ht.,Im~particle in asoessing wind erosion ha ard. 

In:ex 

Soil erolibility (ease of detacluent and trannport by wind) is aable affectin primary vari-winu erosion. ro, wind twtmel teatso,Chepilrelative erolibilitias (1950) determinedof soils (resoonably free fromof appar.r.t zFecific organic resIdues) an a functionTravity and proportions of dry toil aggregates in various sizes,
5,n':ethen, the non-erodible soil fraction Creator than 0.04 mm, no determined by dry
of the wind 
ri-xm

1 -, hai Leen u-emd to indicate erodibility of noil by wind. 
 in an early version
-mjor factors 
eroio, equation (chepil and Voodruff, 1954), credibility 
wan one of three(Zin-, 1931a, 1951b; 
 Zinrg and Woodruff, 1951). 


iveloped fro. results obtained principally with a portable wind tunnel
 
dii-nsionless 
Coil erodibility index 
 I, (Chepi!, 195.;13)) wa. Line- on Clhepiland Woodruff,the non-erodible fraction (percentage of clods exceedin, 0.84 mm,ttr). The quantity of soil eroded in a tunnel in -Overned by the tunnel'sand other characteristics; length

bacis so that for therefore, erodibility was expressed
value would 
a given coil and surface condition, the sane relative erodibility1e obtained on a dimensionloesregarmlese of wind tunnel characteristicsThe soil erodibility index was expressed as 

(Chepil, 1960). 

I 2/ 

where XT
anl Z;,is the quantity eroded under the eame set 

(1)in quantity eroded from soil containing 60 percent of clods exceeding 0.84 mm,
of conditions from soil containing
any other proportions of clods exceeding 0.84 nao 
 Soil erodibility index,' I, gave a
relative neasure of erodibility, but actual soil lona 
by wind was not known. 


I/ Wide field means 
that any further Increase in width would not increase erosion

hazard. This oondition usually occurs 
for a field between 500 and I o0o metres. 

- 57-
Therefore, during the 
nevore windteroejon of
April) 69 1954-56 (1 January ttrourhfie dm wore studied in western K.nscan3030 and eastern Coloradothe quantity of til to deterineloos for any field erodibility as deterninicd fro- v rziounfield
condition, (Ccepil, 1960). 
 ihe verae depth of soil eroded unually was 
indicated


h wheat 
crons and roots were exposed.
 
'~ et owihwetconadmtSeanonal Iona was converted to annualeeepsdsoil loe, 
 and relative 
field erodibility
for each field wan determined by jrvcedurea previoun;- outlinedand Woodruff, 1954; (Chepil, 1959; C!:epilChepil and Woodruff, 1959). 
 The.rela-tion betw.en .rnuil soillone and relative field erodibility wan
 

" - / 1d(2-eXb - 1/cdwhere T in annual soil loa (2) 
erodibility; 

(tons per acre); X in dimensionless relative fiel,,
and a, b, c, end d are constanto equal to 140,1.065, respectiveiy. 0.2:37, (.01525 andChepil (1960) recognized that inaccracio ir."ea terln,relatively small 
annual eil lossea from depthrelative field erodibility to annual soil lo e by equation 2 highly approxt..ate.
 

When a field in smooth, bare, wide, unsheltered, and nor.crusted, its relativeerodibility is equivalent 
to the eoil erodibility inex defined by e-ution (i). 
M'henI from equation (I) to substituted for X W. equatilose in tons per acre is obtained. on (2), potential arJnualsoil 

Althouh percentages of non-ecodible fractions vary sea.onallr with erananementprectices and chemical compoeition of soil,
size distribution of the soil. 
crodibilit- is stron-ly influen-d by


material 
Sands, for exa-sple, have irslufiirint fire
to cement the frain Lnto larger agg-re.ntes, ao nmch of V_ roil ,SO isningle grained and, consequently, very erodible.we can defiime croibility precisely Furtl.er r-irerch inas a fujction of soil, r :ore; :e-

however, cli-itp, ar.; "n13r~el.t;e cmireasonably estimate a 
oil's erodiblty based on
clasi.iction of the soil. the te urol
herefort, kitoalesi
c ror urfrie
in a .-eeion provides a banie sil te 6ontri tlsfor ectinatin,. susceptililit, of the r.oil to -roive
4in6. 

Cllimatic 
Factor
 
wind as influenced by moisture contenitin rurface soil purticlen an,: 

The clitatic factor is an 
index of the aver.iF_ rate at whic, mo.l in rove.. 
speed. aera_,- win-Chepil et a]. (1962) proposed a climatc factor to deter-,ins evrra.-e ArJlu:,soil lose for climatic conditions othe- thai 
those pertaining tibinthe rcletionehip
between wind tunnel and field erodibility was 
o.tainid.
 

Tim soil noictire te-m of tie climatic factor of the wind erosion eruetionwae developed on the basin that erolibility of aequivalent moisture soil vi-ies inverrly euit.toeinsurface soil particles (Chopil, 14r5 6 . 1:fective -nistw-e 
of the surface soil particles was anseed to vary as indircated by the -horntiwalte(1931 )is the Bumnof 12 monthly precipitations divided by evaporation rntior. 


P-E index developed to evaluate precipitation effect iveners. P
TheqP-. neindex 
The coil-mointure term of the clienatic factor noedn refininr.proceduren he c.,urentaneume tha t effective mointure

the of the eurf-ice noil p.rticln vnr.as withP-E index, but surface moisture content is trannient (IdeaJackson, .t -1., 1974;1973; Jackson et ml., 1973). DryinC ratefunctions of hydraulic eToilrono-tie and coryneso o-fp--t iles ar 
s And climatic vari'ablez not fully ref'lected
in the P-E index. These relationships need exaniiang and then relatin- to the

wind erosion process. 

http:Furtl.er
http:PO'TI.AL
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The windspeed ter. of the climatic factor is based rn the assumption that rateof soil moveent is proportional to windnpeed cubed. Several researchers (Bagnold,1943; Chepil, 1945; Zing., 1953) have reported that when windspeedo exceed thosereuird tarely to o. the soil, the soil-oveent rate in directly proportional to 
friction velocity cuLd. Over a npecified aurftc, windepeed and friction velocity 
are proporticsal.

The lor,:-term average windzpcear and soil moisture index at Carden City. Xansaso,. 
was the reference for the climatic factor. It waoexpressed as 

C . 100 . 3 /2.9 (r-E)2 

where u is tie corrected mean anniual windspeed for a standard height of 303 feet.F-Z is an . . of equivalent oistu-e in surface soil particles, and 2.9 is theapproximate avera *m value of u /(P-E)2 for Carden City, Kansas. 

;o.thly wtndpeeds are used in lieu of anual windseeds to determine m.onthly 
r, values for calculatin g erosion when plant damsaee of certain periods of the year isthe major intercet (Woodruff and Armbrust, 1968). Climatio-factor maps have beenprepared for the major wind erosion areas of the USA (Skidmore and Woodruff, 1968).
FiCurec 1 and 2 show that Ln 19 5-76 in the Qreat Plains the climatic factor and
wind eroion da..,a-eto cropla.1d were similar. 

'-...... 
-1 

,>r'. 

.. 

I 
4//
1. 

.j 

iRS
__~. 

-I 

L.. 

.. ... .. 

-- ... 

the proluct of an appropriate climatic factor and soil erodibility indexindicate intencity of wini erosion hazard (WN-H)for wide, smooth fields bare of 
ve petation.Suppoe the land in a region is divided into n erodibility groups,each with area Ai and associated erodibility In.dexIt and climatic factor Ci. Then 
tie ,ean wind erosion haza d for that region would be 

. 

\ \. 
\'A -

x/ 

I i i
- // 

,p,.-.11C ,,! 
As other data such as amount and kind of veretative cover become available, theycan i.e i-niclu ed in the calculation. Also, because I and C vary seasonally and 
yearly, it n.y be desirable to calculate probabilities. I . ./.

L 

Fig. 1. Wind Erosion Climatic Factor C 
(percent) for Groat Plait States,
after Woodruff and Siddoway, 1965.
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INTRODUCTION 

Tropical regions and sub-tropical regions with winter rains (Mediter-
ranean-type) climate are amongst the regions of the world where the 
problem of soil erosion is most acute. Africa is no exception to that rule and 
for vomne fiftcen years the damage suffercd by its soil has been a subject 
of serious concern. 

Scnceal is sounding the alarm. Whole regions arc being exhausted 

for a very long time. In other parts (. . . of Africa) good land is becoming 

rare and is being fought over, even between neighbouring villages. Such 

occurrences are still localised, but they are warnings which cannot be 

ignored. 
Agriculture must not be practised on a day-to-day basis. The land 

becomes exhausted more quickly than one would think and restoration is 
extremely slow. Moreover, the soils of Africa are poor ; their reserves are 
so limited that tley are hardiy worthy of the name. 

In view of the importance of agric':ltural production in supplying food 
for the Africans and as a source of wealth, special attention should be devoted 
to soil conscrvation, taking account of the need to cultivate the land. It is 
not merelya q1uesti)ii of protecting certain 'egions, but also of developing 
a rational method of farming the land to ensure that it retains its production 
potential." 

Research and production organisations nave therefore started to study
this 	problem. In addition, it was ecided in 1954 that systematic measure-
mth o erosion. wIasdtin wa to eaue 
merit of erosion was essential in addition to ptrel-... rnoinical research, 

The assessment of soil loss and the simultaneous sttidy of the pheno-
mena causing or favourinig it can provide accurate information oin tile effects 
of such phenomena. Such knowledge is important because these cfects 
must be counteracted. 

The assess icntof soil loss under numerouseavironmental conditions, 
natural or created by ian, makes it possible to measure the effect of these 
conthmons on erosion and soil conservation. It may in particular iead to 
coiclusions on the conservation value of plants or cultivation techniques. 

For that reason Soil Conservation Research Stations have been 
established in Africa since 1954. Their functons include: 

(a) easuring run-of and soil loss resulting from water atiacking thL 
soil rothe 

(b) 	 studying the factors involved in run-off and erosion 
(c) 	 measuring the conservation value of plan d cultivation tech-

niques and systems. 

The method of investigation used to'carry.out these functions is that 
of experinental plots. 

An experimental plot consists of two parts: an experimental field 
several square yards in area, acting as a hydrological basin, in which it is. 
possible to create the environment to be studied, and a collection system 

situated at a lower level where the water and soil leaving the field after each 
rainstorm can be collected. 

The figures thus obtained have the following significance: 
To le complete, an assessment of erosion must comprise three types 

of measurement: 
(i) Measuremet of the quantity of soil displaced by raindrops when 

they hit the ground and exert a mechanical action on it. 
(2) 	 Measurement of the quantity of soil lost from the field. 
(3) 1leasurement of the qua'ntity of soil finally lust by the river basins 

of various sizes encompassing the sites at which the above measurements 
are taken. 

Only the last estimate can provide information on the extent of overall 
erosion occurring throughout a given region, since it comprises the sum of 
all the effects iII all parts of that region. 

It would be erroneous to believe that a measurement made at experi
mental field level could have the same meaning. An experimental field of 
a few hundred square yards in area isextremely limited in comparison with 
the area of the geographical region in which it is situated. It forms an 
environment defined with great precision. lowever, the natural environ
ment is essentially variable and the phenomena occurring there are affected 
accordingly. I lence the absolute values obtained at one point cannot be 
applied to all the points of a given region. 

Ilowever, the figures obtained from a study of experimental fields are 
II\ ey~(for indice ofa themai 

of great interest when considered individually as the)" form indices of the 
possible extent of a phenomenon in a specific region and tinder given 
conditions. 

Above all, they are of vital interest and have full significance when one 
factor in soil erosion is varied in a series of experimental fields, while all 
the others are ma;intained unchangea. The critical values of the varied 
factor can be ascertained from subsequent comparisons, ;.nd as a result 
conclusions on soil conservation can be drawn and a rational development 
plan prepared \which allows for the conscrvation of the Land cultivated. 

With the increased need for rapid data, the measurement of run-off 
and erosion caused by artificial rain is also used in addition to measurements 
on experimental plots, but the principles of the methods have remained 

same. 
The reader will find here the results of the research carried out and the 

lessons to be learned from them., Both are as yet incomplete, but they 
already make a contribution to soil conservation in Africa. 

, * * 
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I 

PART I 

FACTORS INVOLVED IN SOIL EROSION BY WATER 

Atmospheric precipitation is the factor which causes soil erosion by 
water. The type of soil, the slope, the vegetation and man are a group offactrs menoafecing hit.Underhen .factors affecting that phenomenon.______________________________________ 

Anyone travelling through Africa soon realises that in many regions 
the prevailing conditions make the natural environment highly susceptible 
to attack by water. Such an environment offers little resistance to the action 
of the agent causing erosion, viz. rain. 

A.-FACTORS AFFECTING SOIL EROSION BY WATER 

I. Type of Soil 

All the research work done so far has not enabled any conclusions to be 
dra-, n on the credibility of the' soils of the African continent, whatever their 
category. Long series of measurements of run-off and erosion on bare soil 
would be necessary for that. The following individual results have been 
obtained. 

(i) Evolution of Structural Stability and Permeability in a 

Savannah Region 


Tropical ferruginous soils, often predominantly sandy in composition, 
have a characteristic which makes them particularly susceptible to erosion, 
viz. the great instability of their structure as soon as they are cultivated. 
This has appeared very clearly at the Sefa station (Senegal) during the 
mechanised cultivation of groundnuts (Table I). 

Structural stability has been assessed by using ilenin's " instability
index " (Is), tihe factors of which are : 

-the average percentage of stable aggregates (arithmetical n.an of 
three percentages of water-stable aggregate.:, viz, stable without pre-
treatment ; stable after pretreatment with alcohol ; stable after pre-
treatment with benzene). 

-the dispersed " clay plus silt " fraction. 
-the coarse sand " fraction. 

clay plhs silt 
stable aggregates - o9 coarse sand 

each term being expressed as a percentage. When log, 0 Is = i, the stabilit) 
is considered to be good. 

The coefficient K is from Darcy's law and constitutes a test of per-
meability on a sample of worked soil. 

The results show that the structural stability of virgin soils at Sefa is. 
satisfactory, as is permeability (3-5 cm./hour). 
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Table I.-Study of the structural stability and permeability of the upper horizon oftropical ferruginous soils at the Sefa station (Senegal) 

Stable Clay plus silt Is K 
acgregates dispersion (%) (cm/hour)

I (average % 

forest or forested bordr of fields under rnchnised cuikathon (5 satnp).) 

46"3 9 0"57 3"07 

44*7 052 3"68 
43 '3 7 0"40 3-

45"3 7"5 043 4"70 

After one year of cropping to groundlnut (3samples) 

40"6 7-5 0"74 2-40 

37-9 8 085 307 
40'3 8-5 o-SS 2.o 

I I I 

After two years of cropping to groundnut (i sample) 

40-9 11,5 121 25 

After six years of cropping to groundnut (a)-expcrincntal field 

(,)-large-scale mechani;sti,n 

I I 
(h)373 i8 t*15 224 

(h)42'9(1,)38-9 206"5 1'771"42 z2"43t, 
(I) 42--55 1-425 2-4! 

From the first year that groundnits are grown, it is clear that there is 
a decrease in structural stability though it remains adcqtate: Is increases 
from o.43-o-57 to 0-74-O.88. The percentage of stable aggregates also 
decreases to about 40%. Permeability suddenly becomes fairly low since 
the values of K for the three samples drop to bctwccn 2 and 3 crn.,hour. 

After two years of groundnut crops, it is clear that the situation 
worsens. The dispersed c!-y plus silt fraction amounts to II "5 for the 
ample analysed. That meaints that 57 to 760.', (if the fine particles in the 

upper soil horizon are dispersed. Is is -21, i.e. the structure is conse

quently becoming increasingly instable. Permeability is fairly low, 2- 5 
cm.:hour, but it was already low after the first year of cropping. 

After six years of groundnut crops, the percentage of stable aggregates 
isalmost always less than 400'. The dispersed clay plus silt fraction is btween 
13.5 and 2o%. As mechanical analysis shows that on the surface the soil 
studied consists of 15 to 200%particles of less than 2011, it is clear that almost 
all the fine particles are dispersed. They no longer have any aggregating 
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power. Structural instability is evident, viz. Is is between x 42 and 1-77' 
This group of results illustrates the rapidity with which soil structure 

can deteriorate in a tropical environment. 
After six ycars of continuous groundnut cultivation on tropical ferru-

ginous soil, the dispersion of almost all the fine particles and structural 
instability are certain to ensue. In reality, the process of reduction of 
structural stability begins from the first ycar of cropping and permeability' 
liminishes rapidly. After two years, the soil structure already shows an 

instability alios;t equal to that fou nd after six )ears. Therefore in only two 
ycars the structure of the soil deteriorates, the permcability decreases and 
the risk of run-off and erosion increases. 

(z) Influence of Soil Properties 

The above example shows the importance of the cohesion and stability 
of soil aggregates as factors affecting run-off and erosion. The more porous 
a soil remains, i.e. the more spaces penetrable by water in it, the higher is 
the speed of infiltration through it. Under such conditions, rain must have 
a vcry strong actiont before run-otf occurs. I lowever, if soil structure and 
porosity arc:poor, infiltration speed is low and run-off occurs easily. 

The state of the tipper part of the soil is not the only factor to be 
considered. The permeability of the subsoil is also of importance. If it is 
poor, the water is arrested in its passage through the soil and the tipper part' 

Lccomcs saturated thereby facilitating run-off. 
Any factor affectiig the cohesion and stability of soil aggregates

consequently becones a factor affecting the phenomena studied here. 

Particular attention should be paid to the role of -!e humic and irgillaccous 
colloids which cement sandy and silty particles. That is not their only role, 
for they also gocrn the soil's water retention capacity. Chemical composi-

tioin of the soil alko plays a part, for example the nature of the bases in the 
complex may determine its flocculation (calcium, magnesium) or dispersion 
(sodium). 

Particle size distribution of the soil is also a factor which affects its 
liability to crosion. There have as yet been no precise studies of this subject 
in Africa. I ludson expressed certain opinions based on his research work. 

lie is of the opinion that the extent of run-off determines the amount of 

erosion on sandy soils becautse their structural stability is low. On the other 
hand, the intensity of rainfall governs erosion on clay soils, as run-off is 
always sufficient to carry away detached material. Hudson also considers 
that sandy soils first lose the colloidal fraction they contain when erosion. 
starts, then the greater the quantity of colloids they have lost, the more saad 

is washed away. On clay soils, however, the composition of the eroded 
material is closer to that of the soil left in position and erosion is more 
constant. In conclusion, I ludson recommends much shorter crop rotationi 
on sandy soils than on clay soils. 

Some researchers do not agree with this theory. Nevertheless, tht 
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importance of (he level of -ction of rain in the susceptibility of soils to 
attack by water should be specified. Sandy soils, with a mono-particle 
structure, definitely have a very high degree of detachability. Clay soils, 
with a better structure, have a higher resistance to attack by water, but only 
provided tee level of action of the rain has not caused dispersion. Once 
that threshold is crossed, they become at least as susceptible to erosion as 
sandy soils, if not even more so. 
tat sol is osed te bo e 

I. Slope 

Throughout the world, slope affects soil erosion. But the research 

carried out on experimental plots in tropical Africa has led to the following 
two conclusions regarding that zone. 

(I) The first is tiat intense erosion occurs when the soil is poorly 
protected, whatever the gradient of the slope and however slight it may be. 
Trable II shows this. 

Table I.--Soil losses recorded in West Mrica on different slope 
gradients in the absence of soil conservation 

Station Crop Gradient Erosion Period of 

ofslope t/sq. km./annumi study 

'_ 

Seredou (Guinea) 
Kindia (Guinea). 

Cinchona 
Citrus fruits 

25 
6 

2,448 June 1955/ 
Jn787J 956 

AdiopodoumE (Ivory Coast) . 
(on bare soil)

lare soil 7 11,770 1956 

Sefa (Senegal) Groundnuts 2 1,728 1954 

Groundnuts 1 ,4'4 1955 

- I I 

This shows clearly that a steep gradient corresponds to severe erosion. 
but that under the eco-climatologicai conditions considered here, the 
erosion is just as severe on very slight slopes of 1-2 

The severity of erosion on these slopes is indicated by a comparison of 
the results of mcastreients made it Sofa (Senegal) and at Vatkinsville 
(Georgia, U.S.A.) under completely similar conditions, viz. mechanised 

cultivaion of grotnd outson tropical ferruginous soil, equally aggressive 

climate, experimental plots of the same dimensions. In the latter place, 
soil loss of 1,32t t.,sq. ki./annum on a slope of 3";, was considered severe. 
.\t Sefa, even more severe erosion on a slope of 200was recorded in 1954, 
viz. 1,728 t.jsq. km.,annui and in 1955, on a slope of only x%, the erosion 
ieasured was 3,494 t.,s. km./annum, i.e. higher than that recorded at 

\Vatkinsville with a slope three times as steep. At Watkinsville, a soil loss 
of 707 t,/sq. km./annum under green manure (Sericea lespedeza) does not 
occur until slopes are 7 to ii %. A similar vale (698 t. -sq. km. annm is 
reached at Sefa with only a x% slope (sorghum). 

These comparisons show the possible extent of soil erosion in tropical 
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Africa and indicate that as the action of the rain is so powerful slope plays 

only a minor role in triggering off the phenomenon. However, slope has a 
marked effect on the development of erosion. That is a second conclusion 
also based on the measurements made at Sefa (Senegal). 

(2) In 1955, 1956 and 0957 run-off and soil loss were measured on two 
experimental fields providing absolutely identical environments each year, 

but with one difference, viz. the slope (see Table IlI). 

Soil losses recorded at Sefa (Senegal) on two slopes
Table Ill.-

of t and i-5% I 


Year Crop P Slope '*% Slope 1-5 % 
(mam.) 

It ('U.) E (t/sq. ki.) It (%) E (t/sq. km.) 

1"* 698 z6- 3,4201955 Sorghtun 1.340 
433 


1956 Groundnuts 1.,48 9-" 305 16-8 


3957 Rice 1.004 21-5 644 2o'5 954 


:=annual run-off as 0. of '; 
P - annuIal rainfall R 

E = erosion in tons per sq. km.I 

'Fable III shows the marked effect of an increase of as little as + 0 - 5% 

on soil loss. This indicates that the slope must have a Fowerful effect 
on the extent of erosion in tropical Africa. The existence of severe 

very slight slopes, hoi !ver, indicz:es that the presence 
erosion on 
of a slope is not necessary to trigger off erosion, i.e. the action of 

the rain is sufficient. 

111. Vegetation 

There is no longer any need to prove the vital importance of vegetation 

in the combat between water and soil. Research on biological methods of 
are continually emphasising its contributioncontrolling erosion by water simplyby man. Table IV

when used rationallytowards conservation 
presents some figures relating to the main forms of tropical vegetation, 

iz, forest, savannah, grassland, and indicates their degree of intervention, 

Table 1V.-Soil losses under various forms of vegetation 


Adiopudouoi (Ivory Coast)-(slope: 7":,) 


Green - NaturalYear_ - 11m._ - S 

Year P mam. 5ec~nlar Bare ;rmcn anioc Naturalforest soil manures fallow 

Bengal hemp
FIritgii 

3956 .,939 it. 2"1 17"4 12"6 16-4 


E (t/ha) 2-4 117-7 45-2 9z'8 


1 2,383 E t/ha 003 1045 o" 2."73957 
1961 2,239 E t/ha 0-02 143-2 0-4 0-46 

6o 

Sefa (Senegal)-(Slope : 2%) 

Year P mm. Forest Bare Green (;round- Natural 
soil manure: nuts fallow 

sorghum 

,955 1,395 R 
E t/ha 

0-005 
ooz 

49-3 
27-3 

18-7 
,o-6 

17-8 
149 5-6 

1961 1,231 

__ _ _ 

It 0:.E t/ha 
E 

1,20-22 
0_22 

50-254"5 
54_5 

40-48-6 
8-6 

44-65"2 
5-2_-8 

14-69"8 

Lake Alaotra (Nkladai~ascar) 

Year P mm. Deuraded Regerierated Eucalyptus Crops 

Ariisida ;.ristida re-aflorestation 
grassland ,rassland 6 %earsplus 

2o% cover 100", cper .ritida 
_ 

1959-60 9775 it, 29 6-o 3"7 15"4 
E t/ha ,2 o-o6 0025 59 

Slope '!. 20 36 35 7 

Kindia (Guinca)-(.lopc : 700) 
: 7).)- (Guinea)-(Slop-

Year P mm. Citrus or. Citrus plus Citrus plus Pine

bare soil Pueraria Dlichos apple
I,,hth 

94 -"' 2-2 16
1956 Et'ha Z7"9 3"t -6 a'o5 

1957 It '1. 9 2-8 4-2 4"4 
E t;hIa 30"7 4'25 9"3 0-9 

,95 It .. 2-4 2-4 4-2 

,2 115heagtha 8", 073 

4 '9 34 
54 1'4 

Aerae9" 

tha7 

Forest, whether dry (Sefa) or humid (Adiopodoum), is always the 

best form of vegetation for conservation of both soil and water. The under
growth plays a vital role, viz. it holds and protects the soil whiie the largcr 
trees absorb the kinetic energy of tle raindrops. 

Grassland, once established, appears to hold and protect the soil as 
%-well as forest plus undergrowth, but its protective role is more marked as its 
coverage of the soil, is denser. The experiments carried out at Lake -'laotra 

ill Madagascar are significant in this respect. Table V supplements
Table IV. 

Whatever the effect of slope, erosion decreases (and almost disappears) 
when the unprotected area of soil surface is reduced. Erosion is almost nil 

"hen soil is 1oo% covered. 
Fallow contributes towards soil conservation, but the extent depends 

On its type and density. 
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'7able V.-tun-off and soil losses under diverse Aristida and Cynodon grasslandsT 
providing different degrees of cover. (Lake Alaora, Madagascar, 7959-6o) 

Plant % of soil 
covered 

Slope % R % E tons/ 
hectare 

.. Irljtida 
risgida 

20 
20 

20 
24 

29 
24 

12 
12 

.. ri .ti,I 

.lristid, . 
,oo 

.a 4o-6o 
ioo 
130 

1 35 
36 
36 

45 
69
4 1 

4 
0025 
025 

Crops permit erosion, but the erosion is gencrally less severe than that 
on soil kept without any plant cover. The less attention paid to soil con-
servation in the cultivation techniques used, the more severe the erosion. 

An experiment carried out in Southern Rhodesia (Ilenderson Research 
Institute, 'lizoe), shows how important the effect of cover can be on 
cultivated soil. Continuous maize cropping with inadequate fertilisation has 
caused an average rate of erosion f I8 t. 'haannum together with an 
average rate of run-off of 14"o of annual rainfall. With intensive fcrtilisation, 
those figures wcere r'duced to 63 t. ha./annum andl8 respectively simply 
because the maize foliage developed better and therefore provided better 
soil cover. 

The main effect of covering the soil vegetationbieis to 
control the kinetic energy of raindrops and prevent them from beating 
against the soil, with all the consequences resulting therefrom, Viz, main-
tenance of the soil structure on the surface, better infiltration, reduced 
run-off, etc. This is shown by an experiment also carried out in Southern 
Rhodesia (lnderson Research Institute, Nlazoe). Under gauze erected 
io cm. above a plot of bare soil, the average annual erosion observed from 
1953 to 1956 Was 2 4 t./ha, approximately the saine as that observed under 
dense Digitaia (28 t. ha). During the same period, a bare plot without 
gauze lost 269 -8 t.ihaiannun. The gauze did not prev'ent the water from 
reaching the soil, but the drops only fell from a hcight of to ci. which 
cancelled their original kinetic energy. 

IV. 	 Man 

The fact that rnan draws his subsistence from the soil affects erosion 
which increases when the soil is used irrationally. 

The theory that there is no natural environmental equilibrium in 
tropical or Mediterrancan zones is incorrect. The degree of equilibrium 
is often low, however, particularly on light soils, and consequently careful 
consideration must be given to any human intervention. 

The mechanisation of agriculture, in particu!r, poses very 
serious problems, since if it is too intensive and badly executed it can casil) 
destroy a delicate equilibrium. The example of Sefa is a good illustratior 
of this danger. 
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The Compagnie G arale des Ol4agineux Tropicaux had stablished 
an agricultural sector in Casamance (Senegal) for the rnechaniscd cultivation 
of groundnuts on tropical ferruginous soils composed of 8o-85 ", sand and 
15-2o' clay and silt. First of all it was necessary to use machinery to clear 
the 	forest and establish plantations just over half a mile long by about 270 
yards wide, separated by strips of forest 'eft to form vind-breaks about 

6b feet wide. Clearing was carried out in five stages
(a) 	Cutting down the forest in the rain) season by means of a chain 

drawn by two bulldozers. 
(b) 	Clearing felled trees away from the plot in the dry season. 
(c) 	Uprooting of large stumps. 
(d) 	Systematic root-cutting (of the whole surface, i.e. passage with a 

straight blade to a dcpth of 8 inches. 
(e) 	Raking following by levelling. 
The uprooting and rootcutting operations carried out to remove as 

many roots as possible are compulsory if mechanised cultivation is to be 
practised subsequently. 

All these operations, particularly those carried out in the dry season, 
lead to considerable deterioration of the soil. The surface is powdered by 
the repeated passage of caterpillar tracks and tractors, the haulage of trees 
and the raking of the leveller. The extensive and interwoven mass of root 

airs which forms a sort of " reinforcing " structure in horizon A of forest 
soil is removed, or rather torn up. As a result of these interventions the 
structure of the topsoil is very degraded by the time it is put under culti
vation. 

The soil is prepared mechanically after the first rains. At that time 
cultivation with disk tillers is effective, rapid and re-forms a cloddystrtmctture. 
Unfortunately the macrostructure thus obtained is unstable and is affccted 
by the many subsequent mncch.niscd operations. These operations, both 
for groundnut and rice crops, consist of: 

(a) 	 Preliminary ploughing with a j6-disk plough. 
(b) 	 M\Ianure spreading. 

(c) 	 Second ploughing with a 3 o-disk plotgh. 
(d) 	 larrowing followed by sowing. 

(e) 	Two or three cultivations and, for ground nuts, ridging and 
mechanical lifting at harx est time. 

A crop of green maninure is sown after the ground has been ploughed 
,onceand is turned in before the end of the rains to allow the green vegetation 

to 	decompose. 
All these operations favour erosion because 
(a) 	The first ploughing operations which disturb the soil to a depth of 

10-12 cm. have the disadvantage of being carried out in June, at 
the time of the highly erosive tornadoes at the beginning of the 
rainy season. 
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(b) 	 The work of turning in the green manurc to a depth of 20 cm. is 
carried out in August, generally a very rainy month. 

(c) 	The hoeing and hoeing-ridging operations provide parallel and 
continuous drainage channels for the water which soon lead to the 
formation of rills, 

(d) 	The number of passages with machinery is considerable, viz. nine 
passages in the case of groundnuts and six in the case of rice. 

heady 
soil cohesion and causes preliminary degradation of stric.ure, the mechanical 
operations, repeated each year, reduce the resistance: of the soil. 

Stubble-ploughing and ploughing take place at a time when the rains 
are most erosive. The frequent passage of cultivation machinery subsequent 
to ploughing is bound to increase erosion due to excessive tillage of the 
surface soil. The effect of this has been measured at Sefa and the figures 
obtained clearly show the danger of badly planned mcchanised cultivation 
(Table VI). 

rhe obvious conclusion is that after clearing, Ii :lh diminishes 

Table VT.-Erosion from peasant cultivation (t) and mechanised cultivation
(z) during a four-year crop rotation (Sefa, Casamance, Senegal) 

1954 1955 . 1956 1957 196t 
Groundnuts () Fallow Groundnuts Rice Rice 

(2) Rice 
-__--__ 


R;infall um. t,303 1,395 t,265 970 1,231 

Run-off %() . 33"3 19"9 22-7 22-4 37-4 
(2) 47 49"3 39"5 25"3 50-2 

Erosion t;sq. km.(1) . 1,257 56o 577 6o5 2,930 
(2) 1,728 2.713 1,075 975 5,450 

Run-off was higher tinder inechanised cultivation because of deep 

compaction of the soil caused by the repeated passage of niachincry leading 

to quicker waterlogging of the surface horizon. Increased puddling of the 

surface soil was also responsible for the higher rate of run-off. 

As for erosion, it is clear that cultivation involving little movement of 

the soil leads to a much smaller soil loss than that which occurs after 

intensive working. Mean annual erosion for the complete crop rotation was 

only 772 tons per sq. kin. under peasant cultivation, but it rose to 1,623 tons 

per sq. kin., more than twice as much, under mechatisec cultivation, 

Nevertheless, the latter method has the advantage of higher crop yield, 

-iz. in 1956, 1,840 kg. per hectare of groundnuts compared with 970 kg. 

per hectare under peasant cultivation. This shows that the plough remains 

the best instrument for working the soil but it must be used rationally. If 

man uses it in conjunction with soil conservation cultivating techniques, 

. intensive cropping is no longer a danger but becomes a factor for progress. 
-6.t 

SOIL EROSION BYB.-THE CAUSAL FACTOR OF 
WATER: ATMOSPHERIC PRECIPITATION 

Everywhere in the world where hydric erosion occurs, atmospheric 
precipitation is the cause and predominating factor. To study the effect of 
rainfall one must also study the relations betwecn its characteristics (total, 
intensity and frequency), and run-off and erosion. Although this has not 
been neglected in the French-speaking African countries, the most extensive 
research in Africa has been done by I Iudson (Southern Rhodesia) to whom 
frequent reference must be made on this subject. 

I. Effect of Total Rainfall 
The African continent has an extremely wide range of rainfall and the 

question of the existence of relations between rainfall and erosion arises. 
All the experiments carried out have shown that very frequently there are 
nio such relations, or at least that total rainfall, considered in isolation, does 
not account for liability to erosion by rain. 

Hudson showed this on a annual basis (Table VII). Thcre is no 

relation between the annual figures for rainfall, erosion and run-off, the 
latter being expressed both as a percentage and in terms of total run-off. 

Table Vl.-Rainfall, run-ofTand erosion recorded over five years under maize crops 
and Napier grass on slopes of 3", 4-,, and 6%; average figures for six plots 

(Henderson Research Institute, Mazoe, Southern Rhodesia) 

Rainy season Rainfall Erosion Runoff 
aM. t/hectare 

Mm. 

1935 
1954-55 • 

9172 
91 2 5"23 

(i19 
56-86 

994 
5"03 

1955-56
1956-57 

. 

. 
907-8 
962-2 

344
5"72 

4953 
71'37 

5-46 
7'42 

1957-58 . 696-5 3-36 5156 741 

As individual downpour total is one of the factors in soil saturation and 

hence in the origin of run-off, it could be assumed that though there is no 

relationship between total rainfall and erosion over long periods there is a 

relationship at individual downpour level. The experiment carried out at 

the ORSTON Research Centre of Adiopodoum6 (ivory Coast) disproved 
this assumption (Table VIII). 

For the same category of downpolir, 32 to 36 mm., under six conditions 

of natural environment, soil loss and run-off are extremely variable. 

Although the action of the vegetation might provide an explanation for 

plots P1, p2, P4 and P5 (better protection of the soil at the end of the rainy 

season), plots P3 and p 6 show no correlation in environments which do not 

vary during the year. Another characteristic of rainfall must intervene. 
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Table VJII.-Soil 	loss and run-off recorded for the same category of rainfall in 1956 
at Adiopodoum&, onsToM Centre (Ivory Coast) 

)ate I' n... pl P2 p3 p4 p5 p6 

; It I- It F. E I E L R 
/h. -g jIta / /11 lg./ha y R. *1 ,1'ha 

. 
]?lt/ :I 363 :11.7 !1111 I h28 (Mi 2(1-! t I 2"2.7"1 1.1l NO 

'2 / 3 2_1 1 2.1!-7 41 ;I751 .9 4 ! 4 2 2 l :t3
1. 47 41s 1.7. "2 sK1 3 , . 1 6 

312 6 1 1 4 1. 22 .128 !127 3s. 1 52 : 7 '211 26-4 i:1/7 

!./7 33.21 - i 11K4 :t I_, 1t.3 :11 (1 .,
417 239 El? 5 6V.14 7 9 7.t 16" 1:1 .0 1 7

T . 9/l 92 . ' I ] s2 2' ! trl I 4u 3 0 7I.- 0 

I'l s to C,.ml,,ra ror nr.s fial , M7ay 
rat of rtt orti toti fi.g4 s. 7 Na.I2ttr1 

31 ..,,, , Ith 1i. .....cw r,, %la, la1. 7 Miv 

II. Effect of the Intensity of Downpours 

(i) 	 Puddling Effect of Raindrops 

of water erosion indicates that one ofConsideration (if the mechanism 
tile mali effects of atmospheric precipitation is the formation of fine 

particles likely to be washed away by run-off. Soil aggregates are generally 

too large to be casily removed by run-off, but raindrops, having Kinetic 
energy, exert a 	rucclianic:laction at theirpoint of impact with thcseaggre-

gates, which are alcrady ifl.,t. They detach fine particles from the surface 


of the aggrcg-ites and form a suspension with them due to splash effect. 


There are some remarkable photographs of this phenomenon, but it 


took almost twenty years before it was generally acknowledged that this is 


by far the greatest source of disaggregation of fine particles of soil, which are 


then carried away by run-off in the course of erosion, 


I ludson clearly demonstrated ( lenderson Research Institute, Mazoe) 
the result of the action of raindrops by comparing the reaction of three 

different adjacent environments to rain. Two experimental plots were kept6o 
io cm 'o e one of then.bare by hand weeding, but gauze was suspended 


It was intended to abstb the kinetic energy of tile raindrops without
 

lodifying the xkaitcr exchange between the atimnj.plire and the soil. In 


particular, it alloxwed all the water supplied by the rain to reach the soil, but 


first absorbed its kinetic e.ergy. lhe third environment was a dense 


grassland of ligitariaswazilamdnsis. 

Table IX shows the results of the run-off and erosion measurements 

1carried nut during this experiment. 


This table shows how the effect of splash can, under certain textural 

and hence increase the amount of
conditions, block up surface porosity 

run-off. The presence of gauze to prevent splash effect led to an 8 to 

4 o-fold reduction in run-off by maintaining the original state of permeability. 
Likewise, as fine particles were not detached under the gauze, erosion 

became minimal in relation to that recorded on bare ground. 
At the Niangoloko I-10 Station (Upper Volta), a system for measuring. 
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Table IX.-Study of raindrop impact, Henderson Research Institute, 
Southern Rhodesia, 1953-56 

Year P nun. Measurements Bare Bare soil Dense 
soil plis gauze grassland-

Digitaria 

19-53-54
9 -

917-2 E tiacret a re 
/8 

616 55o"9 0 29 

2954-55 . . ,29:It %/ 
E t/acre 

48 
225"8 

6 
0"9 

8 
0"3 

955-56 907-8 It 41 2 2 

E I -acre 6o" I 2 0" 

Avcrave 1953-56 99-1 9 I. t/lcre 1 i5"-8 o -96 I 

the particles (f soil detacled by splash 	was set lip to assess the extent of the 
phenomenon on sandy tropical ferruginous soil which is rather unstable 

(sand : 92(,,,, silt: 5",,,, cly : 3%). 	 Bottles stoppered by funnels 20 CM. 

in diameter were buried in tih2 soil, with the upper level of the funnel rising 

a few milliinctres above the soil to avoid disturbance (e to run-off. Each 

bottle was placed at the centre of an area circumscribed by a cylinder 

noutnicd on small feet. The radius of the cylinders varied40 cm. high and 
from 40 to 120 cm. Table X gives ar. example of the results obtained 

in i956. 

Table X.-Study of raindrop impact at Niangoloko (Upper Volta). Veight of soil 

collected in (lie bottles in grammes per 314 sq. cm., originating from different 

areas and for three categories of downpour 

ladius of Rtainfall Rainfall ltainfill 

cylinder cm. of 46 mi. of 22 trn. of 9 mam. 

320 397 256 7"4 

So 33 4 114 6-2 
178 6z 1-8 

__5_5_1_5_1-740 

Above 120 cm., the weight of earth remains approximately the same, 
\%hich indicates that in the Sudan-Guinean climate Solid particles can be 

transportedt up to 1 2 mctres simply as a result of splash effect. 

During 1957, 533 grainmes of earth dislodged by splash fell on 

324 sq. col. (radius of cylinder: 120 cm). Theoretically that represents 

Naturally that figure is only theoretical since the17,oo tons per sq. km. 

s',nc particles cali be subjected more than once to the effect of splIsh and 

there are numerous compensatory effects; but it does give an idea of the 

'oluime of fin particles liable to be washed away by run-off. 

z) Effect of rain intensity 
Clearly, in view of soil detachability, the higher the kinetic energy of 

the raindrops, the greater the extent of detachment. The kinetic energy 
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that downpours with a maximum instantaneousof raindrops depends on their size and velocity, and tile more intense the Table XII shows 
rain, the grcatcr their size and velocity will be. Rainfall intensity should intensity of less than 1-5mi. per minute are very rarclv erosive. A calcula

therefore be a more important factor in erosion than rainfall total. tion of the percentage of the weight of soil washed away during the year 

This has already bcen confirmed in the United Statcs and is also proved represented by he weight of the soil washed away by those downpours alone 
by the research carried out in Upper Volta, Madagascar and Southern shows that it was only 407% in 1956and2 in1957. 1lowever, erosion 
Rhodesia. occurs frequently when the maximum instantaneous rain intensity exceeds 

A classical example relating to the United States is shown in Table XI. 15 inm. per minute, and always occurs when it reaches and exceeds 
It is most significant that soil erosion increases as rainfall becomes more 2 mm. per minute. The percentage of the total weight of soil eroded during 

intense, the year under the latter conditions was 88o in 1956 and in 1957. 
The value of 2 mm. per minute maximum instantaneous intensity is

Table XI.-Effect of the intensity of rain on soil erosion. Classification of 183 erosive 
downpours on the basis of their intensity (Zanesville, Ohio, 1934-42, bare ground) also the point at waich erosion starts in iMiadagascar. As the use of intensity

rain-gauges is not widespread, other research has been carried out there, as 
Category of rain intensity Numnher of A:eragLe erosion a result of which downpours of a maximum intensity of: 
(amm. per hour during the downpours per ,wnpour 

5 minutes of greatest intensity) (tons per sq. kil) 7 mm./i5 minutes are considered as low intensity. 
0-25-4 40 375 7-15 rm./i5 minutes are considered as medium intensity. 

454-50-8 5,5 15 mm.1i5 minutes are considered as high intensity.61
50-8-76-2 40 1.178 

7 6,--o,-r, .t1 And here, too, high intensity downpours are responsible for erosion 
lot -6-127 13 3._124 (Table X II).

127-15Z4 4 3.632 
15z 4-177-8 5 3.872 Table XllI.-Percentage of annual erosion due to high intensity 
zz8-6-254 1 4,793 downpours at Nanisana (Madagascar) 

Research was carried out at the Niangoloko I1t1O Station (Upper Year No. of erosive Percentage of Perccntag'e of 

annual erosion
 
Volta) in 1956-57 using a Ramon-Jardy rain-gauge recording instantaneous downpours annual rainfall 

rain intensities. This research enabled downpours and erosive downpours 1959-6o 7 21 85196o-61 . o1 30 8 

to be classified in categories of rain intensity (Table XI I). 1961-62 7 24 85 
ndeoiedwpur codn oj962-63 16 45 85 

Taole XlI.-Distribution of downopours aours according to 1963-64 7 27 so 

categories of maximum instantaneous rain intensity (Niangoloko IR1O Station, 
Upper Volta) 

1956 (3)Analysis of the erosiveness of downpours 
Cludson, following in the footsteps of other researchers, made a more 

Categories
of maxilnun 

instantaneous rain 
intensity (in nim.fmin.) 

0 
to 

0-4 

05 
to 
09 

to 
i1 

t5 
to 
19 

2 
to 

•2-4 

5efects. 
to and 

2-9 over 
detailed analysis of the process of rain intensit * 

All the authors concerned have pointed out that the kinetic energy of 
falling raindrops is the cause of the crosiveness of downpours. 

No. of downpours
N. of erosive doopours 

Percentage of erosive down

15 
0 

20 
2 

14 
2 

5 
3 

4 
4 

1 
1 

3 
3 

A drop of water of mass in and velocity v has a kinetic energy expressed 
by I mv 2 . 

Raindrop is calculated from the diameter of a drop assimilated to a 
pours 
pours_ 

eoof 
-_ 

10% 
-__ 

1957 
____ 

14% 60% 
_ 

-_I 

100% 
-_ 

_ __---

-

100% 
_ 

-

100% 
-

-'". 

sphere. lMIaximum diameter is about 9 mam. I.arger drops disintegrate
automatically due to insufficient surface tension. In a ttrbulent atmosphere 
the maximum diameter generally does not exceed j to 6 mim. 

The velocity of raindrops dependson their mass and hence on the;-

No. of downpours . . 19 10 13 8 3 3 1 diameter. It is not constant throughout the fall, but increases to a limiting 

No. of erosive downpours - 1 0 3 33 3 
-

or terminal velocity.
This is reached when the (distance travelled exceeds 20 mectres, which 

Percentagesof erosive down-
pours 

% 
_ 

% 
_ 

23% 
_ 

62% 
_ 

ioo% 
-_ 

1oo% 
-, 

1oo%: is the case with natural rain. Table XIV shows increase in terminal velocity
with increase in raindrop diameter. 
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Table XIV.-Terminal velocities and heights of fall required to attain 

them. (Laws, 1941 ; Gunn and Kinzer, 1949) 

I)iaiictcr Tcrninal I (eight of fall 
of drops vClocity necessary to attain 
(mii.) (rIs.~Cc) ~o95 of tenniinal. 

eloctty (in1.)3 

0-25 
0-50 22 
1 4 22 
2 6-5 5 

3 R-17"2 

4 8-8 7-8 
7-6(t 

6 "3 7"2I 
5 


"'hespeed of fail tf the drops increases less rapidly titan their diameter, 
because of air resistance to penetration by large drops. 

also affccts speed of fall and I lud-' n considers that theThe wind 
actual velocity Vr of a drop faling obliquely on to the ground at an angle ,L 
to the v'ertical is related to the corresponding vertical velocity N7', other 
things being eal1, hy the equation 

t" L NV 

Vr a 

the kinetic energy ofa downpour can beOn tlcbasis of the abov,
calculated if the size of the drops, their quantity and their size 

distribution within the downpour are known. 

-Size distribution of raindrops varies according to individual storm 
and is related to rain intensity (see Fig. in). 

P 

2 

1;I/4 ... . 

"-"Iincl/ ,' " 

" .Ec 

"•.*.. d mm 

2 3 6 

Fic. s.-Raindrop size distribution (categorics of ram.) according to intensity of theoa 2 


dow-npour (after Laws,t941, 42)6t).ind Hudson, 


% P pcrcentage cftotal rainfill ; d : diaictr ; Intensities : I - 12"5 iMm.h. 2 -- 12'5 

-
to 37"5 m5n.:h ; 3 6z t2"5 m n./h. . 4 "--more th.im t5o mm.ih. , 

-For want of a better parameter, the size distribution of raindrops has 
This is

been characterised by the " median diameter " (denoted by D50 ). 

the diameter at which the total volume of drops of larger size equals thr' 

total volume of drops of smaller size. In this case, relations were immedi
ately found between median diameters and rain intensities (see Fig. 2). It 

dd 
mm 

2 2 

/ 

1 

n-r,/h 

25 50 75 100 125 150 175 

:Fic.2.-Variation of the median diameter of cirips (d) wihd st(on inftfnsity 1. 

(I ) tUnitcd Statc,. after Elkern (i950) ; () WhdtIcsia, after Ilud.,.n (u1uE3*:1). 

should be noted that Ilhdson considers tie median diameter to be stabilised 
at to0 nt.,Itour rainfall and even to decline slightly beyond that since the 
larger the drops of water the more frequently they burst as they fall. 

-As terminal velocity depends on raindrop size, it is seen from the two 

points noted above that terminal velocity will also depend on storm :ntensity. 

Consequently, all researchers eventually tried to establish the general 

relation or relations between rainfall intensity and kinetic energy. 
These relations may be numerous as downpours of different intensity 

but of similar total rainfall must be compared. 

An example of the results obtained by Elkern in the United States is 
given in Table XV. 

Table XV.-Kinetic energy supplied by downpours of similar totZ 
rainfall but of different intensities 

ntcnwitv nil ./hour 2-5 1 2 5 :!55 1 0 I O 

1%, ic eneltrgv, Io:l,CS '.tl. C1. . 18 3 3 - ). 8 2 57 2 63 

Smith and \Vischtneier proposed tile following general relation 

'.C= 916 + 331 log I. 
being expressed in foot-tons per acre and per inch of rain and I being 

the intensity of rain in inches per hour. 
u rcfers the relations defined himself and two 

researchers (Fig. 3Y 
hdson to by other 

That Figure shows that kinetic energy increases very rapidly as the 
intensity of rainfall rises, provided the latter remains below too mm./hour, 
and then tends towards a constant value. According to Iludson, the 

explanation for this is the bursting of raindrops at very high rainfall 
intensities. 

The disagreement between researchers probably results from differences 
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in the relations established by them between rainfall intensity and raindrop With a high storm frequency, some downpours, although of lesser total 
intensity than others, may cause a higher level of run-off orsize distribution within downpours, since there is agreement on the relation ,ainfall or 


between size of drops and terminal velocity. ,rosion. Table XVI illustrates his possibility.
 

Finally, the following points show the full importance of rainfall 
intensity as a factor affecting erosion : 

(a) 	It is related to the kinetic energy of the rainstorms, which deter-
mines their erosiveness. 

(b) 	 It is generally measured in metcorological stations whereas 

measurement of kinetic energy, direct or indirect, is very difficult. 

2
 
Ec J/cm
 

0,08 

2:he 
0,07 


0,06 


3 


0,05 /soil 

0,04 

0,031-

25 50 75 100 125 150 175 200 
Fic. 3.-Intcnsity-kinctic energy relations (for 25 mm. of rainfall) depending 

on climiates and authors (after Itudson. 19631). 

I Intensity of the downpour E: Kinetic energy in joulessq. cm.
 

Curves t = storms (Kelkai); z = Rhodesia (I ludson): 3 = Japan (,Xihara). 


I~oweer, wen te effct o lossindiidualraintormson sil los isis
IHowever, whlen the effect of individual rainstorms on soil 

analysed it is clear that any accurate analysis of the phenomenon must take 
into account a third characteristic of rainfall, viz, storm frequency. 

III. Effect of Storm Frequency 

In tropical and Mediterranean regions one characteristic of downpours . 

is their repetition at frequent intervals throughout the rainy season, i.e.' 
daily rain isa common occurrence. 


noOne can easily imagine what phenomena then occur. The soil has 

time to dry out between two downpours, saturation point is quickly reached 
and subsequent downpours, whatever their characteristics, run off the soil 

instead of percolating into it. Moreover, detachment of fine particles occurs 
when soil aggregates are covered with a film of water. 
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Table XV.-The effects of two successive downpours at Lake Alaotra 
(Madagascar) 

Date Rainfall Duration of Eroion Run-off 
(ram.) dmnpur(inin.) (t.ha) 

23.12.1959. 26 30 1 5"4 
24.12.1959. 24 90 3"3 39"4 

Despite the fact that it was only one-third as intense as the first down
pour, the second downpour caused a higher level of run-off and erosion than 

first, as it fell on soil which the first downpour had made more sus
ceptible to water erosion. 

0 A final conclusion can be drawn from all the research carried out in 
Africa on the action of atmospheric precipitation: the degradation 
suffered annually by the soil occurs in an extremely short period 
of time. At Niangoloko (Upper Volta) 880 of the annual erosion occurred 
in 831 minutes in 1956 and in 370 minutes in 1957, i.e. in approximately 
14 hoirs and 6 hours respectively. It is clear that the majority of annual 

loss occurs in only a few hours, and this is typical of Africa. 

C.-CONCLUSION: INTEGRATED STUDY OF THE 
FACTORS AFFECTING SOIL EROSION BY WATER 

IWhen the many factors involved in pri;ccsses occurring in a natural 
environment are studied and an attempt is made to assess the relationships 

between processes and environments, each factor must be considered 
separately and its action determined. This has so far been done in Africa, 
as regards soil erosion by water, on the basis of expcriin'ntai plots. 

But itis obvious that all these factors are interrelated and also act 

simultaneously. oisttdyetise highlylnd te facors-nvoevdoftstudyisIn the end an integrated study must be nimade ofverytvethe process 

and tlre factors involved it it. This teperfnl in nt yet - eneghly 

developed in French-speakinrg Africa (experiments in TFunisia and Senegal)
but 	it can be attempted on the basis of Wischincicr's universal equation 

for soil loss. 
The American Soil Cuiservation Department, with its many expcri

inental plots already in operation for several decades, has succeeded in
t'stablishing this universal equation, the principle of which is applicable 

everywhere. 
It takes the form: 

A = R (K.L.S.C.P.) 

A represents soil loss in tons per acre (American short tons equiva
lent to 907'84 kg.). 
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R, or rain index, indicates the aggressiveness of rain. It can be 
calculated for one rainstorm or for all rainstorms in a given period. A repre-
scnts the soil loss for the same period as It. Generally an average annual 
rain index calculated from the rainstorms over several years is used. A then 

represents the average annual soil loss. . is th onlyt factor in tae sccond 
term of the equation which has a dimension, as all the others arc ratios. 
Other things being equal, erosion is proportional to the rain index. 

For a given rainfall, the number of units of R is equal to the kinetic 
energy of the rain (in foot-tons per acre) multiplied by -the maximum. 

intensity in30 minu~tes expressed in inches per hour, divided by too. 
To calculate the kinetic energy of a rainstorm, one must have a 

recording of it on a rain-gauge. On that recording, the rainstorm is 
divided into sections of equal intensity. lach section is therefore charac

teriscd by a given number of inches falling at a given uniform intensity. 
a the unit kinetic energy of\\ischnieier has cstablished relation between 

a rainstorm of iniform intensity and that intensity. That relation is as 

follows: 
lu =916 + 33" 109 Ill 

where Eu is the unit kinetic energy in foot-tons per acre per inch of rainfall, 
and Ill is the uniform intensity of the rainfall in inches per hour. The 
energy of the section is equal to the unit energy per inch of rainfall multi-
plied by the number of inches typical of the section. The total energy of a 
rainstorm is equal to the sum of the energies of each section. 

K, or soil index, a factor without dimension, measures the relative 
resistance to erosion of a soil. Its values are obtained cxperimentally: it 
is the soil loss in short tons per acre per unit of Itwhen all the other 

coefficients in the second term of the equation are equal to oie. 
L.S., or slope index, a factor without a dimension, el, s the topo-

graphical conditions of a site to be compared with standard conditions. It 
It is the ratioindicates the effect of the gradient and length of the slope. 


of the soil loss of a field with a given gradient and length to that of a field 

of standard dimensions, all other environmental conditions being equal.
 
A gradient of 9% and a length of 72-6 feet (22-12 i.) are the standard 
dimecnsions, or equal to one. 


C, or crop index, a factor without a dimension, makes it possible to 

allow for the fact that rain has a proportionally greater action on bare soil 
than on covered soil. It characterises the crop, viz. the type and sequence 
of crops, degree of mineral .fertilisation (level of productivity) or organic 
fertilisation (treatment of crop residues). 

It is the ratio of the soil loss on land cultivated under specific conditions 
to that of continuously worked fallow land (C = x), all other conditions 
being equal. 

P, or water and soil conservation index, characterises the practices, 

conser'ing a certain proportion of soil. It is the ratio of soil loss on a field 
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in which conservation practices are applied to that of a field cultivated along 
the line of the steepest slope (P = x), all other things being equal. 

Applied to a given region, Wischmcier's universal equation provides 
an integrated study of the factors involved in soil erosion and not only 

enables soil loss to be estimated but also gives an idea of the anti-erosion 
measures to be taken to ensure that a soil loss threshold beyond which 
erosion becomes dangerous is not exceeded. The degree of effectiveness 
of such anti-erosion measures in Africa will now be considered. 

. * * 

PART 11 

AND MADAGASCAR
 

1an's main concern when he tills the soil should be to maintain its 
productive capacity while producing crops. This concern leads him to use 
rational agricultural methods. These generally consist of soil censervation 

methods, but in the struggle against erosion certain problems arise which 
can only be sohed by applying special methods. 

For the last thirty years, special attention has been devoted to all these 

methods of soil conservation all over the world. It was necessary to 
ascertain their efficiency in Africa, in tropical and .Mediterranean climates, 
before making plans for the rational farming of the land, and this need Ied 
to the research whose results are described heic. 

There are two series of soil conservation means 
(a) " Mechanical " means which control run-off and hence erosion. 
(b)Biological mcans giving the soil increased resistance to attack by 

water by the use of vegetation and cultivation practices. 

A.-SOIL CONSERVATION BY CONTROLLING RUN-OFF 

I. Terracing of the land 
Terracing is one of the best-known methods of controlling run-off and 

erosion. 

When the slope is slight, there are two possible methods 
(a) If rainfall is plentiful, the speed of run-off must be reduced and the 

Water which does not infiltrate into the soil must be drained off at a non
erosive speed. Without modifying the slope, the land is laid out in a series 
of crop strips, the longtitudinal direction of which forms an open angle with 
the contour lines. The downhill side of each strip is limited by a combina
tion of an embankment and trench. This arrangement forms diversion 
terraces. 

(b) If rainfall is mediocre, run-off speed must be reduced and stock the 
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water in the soil. In this case each strip runs directly parallel to the contour 
and functions as a closed basin. The slope is left unmodified. This arrange-
ment forms retention terraces. 

When the slope is steep cultivation presents a problem. In that case, 
level and bench terraces, modifying the slope, solve the problem. 

The difference in level between two successive channels, two steps or 
benches is the fundamental factor in designing a terrace system. It deter-
mines the width of each element of the terrace systcm. There are numerous
formulae relating the difference in level to the gradient of the existing slope, 

Diversion tcrraccs and bench or level terraces are the m aintypes which 
have been studied in Africa to determine their conservation efficiency. 

(i) Diversion Terraces 

Ramser's formula : D o o76 P + o '6o8, where I) is the difference 
in level between two successive channels in metres and P is the percenzage 
of slope, has been used to design diversion systems. 

Some of the results obtained when no method of soil conservation 
other than terracing was used are given below (P -- annual rainfall in mm., 
R =annual run-ofr as % of P, E = annual erosion in tons per sq. km.). 

P it E 

Se/t Station, (Scnegal). Slope 2 
1954 lechanised groundnut cultivation 1,303 47 1,728 
1955 M chanised rice cultivation 
1956 Mcchanised groundnut cultivation 

Kindia Station (G_ia). Slope 6°; 
.,z65 

. 1,395 49"3 
39"5 

2,713 

1,075 

1956 Citrus cultivation on bare soil 1,342 94 1,78 7 

ORSTO.[ Crntreat .ldiopodouti. Slope 7C 
1956 Bare soil . . .1,939 23-6 11,770 
1957 laiOCre cultivatin on ridge 1939 9,277 

l So- 23 1 
Niangoloho ro nu1tStation, (Upper flatOta). Slope 25" 4 

1957 Millet cultivation, flat 164 
o 748 

I_ _run-off I 
(z) Bench Terraces 

p) R E 
Srrrdott Station (Gitinea). S~loe 25% 

(June 1955-June 1956) 


Control plot :cinchiona, flat on contour lines imetre 

apart, at i metre intervals in the rows . 2. 65 2,4482934 

Plots on horizontal benches 1 metre wide with one row of cinchona on each bench 2,934 6-45 721 
-"--on 

(3) Study of Results and Conclusions 
Bench terraces proved efficient in reducing erosion on steep slopes but 

have no effect on the amount of run-off. This is because of the change 
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undergone by the soil when the benches are being constructed. The humus
bearing upper horizon which has a high water retention capacity is dis
rupted and possibly even buried. The powerful mechanical tamping 
necessary to make solid benches reduces permeability. The effect obtained 
therefore is chiefly a reduction in tle speed of run-off and retention of the 
soil. 

If the soil losses measured on diversion terraces in Africa are compared 
with those considered catastrophic in the United States under similar
experimental conditions, the former are seen to be higher in all cases 

\Vatkinsville (Georgia) Mcchaisd groundnuts, slope 3% 1,322 t!sq. km.fannum 
Spur (Texas) .Mechanised groundruts, slopc z' 1.584 t,'sq. km.annum 
Sefa (Senegal) .Mechanised groundnuts, slope z% i.,zX t,'sq. kin.!annum 
;uthrie (Oklahoma) Continuous cotton, -lope 7'4 3.779 t.'sq. km.'annum

Tyler (Texas) . -.ontinuous cotton, slope 875% 45 tcsq. kn./Iannum
St'atcsville (Carolina N.) Continuous co'tof, slope l0, 7.:53. tsq. km.!annum 

Adiopodoum6 Maniac, slope 7"o 9,277 t/sq. km..'annum 

Only one conclusion can be drawn: diversion terraces, suitable for 
slopes of less than 10-12''/, are on their own inadequate to combat erosion 
in Africa. Used without any other anti-erosion method of cultivation or 
when the soil is bare, they almost always allow dangerous (1,728, 2,713
tons/sq. km./annurn) if not catastrophic soil losses (9,277, 11,770 tons/ 
sq. km./ annum). Additional anti-erosion methods of cultivation must also 

be applied. 

1I. Tillage 

When the slope is slight, working the soil is one of the most effective 

measures to control run-off and educe erosion. 

(i) Contour Ploughing 
(I.x) Effects of contour ploughing. When land is ploughed along

the contour one obtains a series of furrows always at right angles to the line 
of the greatest slope and very close to each other. Thesc furrows retain
 
water. "/hismethod of preparing the soil makes it possible to break up the
 

and considerably reduce the speed of vater flow.
 
There are few figures available in .\frica or Miadagascar to illustrate


the efficiency of this method, but Table XVII gives some indication of it on 

the basis of an example from the United States.
 
This experiment, carried out at the 1ethany (Missouri) Station clearly
 

shows the effect of contour ploughing and also demonstrates that its effe
ismc oe' ercn htisefct 
iS much more decisive than that of terracing since the latte: method only
caused a slight additional reduction in er6sion in comparison to the highreduction brought about by contour ploughing alone. The minor effect

run-off is probably due to the fact that the average slope is already somc

what steep, i.e. 6 to 7%. 
(x.z) Limits to the use of this method of soil conservation. The 

last finding indicates that there are limits to the use of contour ploughing 
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Table XVl.-Annual precipitation(P), run-off (I) and erosion (E) in three comparable
cultivated experimaental basins 

\Viihut 	-a)il cornseraltn.(1)
(2) NVid) contour ploughing and drainage channels. 
(3) 	 \\'Itb contour pl,,ghilltie on diversion terraces, 

Crop I. (0) E (ttnslacre) 
Yer Cro _,_ It 

,ioc3 2 

° I,34 	 2 2 ts.8 279 253 4 24"04 

32 	 2S-6 22't 17 38 16 963, 7 \VhcatW h9e3935 3(.77 C;,.5-.- t '2 78 .6 o'SS 0't
 
31)37 z2 Mai it 88 1971
.,7 e -, 138 "8 


9,)37 21-t3 Il. 40 237
10"2 2. o. 16 0-65t1938 26 13S ().it 2 37- 1-7: 25"62 0"7 0 63 
,1)40 2076z W;rid,.2d 7 7 3 1 3.27 0"07 004
,,)40 27.1 .M.(i/ch 7 23"4 (13-'9.1 It37 1-22(I, 3 f7 

1402 32-9 WLit. 177 277 30 3544 07 0"58 
I _ eh 

as a methilod of soil conservation. The gradient of thle slope is a limiting 
factor. Fig. . clearly sho\s that the -oltneof water retah;ned by a furrow 
systei dt'cli s -as the gradient of the slope inclases, 

Mlorcove'cr, even if tihe lc\el of run-olf water remains low because it 

soaks in better when the soil is tilled, the speed of flow increases as thegradient of the slope increases, so that it is better able to wash away soil and 

heincrease.nc 	 s Shence soil losses reS .I InN other words, the lower the gradient of the 

-

. . 

Re1enue 	 d'eau / 
V/o'er re!c:.lncn 	 .. 

:2G.4. 

slope the more elTcctive is contour ploughing. FExperiments carried out in 

\Iadagascar It Lake :laotra show that oi a slope Of 8% the method is 
considerably less advantageous although it still has some effect. Measure-
ments effected at Sefa (Senegal), Pretoria (South Africa) and I\lazoe 
(Southern Rhodesia) all indicate that a slope of 3 to 3 "5% is the limi1 

beyond ,vilich the effect of contour ploughing generally starts to decline..; 

This method of combating run-off and erosion can only be used on 
land which is sufficiently permeable both on- the surface and at depth 

Indeed, the growth of some plants may be hindered by an excess of water 
which can neither soak into the ground nor drain away. Also, if there is aC 

impermeable horizon it may cause saturation of the horizon lying above it, 
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resulting in loss of cohesion and catastrophic soil loss. More simply, the 
soil may give way between the furrows tnder the effect of a heavy load of 
water and rills may be formed, bringing with them a danger of serious
erosion. A similar phenomenon occurs when water collects at certain 
points on badly ploughed land, viz. poor junctions between furrows. 

l-lowever, allowing for the lim itations to its otilisation, contour ploughing 
is, with cultivation on ridges, one of the best methods of preventing run-off 

and 	erosion on gentle slopes. 

(z) 	 Contour Ridging 
Cultivation on ridges, known to and practised by the African farmer,

is a similar technique to contour ploghing wheni the ridges are situated
along the contour, or form a narrow angle with it. Tic ridging on the 
contour promotes total a sorption. If the clitnate is very aggrcssive and 
there is a danger of overflow (the steeper the slope, the more catastrophic 

'his would be), the technique of ridging wit .' slight longitudinal slope can 
be applied. \Vh;,tcvcr tile type usel, ridging retains inore water than 
contour ploughing because of the height of tle ridges. 

Table XVlll.-Adiopodoum (Ivory Coast) Elrct of pineappte growing
oncontourridges._Slope_7'_ 

Mlihod of cultivation Time of vcar P (mm) 
1ton 

Erosion sq. kin. 

Pineapple grown 
'ineapple grown 

flat, after clearing 
flat as sccond crop 

. 5t956- 3/1958 
3/958-51951) 

4,575 
1,547 

14.077 
7.894 

Pin:lapple on ridges, after clearing . 3/957-3/1959 2,402 .6zz 

Thc 	 d:iferclace ill lichaviour of the twvo environnilents to the trosi'-encss of the 
rainstorins is ohvious. 

Table XIX.- louako (Ivory Coast): Effect of tie ridging compared with 
traditional cultivaton (96o). Slope 4',, 

Mctlod of cOulli.ation It ( k,)It max. (%) Erosion 
t. hectare 

lraditif nal culh ivathon of yam s .0-7 53 4 3 1 

Maize plus cotton on tied ridges 	 3-6 30 0-84 

The etrect of tie ridging on run-off is obvious : the water is stored in the soil and 
erosion is reduced five-fold. 

Table XX.-Sefa (Senegal): Effect of tic ridging compared with flat 

cultivation. Slope idp 

M\ethod of cultivation It (%) Erosion 
(t/sq. kra.) 

Rice flat 22-3 621 
Cottontrount(ntstieflitridginggi9. .0" 1on 	 6 305 

47 
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(2.x) Effects of contour ridging. Thi efficiency of this method has offer on impermeable soil or steep slopes. Thcystudicd the relations between
 
bcen demonstrated in many places in Africa. Ridging has proved fully the longitudinal slope of the ridges (o.5 to 2.50), the level of run-off
 
effective, but it is surprising that thc less steep the slope the greater effect run-off speed and soil loss. Iwater,hcir research shows that at gradients 
it has. Erosion is reduced seven-fold at Adiopodoum6 (slope 7%), five-fold steeper than j% (Copley) to 2% (Hudson) there is no relation between
 
at Bouak6 (slope 4o) and thirteen-fold at Sefa (slope t ) Run-off is amount of run-off and ridge slope. However, there is always a relation
 
reduced eight-fold at Bouak6 (slope 4%) but is thirty-seven times less at between the latter and run-off velocity, and hence the ability of run-off to
 
Sefa (slope I%). 

T./Km' 
Table XXI.--Nanokely (Madagascar) Effect of contour ridging on erosion 1956. Groundnut 700 1957. Millet1compared with flat cultivation (average 1958-63). Slope 8% 

Crop Flat On ridges 

Maize . 9" t l ectare 39 tilectare
 
Potatoes . 5- thectare 4"2 t.le ct:re
 
Groundnuts 2 -3 thectare 4 ' t,'hectare
 

The same effect is therefore found in Madagascar and a survey of the 500 

results obtained indicates that to be effective ridges in Madagascar should be 
25 cm. high at a spacing of from So cm. to imetre. 

(2.2) Effects of slightly sloping ridges 

Table XXII.-Niangoloko (Upper Volta) : Comparison of the effect of tied contour 
ridges, open ridges with a "5%oslope and flat cultivation on run-off, erosion and 

yields (average 1956-i96o for two crops). Slope 25% 

1 (%) E (t/sq. kmi.) Yield kg./hectare 

2Groundnuts Millet 

Closed contour ridges . 0-91 1-13'7 845-7 729 
Open sloping ridges (0-%) 6-27 610-4 479 376 
Flat culthivation 1"2 15 1,3186 658 352 

100.-__../
of using tied contour
This result again indicatos the great advantage 

ridges, but also gives an idea of the value of open sloping ridges, which /.-.* 

reduce run-off and erosion by half in comparison with flat cultivation. It 3 
is quite possible that on less permeable soil, on steeper slopes or under more 15 22 J.J 27.5 ........ 17 "14 

intensive rainfall the darger of breaking of contour ridges would make s. P ,Ji. S. 
open sloping ridges more advantagcous. Fi. S.-Cuniulative curves of daily soil losses recordcd: 

A detailed study of results at Niangoloko in 1956 and 1957 is significant (1) With flat cultivation.() 'Vith Open ridges shpinuz t o.5 j%(Fig. S). The curves show that in 1956 the three rainstorms on 16 and 22 (3)With closed horizontal ridges. , 

June and 27 September, which caused the greatest degree of erosion on "'ash away soil. That is the heart of the problem and ideal land management 

flat groundnuts (), were rendered innocuous by horizontal ridging (3)" would consist of giving the ridges a slope sufficient to drain off excess 

The effect of ridging was even more obvious in 1957. Millet grown on water, but at a speed wvhich is never crosive. Hudson considers that that 
contour ridges suffered no damage. Sloping ridges prevented erosion on slope should never exceed I 5 to 2./ 

14 September and reduced it on 5 and 17 July, on which dates the field (2.3) Analysis of the action of ridging. Granulometric analysis of 
cultivated flat suffered considerable soil losses, eroded soil provides additional information on the action of ridges as 

Hudson and United States researchers (Copley in particular) have regards the washing away of fine particles of soil. Table XXIII shows that 
studied the problem of open sloping ridges in view of the advantages they' the Percentage of clay and silt is higher in erosion products from a ridged 
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field than in those from a field left flat. '[his is the result of the action of 
the ridges. As they brake the flow speed of the water the larger particles 
are more difficult to wash away than are tile smaller ones which easily 
remain in suspension. h'lhus as many, if not morc, fine par:icles as coarse 
particles reach the bottom of a ridged field. On a flat field sand is not 
retainetnd whenI thle soil IS xcry sandy, as at Ni'ngolok (9,,, sand) it 
predominates in the crosion products. 'I'hat does not ii,,an that fewer clay 
and silt particles ire \.ishcd awav. if the quantities of clay and silt lost by 

the Ni:igolok e.xperimental plots ..re asscsscd (see 'Table XXIII), it is 
clear that the ficlds coltivated flat lost twice as high a tont:.ge of such 
particles as those \\iti open ridges on a o5 slope.

In conclusion, ridging, where permeability is sufficient, is extremely 

useful to cantrol iun-off and conscrve the soil. 

Table XXIII.-Granulonictric aiialysis of the eroded soil on fields cultivated flat 
and on fietds with ope.n ridg~es withi 1 o-o sloe xssessrneni of the quantities of 

wvashetl aw~ay 'Niangololko lope. osand, silt and clay HMtlO Station---'956)sln ls aupplcmcnt 

("r.,nulometric analv.is Qu:intit:tti\e assessment
(tns per sq. kin.) 

':tntl Silt (.1y pils Smnd Silt Clay plus 
("*.,) ("..) hus humus 

C.)
 

Flt, cilti, t7n 7( 4 109 109 3452 494 49*4
 
Fl.t 7'2 9 225 4 1,., 4SS 6 7-


pvoptrhlec,. .-I oV3, 477 2j-8 25i 503 27'3 265 

ilI. Trenches 

Ridging is an effective cultivation technique to control run-off and 
redtuce crosn. 1Howver, although It is ca.;v to Ilse on gentle slopes, it is 

more diflicult to apply on stccp slopes. In the latter case an anti-erosion 
device Mvhich is tile opposite of ridging can beIcused, i.e. trenches are used 
instiad of ridges. 'lic Strt3dou Station (Guinea) has tested the efliciency 
of this tict hod of combatilng erosion on steep slopes. 

'icd contour trenches were dug at St3rdou on a slope of 250/,. Theirdimensions were i. " o-3 m. - 0'3 n. and the ties were o-2 tn. thick. 
The trenches were 2-5I. apart. Between then two ro s of ichona were 

gro)wn, the row ein~g mtre apart and the distance Itwen cinchona 
trees being So cm. 'T'esystem was abl)e to store the complete run-ofT from 

a 6o mn. dowvnpour. 'Tlie results were as follows :particles. 

Table XXIV.-Cooiporison of run-off and erosion under three conditions for !he 
growing of cinchona on a slope Of 25',%, Sr6rdou (Guinea), 1956 

Culti%;tion in, hd i' tinm.) R (%) E (t.Isq. kin./
annuin) 

Cinchona Ilat . 2,93.- 6-5 2.-48 

Cinchona on bench terraces (i m. wide) .934 645 721 

Cinctona n tied contur trenches . 2934 43 891 
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A comparison of the run-off and erosion recorded is to the advantage 
of the trenches. They achieve maximum water retention because the lowest 
run-off occurs. This is a clear advantage over bench terraces. Trenches are 
also as efficient as bench terraces in reducing soil loss. 

Trenches have dcfinite advantages over bench terraces on steep slopes, 
viz. the-- ,re easier to construct, they do not require large-scale. machinery, 
they are less expensive and they save more water. 

IV. Conclusion 

Research already carritd out in Africa omi soil conservation by mechani
cal means indicates that diversion terraces are one method of controlling 
rim-off and erosion hut cannot hy themselves protect tle soil. A method 

of Cultural conservation nust be applied sinmult.,ncosly and iiuay be 
mechanical or biological.

IITillage operations (ploughing, ridging, trenching) are necessary to 
the action of terraces, but their canservation effect within the 

limits mentioncd (soil permeability is of vital importance in the design of
anti-erosion works) is such that it may make terracing uinnecessary or permit 

the construction of a looser and thus less costly system of terraces or a
security system to control exceptional natural phenomena. 

B.-TIIE USE OF BIOLOGICAL MEANS TO
 
CONSERVE THE SOIL BY CONTROLLING RUN-OFF
 

Vegetation is obviously a vital factor in soil conservatiun. Its action 

may be seen everywhere. It is the foundation of biological methods to 
control run-off and erotsion. When use( in certain ways, its action is similar 
to that of mechanical mneans. 

I. Strip-cropping 
Strip-cropping consists of growing crops in a series of strips across the 

t 
slope in such a way that when one strip is bare the two strips on either side 
if it arc 
erosion, the two adjacent strips have erosion resistant vegetation. 

iThistechniqtie makes it possible to divide long slopes into a series of 
successive planes, some of which are designed to intercept run-off water, 

o covered with vegetation, or when one strip has a crop which allows 

0 reduce its speed of flow and consequently its capacity to wash away soil 

It has been tried out at Sefa Station (Senegal). (Table XXV), 
Contrary to what tniglht have been expected, judging frotn results 

obtained in the United Statcs, strip-cropping did not prove particularly
successful in soil conservation ii, the Salclo-Stdaucse climate. The 
reasons for this are perhaps the more erosive nature of the rain and the 
alternation of plants retaining soil but not water (rice). 

Three times out of five, the run-off figures at Sefa for alternating strips 

8. 
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Table XXV.--Run-off, soil losses and yields for aiternating crops and for individual crops of the plants grown in the alternating strips (Sofa, Sencgal) 

Year Crop and method P R R E Yields 
(alt. - alernating (rm.) (mm.) (%) 

strips) (round- ice 

1955 Rice plus groundiuts3 	 " " 44 ,,70 1,76oGroundnuts 1,340 2959'9 8 .6.3o 1,780 

Rice 	 1,340 313"5 23"4 63t 2,140 

i956 *roundnuts-sorghufl 

green nanure (alt.), IJ-ts 13Z8 I-6 :':7 j,636 


Groundnuts i,.8 108-2 9*4 305 2,124 
Rice 1,148 256 223 6-25 

ius grcadnurt 004 1 3 70 10this(a) 

pilusproundnuts (At.) .004 135 13"4 6-7o ")zo
n,,74 16, 1 6 20 


Sorghu Sorhu 1,04 i 6 2-63gienmaure 161green inanur 1,004_ 

1959 	 Gro mnduts-rice (alt.) 7.42 124-8 16-8 2'47
 
Groundnuts 74Z 1277 17-2 4-07
Rice . . . 742 134"5 18"i 217 
H_ 742_ __34__5 __8_ 2-17_*vegetation 

tq6i 	 llice-groundnuts (alt.) T,185 374' 3 31 6 7'05 1,9.o 534 
Rice . 1,185 4389 37 8-8z 1,184
G round nuts .. 8 5 470 39 -7 5 2 4 1,720 

were within the range of the figures measured for the individual crops.
Soil losses seem to depend on the position of the plants in the alternating 

strips in relation to the measuritng point. If rice or sorghum are at the tollof the field, th losses measured below the groundnut strip are frequently
close to those obtained for groundnuts alone (1955, If the strips are 

the other way ro,:nd, the opposite may occur (I9j9). This indicates thatanti-erosion strips do not have%,adecisie effct
 
a i- alrosio p yiel s regecsvsd.ten wer whnstrip-onopa 
'inallly, crop yields are often lower %\,hen strip-cropping is used, 

probably because of the more narkcd border effects. .a 
Nevertheless, strip-cropping should not be ruled out, but it does need 

to be further developed. 

II. I-edges and Buffer Strips 

The results obtained in Africa with strip-cropping have led agri-0 

culturalists to try another spatial arrangement of vegetation to con'rol run-
off and erosion. The principle of alternating strips is adhered to, but the 
protective strips are ieduced to a mininium size and introduced at more 

fre q u ent in te rva ls. T h is g iv e s a sy stem o f h e d ge s o r bu ffe r s 'rip s fo llo w in g 

the contour, which has two advintages in Africa. It means that a smaller. 

area is taken up by erosion-resistant measures and yet multiplies them in 
space. These anti-erosion measures provide run-off control -..21, moreparticularly, ensure the retention of soil.


At Lake Alaotra in Madagasar, the action of contour 
 hedges of 

4 

Pen liseti'tpurpurruin on run-off has been measured. The conclusion
reached is that they from 1,150 nt. (fwater750 to cI. Iauseper hectare, 

depending on the region, to soak into the soil annually, which is equivalent
to a rainfall of 75 to I I jam. 

loose, at the ORSTOI Centre at Adiopodoume (Ivory Coast) hs 
studied buffer strips and in particular the effect of their width and plant 

coposhion. Ilis most significant restIs, obtained on experimental plots
with a slope of 7% with a manioc crop on ridges, are given in Tables XXVI 
and XXVII. 

All these results show that the repetition of anti-erosion measures,
consisting of hedges or buffcr strips at frequent intervals, makes it 
possible to 

Slow down run-off water. Grass is particiarl; advantageous in 
this respect because of its dense root system and folinge. ji 'ias the furtheradvantages of multiplying quickly from cuttings or s:plitting of rootstocks 
-as vell as by seeding, and of having high resistance to compaction. 

Table XXVI.-Effect of the presence of legumes in buffer strip 

(Adiopodoum4&, Y965) 

Vegetation of control strips Annual Ma I. E 
Il",. I, k .e
 

.lanioc 	 on ridg'c in alternate rows, ritltout cotrol 

trip , a %verageof two plots 	 ; t 6- .54 6 -. 15 18.93 f) 

-_aeo-_-8.-3- ,pt" 	 '._5 

Manioc on ridges in altern:ute roN's, contr,,l strips of
 

Digimoriai, etc., average -)f tV., plots - . it -98 53 -38 7,373
 
D r . a ,h 	 __.,_____"3 __7,37_ 

.M0niocon ridges in alternaic rws, ithhuffcr strip 
o957).Fh'ininia or ,ni.1d ;tilhgrastes,of f'uer-ari 

a et . -6 2) 95 1.381lage of two plots 

Table XXVII.-Effect ofbuffer strips and their Nidth on run-off and 
erosion at Adiopodourna (1965) 

eAL . 
Comparati1e environrn) .\Lg..l i .R E 

a 	 • ") ('.' ke. hectare 
Mdanioc on ridges in alternate ro\%s, itiihnist ((J,,tFO 

strip,, average of two plots 	 16 .;4 z "45 38.939 

f D il ria e tc.. vie %t .Manioc on ridges in 2alternatet re s rowsid e with huter strips 1!t"OS0 	 84 


e,4,088 

Nlnnioc 	 on ridges in alternate rows. with control 

strips ,,fDigitaria,etc., 4 uetres aide. . -9 2,653
 

( b I n crease i tnu yda ir
 
(b) Increase infiltration. The study of individual rainstorms at 

Adiopodoim6 in 1965 showed the reasons for the annual results given in 
Table XXVI. Although grass strips can soak up run-off water from lowv or 
average level rainstorms, they do not absorb all the water from high level 
rainstorms. On the othe- hand the introduction of taprooted legumes 
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improved the absorption capacity of the strips, which explains the advantag 

of legunie-grass mixtures. 
(c) Rcutce soil loss. '[his reduction results from successive" braking " 

of run-off. Its Capacity to wash away soil is reduced each time and when it 

reaches a hedge or control strip the solid particles suspended in it are 
dcposited. Of course, the coarser particies are deposited more easily, 
which accounts for the fact that the proportion of fine particles in the solid 

mass washed away is higher on the far side of erosion control strip. Never-
thcless, in :il,solte valucs a positive result is obtained for all types of 

for crosioti-cotrol strips at which anparticles. There is optimunm width 

highest efficiency is reached. 
'[he action ::rtd by hedges and buffer strips eventually changes the 

as a result ofslope as K. le:,i to i.ic formation of a series of small terraces 

sedimentation at the top of each huller strip. Thus deep-rooting plants, 

which are well anchored and react well to soil compaction and accumulation, 

must bC usCl in Cstlblishing such an erosion-control system. 'T'lie system 

described is of great benefit in the conditions of African :,griculture. 

C.-SOIL CONSERVATION BY BIOLOGICAL MEANS 

Xcgctation is obv'iously a vital factor in soil conservation. The part 

it plays has been clearly shown in the preceding pages. Since man exploits 

the soil to prodtuce plants, he disposes of biological means to combat 

erosion, lie can in fact produce plants in such a way that they effectively 

protect the soil against water erosion. Ile can also use plants to improve 

Stil properties and increase its resistanceXesalntIdern to erosion. 
We strll not here consider the part played by large natural plant for-

mations in the phenomenon of soil erosion, but shall deal mainly with the 

problems of rational agriculture. 

I. Crop Management and Soil Conservation 

(i) Effects of Crop Fertilisation 

Plant morphuology, the development of plant tops and roots and the 
method of planting determine the action vegetation can have in the struggle 

A given plant morphology, plant development andbetween water and soil. 
system of planting determine the level of action of the vegetation. But man 

can raise that level by acting oa! pla-t. characteristics. thus it is that 

fertilisation becomes a soil conservation factor in addition to being a factor 

affecting yield and the maintenance of soil fertility. 
The problem of fertilisation in tropicai and Mediterranean regions is 

still a subject of discussion between t7iose advocating the use of " homeo-
pathic " quantities at suitable timeS and those in favour of massive fertiliser 

applications to regenerate the s;oil before increasing crop yield. However,: 

Rel 

one fact has emerged from the work of the few researchers who have 
tackled the problem from the point of viev of combating soil erosion. It is 

shown in TFables XXVIII and XXIX. 
'Fable XXVIII shows that a cover of maize reduces erosion consider

ably below that recorded on bare soil. But an additional advantage is 
provided by fcrtilisation, vhich gives a better development of foliage. The 
combination of a mineral fertiliser and an organic manure gives additional 
benefit as the improved development of foliage is accompanied by an 
improvement in thc physical properties of the soil, in particular its structure 
(action of manure), and increased rate of infilration. 

effects of different dressings applied to maizeTable XXVIII.-Comparison of the 


on a slope of 511 at Glen (Souih Africa), 1936-57
 

I icssing Avcr:age annu;a Acragvr annual 
run-off"(_)_erosion (t/acre)
 

s-61, not worked .3 

Non--rtiliscpup lu s N .1.11:,izN0-3 8 "5 3"57
 
Il:tre .t45
 

M1m 2zc . . 3 " 3 
7 6 2 *93 . .Malize p lu 1pl uso, nlalure 

.l:,izc plus 1'pits e,,ltiv:tions between .-ows . 6-2 2

.\aic pl.s P) phis ih:i,,g 6-6 

Table XXIX.--Comparison of the effeet of different treatments on bare soil and 

maize on a slope of 7% at Pretoria, South Africa, 1936-57 

I 

'l'rcaoient Aer;ige annual Aerage annual 
run-ottl(f) erosion (",cr,) 

"
 plus kraal . 24.4 39-4
 
.diz plus N.'.IZ. 20-6 2'


ready for a niaie cropiare soil, titled . 2o9 

Maize plus 1'plus krnal 2:!9 259 

The combination of mulching or tilling with a mineral fcrtiliser had 
the best effect il this experiment, but it was not very much better than the 
cttect of organic pls ininerld fertiliser alone. 

lable XXIX confirms the results in l)le XXVI II. The effect of an 

organic manure applied to bare tilled soil is evident, as is the effect of plant 
cover. But aitee again it was the combination of a mineral fertiliser and an 

0 aueo maize W!aich gav'e the best result. 
organic manure o iz 

Consequently fertilisation provides man with an instrument to combat 

soil erosion, the most efficient metV d being the combination of mineral 

and organic fertilisation. This is only natural considering that the dcvelop

ment of plants is closely related to their mincral nutrition, that mineral 

fertiliser needs an organic support and that the lalttcr affects soil properties. 

Good fertiliser treatment has the effect of protecting a higher proportion of 
land by giving a crop with a denser cover and of improving soil cohesion as 
a result of better developed root systems. 
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(2) Effects of Crop Density 

Fertilisation provides one method of covering a higher proportion of 

cultivated land and consequently leaving a smaller proportion exposed to 
the action of raindrops. Higher crop density is another method. 

At Sefa (Senegal) on a slope of 2% and Scredou (Guinea) on a slope of
25(" rice plantetd very densely (100 kg.jihectare it Scfa) becomes an erosion-

resistant crop bccause of its density. Erosion under mountain rice at 
Scredou was only 4-33 tihcctare per annum whereas with a rainfall of 
2,733 fim. erosion oil bare ground Was 2432 t/hectare. 

IIudson, in MIazoe (Southern Rhodesia), using adequate fertiliser 
increased the density of a naize plot from io,ooo to 1 ,ooo plants per acre. 
By means of photographs he estimated that the percentage of land exosed 
to rain action was reduced from 4° / o to only 1o'. T 
results of erosion and run-ofit measurements effected in both crop environ-

nients, 

Table XXX.-Soil and water losses recorded on well-drained sandy 
soil at Mazoc (Southern Rhodesia) under two maize crops 

(1) 1liglh level of production (15,ooo plants per acre, licavy fertilising). 
(z) l.ow level of production (jo,ooo plants per acre, rnoderate fertilising) 

1955-6 1956-57 1957-58 

tRcre R % E tlacre R 0 E t,'acrc 

8 2-5 10-5 1 o-6 .Tablei814 - 20 234 4 1 8 
2___ 7______ _________ _____ 

Alloxwing for the two lcvels of fertilisation, tile result is significant, 
showing that erosion and run-off decline as plant density increases. 

(3) Effects of Date of Sowing and Harvesting 

The first two aspects of soil conservation by biological means show that 
the conservation vilue of a crop depends on the proportion of land that it 

protects from the action of raindrops. It is obvious, then, that the rapidity 
with vhich a crop covers the ground and the n .teat which it is harvested 

leaving the soil unprotected are factors whiL1 affect erosion and run-off. 
In tropical regions with a (fry season, the date t which crops are sown 

and harvested is particularly important because the most erosive rainstorms 
often occur at the beginning and end of the rainy season. At the end of the 

dry season the condition of the soil is such that it cannot be tilled until the 

first rains have fallen. Also, the excess of water at the end of the rainy 

season might damage the quality of the crop, which must therefore be 

harvested at the appropriate time. Tobacco provides a good illustration 
of the problem involved. 

The vegetative period of tobacco in Southern Rhodesia is shorter than 
the rainy season. The grower is therefore faced with an alternative, viz. late 

planting which will protect the soil at the end of the rainy seasun, but leave 
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it bare at the start, or early planting which provides soil protection only at 
the beginning of tile wet season. 

Research carried out on experimental plots in M\azoe (contour cultiva
tion, on sand, excellent crop cover), showed that the mean annual soil loss 
was three times higher with later planting than with early planting (4 "5 and
1 -6 tons per acre), while average run-off remained the same (15z0 of a total 

of 3683 inches). The quality of the crop was also better with early planting. 
TFhis result has governed the principles of tobacco growing when soil 
conservation is necessary. 

(4) Effects of Companion and Catch Crops 
When a crop provides poor soil cover, whether temporarily when it 

starts to grow or permanently because it has to be planted at wide spacings, 
tile use of companion or catch crops to cover and protect as much of the 

f al o s o e a ote igic(mehodloground possible for as s ffgil s long possible is another biological mthod 

soil conservation. 
The African peasant uses this practice and, for example, staggers the 

harvests of different companion crops ranging from manioc to fruit trees 
over a three-year period.

An experiment with plots carried out at the -Nanisana Station (near 
Tananarive, I\ladagascar) shows the advantage of such practices in tropical 

agriculture (Tablc XXX I). 

XXXI.-Run-olf and soil losses recorder' underdifferent crops at the NanisanaStation, Tananarive, on brownish-yellom ferrallitic soil, x958-59 
(Rainfall i1.6823m . 

Crop R (1'1) E t.'hectare 
(ota(flatt)es 

e tZ8 15"3G'rotmndnutp (fiat) . . . . 771 
Gr.uii. pluts masce peas (flat) 7"7 14Chlarispasture (fl:jt) ." 9 2".37 

.1eli,,ispa .titre (flat) 9 237 
l'otatocs (rildges) S-14.3 14-I 
(;Ininutlt (rit'es) 1 146 

G1aineplus mascate pIIs "-6z 
___lg____ps62-

Those results indicate the protection provided by pasture, but the 
comnpanion crops of maize plus mascatte peas, very effcetive in preventing 
erosion even when grown flat, are as effecti\-e when grown ot ridges as 
(hloris pasture grown flat. H-lere too the proportion of land protected and 

tile length of time it is covered play a part. 

(5) Effects of Mulching 

Only the protective effects of growing crops have been studied so far. 
But after harvesting the land is theoretically bare until the next crop grows 
I.d is thus exposed to danger, especially if the ground is hilly and the soil 
susceptible to attack by water. In such cases crop residues can be used to 

provide soil cover. This practice is called mulching. 
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It affects the physical properties of the soil as it protects it completely of 	view of the ease of action they allow the causal factor of erosion. It is 
necessary to lternate clean cultivation and rotective covers, lut 

from the action of raindrops. Consequently the soil is not affected by the 	
the 

beating of rain, surface porosity remains unchanged and soil hydrodynamic question of restoring nutrient elements must also be considered. 

properties are maintained. Variations of temperature and humidity are also Fertilisation undoubtedly remains the vital method of maintaining soil 

reduced under the mulch. Finally, run-off is considerably slowed down. fertility. lowever, mincral fertilisation is expensive and, alone it is not 
Dnring (deouposition plant residies enrich thc soil chemically by sufficient to restore lost fertility to the soil. It "uist have an organic support. 

providing organic substances and potassium. On the other hand, they The ideal organic fertiliser is farmyard manure, but its production and use 
promote the process of vertical leaching. is not yet widespread in Africa. 

Finally, lulching intensifies lbiological activity (more uniform tem- Fcrtilisation is now becoming more general in African agriculture but 
at the same time a key problem to be solved is the judicious use of vegetationperature and humidity), thus causing fixation of nitrogen, which can be used 

in an orga nic form, and probally of phosphorus. to determine crop rotations which comply wvith the requirements of modern 

From the stnict point of view of prevention of rn-off and erosion, Africa and also with the rieed for soil conservation. 

mulching is one of the most efficient methods. In 1960 the mulching of a 

banaq'a plot at the ORSTOI Station at Adiopodoune6 caused soil loss to (i) Cover Crops 

drop to the lowvest level measured for the year viz. 5 - 18 kg./hectare, which One of the first means of solving this prblen is to be found in the use 

was even lower than that measured on forested land, viz. 12 -81 kg./hectare. of cover plants. Their role is to cover the soil and protect it from attack by 

D~uring the same period soil loss from the oiler crops tested was from 	 water. They can be used in space, i.e. to cover the area of ground left bare 
by the main crop, or in time, i.e. inl rotation \with crops to provide periods of

12251 to 1, 113-18 kg.iha. 
Unfortunately there are limits to the widespread use of this soil con- effective protection and regeneration. The main cover crops are grasses and 

servation method in Africa. One is that 2,000 cu. m. of straw is required to legumes which provide a dense cover. Table XXXII clearly shows their 

provide a cover zo cra. thick over t hectare. It is difhictilt to expect the role in reducing erosion: there is in all cases a considerable decrease in 

African peasant to produce and transport such volumes. In addition, a soil loss in comparison with results on bare soil. B~ut the same yable 

costly level of fertilisation, particularly nitrate fertilisation, must be pro- also provides certain indications which should alvays be taken into 

vided as well as mulching. account. 
Fortunately mulching is not the only way of using crop residues. (i.x) Effect of cover density. This effect was mentioned earlier but 

Iludson in Southern Rhodesia has studied the effect of incorporation of should be recalled here. Table V shows that the denser the cover obtained, 

residues. This provides the soil with organic substances and bases with all the greater the protective role of a cover plant. 

the resultant advantages (improvement of physical and chemical properties (x.z) Effect of rapidity of growth. Since the most erosive rains 

of the soil, effect on crop growth). I ludson considers that under the experi- frequently occur at the beginning of the rainy season in the tropics and since 

mental conditions he established the reduction in run-off and erosion at that time the environment is very susceptible to attack by water, a cover 
plant should cover the soil as quickly as possille. Example 3 in Table 

brought about by ploughing in crop residues is three tinies higher than that 

obtained by increasing planting density (from io,o0 to 15,000 maize plants XXXI I gives a comparison of the eirect of a local I)1e1j (ia and an imported
I)oljchos hiblab variety at Kindia. Both species ,were planted on 25 May.per acre). The former, acclimatiscd to the region, had already cover.d the soil in June, 
but the latter, less well acclimatised, did not provide any protection until 

II. 	The Problem of Crop Rotation Cover Plants, three weeks later. The difference of z 5 tons'sq. ki. between the soil losses 

those two covers resulted fromim the phenonmena whichGn orecorded under 

When the African farmer practises shifting cultivation, he is carrying occurred during the throe weeks' interval.
 

out a crop rotation and the regeneration course is fallow of varying length. Example r is further proof of the same fact. Bengal hemp is a slow-

With the development of modern Africa, it is becoming increasingly gyrowing legume while Petiisetum is a fast-growing grass. In addition
 

necessary to modify that traditional form of agriculture by permanent Bengal 	hemp is often sown late. Consequently, although it provides some 

settlement and elimination of the long fallow. Under these conditions the 	 protection, it is less cifective than Penniseuvm.
 
i (1.3) Effect of sown cover compared with natural vegetation.
vital problem of crop rotation arises. 

Erosion destroys more mineral reserves and organic substance than the It appears that the cultivation of a cover, because it involves some tilling
 

growth of crop. Crops should therefore firstly be considered from the point of the soil at a critical period, allows more erosion to occur than under dense
 

90 	 91 



natural cover. Fxample 7 in rahle XXX'U shows that crosion on natural 

protected pasture is only three-fifths that on cultivated pasture. Ncvcrthe- Year Crop P R E 
(mn.) (%) t.sq. kM./

less, once a cover crop is established, it is effective. 

run-off and erosion in
plants on 

Table XXXII.-Effects of cover 

Africa south of the Sahara 5. A\!azoe, I lenderson Research Institute (-Southern Rhdcia) 

Year Crop (91)72I' IE 1953-54 lare soil 	 6 -5 t acre 

(nn) () t!sq. kin.I Crutedloriajunt e S, q~ 6":) 	 ,, 40 23"4 ,anu 	 . .) 4027 23*4.. 	 (Slope4" ,,. 7"5 , rannumn(111 ? 
.... .. __ _(Slope ", ) .. t "9

Pentisetun purpurcun (Sl,,pe 6".) . .8 '4 
.... . .. (';lope 4"5',), 14 1 "7 

i. 	 ORSTOM Centre at Adiopodoume (Ivory Coast). Slope: 7% o - (SlPe . U0 
19535-56 Dare soil .907- 8 41 6o- i t'acre 

C1ot,arriaimea(.Slopc 6,) .. 9 7"6 

1956 roil . • . 93j ) 2arc3"6 33,770 .. (Slope 4" 3- 3-5
 
IlcnLal hemp soxs.i flat . 14'4 4.7.97 .... .. (."lIpe 37) 12 "q.
 
, i it ir sos n flat . . .129 4.250 ,, Pcniscltum porpiteto (Slope 6%) . , 2
 

3957 Fleminzi, cut back (second year) 2,-I38 1 '2 14'3 , .. (Slpc 4 - ') . 0 . ." 
are soil . . . 32 10,447 ..... (Slope 1';,) 0.23 0. 3 

6. Nanokel- (Ankaratra, Madagascar). Slhrc: 12"., 

2 ._ S e l 'i ( n a S l o p e : I t o 2 % 19 5 8 - 5 9 S o xs n o n io n - r a ss ( fi r s t y c a r ) .1 ,5 9 2 20 - 3 1 7 . 6 o 

,, (Onion-rass (second y'car) ,, 14 3 300 

1954-63 No coser (a'erage for seven years of this ,, Lupin green manure 22.4 2,140
 
period) . . . . . 3,20 1 40- 1 2,3 13 _9
 

Sor,.hun zrccn tnan re (averajge for nine 1958-59 ,lcli,,is pzstuie (first ear) I 991 39 iq

y'ears o~fthis period) - . .t,157 20-6 782 ,, lelinis pasture (second \car) 9)0


Natural fallow (average for ses cn yeats of ,_9___-_] 3
 
this period) 1,203 z6"6 488
 

7. Glen (South Africa). Slope : 5' 

3. Kindia (Guinea). Slope: 6% 	 IS y'cars lstablishcd pa-ture 46 0-25 tacre 
,. Protected pastute .	 2-7 0-03 

I ,, ] leavily. razed pasture 5-8 0.25
 
156 ('1iru, on hare soil . . .42 j 9)'4 3.787 ,, loderatcly grazed pasture 
 4"4 0 *07 

't:u-. ,-Ittus I),h h,,s lob , . I " I 2 t ,,I6 Pasture tzra;ucd :tid luarned 12-2 
Citrus plus 'IiCr ria " I 2 311 049 ,, 

( '4) Effect of the duration of the cover. For tile reasols given abovc 
IloVance is made for erosion occurring in the year in which a cover crop 	is 

4. .azrie, 	 I lenclrsrn lesearch Institute (Southern Rhodesia) sown, vhiic tile plant is gctting established. . The faster tile cover crop 
grows, thus providing more continuous cover, the less opportunity there 

1953-54 Iarc soil 6 -/acre5972/ is for erosion. But if tile crop is maintained for a sectitd vear erosion 
Bfare soil protected blait:ue ,, 0 ,rsDigil priaotc2e9 3 	 -, processes at the start of the rainy season are controlled atl crosion is 

1954-55 	 Bare soil 1,129-2 48 225-8 t/acre considerably reduced. At Adiopodou m6 (Table XXXII, example i), 
Bare soil protected by gauie . , 6 o-9 ,, Flcltinia reduced erosion c.a bare soil by two-thirds, but in the second 
Digitaria .. 0.3 ,,year soil loss was 7o0 times lower. At Nanokely (example 6), erosion in 

1955-56 	 Bare soil .7"-8 4I 6o-t tlacre the second year was 176 times lower than in the first year,," Bare soil protected by gauze .	 under onion" 2 grass and seventy-three times lower under ,clinis. Two, if not three,
IDig/laa - . . . . -I , 2 0*1 

Consecutive years of cover crops are therefore much more valuable than one 
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in regions very susceptible to erosion. This is an important fact and must. 
be taken into account if effective crop rotations arc to be established. 

(1.5) The effect of managemnent and utilisation of cover crops..
Cover crops provide a vcry effective method of counteracting erosion. They 

arnoe 
the soil since they affect its properties,arc also nicans regenerating ~a of ' sii~vec~in 

particul'lrly its physical properties (struciural stability, permeability, etc.). 

(;rasses have the greatest effect in this respect. But from an economic 
to use for purposes other than soil

vicwpoint attention has been given their 

conscrvat io' and rcgcneration. Stock-raisi.og can bIe conbined with crop 
.
growing, ai! under such circumstances the livestock load becomes a factor 

affcctig pastrre cectivenuss iii preventing erosion. Overgrazing catuses 
seriois disc,,ntity in plant cover and facilitates the erosive action of water. 

]Ixam pIt 7 in XX'X11i 1able that a protected pasture loses tonsshs ooa 
(ofsoil per acre, ;ie sante pasture moderatcly grazed loses seven tilies as 

iitch \hile ocrirazing increases erosion twenty-five times. 
As regards pagt ure management, the practice of burning off requires 

great attnlion. It is used to dispose (,f old stubble or grasses which have 
not been eaten and to regenerate pasture after rain. But after burning, 
run-off and soil loss increase. At Glen (cxamp;e 7, Fable XXXI I) they 
were twice those ti ovcrgrazed grasslands. At 'Madagascar (Ampaliorchana) 
run-off is sil to have been increased tenfold by burning. Therefore this 
pra;ctice iust be used rationally and a fast-moving fire is preferable to one 
which burns the \egctation more thoroughly. 

(I.6.) Effect of species used. The extensive research carried out 
shows that grasses or grass-legume mixtures with a cumulative effect are 
more effective than Ilgumcs alone. 

(2)Green Manures 


Research into soil conservation by biological means has shovn the vital 
part played by cover crops. They protect the soil and give it increased 
resistance. But inview of the need to improve the soil properties and in the 
face of the problems invol' ed in fertilisation in Africa, agriculturalists have 

studied the effects of incorporation of cover crops and of vegetation in 

general. This practice provides the soil with organic substances which 
should improve its physical properties. It also returns to the soil the 
chemical elements contained in the plants. 

The practice of green manuring is still much controversed as regards
tropical and Mediterranean regions. Although some agronomists have 
obtained encouraging results, the reverse is true of others. The first results 

obtained in A\frica are as follows 

At Adiopodoumn (Ivory Coast), a cover of Crotalaria usarantoensiswas 
incorporated in February 1957. A crop of yams on ridges followed. The 

> yams were planted in May and grew normally until July. Taking the overall 
figures, erosion under yams was less severe than on bare soil. However," 

a detailed study shows the following results for run-off and soil loss for two 
periods running from 18 May to i i June and from 12 June to 1o July. 

-iI I8June 
as %0 frifl Yams on green manure6

Run-off 2, ,of rainfall
~ q frtelrlare soil . . . 30.3 

Erosion in tons per sq. km. Bams or green manure 332" 

2lare soil 3.740l rof4-3,, ln 

Rtun-off.as of rainfall Yam,n green manure 3

Ilaresoil43"8
 

Erosion in tons per sq. km. Yams on grccn manure /3,n36" 
3are -il9 

It is therefore clear that the action of the green manure on the soil 
acilitated tie infiltration of water at the start of tire rainy season after it had 

'been ploigled :I. At that time, run-offfwas greatly reduced compared to 
ruin-ofl on non-protected soil. ConseqCuently soil loss was also reduced, 
\iz. itwaw ';:tines lower than on bare soil. But this state of affairs suoit 
c'"angcd and rcsults subsequently showed a disastrous similarity 

The effect of ploughing in green manurc (it should be specified that the 
soil \as sandy) was therefore merely to delay the start of run-oir and erosion 
during the following rainy season, but tire additional resistance imparted to 
the soil was of a vcry temporary nature. 

At Sefa (Senegal) in 1955 sorghum green manure was tested in con
parison with fallow and then in 1956 the effect of both these covers on a 
groundntt crop was measured. 

Ill !955, run-off and erosion were higher under green manure than 
tinder fallow, viz. 21t-6 0/ compared vith 9 5", and ;,420 t/sq. ki. 
against 977 t/sq. kin. It is striking to note that before being dug in the 
sorghuni had allowed a soil loss of 1,13o t/sq. kin. \whereas loss from fallow 

was only 922 t/sq. kin. for the same period. That means that soil loss after 
the sorghum was plouigheId Was 290 t/sq. km. while during the same period 
loss from the fallow field was only 55 t/sq. ki. This difference is largely 
explained by the fact that mechanised phoghing in of green manure makes 
the soil less resistant. The rains which followllughin g in of gree n manire 

rode the soil more easily. This raises the problem of the best time fir 

turning ingreen manure ; the most favourable period appears to be the very 
beginning of the dry season. 

A study of the run-off and erosion occurring under a groundnut crop 
after sorghum green manure and after fallow, shows that fallow had the 
better effect, viz, run-off of 14% of annual rainfall compared with m6-8S,
and erosion of 382 t,'sq, kf./annum compared with 433 t1sq. km./annum. 

On tire other hand, green manure has a more marked effect on yield: 

1,948 kg.,hectare of groundnuts after turning in sorghum compared with 
1,748 kg.,/hcctare after fallow. This shows that green manure has some 
economic advantage despite the disadvantages it may present from the 
pedological point of view. 

http:Rtun-off.as
http:Stock-raisi.og


Similar results were obtained at the Nanisana Station in Madagascar. 

On red ferrallitic soil, the following annual soil losses and run-offs were 

recorded (average of five years) for three rotations : 

(a) 	 Groundnuts-green nnnure-manioc-fodder crop 
E (t/sq. km./annum): T,56o; It (%): 9"6 

(b) 	 (;roundnuts-grecei ruanure-ma iz--fodder crops 
E (tlsq. km./ann ni): 1.2 1 ; It (): 3-3 

(c) 	 Groundnuts-tcrporiry pasture of (hloris gtv'wna 
E (t/sq. km./annum) : 770 ; It (%) : 6-9 

On yellow ferrallitic soil, the same three rotations gave the following 

results : 
(a) E = 1,550; It1 ) -4 
(h) E = 1,100 It = 8-1 
(c) E = 6oo; It= 559 

In that experinent too, grassland proved better for soil conservation 
purposes than green manure. 

Thus the effect of green manure appears to be inconclusive as regards 

soil conservation in Africa. On the other hand, it has a bencficial eflect on 

yields. But the measurements obtained are too fragmentary (inadequate 

range of climates, soils and plants) to allow reliable conclusions to be drawn 

at the present time. 

(3) 	 Rotations 

Research into the rble played in soil conservation by the various crops 

shows that their sequence may be considered from the angle of soil and 

water conservation as well as from an agronomical point of view. Though 
soil and moisture losses occur in the presence of rotations these latter can 

be planned so that the average annual figures for run-off and erosion remain 
within tolerable limits. 

Obviously local conditions (climate, soils, crops, land suitability) will 

guide the choice of rotations for conservation purposes. No general 

recommendations for useful rotations can therefore be made, but the 

principles for establishing them can be based on what has been said above. 

The problem of soil conservation is neither new nor confined to Africa. 
However, the findings obtained over the past fifteen years in various parts 

of Africa have drawn attention to this problcm, which is of vital importance 
for the future of the countries concerned. Research has been carried out 

and from the results a number of facts necessary for the establishment of a 

rational development plan have emerged, but the conclusions drawn are still 
incomplete. The final results of more extensive research should provide 

a more coherent collection of data from -which useful lessons on soil con
servation and development in Africa can be learned. 
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The problem of soil erosion in the Colonial Empire is not a new one, 
but it must be recognized that the rate of erosion has been greatly 
accelerated by the increased development in recent years, and is assuM-
ing serious proportions in certain parts of the Est A n 

IHere it is found that erosion is worst when the rainfall is relatively low 
and the rainy season is heralded by numbers of heavy rain-storms,
Wehen they occur the land is as dr as dust with a poor cover of vegets-, 
tion. The absorptive capacity of such soils is low end considerable 
quantities of top soil are washed away before it becomes thoroughl)" 
wetted. When the rainfall is more evenly distributed, even though it 
may be more heavy, erosion is not so bad as in areas where lengthy dis 
periods occur. Lands under conditions of an evenly distributedraif am 
also retain a vegetative cover better than do lands which are liable to. 
periods of drought. 

Some soils erode more severely than others. The calcareous soils of 
Jamaica, for example, do not erode at all seriously, whilst those derived 
from schists in the Blue Mountain Range readily are washed away with 
a fall of rain. Soils in the drier areas of Kenya with a high silica ratio' 
erode more rapidly than the loams to be found in the wetter areas. The 
lighter sandy ands of St. Vincent also erode more easily than do the. 
heavier lands of its neighbouring island Grenada. 

Certain loams have, in fact, a higher absorptive capacity than sands, 
and it is known that soils which are inclined to swell and become sticky 
when they arc wetted erode more rapidly than soils which 'walk clea' .erned, 
after rains. Friable soils with a low silica ratio are not usually subject. 
to a high degree of erosion, whilst some soils, such as those of Nya-' 
land, are liable to compact and form sub-soil pans and crusts from which. 
the top soils are readily washed away. 

In par! .ral areas overtrampling by stock is often as responsible for, 
erosion. as overgrazing, especially during the dry season and in the 
neighbourhood of watering places. This trampling of dry soil, especial 
when sheep and goats are numerous, reduces it to powder, which a 
either blown away by the wind or washed away by the first rains frLb 
the layers of consolidated soil below it. The availability of wate-...frica. 
supplies is of importance in pastoral areas as the movement of stock o 
and from water is often a prominent causal factor in erosion. Whet:
water-supplieswae-upis are poor, concentrations off stock occurcu around them,hm an.r.or.oneta .n aontc 
when the grasses 'spring' after the first rains they are ravenously &e-
voured. No satisfactory growth of grass is permitted to take place, and. 
there is in consequence nothing to bind together the loose powdery sca. 
and to prevent it from being eroded by either wind or water. In ce tm: 
areas there is definite overstocking. This occurs in some of the Est" 
African territories in certain areas, but it is possible that the damage u 

SOIL EROSION IN THE COLONIAL EMPIRE 
often be mitigated by an increase of water-supplies and by the adoption 
of controlled grazing. 

Basutoland oilcrs an outstanding example of unchecked soil erosion. 
The position is clearly set out in Sir Alan Pim's report, whcrc it is re
cordcd that thc primary cause was overgrazing, leading to the destruction 
of the vegetation which holds the very friable soil together. Steps have 
been taken to adopt control measures and tie position is being improved. 
The experience gained in Basutoland shouldbe of value to those who 
are faced with problems of a similar character in East Africa. 

tiCeylon, the alienation of Crown Lands above thes,ooo ft. contour 
has been prohibited for over thirty years, and in some of the West Indies 
similar legislation is in force. In St. Vincent, for example, all Crown 
Landswhich ofwouldi,oooheft.prejudicialor over have been the conservationprotected sinceof the9t2forestsfrom any actto growing 

whi ls in St. Lcial o ,0 ft.on over and innt 
n them, whilst n Lucia lands of x,5oo ft. and over, and i l ont-

Iserrat at heights ranging from 70 to 1.o0o ft., have been similarly pro
sted itf, respectively.since 196 and 

This system of protectin ithe forest , bt t ioeallyteffectiv 
much to commendit in the y wet tropics, but it is not re ly effective 
unles ins strengthened by measures designed to protect the catchenc ts 
andaprin s of the principal streams, and to compe as has been accepted 
in Java, Et where sloping forest lands are cleared for agricultural pur
poses there should be established adequate anti-erosion measures before 
planting begins. 

Such measures must be framed with due regard to the soil type, the 
rainfall and its distribution, the slope of the land and the aspect of the 
slope. They should aim at checking the velocity of the 'run-of' and, if 
possible, at increasing the absorptive capacity of the soil. In the state 
of nature an equilibrium becomes established so far as run-off is con
1 but with the arrival of man and his domestic animals this balance 
i upset, gradually at first, but ultimately at an ever-increasing rate as 
the population and numbers of stock increase and developmental activi
ties expand. 

During the past few years there has been an awakening throughout 
the Colonial Empire to the losses which are being occasioned by soil 
eosion and to the threat of danger for the future. The position at the 
present time is briefly reviewed below. 

lfVest African Dependencies 

or vsseche te land s gentundltin n t esd 
Aria. Over vast stretches the land is gently undulating and the indi
ofculaiv ation s uponustom ad sarcds n of he eos a cultivation arc based upon custom and arc designed to check erosion.This applies particularly to the Southern Provinces of Nigeria. The 
.ais often t rly ite inerion of
 
'led is often thrown up into nounds, frequently with the inversion of 
she top layer of soil, so that the weed- or grass-vegetation which it carries 
' buried. This hels th fowhe mound together and the presence of 
these mounds cheeis the flow of rain-water and allows it to soak in. 
Throughout West Africa in the yam-growing areas the system is much 



284 SIR FRANK STOCKDALEthe same, but in some places ridges and furrows are made and these am so hroken that run-off is checked. The local hoes are specially adaptedfor -iaking mounds or ridges and for inverting the top soil. Where therainfall is heavy the mounds or ridges are quite large and their prepan*.tion involves much labour, 

Mixed cultivation 
 is also the rule, and where it is practised there israrely any lengthy period when the land is devoid of any form of vegeta-tion. In the drier areas towards the north, however, the ridges aresmaller, and during the dry season there is little vegetation on the land.The Department of Agriculture in Nigeria has found, as the resulto"experimental tests, that thesystemof mourid-or ridge-cultivation is sound

and that in the Southern Provinces there is little erosion provided thatvegetation is continuously kept on the land by systems of mixed culti,-tion or rotations. In the Northern Provinces, the position is not sosatisfactory, but generally speaking there is little erosion resulting !tromagricultural operations except where populations are concentrated andstock numbers are high. Where ploughing has been introduced
has been taken to introduce only the double mould-board pattern 

car 
sothat ridge-and-furrow cultivation is continued. Ploughing also is only*used where mixed farming is practised and farmyard manure is prepared

for use on the land. 
In the extreme north, increases in the population and their stock amresulting in encroachments on the scanty forest-cover and Prof. I

Stebbing has drawn attention to what has frequently been referred toas the a vance of the Sahara into Nigeria. On examination it has ber,
found that it is not a case of encroachment by drifting sand from
Sahara, as had so often been 
t 

mistakenly sujiposed, ut one of scl.degradation, which has led to the establishment of desert conditions in areas reviously protected by vegetation. Repeated use of the land fw.agricu ural purposes has reduced the density of the vegetation, and
grazing by large numbers of stock has helped in the destniction. PrL
R. Stebbing, referring to the increase of population in a recent pape.states. Some change in the methods of agriculture would appear imper-
live if a farther migration to the south is not imposed upon it. 
 Here theafricultural use of the forest is accompanied by the browsing and grazigo large herds of cattle and flocks o sheep and goats. lere again thenumbers of animals are said to have greatly increased during the l2two decades.' The desert conditions are being developed in situ, and a
special officer has been entrusted with the task of co-ordinating the measures needed to prevent a spread of the damage. A certain amom 
of erosion both by water and wind occurs in the area, but this is not aresponsible for the damage as the general soil degradation which is takingplace. 

The general position in the Gold Coast in not as satisfactory as thatin Nigeria. Vast areas of high rain-forest have been cleared for foodfarms and for cacao cultivation. It is estimated that there are ova.! 
a million acres under cacao, and although no special measures have be'taken to prevent erosion, the losses have not been so great as might havibeen expected, owing to the stumps of forest trees having been lefti' 
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the clearings, and to the establishment of the cacao in a mixed plantcover of food crops. Many of these crops are grown on mounds, andwhere this system of cultivation is practised the soil losses from erosion are not excessive. There have been, however, considerable areas offorest cleared for cultivating maize, which is tile staple food crop inthe Gold Coast. In many of these areas erosion has developed and it isnow common to see large areas of land devoid of its surface-laver. Thisis particularly noticeable in the coastal areas where the population isdense and a fair amount of erosion is also noticeable in areas where thepopulation has increased considerably during the past twenty years.
n the Northern Territories of the Gold Coast stock numbers havebeen increasing since rinderpest has been controlled. The Departmentof Animal Health is endeavouring to demonstrate the value of cassavaroots and hay as food for cattle during the dr, season, whilst tile Department of Agriculture is testing the practicability of introducing a systemof mixed farming in those areas where the population is fairly dense.Under the existing system much of the land is being degraded and acertain measure oferosion is to be noticed.

In Sierra Leone, soil erosion has been responsible for serious loss of
fertile top soils from the hills of the Colony behind Freetown. Manycoffee and other cultivations have seriously deteriorated becauseattempts have been made 

no 
to terrace the land with a view to preventing

soil wash tinder the heavy rainfall of the area. Attempts are shortly tobe made to resuscitate sonic of these cultivations and to encourage theetablishment of terraces and other measures designed to check erosion.
In the Protectorate the position is not so serious, for here the chiefagricultural problem on the high lands is the maintenance of soil fertility.Shifting cultivation is generally practised for the production of hill rice,millets, and other foodcrops, and land which was formerly under good

'fetest is now covered only with bush-growth and in many, areas with a.poorcoverofgrass. Thereisnaturallyacertainmeasureofsoilwashedinto 
"the
swampy valleys %%hichintersect the undulating hills, but incasing
attention is now being given to the cultivation of rice in these swamps andcis expected that the pressure on the high lands will thereby be reduced.
 
- In the Gambia, the agricultural methods are 
based on the ridge-andfurrow system, and a special hand-implement has been devised forworking the light sandy soils and for inverting the top soil layer when
theridges are being made. In consequence soil erosion is not serious,except occasionally on the edges of the creeks. 

Fast African Dependencies
In the East African Dependencies the picture is very different. Un

controlled erosion is visible in many places and gully-erosion at its worstcn frequently be seen. lill slope formerly fertile are becoming barren
astes, and plains, which were formerly grass-covered, are now being
 
w-ined.
In Northern Rhodesia, the earlier European pioneers paid little or nopention to soil erosion on the lands which they brought into maize or 

kbacco cultivations. In recent years, however, a certain amount of 
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ridge-terracing has been introduced. The Ecological Survey has recentlyshown that there have been marked changes in the agricu tural systemsused in the Reserves, especially in those nearest to the European areas.The older and traditionalnative systems of agriculture consisted of smallfarms of 2-3 acres in extent. These were cut out of the hush, with treestumps left here and there, and the formation of mounds for ccrtain ofthe cro s grown was the common practice.
,ears Within the past twenty.ploughs have been introduced, and (uring thpoeen there haa piecemeal departure from the traditional systems of agriculturetowards an imitation of the methods of European farmers. Areas of io-2o acres have been cleared anti stumps removed so that the land maybe ploughed. Often the ploughing has been doie tip and down the sloe,whilst maize and the larger millets have taken the place of finger millet,and sweet otatoes, Instead of being planted on mounds, have been 
grown on K flat. Ploughing has tended tothere have been no tree stumps increase the nun-off andor mounds to check the flow of water.Soil erosion is, in consequence, becoming more and more .;erious andunless a change can be effected serious dama e must result. It is not 
to be expected that a reversion to the trad tiona1 methods of the past willbe either possible or practicable, 

" at 
and the efforts of the Department ofAgriculture are directed towards demonstrating the importance of anti-erosion measures, ridge-and-furrow cultivation along the contours, and 

mixed farmin '.standingIn certain o the pastoralstock are giving rise to 
areas of the territory, increasing numbers ofa greater destruction of forest-growth than isdesirable, and some overgrazing. and overtramplingnoticeabletu of pasturage".noticeable. With -t.h,.egan increase of the ater-supplies in the native stock'areas and a better organization of stock mark eting a considerable im-provement could be effected. 

In Nvasalandincreased attention has been given of late to the problemof soil erosion. The earlier records show that the inhabitants of thecountry lived almost entirely in the alluvial valleys and plains borderingon the rivers and lakes. At that time the plains were reputed to be extra-ordinarily fertile. The hills and mountain ranges were forest-coveredand many of the streams from the hills ran throughout the year. Areasat present sparsely populated, with little or no water in the streams, amreported to have cen well wooded fifty years ago, with streams flowingfor practically the whole year round. Large forests have given wayto
open woodland or orchard country consisting of tall grass with reattered
small trees, and this orchard countr,, in its turn, is givingj
areas to pure lace in certainrassland. In fact, trc-less plains now extendover con.,ider-able areas of tyie country and mountains and hills stand up as large massesImport ntewateh su chof bare rock.h Importanta waterways, such as the Shire, have silted up anda as heIshIre haeslted uoputareadmuch of the earlier rich alluvium has been lost. It has been computedthat many, of the highland areas are losing soil at the rate of a qUrter-inch layer per annum, whilst bush fires, which rage at the end ofthe 
season, are contributory to the destruction.Such is the picture of the changes which have taken place in Nvasaland_ 
and that grave concern is felt is not surprising. The soils of Nyasa 

SOIL EROSION IN THE COLONIAL EMPIREare very friablc and, in conscequence, erode easily. Sub-soil pans andcrusts are common, and these in thir turn encourage erosionabsorption capacity as theof the soil is reducedIn the tea cultivations greater attention is being given to the growthof cover crops, and the adoption of anti-erosion measures becomingisOn tobacco and cotton lands a system of broad-based contour
general. 
ridges, graded according to the slope of the land, has become common.The Government has also adopted special legislation (Ord. No. 15 ofaz)to control bush fires, and has seconded a Forest Oflicer for specialsoil erosion duties. Ilis chief work will be in comnexion with the dcvelapment progra.mmes for the Central and Northern Provinces, whcreit is hope( to introduce rational systems of land-nsaie with clearlydefined agricultural and forest policies. The recent agricultural surveyhas emphasized the necessity for care in the development of theseareas, sothat future generations in Nyasaland will not be faced with large losses ofvaluable land and an inevitable costly expenditure on anti-erosion works.Passing from Nyasaland into Tanganyika, the damage which can becaused by soil erosion can clearl be seen. Over considerable areas ofthe Lake Province, d h aused much damage for a numbere a e r ,. w n e rosi o nias c a ue.u h d m ge f r a n m eof cas hlti at fCnrlTnayk ul-rsoof reswht in pet ofer k 

at its worstanni
tible Ior overgrazing and for excessive trampling.
Much attention has 
 been given to the problem in recent years. A 

committeerestry, cuomit on which the Agricultural, Veterinary, Geological,orks, and Railway Departments were representedwas set up under the chairmanship of the Director of the East Africangriulturala Research StationR es Stano at Amani to.. thearc atraA mhn to stud roblem andmake st d torecommendations for work to be undertaken."he problem isbeing approached in each area according to the form in which erosionis attacking the countryside, and the work has been entrusted to theHeads of the Agricultural, Veterinar / and Forest Departments actingin co-operation with the Administration. Active steps are being takento deal with the problem by means of a multitude ot minor operati6ns,including the planting of trees to check wind-erosion, contour-ridgingand terracing, contour hedge-planting, the damming of gul ics, &c.These works are being carried out by local endeavour under localstimulus and supervision.In the south, arc,-nd Iringa, efforts are being made to control themnual burning of pastures, schemes of reafforestation and of plantingwind-breaks have beer. undertaken by the Native Authorities, control:fwood-cutting has been imposed and steps taken to check the frequency
of forest fires. Contour-ridging and the planting of contour-hedges 
 on.ultivated lands are being encouraged..!In the Lake Province, iundreds of miles of wind-breaks have already

been established, and the Department of Agriculture has greatly assisted
uthedevelopment of contour-ridging and terracing. Mixed farming
Mng encouraged, and 
 isthe planting of rows of sisal around the boun
&ries of farms is becoming general. Grazing reserves.aide have been setfor stock, increased water-supplies for stock are being developed,

" 



288 SIR FRANK STOCKDALEand the lo-ying,valley landsare being,developed for grazing duringthe dry season.an teSettlementsowI'i in new lan sdelpdfraindungspreadvllyladsar cin reclaimcd from tsetse are alsobeing established to relieve the badly congested areas.Around Dodoma, the principal cause ofof erosion is the tramplin, 
thepasturage by stock moving

Watering places for stock 
to arid from the scanty watorfsuppnrs

are therefore being increased and improvedin this area. It has also been demonstrated at naard elsewhereithtis area.rgras ao eaedmrazonsarretedl)odothat, if overgrazed or ady ear eor overtrampled grazings are rested for a year or two, 
the vgtation quickly recovers an set- and gully-rosion are checked.Efforts are being made to establish settlements in the plains so as toallow the upland pastures a chance to recover. In both the Central andNorthern Provinces of Tanganyika, concentrations of population ar tobe found on the hills. In the times of raids there were definite migrations"ndto the hills for safety, and permanent settlements were established there-on. In recent years, the Department of Agriculture has carriedan temaoit
f h NtveAuhriis ae 

outvaluable demonstrations of anti-erosion measuresase ulsmakimn
in the hilldistricts,i 
and the majority of the Native Authorities have aiossd rulesisprohibited, comulsor Ceagoha anti-l ton rtvsteepandthe 

have been prohibited.is prhiitdcotorrige o hdgs accutting of wood and grazing of livestock in ontrolled riverside areasThe anti-erosion legislationt beby rvd d ad heInrhiesi ashav enpoiie.Tl nieoinlgsainb the Chiefs is anim ortant step forward; it has the full support of the Chiefs, the elders,an the people themselves. It is a tribute to the work of the officers andinstructors of tile Department of Agriculture in their 'fforts to educatepublic Olvinin an toitrs h a Iveatoiisi h rsrai
of their rnds from ruin.tnon The movementpu li a and to interest the native of hill tribes to the plains is,frsoeingenordu.
the movementa tuthorities in the Preservation'ao bei onhil trbes tuthelanseorae bu thimoventa n on l be insradual, because 

when the hill penple take up habitation on
severely from malaria, and they, have 2 real fear of the damage to cropssnhevrlaisbyf me y hthe thle plaiins they often suffer' 

The Department of Agrictture has, however, recently undertakenthe arganrtiof agrculurer ase n hoee, rectly bun t n

the organization of a number 
of settlement schemes,an experimental station and an instructional centre. each based uponCareful attentionis being given in allmeasures and these settlementsto the encouragement to the adoption of anti-erosionoc mixed farrming, 

Anti-erosion propagi da is also bei,,g carried on throul the schools.Much useful work ind dsonee iuently thesin caied on
measures arc prosecuted iti energy Tanganyika, and if rimepresent
w 

will be effcted within the next ten years.n 
 iwil bwitinthenet enefeced 
a s fou r- fi fth s of t he 

eas.There is ample land available,t e rri tory is s ti finfest ed w ith tsets e, a nd it ha s beendemonstrated during the past few years that land can be won from tsetseeither for organized settlement or for the extension of grazing for stoc 
S- peshas aso een undertaken, and the 

Aninvestatidon of water-supplies been ud 
en the
possibility of extm:ding irrigation has been studied.a irrmgation,i cent On thmeslopesandofian fimvemen te to thawicgareas of the mountain can beefected, te position will be greatly improved. •
In Uganda the soil-erosion problem has not been given such widLasses 
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SOIn 
 aRSOA EtPI
cefNi area ofONe Sercbe caused by erosionattention as it hasbecamebeen evidentin Tanganyika.%v The damage which mighthe a ae the SerbrEerimed
Experiment StationStation in thc Eastern P'rovince wasbeae 
vin wa 
 foun to he seredfound In have sulicered 

so severely from sleet-eros'on that after twenty years little surface-soilwas left. The area had been eroded to the sub-soil, which was practicallyunproductive despite the efforts madeof green manures. to maintain fertility by the useDepartment This example forcibly directed the attention of theof Agriculture to the need of encouraging agriculturalmethods designed to ensure the maintenance of soil fertility,. Expeiimental tests have demonstrated that soil fertility can be maintained inthe elephant-grass country by the rotation of cultivations with restingeiods of two to three years under elephant grass.lou it has also beenthat coffee cultivations can be saarcd front soil erosion if mulchesof elephant grass or banana trash are wed on the contours. An extensionof tis practic is 'radually takin place, but there are still many coffeecultivations onon thentill slonesain which anti-erosion measures havenoyt 
cultivati s adallopesing pce 
utthereares hannot yet
been taken. There are also in the Bganda Province areas of bill landswhich have been put into cotton with the resultant loss of fertile top soil. 

te Easternof Province, where tein vatn wherethe d1 seson is often veiy severe,ryseasongasoften
rotations of etuvaticn with resting periods under grass are tre,
being tried,but it is probable thatcontour-ridges will have to be introduced ifthe sheet-erosion from whichconsiderable areas 

a system of nmixed farming and broad-base 
of the Province suffer is to be checked.niclralAn AgriculturalreSurveyCommittee was established in 1935¢as establishedeinftr35todeachwithto dea! with 

soil-detriortion pr b e s n ls ethe.t-eitin problems, and to analysnd t ,ntaasryhcl,bein undertaken. "nlala sur vhe swhich wwerereThese surveys were designed to secure data about theocial life of the people, their dietary, and the acreages tinder crop during 
og n h r an.D t
thelongand short rains. Data concerning theaverage size ofthe holdings,o crnn h aeaesz eb
rt li o
rotations practised, and the areas available for arable cultivation andfor pasturage, have been secured. Miuch information of value has beenaccumulated, and in certain densely populated areas in the Eastern Pro-

Vince sheet-erosion has been found to be serious.been encouaged by the ise of Its development hasloud t hout dop
t med
farming, andan by taeui ughsof the resting-period when the land is under
&am d reutmono without the adoption o mixed 

grass. Erosion often begins from the rocky outcrops, which occur froin the Province, as it is from these that water-flow starts duringte tempestuous storms that commonly occur with the break of the rains.Definite anti-erosion measures will have to be adopted if the sheetrosion which is taking place is toerosio b e i srtaking tposee be checked,ethe ,aandin mixedefarmingam willistob e in nt 
have to be introduced in those areas where there is an insuflicient amountA soil-e-asinn inquiry has ben madeof land availaloe for the necessary resti )~ythe heads of the CGeologial
and Forest Departments, 

sper ods beteen cultgiations 
and their report has recently been issued.Atentos drwnorth of Uganda, otesro- rsoarid it is clear that h,- hich is taking place in thete areas will have to be retiredinto reserved forest if the grazing and agr>'ultural lands are to be savedfrom ruin. Attention is drawn to the extem of the sheet-erosion in the are also occurring in the Buganda provincc.nandelsewhere where cotton and coffee cultivaons arc being carried out 

http:enpoiie.Tl
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ohN cs wton Son fane 

on hill sb s 
 without th'option Of anti-erosion measures,overgrazing such 23contourgridges, strip-cropping, contour-mulchings &c. l certain areas,is causing some trouble, and greater attention will have t 
be given to the sprend of tc stock population 1bran increase of water-
u and to the 
 troduction of rotational grazing.- Uliestxcept in the north of Uganda little 
(anger from is t be taterthe insidious sheet-erosion are only now exists. Its widespread effectsbeing realized, and unless definite actiondeterioration will is taken soilprogress and lower crop-ields re . Care already falling in certain swhichareas of the Bijganda Province, and therehrenl bodetensoamhas recently been lndss of hlitishese efctarnteprobably the
some loss of quality. 
 These effects are poal h 

is due to sheet-erosion 
result of soil deterioration and much of this, especially in the hilly areas,bcoesro.IfteuliaosIn Kenya the position is much more serious.land prollem with which It is the most importantthe country is faced at the present tieland ttohileegravihyhf the probl. 

t " 
that soi 1 phereciserosion as been extending in recent years in some 

nttle oubt 
serves, of the Re-and whilst reconditioning has been started in certain areas and
the results which have been obtained show that erosion can be checked,
measures of wider application will have to be undertaken without delay,It is possible to save t e greater part of the areas affected if prompt action 

is taken.
iste rean reas inteuids ~trampling
past fev years. 

S ha been donBroad-base contcur-rigecs have been made over exten-sie areas and strips of grss or other close-growing vegetation have beenestablished.Incoffeetnei th bd In c fe cultivations, grea tr attention has been given to th
use of cover crops, shade, and box-terraces. The Agricultura and landBank is playing an importan 
measures 

part in the development of anti-erosionEuropean holdings,on as general advances are not issued to 
proprietors er-. . ".. . -..who do not :aem sem uvneadopt adequateProvision has also recently ben mademeasuresfor specialto advances 

or soij-soil. conserverosion work theo tope m u
eosion 

e o . , n al areas theisortedto be satisfactory but I others there is still muchpro be isporedone. On oe atis ac t it, othe Plateau greater attention t s he is sl mch-oThe problem is largely to soil erosion is necessary.onesettlersthree of finance in te European areas, as the 

will be requireif the work is to be hastened, and in some areas a greaterSpeal pweqr th fork thbe stcteone ofad nsme a rigmeasure of afforestation may. have to be undertaken..a.eoio.aybesenipartsofl tNo, Central anda SautaKavirondos, the sest rao,Suki oamasi Sa,Reser'es ntur l and SouthIn the lower areas of FortlJall and Eml and in Kitui, there 
in other areas, such 
are some bad patches, whilst a certain degree of erosion 

bu, 
is also to be seas parts of Central Kavirondo and Kajiado.Kamba Teand Kamasia Reserves probably present the mostpictures, and it is estimated that in the former 

depressing 
over one-third of thetotal area (toooooo acres) of the PReserve is showing signs of erosio,Some very bad gully-erosion is to be seen in both Reserves. 

The causes of the erosion in the Reserves are many and varied. Basio. 

SOIL EROSION IN TIlE COLONIAL EMPIREof the soil to the effects of the rain and the wind. This ma have 293een 
ally, they are due to the removal of the vegetation-covcr and the exposurey 

bythe practicc of shiftin 
brought about by the denudation of steep hill-sides of their ,orest-cover. 

may cultivation on hill-sides without the usCant-erosion measures, suci ofas strip-cropping and contour-ridgcs. Grassfires, overgrazing, and the creation of cattle tracks by stock travellinwl-erosioand excessive stock populations, especially of goats, all play t 
to 

part. Taking the Reserves in Kenya eir 
asresponsible for erosion as 

a whole, cultivations are asis overstocking or overgrazing. In Masailand,is purely pastoral, there is little cserious erosion, but in the hillyreerves cultivations have given rise to much erosion directly, ani alsoindirectly, through the reduction in the area and q.aiity of dite grazing.becom e serious. 
nteecrusacsoesoknIf the cultivationsIn these circumstances overstockingwere reduced-anhas resulted and overraz1mghasa eutdadoe ro-tpractised the damage from overstocking wold be lessened. i..." 7,problem in these areas Thegwholeais to secure a satisfactory balance between agricultural and pastoral activities, andexcept throurg an intensification this is not likely to be achievedof agricultural methods or a reductionin stock numhers, or a combination of both.
 
In the Kamasi Reserve the d 
 eof adequte water-supplies for stock. 

ely the result of the lackstock on the limited water-supplies, 'his leads to the concentration of
with soil damage caused by over
also and overgrazing. Stock-tracks betweenfrequently develop into the wvater-courscs
augmented gullies. If the water-supplies couldand the stock population spread throughout the whole 

be 
Reserve with provision for rotational grazing, there would be less damagThere areT erve areas, however, where the stoc-gr with r ov soeo.o ai population is in excess of tea b e na r ~ ,t e e wo l s a eeswere e l at ndminthese areas the reduction of stock numbers, and especiali oof goats, bhenimberswill have to be contemplated if the countryside is to be saved. 

h n i o dtural activities unaccompanied by thmeIn the Kavirondos,stthe greaterg e t rpartp r ofadoptionf thet erosionof anti-erosionis caused bymeasures,agricule e o io s c u e y a r c lif soil deterioration isand to be checked the introduction of animalhusbandry into a system of mixed farming is desirable.Reconditioning has been started in the Kamasia and Kamba Reserves.
In the former 20,000 acres have already been dealt with, and it has ber-i
demonstrated that land retired from grazing
ears with a good can be covered in t,-o or
cover of permanent grass capable of atring

ditioned areas and proposals for limiting the grazing of goats to defined
limited numbers of stock. areas te No goats have been permitted in the rcconin the Reserve are now l ngunder considleration. The construction ofdams for the provision of additional water-supplics hasIn the Kavirondos, the Central Province, and 

Ilre-dv begun. 
Department of Agricultur the Kan'ba Reserve, thehas laid down ain the agriculturaI number of demonstrations areas to illustrate the value of contour-poantingelephant grass, contour-ridging t ofagger-trnching. &c.has also received Reaiforestationittention hut more work in this direction is necessaryif steep lands and natural drainage channels are retired, as they shouldbe, from agriculture or pasturage. 



,;ullicicnt his been indicatedbe92 SIR FRANK SOCI<DALEtaken toecacue.Th above to show that, whilst the problembasic caue, o tre must 
he taken to effect a cure. The basic cause or causes of tile trouble must 
be determined in each area 

is a serious one, it is dangerous to gencralize as to the steps which should 
before remedies are decided upon. Anti-erosion works and reconditioning on a largt6 scale will be needed, buttbese are unlikely 

same 
to be of lasting effect unless efforts are made at thettle to inprove the methods of agriculture and animal husbandry.Thie c'.orts nade will require the co-operation of all branches of the"t.reexcessmat Iit ic problem will have to be tackled on a|'tsnt. Swiil amid evon'tnic factors will have wide ,11q til',i,,,, issues to be considered, as ellli: conin tire .ricolturl, Veterinary an.

F~sMwst 11ci~mitouni.11.4,m'nmItlv tInle rtd(ci The &mdinc Board oifEcotsomicto snurv the D~evelopmentNicx sXiit ,n and has secured tile ser-of :nl'.a\s icultiral Olt-er fior this purpose.()rdin.tce has also rccntl- be'n aniendcd to provide that measures can 
The Native Authority 

,xe!tion o f fires in t h ecfo rest a reas in N ati ve Re s ervbe taken for dealin. %ith soil erosion %lhen . . a tte.. m p isali o an necessary, and reite nattempt iative epeople tofor the pre.the lossesthey may suffer if their lands are not conserved. Soil conservation hasbeen, in fact, placed first on the list of the extension work of the Depart-ment of Agric'dture in the Native Reserves,propaganda wrk is being received and useful assistance
•Soil from the.Kenya Arbor Society. in 

Soil erosior, inin thetile Rteserves has bo ..erso ::esrs h been gaining ground in recent years,but.te ,,ton is one which can still be met if it is tackled on awidefront, and if the necessary measures are s ipportid by determined effortsto improve the methods of agriculture nd animal husbandry used bythe pcoples concerned. To provide for the oue w.ithout the othe wouldbe futile, for within but a few years the position would become seriousgain, if the people were not to be condemned to economic and social
stagnation. 
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at the pasturae for stockhas been seriously deteriorating, and this has been confirmedly a seriesofsrial htorahs.e oneerored grazing is le te yato de-

struction of vegetatirn and to increase of erosion.
strated tllat sv-.en 

It tnas been demonrapidly to recoa ', and oftiledeferred grazing willGovernment has enable tile pasturageenacted legislation whichenables district otficers to control
circumstances grazing and to prohibit it in certainuntil after the grasses lave flowered and seeded.system, provided it is applied 

This 
over wide areas, is likelybut the closure ofoareas grzn to be effective,buttthe clsur.Te to allsto al grazing mayayhv o ' nredue ihave to be introduced incertain cases. The position in Somaliland is not at present as serious asin some other parts of Eastern Africa, and it is expected that the let 

lative measures now available will produce a g reat imr aeet hwci 5a few y ars. 9 

An attemnpt has been made toto soil erosion survey the present position in reanlin the Colonial Empire, to describe the measures whidiare being taken to check and control its effects, and to indicate whenr 
further efforts are required.The most serious losses are taking place in East Africa, particularly;,Kenya. Here the condition of some of the Native Reserves is becoming 
serious and deterioration is proceeding apace.land problem which the country has to fac 

It is the most importamwtotdlyhepsincabeetyimredwithin c, but if active st p rtaoauseoftive ;aMade. I'les 

onr eu reafn xmnto-eoe ln frcn inactual causes of erosion are numelmis and varied, and each drainage area 
of any country requires close examinationeor c . Untutored for plans of reconditigri tira operations are responsible for erosion 1n many parts, whilst in others concentrations ofstock numbers due to a shortage of grazing or inadequate water-suppliesare the chief contributory- causes. in yet others, stock numb-is are inRoaiRoveronals o dcrof the carrying capacity of the land and overgrazing tal Place.er to be effective as 

red grazi has been demonstrateda cure in certain circumstances, and strip-croppin,, contour-ridgingmulching have proved their value in agricultural lands. andThere are manyinstances %'heredeforestation has been excessive, anti considerable areasof lanl may have to be reired from cultivation or grazing if the positioni to be improved.It e probem is one which must ie approached from various an les. 
Ph si al anPhysical, bic' o i l f a t r aitosed or ,u nno Pical, and social factors have to be considered, and 

t l edoubt ttsiit the fullest co-operation ieretechnical departments is essential if advances are to be made.
between the administrative andGeneralizati11 as to control measures must be avoided. Each area should be

olvsed before any decision is taken-mined in detail and workinolansckledVttoo ioVegetation-control th e ta ne trtre the most important method of controlneosion, "s.i•since it prodi-s a cure by natural methods and is much lesss eexpensivethan treatm - by mechanical meains. In cultivated lands onhiy sloPes, however, the use of contour-ridges terraces, hedgedrains,iesar ndhet- croppingncan bea doptedsraisI necessavy when strid-cr.pping cot 
Iift flebe a , ifcthes ani 

c measurew t an oement i thesysteficute anralimaus , is liely to ua heg-"&.rcultre ad animal husbandry, is likely to be uns st. sat-"- Suchpolicy' meets only tire circumstances of the present and does notfor the future. Expendittre on anti-erosion rovidemeasures should at feast bematched with expenditure of a similar magnitude for agriculturalion, demonstration and propaganda, if te 
,.

future is to be secured. 
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'Agricuitural development must go beyond its colonial framework' -sowrote the French agronomist Ren6 Dumont in his survey of the NewAfrica (Dumont, :962). Increasingly the African states as well as the external development agencies are reconsidering these legacies, which sotenaciously influence institutions in many developing countries, and are
seeking to modify or eradicate them. Rural economic development inAfrica encounters many of its greatest difficulties in a single factor ofdevelopment- land. But because: of the complex pressures the Africanhusbandman has to accommodate, the agrarian landscape is more than asimple expression of current allocation of means to a desired end. Thebelief that low productivity in the traditional sector is due to disregard ofland as a capital asset has led to the erroneous view that development mustfollow if the situation can be altered. In consequence the morphologicalinterpretation of the cultural landscape as an indicator of underdevelop

ment demands not only the evaluation of the more obvious cultural andecological factors but also detailed investigation ofcolonial, legal, social and
administrative determinants which can contribute to an understanding ofthe landscape chronology. From a methodological standpoint this approachto the inner Rautmstrukturofthe developing countries owes much to developments in the general field oflardscape analysis and is considered as one offour main analytical subjects by Troll (1962; and see also 1950). If, as canbe argued, agrarian landscapes in the tropics are becoming even more
finely differentiated in the geographical sense, as a consequence both ofpopulation increase and of better adjustment to potential biological productivity, it would seem that aspects of colonialism as a causal factor insuch areal differentiation deserve re-examination.

That the colonial powers have left an imprint on the institutions of theirformer dependencies is undisputed, but the relatively short duration ofeffective administration in most parts of Africa has meant that dualismpersists; the co-existence of statute and customary law, of monetized andsubsistence economy, of westernised lite and tribal majority is evident.
Decolonization cannot realistically be taken at its face value. Furthermore,
the interaction of the various metropolitan powers with the mosaic-like web 
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of tribes produces visible land-use patterns of subtle distinctiveness and 
any attempt at elucidation must reject cutright the theories of economic 
imperialism alone. Thlis chapter will tderefore examine aspects of those 
circumstances and policies which are iaplied by trading relationships, ex-
port patterns and land-use patterns on a crude territorial basis and appear 
to be important in having caused significant changes of cultural landscape. 
Such changes will be those associated with African agricultural patterns 
which serve to differentiate certain classes of modification or trans-
formation. 

The independence of many states in Africa has opened up a challenging 
field of inquiry into this particular colonial legacy which demands early 
investigation if images are not to be blurred. Of particular value would be 
numerous sample surveys of rural settlements to provide exact details of 
land utilization under specific agricultural systems; it might then be 
possible to establish a datum line against which to study changes implicit in 
records of administrative and legislative action. Very often accounts of 
landscape change rely on oral tradition or the reports of early colonial ad-
ministratcrs. The nature of components of the African cultural landscape, 
be they dwellings, field boun-iaries or any other man-m.,de feature, is such 
that they are erased permanently by the regenerating vegetation, by the 
scouring rains and devouring termites. 

By colonial administrative policies are to be understood those decisions 
arrived at in metropolis, colonial capital, province or district alike, which 
serve to enforce, regulate, alter, encourage or otherwise influence the popu-
lation's actions or the colony's appearance and functions. Such policies may 
be indirectly effective by sanctioning the policies and actions of third 
parties whether they be commercial, missionary or of any other organiza-
tion. They may lead to complete transformation of a landscape by a single 
crop, to the displacement of an entire tribe, or merely to construction of a 
contour ridge. Such policies nmay be put into effect by a single administrator 
or an army of local governmet personnel; they may be centrally promul
gated but moulded to local conditions or they may be inflexibly applied. In 
all instances they express an intention to interfere, for better or worse, with 
the statusquo and must record a measurable effect which is ofinterest to the 
geographer. Any resulting agricultural patterns may therefore be examined 
on a variety of scales subject to the availability of the appropriate detailed 
studies. Many will indicate substantial change arising from new crops, new 
techniques and new agrarian structures; others will indicate features of an 
induced decay or degradation and others again will demonstrate gradual 
adaptation from within or compensating moves from without. Few situa-
tions are likely, on close examination, to have remained substantially 
unchange. 
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The colonial frontier, for all its evident artificiality, embraces problems 

far greater than the merely tribal by preserving dissimilar administrative 
and lcgal infrastructures with associated lingeistic, monetary and other 
features antagonistic to regional economic development. But within these 
frontiers colonial administrative policies appear to have induced landscape 
change chiefly through the operation of land policy. Such policy is variously 
motivated and may have had direct effects as evidenced by alienation of 
land, encouragement or even enforcement of cash cropping or the imple
mentation of conservation ordinances, planned peasant colonization and 
the like. It may function indirectly through the operation of certain fiscal 
or social policies and non-agricultural development and lead to such 
features as recruitment of alien African labour leading to displacement of 
indigenous peoples, as in the plantations of West Cameroon, or to the 
exodus of a major tribal group in response to unpopular land policies, as 
in the eastward drift of Mawiko peoples from Angola to Zambia. 'In 
African conditions', Lord Hailey has written, 'the attitude of the Ad
ministration in matters relating -o land policy affords one of the most 
significant indications of the relations it seeks to establish with the African 
population' (Hailey, 1957). In High Africa, at least, the land problem has 
epitomized the conflict ofopposing interests and appears to have provided 
the dynamic for the movement towards self-determination. Those colonies 
or protectorates which succeed in attracting and retaining a settler element 

-seem therefore to be characterized by general problems largely unknown in 
Low Africa, yet the conflict probably owes its origins as much to new ideas 
as to racial antagonism. It is sometimes argued that any degree of develop
ment implies a change of environment. If this L o, then the agrarian re
form forced on newly autonomous states by internally generated demands 
for higher agricultural production will necessitate the resolution of these 
inherited conflicts which have hitherto remained quiescent in the normal 
state of social and economic dualism typical of colonialism. 

Land and indigenous agriculture 
The effect of colonial rule on the land has been as varied as the differing 
European cultures would suggest. In some instances the former freedom 
of tribal movement has been thwarted by the designation of tribal reserves 
and consequent spatial restriction of numerous groups, whereas in others 
manifestations of tribal identity have been suppressed. Common to .. ost 
colonialists, however, has been a misunderstanding of the African material 
and ritual relationships to land and therefore of the patterns of occupance. 
Confusion has arisen particularly in the interpretation of land tenure of a 
communal and individual sort and in the definition of land 'ownership' as 
such.
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On their first arrival in Africa, Europeans encountered a system very 
different from their own and this led them to make mistakes of interpreta-
tion - by speaking of communal ownership they implied that every tribes-
man had equal rights to every part of the tribe's land and they regarded the 
chief as the owner t. ie land. In fact, as Gluckman has shown, the chief 
commonly acted as trustee of the land for the tribe and his ownership gave 
certain rights. Important among these were the chief's right to demand 
allegiance from persons using his land, to hold land not taken over by his 
subjects or to repossess land allocated but not used, to demand produce in 
tribute, to control the settlement of his people and to legislate in matters of 
land holding or land use (Gluckmarn, 1945). The system of chiefly control 
distinguished by the hierarchyof estates and typical of such tribes as the 
Zulu and Tswana is, however, only one of the four main systems of land 
holding in Africa. Feudalsystems with landlords and tenants exist and that 
of the Baganda is well known. A third type may be classified as a lineage 
or unilateraldescent system under which land is held by a family descended 
from a common ancestor, for example, among the Yoruba. A fourth type 
embraces those systems where residence is sufficient to invest the individual 
with rights over land. Throughout the great majority of diverse systems, 
however, runs the common feature of access to land through membership 
ofa community; but that this community is of greater importance than the 
sum of its individual members has been demonstrated by de Schlippe in 
the case of the Sudanese Azande where 'the pattern of behaviour inherent 
in the customary system of agriculture constitutes the force of adhesion of 
the group to the natural environment' (de Schlippe, 1956). 

Indicative of the gulf between the European and tribal culture is 
Richards' comment on the Bemba shifting cultivator in Zambia who did 
not 'measure land, assess its value in size or productive capacity, or con-
ceive ofthis value as a figure to be permanently maintained at a given level 
by the expenditure of effort and capital. He views the country round him 
as all one unit, all accessible to him, and all ready to supply his needs' 
(Richards, 1939). Such attitudes were no defence against settlers or con-
ces.;ionnaires who took land by right of conquest, treaty or grant and who, 
to quote Bohannan's phrase, would have accepted the white man's pattern 
of an 'astrally based grid map in terms of which people are, by a legal 
mechanism, assigne i rights to specific pieces of earth-pieces which main-
tain their integrity even when their owners change' (Bohannan, 1963). But 
if this disparity was true of some areas, and particularly of those of low 
density worked by shifting cultivators, it appears to have led to modifica-
tion in attitudes to land values among more densely settled African peoples 
at an early stage and these moves towards systematic individualization of 
land tenure must also be considered. 
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The common attitude of the African community towards the question of 

individual land needs would be one of satisfaction if the individual could 
maintain himself and his family on a subsistence basis; the production, 
consumption and storage of food were effectively controlled until the sur
plus ofcash crop became desirable. Accordingly, under forms ofsubsistence 
agriculturt. it is reasonably easy to calculate the land requirements of the 
'garden family' and the carrying capacity of the land itself. Allan has 
expressed this in a numerical relationship of population-land factors under 
conditions of shifting agriculture (i.e. bush fallowing): iand-carrying 
capacity is estimated in terms of the fertility of given soil types, the 
percentage of cultivable land, the number of gardens needed to give a corn
plete regeneration cycle (termed the cultivationfactor)and the mean area 
per caput under cultivation at any given time (Allan, 1949). Thus under 
many systems and in particular habitats optimum population densities are 
found to be of the order of two or three persons per square mile where no 
artificial fertilizers are used. Since over the greater part of Africa shifting 
agriculture is operated in thinly populated areas where rainfall agriculture 
is possible, this concept ofoptimum man-land ratios is particularly valuable 
in understanding field patterns. The question of the optimum size of land 
holding relates to the subsistence demands placed on it and the capacity of 
the available family labour to clear and cultivate a certain area predomi
nantly of seasonal crops such as cereals and legumes and to a lesser degree, 
except locally, of perennial crops such as bananas, cassava and yams. 

Exact information on the amount and dispzsicioi, of land worked by any 
community is less easilY obtained than population data for a given t. rrftory. 
Just as registration of births and deaths among the African popilaton has 
been the exception rather than the rule, -o registration of land *':I has been 
in most cases a localized and recent experimental innovation; indeed, the 
U.N. Economic S1,wey of Africa has noted that 'information on the size of 
holdings is lacking. Since, however, traditional farming is almost entirely 
dependent on family labour and primitive technology, it may be presumed 
that production is predominantly on a small scale - a few hectares per 
family' (UNO, 1959). Aerial photography may reveal relationships be
tween the broad land-use patterns and ecological zones down to the 
dimensions of the landscape cells, or ecotopes which together constitute 
a landscape mosaic, just as a ground traverse may establish the nature of 
the soil, groundwater or plant communities along a catena; but however 
helpful these aids may be in assessing potential biological productivity, they 
explain little in terms ofAfrican agricultural production or productivity. In 
consequence, any quantitative information is drawn from a variety of local 
field studies in preference to the estimates of administrations. That primi
tive techniques impose severe limitations on the extent of land used in any 
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one year by the immensely varied group of 'shifting' cultivators is borne 
out by the roughly comparable size of holdings in many tropical countries, 
and in Africa a figure of about one acre per head under main crops seems 
reasonable on present evidence, the figure increasing over weak soils. Even 
where the shift to settled agriculture does occur and the high labour input 
of bush clearance is eliminated after the first season, total areas worked 
ippear to rise only slightly if at all. The important next stage as far as land 
requirements are concerned has followed on the introduction ofcash crops, 
and except where techniques have been improved the critical population 
densities have moved towards ecological imbalance of man and land 
(Allan, i96o). 

Agricultural and associated rural settlement patterns which derive from 
tribal subsistence economies are not yet sufficiently well understood to sup-
port firm generalizations, although it may be noted that certain of the 
principles of location operate even though costs and profitability are not 
overtly considered. Particularly under soil selection systems of shifting 
agriculture, newly colonized gardens may be located at ever-increasing dis-
tances from the major settlement and necessitate the erection of temporary 
garden huts until the village elders decide to transfer the entire community, 
It has been argued that 'under adverse conditions of physical and poor 
technical accomplishments, a combination which betolens a low population 
density, the distance certain shifting cultivators shift their main abodes is 
very similar to the figures which have been quoted for normal, a. against
exceptional circumstances' (Chisholm, 1962). Whereas it may often be true 
that a crop zonation is to be perceived within a radius of cultivation 
orientated towards a single village, two highly significant factors have to be 
weighted: first, the ecological soundness of much of African agriculture, 
dependent as it is upon cert;'in bioclimatic indicators of fertility, tends to 
support catenary or mosaic distribution of crops, and secondly, the psycho-
logical factor may often impel members of an established group to break 
away and found their own village for non-economic reasons, 

Quite often the net result is a complex pattern of land use made more so 
by dependence on a wider hinterland, an extensive finge belt from which 
forest products such as rare timbers, thatching grass, medicaments, game 
and other items may be obtained and which ought to be counted as integral
with the over-all land requirement. It might be argued that in Africa as a 
whole there is a major distinction in this diversity between those subsistence 
economies which have existed with and without the mechanisms of ex-
change usually epitomized by markets. This would appear, on present
evidence, to distinguish West Africa, where traditional markets were 
established long before European intervention, from southern and South-
eastern Africa where markets have for the main part come with the 
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which accord in part with the division of tropical Africa into high and low 
regions, lies in their reflection of response to external forces such as trade 
links along routeways and consequent specialization of production where 
resources, population density and the form of political organization were 
favourable for the development of market foci. Land under such a circum
stance might appear to move increasingly towards a state in which it 
assumes economic as well as social and political importance for the 
Africans concerned and favours assimilation into the world monetized 
exchange economy. 

Land and the Europeans 
Of all the landscape features attributable to European action and influence, 
the cultivated crops are the most widespread geographically, and probably 
the most significant culturally and economically. Some plants may have 
arrived fortuitously whereas others have been deliberately, even forcibly, 
introduced and have transformed not only the subsistence sector but also 
formerly negative areas whether by casual infiltration of crops like maize 
and groundnuts or by the regimented and wholly man-made plantation 
landscape ofsisal, tea or coffee. Unlike those ofthe Egyptians or Azanians, 
for example, the European introductions have beer iotable not so much 
for the mobility they have permitted but rather for their introduction to 
Africa of large-scale production ofa single crop to satisfy a market demand 
as epitomized in commercial plantation tillage. They have set in motion 
great fluxes of migrants, circulating or seasonal labour rather than 
Vlkerwanderungen, and they have deprived Africans in some areas of 

suostantial blocks of land but have made possible colortization ofsemi-arid 
or highland habitats. There is no opportunity to discuss here the respective 
contributions of Arabs, Portuguese and later colonists, building on the 
indigenous crop range which has been so extended that Africa has become 
a major commodity producer in a few decades. But it is important to note 
that the introduction ofsuch crops has had notable side-effects on relations 
between tribes and on tribalism itself. Ada.-nistrative paternalism has 
tended to favour the sedentary cultivator at the expense of the once
dominant pastoralists, and the stateless group without a centralized 
authority at the expense of the centralized state. Within the tribe new crops 
demanding new techniques have often shifted emphasis from communal to 
individual activity and at the centre there has been decay of tribal politics 
and their replacement by mere tribal administration. An equally important 
outcome of the new cultivated crops has been the degree to which the ad
ministrative policy has aided their spread in order better to exploit land 
resources. In some cases this has been through compulsory native cash 



328 ENVIRONMENT AND LAND USE 

cropping, in some cases by peasant settlement schemes and in some cases 
by the extension of European-ownes and directed farms and plantations. 

Europeans' attitudes to land would appear to separate into two signi-
ficant categories in this context: the one concerned with their own cultural 
experience, the other with mercenary considerations towards land acquired 
in the specifically colonial context by seizure of political power. The 
earliest were essentially of the plantationtype, operated for profit or pres-
tige. Land was seen as one of the factors of production, to be exploited in 
association with la' our, capital and the necessary technical expertise, im-
ported as the need arose. Europe was and is an area characterized by a high 
proportion of land given over to agriculture, as compared with other con-
tinents, and was t-pified by a situation in which property and contract 
rather than status were important. The etymology of the term colony im-
plies cultivation or habitation, but the European colony in Africa very early 
differentiated bet een colonies of exploitation and colonies of settlement, 
linked with motives such as expansion of trade or emigration. Following 
Maunier, colonization requires occupation and legislation, an element of 
fact and an element of law (Maunier, 1949). The quality and extent of 
occupation may vary considerably and the interests of the colonists show 
more or less importance in shaping legislation and policy locally or in the 
metropolis. Similarly, colonial status demonstrates a cycle of development 
in relations between the metropolitan country and the dependency, both 
passing through phases of domination, partnership and emancipation, and 
it is important to view changed patterns of occupance and legislation as 
response to change in the mother country, to international pressures and 
to internal forces. 

From a synoptic view Hance's map of source areas of export production 
in Africa is most valuable in emphasizing the discrete 'islands' of produc-
tion which are characteristic of the continent. In its location of 95 per cent 
of total exports by value, the symbols each representing o-oi per cent, the 
geographer has at his disposal a quantified synopsis of major agricultural 
patterns operating within or in association with the money economy (Hance 
et al., 196i). The pattern of these agricultural producing areas - ignoring in 
this context the mineral realm - emerges as one of coastal and peripheral 
islands, of highland islands, of irrigationislands and special islands. The 
year chosen - 1957 - was a high-water mark of colonialism in Africa and 
seems in retrospect singularly appropriate for the purposes of this study. 
Exports in that year showed 64-9 per cent of the total value deriving from 
vegetable products, of which the principal categories were stimulants and 
spices (28 per cent), vegetable oils (16.6 per cent) and fibres (10.2 per cent). 
Conforming with these production islands, one might also stress the 
importance of land alienated and settled by Europeans in High Africa 
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who make use of the labour pools of the intervening tribal land. These 
arcas have their counterparts in Low Africa where land was set aside 
for agricultural concessions or has from an early date seen rapid in
crease in small-scale African production of certain traditional plantation 
crops. 

The agricultural patterns associated with the large farms and plantations 
are in general related to certain obvious morphological features such as the 
arrangement of the crop, processing plants, reads and labour compounds 
but their effects are much more extensive than the immediate farm
complex. They usually generate high labour demands and create a rural 
exodus of employable males, enforced or voluntary. Degradation of tribal 
lands as a result of degenerati.ng indigenous agricultural systems is as much 
a hazard at a distance of hundreds of miles as in the immediate vicinity. 
Because of belated intervention by administrations, conservation ordi
nances, resettlement and colonization schemes were often instituted long 
after perceptive agriculturalists had warned of incipient rural slums and 
gullied tribal lands. An additional factor in determining the major patterns 
of agricultural activity has been the growth of other enc:ves of non
traditional employment where urban areas, due to administrative, indus
trial, transport and other functions, have expanded and accelerated the 
modification of traditional agriculture by creating markets, however small. 
Often the eccentric position ofccpital or primate cities has created in effect 
core areas with distinct pioneer fringes beyond which the agricultural 
patterns have experienced little direct incentive to alter; the existence of 
so-called 'Cinderella' provinces as in the case of the North Western 
Province in Zambia and the Ouadal Province in Chad support this general
ization. Yet there has often been a modificction of this core area phe
nomenon in the line of rail or maia road effect whereby native settlement 
aid cash cropping have been attracted to a linear zone parallel to the route
way with resultant increase in land 'values'. This is evident in the examples 
of the Bas Congo-Katanga Railway where a remarkable diffusion of the 
Baluba of Kasai and associated intensification and increase in total area of 
land under cultivation has occurred; v- Nicolai states: 'le rail a simplement 
mis en contact ]a civilisation europdenne et la civilisation indig~ne' (Nicola! 
and Jacques, 1954). This extension of European attitudes to land via 
communications networks may be plausible in the case of the Dakar-Niger 
or Livingstone-Ndola lines of rail, but as O'Connor has significantly 
demonstrated for Uganda it may no longer be truc that railways can pro
mote economic development if a flexible road transport system operates 
(O'Connor, 1965). 

Perhaps the most significant contrasts between African and European 
attitudes to the land may be summed up in the statement that natural 
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resources are effectively cultural appraisals. By whatever meais the process 
of acculturation was directly or indirectly prosecuted, it was inevitably 
disruptive because the colonialists had too little time to appreciate their 
ignorance of the African milieu or African society. 

Policies and patterns: aspects of action and reaction In the African 
Colonies 
The Portugueseterritories 
Since 1951 when Portugal converted her colonies to overseas provinces, 
that country has further strengthened its determination to seek its own 
solution in Africa. Post-war conditions, which fortified more liberal policies 
in France or Britain and led to the more direct development of the African 
sector in various economies, have not ameliorated the lot of the non-
assimilated in overseas Portugal. Although in combined areas Angola and 
Mogambique occupy 779,082 square miles and dwarf the 13,948 square 
miles of Portuguese Guinea, each has been overshadowed by the economic 
demands of Brazil. Although there are now probably 400,000 whites in 
Portuguese Africa, it has proved impossible to establish a large white-
settler community in the face of the New World's greater attraction and for 
this reason the emergence of a distinct policy was but little earlier than 
those of other European powers arriving centuries later. 

Portuguese policy operates on the basis of certain fundamental prin-
ciples, of which the concept of political - and hence social and economic 
unity between Portugal and her overseas provinces is particularly signi-
ficant. This is expressed in strongly centralized administrative control, 
either at the territorial or Luso-African level and a domestic political 
situation not altogether typical of other European ex-colonial powers. Two 

juridical classes are recognized - the citizen and the native - and this ex-
plicit hierarchy underpins the philosophy behind the social and economic 
development by simplifying the issues involved in the contact between the 
institutions of the Western and of the 'primitive' culture. Recent co.-
centration on African and petit-blanc peasant farming schemes would 
suggest that the view that the majority are simply instruments of policy 
having the right to develop toards evolud status may be changing. 

Whereas Brazil was not neglected after its discovery in 1500, the interior 
of Moqambique was not effectively administered until after the military 
campaigns of 1895-9, Angola until 1907-14 and Portuguese Guinea until 
1916. Until that stage feudal conditions characteristic of an earlier Europe 
had been preserved by the granting of land title in the form of prazos 
(estates) in Moqambique from the sixteenth century with the aim of 
stimulating European colonization in southern Africa. Exploited by their 
owners for slaves and tribute, these prazos degenerated into petty empires 

AD!NS7RATIVE POLICIES AND AGRICULTURAL PATTERNS 331 

which were able to defy Lisbon despite their being outlawed in 1832. It was 
not until the attention of other European powers was drawn to southern 
Africa that Portugal was forced to reform the system in i89o.Estates were 
sold to the highest bidder who in turn paid the government a proportion of 
tax revenue and undertook to cultivate and develop the land and to protect 

resident Africans. With this onset ofmodern development profitable opera
tion became essential anO by 19oo over two-thirds of Moqambique had 
passed under the control of the chartered concessionary companies. Chief 

of these were the Companhiade Mofarnbique which received its charter in 
1891 and continued to exploit and administer the lard westward from Beira 
between Zambezi and Save until 1942, and the Companhiado Niassa which 
was granted a charter in 1894 and sought to exploit 96,500 square miles 
between the Rovuma, the Rio Liirio and Lake Nyasa on a thirty-five-year 
concession; the Companhia do Zambzia, granted a concession but no 
charter in 1892, commanded an area of about 60,ooo square miles in the 
lower Zambesi area (Quolimane and Tete districts) until the title expired 
in 1929. This last company, unencumbered by administrative costs and 
benefiting from the entdrprise of its sub-concession holders such as the 
Sena Sugar Estates Company, was more successful than the other con
cessionaires in developing areas vastly greater than metropolitan Portugal. 
Writing of the Mogambique and Zamb6zia companies in particular, Duffy 
has noted that during their short existence they 'had greater significance 
for the colony than had the prazo in three centuries. To a large extent 
they initiated the transformation of the interior of the province from a 
wilderness to an economically productive region ...The benefits the 
Africans derived from their presence seem less than negligible' (Duffy, 
1961). 

The interest of the Portuguese territories lies in no small way in their 
remarkable failure to develop as settler colonies for a dominantly agricul
tural and overpopulated mother country. In the case of Moqambique, 
44 per cent of which lies below 330 ft (00 m) and only 13 per cent above 
3,300 ft (1,005 m),not only has white settlement proved to be disappoint
ingly slight but also dependence on indigenous labour has proved acute and 
has brought the dual sectors of the econoay into conflict through the opera
tion of labour laws which in the past excited condemnation. Portuguese 
insistence that the African had an obligation to labour led to excesses in 
their native policy exemplified in Angolan recruitment for the Sgo Tom6 
cocoa plantations and the Moqambique recruitment fer the Witwatersrand. 
Changes in native labour policy were stimulated by foreign opinion and 
today labour is generally operated within the voluntary or contract category 
rather than the obli~itory class, but the harmful effects of rural depopula
tion persist. 
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In Moqambique the indigenous agriculture is essentially of a subsistence 
character, the population (196o Census - 6-6 millions) ofsuch Bantu groups 
as the Maravi, Tonga and Shona, being relatively thinly settled away from 
the coastal areas and exploiting some 12-35 million acres principally under 
variants of shifting cultivation (Guichonnet, 1965). The internal division 
between native and non-native areas is not altogether clear since decrees 
setting aside re".ivations for the exclusive use of Africans have been fairly 
numerous since 19oo. The 1955 Native Statute for both Angola and 
Moqambique stipulated that 'natives who live in tribal organizations are 
guaranteed, in conjunction, the use and development, in the traditional 
manner, of land necessary for their villages, their crops, and for the pasture 
of their cattle' (Duffy, 196I). In the absence of native courts, Portuguese 
civil and criminal law is operative and there is no recognition of individual 
rights in the native reserves. In Moqambique there were 2,501 separate 
European-type holdings in 1962, extending over 3'95 million acres, of 
which 988,400 acres were actually cultivated using a labour force of 
134,416 Africans and a mere 1,302 Europeans (Guichonnet, 1965). Prob-
ably about 6o per cent of the agricultural exports originate from the Euro-
pean sector despite this great disparity in the cultivated areas and labour 
engaged - in Angola it is nearer 8o per cent - and a specialized pattern has 
emerged with plantations alone producing sugar, sisal and most of the tea. 
Certain crops, among which copra and maize are good examples, are grown 
by both Africans and Europeans and others solely by Africans. Of these 
cotton was forcibly introduced in 1932 and is extensively produced from 
what were originally compulsory African plots of about 5 acres per family 
operated under the aegis of the Juntado Algodao. Under this system the 
Africans received the seeds from concession holders who bought back the 
crop at guaranteed prices. Rice was similarly first introduced as an obliga-
tory crop and, like cotton, cuiture led to serious ecological and social dis-
equilibrium. As with native taxation, so obligatory crops were a feature of 
many colonies in a local endeavour to make them self-financing and thus to 
avoid a politically unpopular charge on the metropolitan budget, 

In Angola the population is very thin in terms of total area, and the great 
Bantu groups such as Ovimbundu, Chokwe and others still practise ex-
tensive agriculture. Despite the much more commern ptanaltoareas climatic-
ally favourable to white settlement, AngolA, which was effectively pacified 
much later than Moqambique, seemed primai.y to serve as a labour pool. 
More than any other cultigen, coffee, first introduced to Angola from 
Brazil in 1837, dominates agricultural production and is of particular im-
portance north of the Cuanza River; it is now the most important agricul-

tural export commodity but this situation has brought about the implicit 

hazards of a monoculture as well as worsening the already great labour 
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shortages of plantation labour. Van Dongen has commented that 'labour 
demands on the part of the coffee growers have led each year to extensive 
displacement ofAfrican able-bodied men from their tribal villages, causing 
family hardship and depressing local birthrates' (van Dongen, 1961). 
Although the number of white farmers is only about 3,000, the Angolan 
economy derives a disproportionate benefit from their lands, between 70 
and 80 per cent ofagricultural exports stemming from this quarter. Coffee 
plantations, predominantly in northern Angola, required 85,647 African 
workers in 1956; sisal plantations another 29,000 (von Gersdorff, 196o). As 
in Mosxambique, cotton was an obligatory crop after 1932, although it had 
been exported as early as 1856. So unpopular was it that it precipitated 
population drift to territories to the east and African families continue to 
cultivate holdings ofabout 2-5 acres under a similar concessionary arrange
ment to the detriment, particularly in Malanje District, of normal sub
sistence cropping. 

The important and heavily capitalized plantation companies of the 
Portuguese territories stand in contrast to the settler policy of the colonatos, 
conceived nearly fifty years ago but not put into effect as modern enter
prises until 1949. In Moqambique the Limpopo scheme offourteen villages 
in which some i,ooo white and 5o0 black families had been settled by 1964 
in an irrigated area of 37,IOO acres is well known. In Angola the setting is 
distinct from the latter which lies at an altitude ofabout 330 ft (100 m), for 
it occurs at a height of between 3,200 ft (975 m) and 6,250 ft (1,905 m) in 
the planalto zone and extends through 38 colonatos in nine districts and 
involves about 2,9oo farming families (Niemeier, 1966). The attempt to 
create a Lusitanian peasantry in her Commonwealth would appear to have 
reversed the laissez-fairepolicy of Portugal which in spite ofde jureunifica
tion of black and white interests and opportunities has favoured the 
localized transformation of her territories into plantation landscapes, Afri
can cash cropping playing a hitherto minor role. The argument is often 
paraded that Portugal has, with the exit of the other European powers, 
passed out of the era of traditional colonialism and entered upon a new 
phase of mutual benefit to all Portuguese citizens, white and black; placed 
in a monopoly position vis-A-vis other European countries she can now, 
without her traditional antipathy towards foreign capital, press ahead with 
development of industry as well as agriculture r7-,ntated towards domestic 
markets (Neumann, 1965). If this be he case, Porcu,,ese administrative 
policies may yet influence a more objectively implemented iand-use pattern, 
benefiting from the mistaken initiatives lacking the historical perspective 
which has been so costly elsewhere in Africa and evolving the hybrid 

institutions which have eluded others in the search for acceptable develop

ment forms. 
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The Belgian Congo 

That the Belgian Congo, a vast mosaic of landscape and ethnic corn-
ponents, should have passed into the control of a metrcpolitan country 

which had not even sought to be a colonial power yet inherited a colony of 
exploitation par excellence is not without its irony. In effect, by the state's 
reluctant annexation of the Congo Free State and the proclamation of the 
CharteColoniale in October 19o8, the Congo passed from nominal indc-
pendence to colonial status. After 1885 and in accordance with the condi-
tions imposed by the Act of Berlin, Leopold II's private 'estate' had in 
effect been an internationalcolony. After 19o8 the area passed through a 

second phase in which it was influenced by a unique combination of ad-
ministrative, missionary and commercial forces, finding expression in the 
economic and social sectors to the ultimate detriment of political institu-
tions. Concerning the decolonization process in the Congo, Young writes 
of this colonial trinity that 'each fashioned a formidable organizational 
structure in its own sector of activity' and that the ensuing colonial system 
was 'unparalleled in its penetration into the African societies upon which it 

was superimposed' (Young, 1965). The same author notes apropos of the 

administration that 'no Congolese, rural or urban, could have failed to 

perceive that he was being administered. In the urban centres this is hardly 
surprising, but what differentiated the Belgian system from others in Africa 

was the ext~nt of its occupation and organization of the countryside'. Such 

an effective administration was achieved by a tight network of secteurs, 

composed of amalgamated native chiefdoms and given legal sanction as 
circonscriptionsindigOnes from 1933, within the purely administrative net-

work of provinces, distrits and territories. 
The Free State had been characterized by a monopoly system in associa-

tion with concessions which collectively extended over vast areas of 'vacant 
native lands: of three types, railway concessions covered 22-5 million acres, 
the Katanga concession 112"5 million acres ard the forest concessions an 
immense undisclosed area' (Hailey, 1957). Under Belgium the system was 

regularized. Native land law recognized no individual land ownership, this 
being invested in the clan and allocated by the chef de terre,custodian of the 

land, as the need arose. The early administration recognized as tribal land 
only that which was in actual occupation, but this was modified in 19o6 by 

a decree permitting a threefold increase on this inadequate allocation, an. 

subsequent legislation, particularly that of 1934 and 1935, sought to protect 
native lands and rights of cultivation. The situation regarding the exact 
nature of such land under native occupation, however, remained ill-defined 
in the absence of specific tribal reserves following inconclusive attempts at 

delimitation. Thus those lands vested in the state could be disposed of on 
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a freehold or leasehold basis by the Government and this function was fur

ther delegated to certain concession-granting authorities. The broad effect 

of this change was a swing away from the crude exploitation of such forest 
commodities as wild rubber to a situation in which freehold was ceded to a 
concessionaire when specified conditions ofdevelopment had been achieved. 

Although the move towards the systematic individualization of native 
land tenure had begun as early as 1933, it was another twenty years before 
the first decree was issued. Two major phases of colonial policy can be 
discerned in this connection. In the initial phase the inflow of capital was 
encouraged by the grant of concessions, such as those of the Unilever 
associate Huileriesdu Congo (191i), which led to a great upsurge in palm 

product exports from rural areas. The formaticn ofessentially urban-based 
private enterprises such as Union Minire in Katanga and Forminijre in 
Kasai five years earlier had led to pressure on labour supplies and forced 
the entire country towards a state of imbalance between capital and labour. 
Subsequently there was a reversal of policy whereby the classe paysanne 

was fostered as a logical extension of the 'educational process' implicit in 

the obligatory cultivation programmes enforced since 1917. From a geo
graphical standpoint the Congo can conveniently be considered as having 

suffered a progressive rural depopulation in tandem with a marked success 
in urban development; initially facilitated by labour recruitment, this 

largely male exodus subsequently received tribal sanction. After 1924 the 

administration's policy turned against excessive recruitment and set a ceil

ing of5 per cent on the number ofable-bodied Africans permitted to leave 

the village for long-distance migration, with provision for a total of not 
more than 25 per cent to be absent within specific work zones (Anstey, 
1966). In fact the situation deteriorated rapidly in some areas with over 

half the able-bodied male corps being absent at any one time and this had 
predictable effects on the material and social fabric of the family, village 

and agricultural systems as well as side-effects on associated ecosystems. 
The Belgians went a stage further in emphasizing the dualism of Congolese 
society by providing areas in which those Africans who wished to live out

side tribalism could exist in urban milieux de libertiand rural centres extra
cotutuniers. So successful was this active detribalization process that be
tween 1935 and independence this sector increased in numbers from 
6oo,ooo to 3 million. 

The paysannatindigane policy, which had first been mooted in 1933, was 

not put into effect until the first resettlement schemes were set up in 1942. 
This official policy marks the second phase of major change in the Congo 

when serious and costly remedies against rural depopulation began to 
operate. By independence about 200,000, or 8 per cent of the rural popula
tion, had voluntarily joined these schemes and the Belgians began to 
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register solid achievement not only in raising living standards but also in 
controlling traditional shifting agriculture. None the less Europeans con-
tinued to play an important role in agriculture until Independence in 196o. 

In 1958 there were 13,ooo whites in the Congo, of whom 9,621 were 
engaged as colonists. Although the amount of land ceded to private persons 
or companies by 1958 was only of the order of I I-6 million acres, or slightly 
more than 2 per cent of the total Congo, the million acres actually under 
cultivation represented 40 per cent of the :otal area under cash crops 
(INFORCONGO, I96O). With over 300,000 Africans in wage employment 
on farms and plantations, the marketed production of European holdings 
demonstrates the overriding areal importance of palm products, coffee and 
rubber, and confirms the prominence of this type of organization at the 
close of the colonial rule. 

In some ways the late emphasis on African rural development parallels 
experience in the Portuguese territories, both administrations having 
decided to attempt to recreate in Africa the European peasantry. In an ad- 
mirable study of the Congolese Kwilu, over one million ofwhom occupied 
one of the most densely populated areas of the territory, Nicolail's conclu-
sions are of great interest (Nicolai, 1963). He wrote that 'L'administration 
n'a done introduit aucune reforme importante, aucune culture nouvelle. Sa 
seule intervention effective consista en cultures d'ordre 6ducatif, c'est A 
dire en cultures imposdes ... L'administration n'a gu~re rdagi (ou mal ou 
trop tard) contre !'exode rural.' The consequences of a policy expressed in 
what Anstey terms 'a whole series ofachievements, principally material and 
most related to unreflecting economic purpose', are etched into the 
Congolese landscape but in fairness to the Belgian administration must be 
set against the scale of the territory and the practical difficulties of control-
ling the whole rather than sectors of the economy and society. 

c tsettlement i. tropical Africa, France would appear to have met with con-

France, with over 4 million square miles of territory at the zenith of her 
colonial power, presents features of marked distinctiveness in her colonial 
policy, not least those which derive from Napoleonic centralization n the 
nation state, her atomized domestic politics, or her own loss of independ-
ence in 1940. Brunschwig has assessed the course of French colonialism up 

to 1914 demonstrating the effect of defeat in Europe in 187o and France's 
search for renewal in colonial expansion (Brunschwig, 1966). Comparisons 
between Britain and France in Africa are particularly valuable since French 
domestic policy failed to stimulate the emigration characteristic of the 
British situation. Slower industrialization distinguished her from a Britain 
more concerned with calculated commercial gain than prestige and per-
mitted her generals to carve out what were effectively military rather than 
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settler colonies. The over-all impression of the French colonial period is 
one ofremarkable success achieved in integrating the African intelligentsia 
with metropolitan French culture, thereby emphasizing the contrasting 
patterns ofacculturation between anglophone and francophone Africa. The 
French colonial policy aimed, to some degree idealistically, at assimilation 
with the mother country and although local differences in the colonies and 
trust territoiies existed, the central legislature and the Colonial Ministry in 
Paris, despite distinctions between metropolitan and colonial law, imparted 
a marked unity in the colonial empire, contrasting with the British Empire, 
each of whose territories were viewed as separate entities. 

European settlement of the French African territories was in many 
instances hampered by their very vastness combined with relatively small 
population, difficult terrain and unpromising resources. Moreover, the 
closeness ofsuch North African territories as Algeria and Tunisia to France 
understandably made them ofgreater practical interest. Algeria, in particu
lar, acted as an experimental theatre where the conflict between Fren~ch 
colon and native land-holder was played out and legislative and administra
tive machinery was developed to resolve it. Apart from those in North 
Africa, the French territories in Africa consisted of two great blocks, French 
West Africa (A.O.F.) and French Equatorial Africa (A.E.F.) based on 
Dakar and Brazzaville respectively, together with Togo and Cameroon in 
the West and C6tes des Somalis in the East. Malagasy (Madagascar) and 
the Comores may be regarded as distinct from this French tropical Africa. 
Even at the pre-Independence census of 1956, the number of French and 
other foreign citizens in A.O.F. did not exceed 9o,ooo, of whom more than 
half were in Senegal, and A.E.F. totalled only 25,000, two-fifths of whom 
were in Moyen-Congo; Togo had about 1,300 whites, Cameroon about 
17,oo and Djibouti less than 5,000. Judged by the criteria of effective 

spicuously little success in some areas, although the peculiar demographic 
shadow effect of the North African settlement goes far to explain this and 
the alternative stress on concessionary r6gimes and native agriculture. 
Another significant feature of the French tropical African territories in
volvcd their land-locked positions, isolating them in terms of exports and 
making their economic development heavily dependent on improved corn
munications, particularly railways. This interior position of much of 
French Africa in the Saharan and Sahelian zones meant that as a culture 
area it was predominantly Muslim, and consequently much of the local law 
and custom was influenced by Muslim principles. Not only was the 
majority of population on many of the now autonomous states Muslim -
Guinea, Senegal, Mali, Niger and Chad being examples - but, more signi
ficantly, the 6ites were Muslim. As in the case of the British in Nigeria, so 
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the French encountered and reacted to clearly differentiated social environ-
ments straddling the natural life zones; the pagan forest peoples were more 
subject to Christian missionaries and education and the Muslim savanna 
peoples retained institutions which were not necessarily ame'nable to 
changes implicit in an alien cash economy or modern techniques, for all 
their long-standing trans-Saharan trade links. 

Founded in 1895, A.O.F. was administered from Dakar and Senegal be-
came the core area for an expanding hinterland, Upper Volta being 

amalgamated as late as 1919 and Mauritania in 1920. The port of Dakar 
provided an outlet for railways converging on it from Mauritania and Mali, 
and the rail network relates strikingly to present areas of groundnut pro-
duction both inside Senegal and in western Mali. Similar features are 
evident in the case of railways leading inland from the coast at Conakry, 
Abidjan and Cotonou. Indeed, it has been noted that 'the economy of West 
Africa has been completely reversed by the railway links between the 
Islamic states of the Niger basin and the old trading ports of the Gulf of 
Guinea ...the new groupings in French-speaking Africa form themselves 
on the railways' (Carrington, 196o). The economic development of A.O.F. 
has been a slow process, Lord Hailey's Survey commenting that 'there was 
little pressure to secure land for colonists. An attempt to start a plantation 
system in Senegal in the nineteenth century had proved abortive, and 
henceforward economic policy was directed mainly to the development of 
the peasant economy' (Hailey, 1957). French land policy in the four terri-
tories of Moyen-Congo, Oubangui-Chari, Gabon and Chad, which had 
been federated in 1910 to form A.E.F., manifested a concessionary charac-
ter which took as its model Leopold's Congo but avoided direct inter-
vention by the state. After the granting ofexclusive rights over agriculture, 
forestry and industry to various companies by the Commission of Colonial 
Concessions from 1899, more and more of equatorial Africa was ceded in 
return for cash payments and performance of certainadministrative func-
dons. Normally African reserves totalling one-tenth of the ceded areas 
were allocated, but in effect practically the whole of A.E.F. passed into the 
hands of concession-holders, and such was the frantic exploitation that 
French liberal opinion obliged the Government, when excesses were made 
public, to intervene. By 191o the apogee had been passed and financial mis-
management sent the concession system into decline. Land which had been 
taken out of native hands when originally alienated was not, however, re-
allocated to the tribes but reverted to the state in terms of metrolitan 
decrees of 1899 covering terres vacantes et sans maitre, 

Progressively, exports changed from the uncultivated types such as 
rubber and timber to a widening range of cultivated crops such as cotton, 
coffee and cocoa, to which were later added groundnuts, tobacco, sisal and 
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other plants. At one extreme in Gabon, much of which was shrouded in 
rain forest including okottmd, export production has remained markedly 
localized as in the case of oil-palm, cocoa and rice, and the paysannaL 
schemes seem to be in their infancy. At the other extreme Chad, a country 
of remarkably different physical conditions, strikingly illustrates the effect 
of introducing a new crop. Under the cotton monopoly Cotonfron, cotton 
production was commenced i,-1928 and by the time of Independence ex
tended to about 6oo,ooo acres of largely peasant holdings and accounted 
for 8o per cent of exports by value. For the traditional cultural landscape 
such schemes were revolutionary in the long term, leading as ti ey did with 
implementation of the paysannat indigene policy from 1952, to wholesale 
regrouping of villages. The history of cotton in A.E.F. has been a some
what chequered one since its inception in 1924, despite the million and a 
half people in Chad and Ubangui estimated to be wholly or partially 
dependent on the crop. Thompson and Adloff state unequivocally that 'for 
nearly three decades the African farmer in northern A.E.F., was more a 
victim than a beneficiary of the official pressure to grow ever larger 
quantities of cotton' (Thompson and Adloff, 196o). 

French administration was aided by a hierarchy of land, village and 
canton chiefs which facilitated operation of their policy which initially re
sorted to the prestation system of taxation whereby liability could be 
absolved by prescribed labour terms in lieu of cash payment. In the early 
years the concessionary compaies perpetrated many abuses and even 
when labour legislation improved the situation the shortage of manpower 
on the plantations continued and necessitated contract labour by migrants 
from distant parts of both federations. Inevitably theie were deleterious 
effects on native agriculture. Throughout French tropical Africa most land 
continued, in the absence of settler competitioii, to remain under tradi
tional systems of ownership and in consequence when changes came they 
concentrated on converting defacto ownership to de jure forms, with indi
vidualization dependent on registration (iinmatricalarion)of title. But by 
introducing French laws of possession and in particular the jus utendi et 
abutendi, which Dumont has criticized, the originally sound intention of 
developing a peasantry of proprietors rather than occupiers brought 
with it the seeds of future conflict between individual and national 
interests.
 

Seen as a whole, French tropical African territories demonstrate, never
theless, a continuity of agricultural emphasis. De Carbon has calculated 
that four major commodities (groundnuts, coffee, cocoa and timber) 
accounted for three-quarters of exports in 1958 and 1938 (de Carbon, 
964). Li many important respects the French territories under considera

don suffered from a deficiency of capital investment up to the outbreak of 
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the Second World War, as did the Portuguese possessions, when compared 
with the British territories, although investment in percaput terms qualifies 
regional advantages; Frankel's estimates of total overseas investment in 
Africa up to 1936 suggested that the British Empire territories received 
£941 million (of which £523 million were invested in South Africa), the 
Belgian Congo £143 million, the Portuguese territories £67 million, A.O.F. 

£30 million and A.E.F. £21 million (Frankel, 1938). Certainly the attitude 
of the metropolitan power to foreign capital investment facilitated or 
hindered certain developments; France discriminated by compelling a 
majority French holding in any investing company whereas Belgium had 
an 'open door' policy, and as early as 1928 France had begun to consolidate 
her trading empire by a customs union and tariff system. 

Post-war change in French African policy found its expression in the 

1946 constitution which recognized that progress towards the original goal 
of either political assimilation with metropolitan France (i.e. overseas de-
partments) or development of the status of associated state within the 
French Union might not be speedily achieved, and accordingly a transi-
tional status of associated territory was envisaged, necessitating extension 
of French citizenship to hitherto juridically dualist colonial populations, 

albeit retaining a split franchise (Robinson, 1955). Development in the 

interests ot local populations was accelerated by the formation of an invest-
ment fund, commonly knuwn as FIDES, which drew on French govern-
mental subventions committed to expenditure on agriculture, research and 
sociai infrastructure. In the case of A.E.F. the French credits had to con-
centrate particularly on an infrastructure which was, to quote Thompson, 
'strengthened beyond its productive capacity' (Thompson and Adloff, 

196o). In the case of A.O.F. high-cost new or continuing development 
schemes, such as the massive irrigation colonies of the Office du Niger and 
elsewhere, have tiansformed the :;gricultural patterns but, with the excep-
tion of the Ivory Coast and Guinea, the concessions never attained great 
size or importance and have not inflicted damage which has first had to be 
made good. Consequently the Africans in A.O.F. would appear to have 
taken greater advantage of the opportunities of participating in the cash 
economy, where natural conditions permitted this, than in most other 
parts of Africa. 

Former German territories 

It would be wrong to ignore totally the effects of German colonization, even 
though it was a mere episode, extending effectively only from 1884 until 

1914, which gave way to the B Mandates of Tanganyika, Ruanda-Urundi, 
Togoland and the Cameroons, together with the C Mandate of South West 
Africa. With Bismarck's annexation of Liideritz Bay in 1884, the contribu-
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tions to African exploration of Barth, Schweinfurth, Nachtigal and von 
Wissman gained tangible advantages for Germany and led to a colonial em
pire of 700,0o0 square miles in Africa. Settlement was confined almost 
wholly to East Africa where the German East Africa Company, founded 
in 1891, operated for the entire period. Plantation agriculture was estab
lished in K'.neaun (chiefly coffee) and Togo (cotton). The East African 

settlement concentrated on the Dar-es-Salaam and Usambara Mountains 
regions and white settlers numbered little more than 5,ooo. A breakdnwn 
of population indicates that there were only 685 planters and farmers in 
East Africa in 1911, III in Kamerun and 5 in Togoland (Henderson, 
1962). Nevertheless the 8o-year-old German-founded commercial planta
tions of west Cameroon retain their importance to the present day and 
Bederman has noted that 'except in the realm of human relations, the 

Germans were undoubtedly the most progressive of colonial rulers. Many 
of their problems were solved by scientific methods' (Bederman, 1966). 
Since many Germans privately repurchased their former plantations and 
farms or moved into the Portuguese territories, their effect on agricultural 
patterns in certain areas has not been entirely negligible. 

The British territories 

If France was characterized by centralization and a rational approach to 
her colonies, then Britain might be stereotyped as decentralizing authority 
by the indirect rule through existing political institutions and preferring 
the empirical to the theoretical approach. Certainly this simplification 
would serve to explain the great variations both between and within the 
former British territories. This variability is further complicated by geo
graphical heterogeneity as such which differentiates territories on a basis of 
their suitability or not for white settlement. Their population was in some 
cases already dense and their institutions well developed; in other cases 
there existed a positive incentive to create settler colonies where climatic 
conditions so disposed and the consequent influx not only of Europeans 
but also Asian settlers served to sharpen land conflicts. 

Early penetration of the ultimately British areas had been accomplished 
by traders and missionaries who were assisted in pacification rather than 
administration by the British Government. Early administration was a 
charge on various of the great chartered companies which followed in the 
footsteps of the private Sierra Leone Company of I8oo, and the aloofness 

of the ruling caste vis-A-vis commerce tended to place administrators in the 
position ofadjudicators between native and European interests. The British 

African Empire grew essentially from the amalgamation of territories 
hitherto administered by the Foreign Office, but the evolution towards a 
unified Colonial Office policy is a complex matter best left to historians. 

M 
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Private enterprise laid the foundation of British spheres of influence and 
of these the Royal Niger Company (1886), the Imperial British East Africa 
Company (i888) and the British South Africa Company (1889) were par-
ticularly significant in this regard. The contrast between possessions in 
High and Low Africa is marked and the question of alienation of land is 
crucial, especially where the companies handed over administration to 
Whitehall and the concessions granted to them by local chiefs became 

matters of legal dispute. Large tracts of land were alienated for white 
colonization in both eastern and southern Africa ai.d native reserves were 
set aside as early as 1894 in Southern Rhodesia and 19o4 in Kenya. The 
obviously impending clash of interests in High Africa--in Low Africa con-
cessions generally concerned specific mineral, forestry or other rights - was 
partially resolved by a Privy Council decision in 1918 on the Matabele 
Concession in Southern Rhodesia, which determined that unalienated 
company lands passed to the Crown. This decision implied forfeiture and 
to some extent enabled the Crown to redress the balance upset by whole-
sale confiscation of tribal lands. Pacification had led not only to spatial 
restriction of tribes but also to an increase in their numbers in areas of 
locally inferior soils and the new ruling facilitated extension of native re-
serves and creation of native trust lands - that is, areas administered for the 
benefit ofthe native inhabitants. The consequence of this complex division 
of certain territories into blocks of land alienated for white settlement, 
unalienated Crown Land, native reserves, native trust lands, native pur-
chase areas, game and forest reserves and various other categories, have 
obviously been far-reaching in legal, social, economic and other terms. In 
the case of South Africa, where 89 per cent of the land was alienated to 
Europeans, and Southern Rhodesia, where the figure was about 49 per cent, 
the concept of native reserves has come nearest to the Roman practice of 
absolute separation of native and colonist and is effectively a segregation 
(apartheid). Elsewhere the marked dualism of society was nowhere so 
harshly discriminatory as in this region of Romano-Dutch law and could 
neither in scale of land holdings nor size of immigrant population, whether 
in Kenya or Zambia, support more than temporary white nationalism, 

Private enterprise in Low Africa took on a different form and British 
West Africa was spared massive expropriation of lands. Cultural segrega-
tion was shared in some measure with s~ttler colonies but for reasons of 

institutional conservatism. Lugard's 'invention' of indirect rule whereby the 
power of the existing authorities was consolidated, was born of necessity 
and realized by the gradual adoption of local government through the 
native authority. The dominant factor in this tribal organization, as 
Carrington suggests, 'was always !and tenure and the West African policy 
intended that land should not be alienated. There were too many parts of 

ADMN!STRATIVE '3LIC zS AND AGRICULTURAL PATTERNS 343 

the world ...where recognition of tribal authority had merely enabled 
chiefs to sell the land to concession-hunters. Under the Lugard system the 
alienation of land was prevented' (Carrington, f96I). Peasant agriculture 
rather than plantation agriculture was the means by which traditional 
'plato. tion' crops were produced on the encouragement of the Colonial 
Office and Udo has argued that this anti-plantation policy was, despite the 
sound intention to protect indigenous tribal life, a retarding influence in the 
case of southern Nigeria's economic growth (Udo, 1965). 

In the case ofNigeria, its division into a colony and protectorate and the 

existence of some 300 tribes extending from the coast to the northern 
emirates has led to considerable diversity of land tenure and variations in 
agricultural patterns consequent upon cash cropping and steady population 
increase. Meek has investigated the complexities of and tenure and land 
administration in Nigeria and it would be wholly futile to,ttempt here any 
generalizations from this formidable survey save to note the gradual shift 
towards individualization of holdings both in Muslim and pagan areas and 
the creaion ofa free peasantry (Meek, 1957). Of great importance has been 
the role ofnative authorities since 1945 in disposal and control ofland, and 
sales or pledging of land have increased to a point where fragmentation, 
sub-tenancies and other features, which may lead to the emergence of a 
landless proletariat, must cause concern. Nevertheless land utilization data 
collated by Meek show only 30,723 square miles under farm crops, and 
3,935 square miles under tree crops, while 220,402 square miles from a 
total area of 339,i69 square miles in Nigeria remain actually uncultivated 
bush or waste. The incipient pressures consequent upon increasing com
mercial value of land may therefore tend to encourage coalescence of the 
present nodes of agricultural cash cropping centred on the southern cocoa
palm zone and the cotton-groundnuts zone north from Kaduna. 

British colonial policy, like that of other colonial powers, has undergone 
significant changes which have found expression in the visible landscape. 
From a laissez-faireeconomic policy, indirect rule spread with the strength 
of dogma throughout British tropical Africa and it only received a severe 
jolting when democratization of indigenous institutions began to be effected 
and the fragility of tribal institutions in the face ofagricultural or any other 
change became manifest. Policies of the paramountcy of native interests 
from 193 o- and the preparation for colonial self-government began to 

stimulate development in economic and social spheres as well as the politi
cal, and it became obvious that in place of annual budgeting, co-ordinated 
development plans were essential. The basis for accelerated development 
was laid by the Colonial Development and Welfare Act of 1940 and the 
series ofcolonial development plans which were formulated after 1945. The 
British Overseas Food Corporation and the Colonial Development 
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Corporation inaugurated numerous projects, both pilot and major in scope; 

some of these achieved success while others, despite large-scale, often 

mechanized operation, did not. As in other colonial areas, Britain appears 

to have swung increasingly towards creation of a 'middle class' African 

peasant, modelled in part on the success of his fellows on paysannatcorn-

munal farms in the French territories. Groupfarming schemes involving 

relatively low capital investment achieved success in Nigeria and the 

peasantfarming scheme- introduced into Northern Rhodesia in 1948 were 
symptomatic of changed emphasis. Significantly there seems to have been 

aready transfer of successful concepts within the British sphere as well as 

willingness to learn from Belgian and French experience. Given time this 

trend might well have led to a convergence of cultural landscape types both 

within the British sphere and, making due allowance for variance in eco-
logical conditions, within colonial Africa as a whole. Dispersion of settle-

ments and progressive enclosure in advance of de jure ownership became 

increasingly common. 
In Uganda the British Commissioner, Sir H. Johnston, had already in 

1892 begun to 'encourage the more intelligent among the natives to ex-

change their present communal holding which checks individual enterprise 

for the acquisition of personal titles'; in the Gambia the Governor intro-

duced a form of native leasehold in 'waste lands' in 1895, and a comparable 

development occurred in the Gold Coast two years later with the publica-

tion of the Public Lands Bill (Branney, 1959). 
This movement towards personal ownership, of either a freehold or 

leasehold character, has, however, remained slow throughout most of the 
colonial period, retarded by uncertainty of purpose in economic and social 

policy and the apparent antipathy of many African societies towards any 
promotion of individual interests at the expense of the group. In tropical 

Africa as a whole it remains the interesting exception to the rule although 
its accelerated application in the post-war years promised radical changes 

on the territorial rather t'an the !'-cal scale, 

Conclusion 

For any comparison to be made between former colonies or groups of 

colonies, the most appropriate method of analysis of agricultural patterns 

as expressions of administrative policy would seem to be not the sectoral 

approach, but rather the genitic classification of distinct types of agrarian 

landscapeand the assessment of their areal and socio-economic importance. 

In examining this Landschaftswandelit would seem appropriate to consider 

particularly the three-dimensional aspects of any distributional patterns, 

since the inversion ofthe cultivated areas ofwhich Pierre Gouru has written, 

whereby intensive techniques are, as in the Asiatic tropics, applied to the 
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lowest soils instead of clinging to the plateau surfaces or hill slopes, has 

often been initiated by the European plantation or govern1ment agricul

turalist or more prosaically 'in the interests of good administration'. Simi
lary, the search for 'temperate' conditions has caused the European to 
extend greatly the altitudinal range formerly available to African agricul

ture. Stress has been laid upon dualism in society and economy and very 

largely this has been shown to hang on attitudes to land as a resource where 

rights in rem and rights in personam have seemed incapable of resolution. 
The selection of criteria for categories of agricultural patterns can lead to 

as plimaticregions, populaconfusion if account is taken of such factors 

tion-land factors and institutional features, with a resultant multiplicity of 

classes which clouds perception. Most agricultural patterns in tropical 

Africa would, however, seem to fall into one of a number ofmajor categories 
if zones of overlap are disregarded, and the following provisional classifica

tion is suggested. Some explanation and exemplification of this andscape 

classification is called for, but it must be stressed that the categories are 

tentatively formulated in the interests of reducing the self-evidently multi

farious landscapes of reality to simpler proportions. The suggested group

ings derive from experience and evaluation in depth of a single colony made 

possible by former active involvement in provincial administration. Shorter 

visits to other African territories, together with selective reading of the 

literature, suggest that the classification may deserve a wider application. 

. Archaic:A group comprising unmodified shifting, semi-permanent or 

permanent traditional systems under customary tenure. 
2. Transitional:A group showing features of regression or progression.
 

The degenerate forms, developing as a consequence of over-population,
 

male depopulation or related causes and displaying such features as erosion,
 

excessive fragmentation and neglect; the regenerate forms display adapta
tion by adoption ofnew techniques and cultigens voluntarily, by direct but
 

limited European intervention through soil conservation measures, welldigging, seed-farms, etc., or b such direct actions or agencies as road 

construction and private commercial operations. 
3. Epiemeral: A special group including illegal squatters, displaced
 

political refugees and other short-lived occupancies such as those associated
 

with tsetse-fly or game clearance schemes, dam construction, etc., where
 

agriculture nevertheless persists.
 

4. Colonial: This group comprises patterns arising from essenirally 

exogenetic or endogenetic causes. 

The plantation landscape is essentially a European introduction de

pendent on large-scale alienation or concession of land. The large-farm 

landscape, unlike the plantation, is usually confined to areas reserved for 
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white settlement. Both tend to develop laboursheds far beyond their 
immediate environs. 

African settlement scheme landscapes may be differentiated into irrigated 

and rainfall agriculture types and represent policies aimed at intensifying 

cash-crop production, diversifying existing patterns or widening employ-

m,nt opportunities. Some show evidence of developing from an existing 

base and are conventionally of the peasantfarm type, with or without indi-

vidual freehold or leasehold tenure. Others have developed from uneco-

nomic disposition of holdings and merely represent reorganization by 

consolidation and the rationalization of communal land use. Others are on 

a scale often dependent on mechanization and strongly centralized control, 

co-operative marketing, etc., and approximate to the state farm or syndicate 

with share cropping or leasehold tenures. 

Although in the strict sense no tribe in an African colony could entirely 

escape the notice of a European administration, and all were therefore 

subject to exogenous factors of change, in practice many were so remote 

from core areas and so beset by adverse environmental or locational factors 

as to continue vKiually unchanged in their forms of agriculture. It ci,not 

be over-emphasized how lightly administered were certain areas, particu-

larly in the larger buii more thinly populated territories, and it has been in 

such area; that survivals - in the shape of fossilized land-use patterns - are 

most significant. Policies of sociai and economic development uni-were 

versally modified by the exigencies of two world wars and the retrenchments 

of the depression years and any detailed study of official reports covering 

single districts reveals how much of the colonial pax was in fact an enforced 

stagnation with mere interludes of activity. Since farmers are by reputation 

conservative, the term Archaic does not seem misplaced in describing the 

antiquated systems which exist where static factors outweigh the dynamic 

and an absence of land hunger is typical, although such stagnant situations 

may, nevertheless, quickly pass into the Transitionalphase. Characteristic-
ally the areas covered by such archaic agrarian landscapes will be almost 

entirely self-sufficient in economic terms and denied access to commercial 

markets because of remoteness, inadequate communications or discrimina-

tory marketing levies and tariffs; administrative and agricultural priorities 

at central government level would tend to the preservation of the statusquo. 

The Kaonde, a group of shifting cultivators of the Congo-Zambezi water-

shed,, ere such an example. Their isolation was verified by the author when 

working as an administrator in a district of over 6,ooo square miles (the 

size of Switzerland) yet populated by a mere 32,000 people, for most of 

whom the annual tour by the district officer was the sole contact with the 

some 33 per cent of taxablewhite man's administration. As early as 1938, 
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males were absent on labour migration, and by 1961 this figure had in
creased to about 6o per cent; yet this remote participation in the money 
economy had been compensated for by internal changes in the division of 

labour, rather than easily visible signs ofprogress or decline in the agrarian 
landscaTie as such, because the physical resources have had to support only 

low population densities. Another tribal case in which a traditional and 

archaic pattern has bLcn retained would appear to be in the Jie area of 
move-Karamoja in north-eastern Uganda. The British ended large-scale 

ments of the essentially transhumant Jie, and the effect has been to 

differentiate the fixed homesteads (ngireria) at which older men and the 

women maintain the dairy herds and carry on agriculture, from the peregri
nating stock camps (Gulliver, 955). Writing of the Fur people in the 

Sudan, Lebon has noted how these sedentary cultivators, whose terraced 
slopes are remarkable, preserve 'an economy almost entirely self-sufficient 

owing to the inaccessibility of most parts of the Mountain (Jebel Marra) 

from the markets' (Lebon, 1965). While survivals of this sort are without 

doubt decreasing in number and extent, it seems probable that most larger 

territories embrace examples. 
Throughout most parts of Africa the Transitional form is dominant 

among agricultural patterns since traditional systems have only been 

capable of maintaining food supplies without deterioration of the land 

where demand has remained under control. Pressure on land clearly arises 

from a steep rise in population, the introduction of cash crops (in addition 

to subsistence crops), the conversion from hoe to plough, and, in certain 

cases, direct competition with inrigrant groups. K'raal manure is fre
asquently unavailable for overworked soil and fallow periods decline 


decreased yields set in. Where no increase in the farm area is available,
 

over-cultivation and fragmentation of existing holdings usually appear and 
steppe' will be commonly exposed to excessive

the resulting 'cultivation 

runoff, desiccation and ultimate degradation to bad lands topography. 

Alternatively, the breakdown of traditional agricultural systems may result 
from excessive wage migrations where able-bodied males are no longer 

heavy bush clearance. Often this transition has
available for such tasks as 

led to degeneration in traditional systems which may be characterized by 

neglect of subsidiary crops and a consequent fall in the quality of the local 

diet. Degeneration has been a relatively common feature in many Afican 

territories and has commonly needed drastic governmental remedies, often 

involving the wholesale transfer of population or rehabilitation of land

scape and thus involving the substitution ofa Transitionallandscape by one 

within the colonialcategory. The case of the Ngoni tribe, spatially restricted 
by the arrival of the British and the subsequent alienation of land to white 

Settlers in eastern Zambia, is an example of an accelerating decline (Hellen, 
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1962). Similar land hunger arose in the Kikuyu areas of Kenya as well as 
in the Usambara and Uluguru Mountains of Tanzania, while in West 

Africa there are many degenerating areas adjacent to towns or cash-
cropping land. The plain of Llarotseland which Livingstone has described 

as bearing a clc_e resemblance to the Nile Valley and whose people he 

described as never being 'in want of grain, by taking advantage of the 
moisture of the inundation tL-y can raise two crops a year', has experienced 

adecline (Livingstone, 1857). This followed the ending of slavery (i9o6) 
and tribute labour (1926) which had made possible the construction and 

maintenance ofa 400-mile network of drainage and navigation canals under 

the paramount chiefs and the cultivation of extensive peat seepage soils. 

Since that time the productive area has declined and difficulties have arisen 
over a high water-table re- stablished by this neglect; Barotseland has 

ceased to be self-sufficient in foodstuffs in a situation where land is still 

plentiful (Hellen, 1963). In certain highland areas the neglect of terracing 

or box-ridging has had a similar effect and parts of the Matengo area of 
south Tanzania demonstrated this deviation from good conservation prac-

tice (Stenhouse, 1944, quoted in Allan, 1965). 
Transitional but regenerate forms are commonplace and may coexist 

alongside examples of glaring degeneration. One tribe may respond to 

change by conscious adaptation and another may languish in an identical 

habitat. Centra! government agencies may inject limited financial, material 

and technical aid with a similarly sporadic outcome. Unlike certain forms 

ofcolonial landscape pattern, the transitional but regenerate form does not 

represent a wholesale reorganization of agrarian landscape or society but 

rather a selective, albeit scienific, intervention of modest proportions. 

Mandatory rules have often had a greater effect than self-help, and soil 
conservation legislation has b:en particularly important in halting degrada-

tion of African areas. Prohibition of steep-hill-slope cultivation and the 

widespread adoption of contour ploughing, bench terracing and afforesta-
tion of interfluves, has proved beneficial. One ofthe classic areas is exempli-

fled by the Kabale area of Kigezi in Uganda where steep slopes of red loam 

were supporting population densities in excess of one person per acre by 

ig4. The Babika were said to cultivate slopes up to 350 and to graze slopes 
of up to 450 and their numbers were further increasing through immigra-

tion and a high birth rate (Purseglove, 1946). Subsequent conservation 

measures follcwing survey and controlled resettlement have supported the 

inheretutly good conservationalist practices of the people and the unwitting 

declhie occasioned by congestion has been halted. In a less striking manner 

the compulsory introduction of certain crops has had a widespread re-

generative effect, as has voluntary acceptance of crop rotation to overcome 

shortage of land. 
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Ephemncral patterns are, as implied by the term, short-lived occupances 
due to extraordinary events or short-term expedients. Areas were set aside 

in the immediate pre-war period for the resettlemer: of landless Kikuyu 
labourers from European farms and the Mau Mau emergency of the 1950S 

saw the so-called 'villagization' for security reasons of an otherwise 
typically dispersed Kikuyu settlement habit. Similarly, ephemeral patterns 

exist where, for example, refugee groups have moved into neighbouring 
countries (e.g. the movements from the Congo, Rwanda and the Sudan) or 

where squatters occupy overspill zones from which they can expect eventual 

expulsion. Illegal squatting appears to have been a recurrent problem both 

in European farming and plantation areas and persists into the independ

ence phase. Illegal compounds and villages with their associated subsistence 
agriculture taking the form tAfperi-urban fringe-belt areas are a common 
feature of expanding towns and by their very nature must be regarded as 

ephemeral by the authorities. During major projects such as tsetse-fly 

clearance it has often been found necessary to concentrate a generally thin 
and scattered population into settlement corridors until rehabilitation has 

been completed. 
Coloniallandscapes are probably the most clear-cut of categories because
 

of the scale or intensity of intervention of the imperial power. The planta

tion, or large-farm landscapes are clearly distinguishable by the nature and
 

scale of their organization and, notably, by concentration on a few generally
 

exotic crop types which dominate vast areas. In general such landscapes
 

represent an extreme expression of exogenetic forces made possible by an
 

almost total disregard of the indigenous social environment. Settlement
 
scheme landscapes represent, by contrast, a local balance between major
 

European policy involving such aims as the development of export com

modity production and the rational distribution ofpopulation or reorgani
zation of land tenure within the limits imposed by the expectations and 
capabilities of the native groups involved. Scant attention has been paid to 

indigenous society in certain cases such as the major irrigation projects, 

even to the extent of importing alien African colonists; in other cases the 

pattern may represent a highly effective modernization of existing hus

bandry effected with the full co-operation of those people imolved. In 
nearly all cases the settlement schemes and peasant farms have been well 

chronicled by colonial governments and their histories, if not their true 

costs, recorded in countless ministerial reports. S ich zones or foci are, 

together with the areas retained as plantations and iarge farms, the key to 

further transition and transformation of the cultural landscape. The stage 

of active competition in land use and land ownership must inevitably place 

archaic and transitional categories under increasing pressure to change. In 

effect, with certain modifications, the colonialgroup of agrarian landscape 
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patterns becomes the post-independence politicallandscape, in so far as this 

latter type is an expression of state policy, which admits the inadequacy 
of traditional agriculture, and has the powcr to effect change. 

Under whatever form of land tenure, however) many of the African 
territories are faced with the urgent necessity of providing non-agricultural 
occupations est they be overwhelmed by population ir..rease and frus-trated by the inefficient political expedient of handing over land to thelandless. The nature of the nationalist political platform of pre-independ-

enve days was such as to invest the slogan 'people without land deserve 

land withouz people' with the weight of dogma. If in retrospect much of 
.lie colonial legacy seems inappropriate to present African realities and the 

evolution of land policy, to borrow Dumont's description, 'anarchique', 
many of the forms imposed or experimented with by Europeans remain 
guide-lines in an area of limited choice. With a fresh start in Africa the 

administrations concerned have a unique opportunity to Rtudy the relative 
merits of er:ternal models - whether they be smallholder co-operative, state 
syndicate or commune - and to decide whether land reforms and hence 
landscape change should be imposed autocratically or democratically. In 
retrospect, decreasing returns may well prove to be the Achilles' heel of 
peasant agriculture, and hence the absence of an inherited prior commit-
peasnt pasu opri ilhrit tpriorc ean etorshinmabsnceouans
merit to peasant proprietorship in many countries will pcrmit the introduc-
tion of systems offering the greatest productivity from land and people in 
a global situation where food deficits rather than ecooromc growth demand 
immediate attention. 
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CHAPTER XVI 
SOIL EROSION' 

I.TYPES AND EFFECTS OF EROSION 

SiS only in the last few years that soil erosion has become 

recognized as one of the major problems facing the govern-
ments and peoples of most African territories, and as a problem 
which isgrowing yearly imore acute. This isnot to say that erosion 
is in itself a new factor. On the contrary, ithas been going on 
sirce the world began; itis the process by which soils arc formed 
firom the parent rock, and by which the topography of the earth 
is moulded. The problem which Africa has to face arises from the 
acceleration of the normal rate of erosion by reason of the activities 
of man. It is in this sense of accelerated erosion that the term 'soil 
erosion' will be used in this chapter. 

Erosion, in th;. sense, may be defined as mechanical changes in 
the soil, brought about by the agencies of wind and water. These 
changes follow upon and themselves accelerate the destruction of 
the vegetal covering normally protecting the earth's surface, and this 
destruction of vegetation, be it forest or grass, is the essential cause 
of accelerated erosion. The natural tendency of the earth is to 
cover itseif with a protective shield of vegetation, whose composi-
tion is determined by conditions of soil, rainfall, and climate. For 
every part of the earth's ,urface there is a final stage of equili-
brium betwveen the vegetation and its environment, known to 
ecologists as the climax, which will be reached by the vegetation, 
provided that it is left free to develop. The intervention of man 
frequently upsets this delicate balance, and reverses the order of 
plantsuccession. African rain-forests, for instance--aclimax type of 
veg-tation-rarely recover from cuttingorburning, but areusually 
replaced by park-like forest of a lower ecological type, sometimes 
called savannah. This savannah forest, in turn, may be reduced 
by frequent burning to a sparselybush-clothed veld. Finally, over-
stocking and the continual grazing and trampling by cattle may so 
weaken the grasses that they succumb to drought, and the veld is 
then transformed into desert practically devoid of vegetal cover, 

This chapter was largely drafted by Mrs. Elspeth Huxley. 
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Itisat this stage that erosion through the agencies of wind and 
water beconics acute. Vegetation normally protects the soil fro,,
tile iI.pact of falling rain, facilitates tile percolation of rain water 
into thie subsoil levels, takes up surplus moisture in its foliage, 

reduces he rate of evaporation, and shields the surface of the soil 
from wind. Its removal bares the earth to the direct impact of 

rain and wind, and to the drying action of the sun. These three 
elements may then in a very short space of time strip the mature 
topsoil wholesale from the earth's surface and remove itas silt in 
rivers or as wind-borne dust. This leaves exposed the sterile sub

soil, sand or rock, incapable of supporting those types of plant 
life which can be utilized by man or his animals. In extreme cases 
the process may go so far that it becomes, like certain chemical 
reactions, irreversible: that is to say, nothing that man can 
do will restore the fertility of the land. This destruction of soil 
fertility, the most spectacular result of erosion, is the end product. 
The earlier stages are far more widespread a;d constitute the 
more serious problem; for in these earlier stages erosion can still 
be checked. 

Ther.: are, broadly speaking, three types of e-rosion: sheet, gully, 
and wind. The first is the most widespread and daingerous, for it 
can proceed to a considerable length before any change becomes 
apparent to the eye. The primary cause is the cultivation of land 
on slopes without the use of terraces or other preventive measures. 
This form of erosion occurs to a greater or lesser extent on all 
slopes when tile soil is left exposed and heavy storms are experi
enced; the tendency to t is increased where shallow ploughing has 
resulted ir a hard par a little below the surface; its severity varies 
With the type of soil and with the steepness of the slope. The first 
effect, which usually goes unnoticed, is the removal of the finer 
soil particles in suspension, leaving the coarser particles behind. 
These finrr elements in the physical structure of the soil fill an 
important function in helpin to bind soil particles into crumbs, 
Upon whose size the quality of the tilth and the capacity of the 
soil to retain moisture and soluble plant food largely depend. 
Their removal leads to a deterioration in the capacity of titl 
earth to support plant life. The coarser residual soil, moreover, 
leaches readily, and stores of humus rapidly become exhausted. 
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In more extreme cases the topsoil may be stripped bodily front 
the slopes and carried into the rivers by heavy storms. It is corn-
puted that many areas in the highlands of Nyasaland are losing soil 
at the rate of a quarter of an inch %year.' In Kenya an instance of 
the loss of 12 inches of topsoil in a year has been noted, and in one 
case an inch of soil was rrmoved from a maize field in a single 
storm.' While sheet erosion is generally associated with cultivated 
land on hill-sides, it may also affect badly denuded grazing land in 
unduiating plains; for example in Karamoja, in the Eastern Pro-
vnce of Uganda, observers have commented upon 'a vast sheet 
of muddy water rapidly moving over the surface of the country'.' 

Gully erosion is more obvious, and frequently follows sheet 
erosion. When no vegetation is present to impede the flow ofstorm 
water, that proportion of rainfall not absorbed by the soil finds 
its way downhill in a series of rivulets whose channels are widened 
and deepened by every downpour. A vicious circle is set up. As 
the channel grows wider and deeper, the quantity and velocity 
of the water which pours down it after each storm grows also; and 
the power of the torrent to tear soil from the sides and bed of the 
gully is correspondingly increased. Gullies not infrequently start 
as small creases in the sarface ofa ploughed field and develop with- 
in a few years into chasms 2o or 30 feet deep. In the United States 
it is estimated that 13,143,000 acres have been destroyed by gully-
ing. 4 Almost any channel or track is liable to develop into a gully; 
in Africa roads, railways, and paths made by stock going to water 
or to their kraals are particularly dangerous. In South Africa and 
Basutoland this form of erosion has become particularly severe. 
Loss of soil is increased by the cutting back not only of the main 
channels but of tributary gullies, known in South Africa as sluits, 
which hen spread outwards from the heads of the gullies as small 
lateral channels. 

Both sheet and gully erosion are brought about by the action of 
water. A third form is that resulting from the acion of wind. 

I A. J.w. Hornby, Denudation and Soil Erosion in Nyasdaland, Nyasaland Depart-
ment of Agriculture, Bulletin No. I 1, 1934, p. 9. 

2 G.V.Jacks and R. 0. Whyte, ErosionandSoil Conservation, Imperial Bureau cfSoilScience, Technical Communication, No. 36, 1938,P.95. 

SE.J. Wayland and N. V. Brasnet, Interim R port on Soil Erosion c,.dWat r Sufil o
in Uganda, 1937, para. 9 .
 
4Report on National PlannnalR, 171.
National Resources Board, 1934, p. 

TYPES AND EFFECTS OF EROSION 1059 

Open treeless plains, where no obstructions break the force of 
the wind, areparticularly susceptible. In their natural state such 
Plains are generally protected by grass cover, but when this grass 
is removecd, either by cultivation or by over-grazing, wind erosion 
may strip the topsoil from the land. The most striking recent 
examples of this have occurred in the United.States, where dust 
storms have robbed millions of acres of thegreat plains of their 
topsoil. In Africa dust storms have not yet developed on a large 
scale, but wind erosion is a factor of growing importance. The 
harmaitan of Vest Africa carries with it sand particles from the 
Sahara and may be a factor in the spread of desert conditions in 
Northern Nigeria., In north-western Kenya the recession of the 
Waters of Lake Rudolph has left stretches of fine sand now being 
deposited over the land by the strong south-easterly wind which 
blows for a large part of the year.' So-called dust-devils, harmless 
enough when vegetation protects the earth, occur frequently in 
many parts ofAfrica, and, as cultivation extends, their significance 
as removers of topsoil cannot fail to increase. 

The harmful cffects of these three forms of soil erosion do not 
cease with the removal of the topsoil on which plants depend for 
their biochemical nourishment and physical support, and with 
a consequent decline in crop yields and in the carrying capacity of 
Pastures. Erosion has several secondary results, of which the most 
important are: the silting up of dams and reservo. ; the escape of 
a large proportion of the rainfall as surface ruh-off before it can be 
utilized by plants; and a consequent fall in the level of the ground 
Water-table, leading in turn to seasonal flooding and to the drying 
Up of rivers. 

Most of the topsoil 'hat is moved downhill by sheet and gully 
erosion sooner or later reaches a river and is ultimately washed 
Out to sea or into one of the great iniand lakes. The Yellow River 
in China is said to transport 2,5oo,ooo,ooo tons of soil every year.' 
South Africa is said to lose some 187,000,000 tons )f silt annually 
to the ocean.4 Rivers which have overflowed their banks regularly 

See below, p. 11o3.A. M. Champion, 'Physiography or the Region to the West and South-west or 

ee , .97, no. P. P. 97-1 .Rudolf', Grhicalcural v. 

RSeeV. acDi and R. P.58.
O. .Whytc,op. cis., 


'Final RIP-r oftheDrutigl 1rusitiaton Commission, U.G 49, 1923, P.66.
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for centuries, as, for instance, tile Nile, or many of the great rivers 
of India, have deposited much of their load on the land, and built 
up rich alluvial soils; where, however, the load of silt is greatly 
increased by cultivation of hill-sides in the watershed, and where 
rivers are confined in tneir course owing to the depth of their 

valleys, the silt is carried out to sea. If, in its downward journey, 
it encounters reservoirs and dams, some of it is deposited, and the 
structure which was built to hold water rapidly fills with earth, 
This silting up of reservoirs has become a serious problem in the 
United States, and Australia,' and the same problem has already 
arisen in Africa. The loss of capital which follows the silting up of 
reservoirs is, of course, enormous; and more serious still is the 
consideration that, where reservoirs are built to store water for 
irrigation, 3 the future of the whole irrigation project may be en-
dangered. In India it has long been recognized that the chief 
argument for the reservation of the forests in the Himalayas is the 
necessity for the conservation of the sources of the great Punjab 
rivers and of the Ganges. 

Soil erosion reduces the proportion of the rain water which pene-
trates into the soil and becomes available either for the support of 
plant life or for the replenishment of springs and wells; it increases 
the proportion which esca _.-.into the rivers as 'surface run-off'. 
In Africa, where rainfall is so often the limiting factor in agricul-
ture or stock-raising,. this aspect deserves special consideration. 
Effective rainfall is that part of the total precipitation which is 
absorbed by the soil; that which escapes either by evaporation or 
as run-off is wasted. The rate of evaporation is everywhere high 
in Africa, and if losses by surface run-off are added to losses by 
evaporation,4 it will be seen that figures of total rainfall there are 
apt to be very misleading. As will subs! quently be shown, the 
South African Drought Investigation Commission of 1923 did not 
believe that the annual rainfall was decreasing, but held that its 
effectiveness had decreased, since a larger proportion was being 
lost to the soil through increased surface r-n-offs 

Surface r-un-off increases where vgtal covr is rduced, since 

If. M. Eakin, Soil ConservationSnvictReport, 1935. 
' Statement by State Rivers and Water Supply Commission in Afelbourns Afe, Sept.

J See below, p. oOt. 
22, 	 1937-

See Chap. |, p. 14. ' See below, p. ,o8o. 
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cbstacles no longer impede the flow of water, and the soil is no 
longer kept open and porous by the roots of trees and plants. By 
far 	the most efficient type of'vegetal cover is deep-rooted natural 
forest, where run-off is often negligible. Grass, while less efficient 
than forest, is still much less waste,jl than the majority of annual 

crops, for the run-off may be considerable when the land is left 
bare and trampled after harvest. Unless preventive measures are 
taken, a higher rate of surface run-off normally accompanies an 
increase in cultivatior., and there can be no doubt that in Africa a 
bigger proportion of the rainfall is reaching the sea unutilized than 
was the case a century ago. To this extent, therefore, the severity 
of 	the droughts from which Africa so often suffers has been in
creased by man. 

Springs and wells are fed by reserves of water stored in the sub
soil or rock underground. If these reserves dwindle, then wells 
dry up, springs are reduced to a trickle, and rivers that once flowed 

strongly all the year round fail altogether during dry periods and 
run only during and immediately after periods of rain. The more 

Water lost as run-off, the less is available for underground storage: 
one of the most serious effects of ir-7eased surface run-off, there
fore, is a fall in the level ofthe g-.ound w:-ter-table. Such falls have 
betn observed, and to some extent measurt.!, in rnany parts of the 

United States;' in Africa the same phenomena of falling water
tables and dwindling rivers exist, although accurate measurements 
appear to be lacking. Examples of rivers which flowed all the year 
round twenty or thirty, or even ten years ago, and now consist of 
a chain of waterholes in dry weather and a muddy torrent in 
wet, have been quoted from almost all African territories. Apart 
from the Saharan examples,' the cause of which is a subject 
of some contention, there are many others. Dr. Robert Laws 
has listed twenty large streams that have ceased to flow in the 
Mombera District of Nyasaland since he first took up his resi
dence there, nearly fifty years ago. The level of lakes in Uganda 
is steadily falling, especially Lakes George, Edward, and Kioga,J 

Rettiu's, vol. v,SvW. R. Chapline, 'Range Research in the United Sat%', Herbag 

nu. 1, 1937, iP. t-t3. 
E. P. Siebbing, 'The Threat of die Sahara', Extra'Supplement, ,'Lai of th Royal

African Soaiey, May 25, 3937, p. 7. 

J V. E. Fuchs, RePrt of Cambridge ,en*ifr Expedition t tt Ea01African L.a1, 293- . 
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and in Kenya many once perennial streams have now become 
seasonal.' 

A corollary to the dwindling of rivers and streams during dry 
seasons is the increase of flooding in wet seasons. Storm waters, no 
longer checked by forest and bush, flgw down gullies and hill-sides 
into the river-beds; and strcams, suddenly swollen, become con-
verted fromr;eble trick!cs into rushing torrents heavily charged with 
silt. It is nowan accepted thesis that such flooding is greatly aug-
nented and in some cases caused by def:orestation of the watershed. 
In France, for example, the correlation between floods and defores-
tation has been demonstrated in the Savoy region. Between 1738 
and 1912, 21 per cent. of the forests of this region were destroyed; 
and whereas during the eighteenth century only eight floods 
occurred in the area affected, in the nineteenth century the 
number of floods rose to thirty-eight.z It is at the time of such 
flooding that irreparable damage is done by the removal of soil in 
the form of silt. Evidence from many parts of Africa points to the 
fact that within the last twenty or thirty years such sudden floods, 
which often subside as quickly as they arise, have become more 
numerous and more extreme. 

The question of a falling water-table needs special consideration 
in view of the fact that in many parts of Africa action is being 
taken, by the sinking of new boreholes, and the deepening of 
existing wells, to extend the water supplies available to man and 
beast; and indeed it has been suggested that a part of the solution 
of the overstocking problem lies in opening up new areas for graz-
ing by the provision of wells.3 It is obvious that if the demands 
made on the underground water-store increase while available 
supplies continue to shrink and recede, wells provided by govern-
ments at considerable cost, with the idea that they will constitute 
permanent sources of supply, will afford only temporary relief, and 
will indeed create an even worse position. Catchment tanks and 
dams might be preferable to wells, as being cheaper and easier to 
construct and maintain, 

Soil erosion leads to chemical changes in the soil too complex to 
'H. L. Sikes, The Underground Water Risorctj of Kenya Colony, 1934, p. to.

A. Magnein, Communication read to the Upstream Engineering Conference, 
Washington, 	D.C., 1936, p. 228. 

Sir F. Stockdale, Report on his Visit to Ecsl Africa, C.A.C. 345, 1937t PP. 83 fif. 
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be dealt with here, but all tending in one direction: to reduce 
fertility of the soil and so to impair its efficiency as a supporter of 
plant life. This, in turn, can have only one result, the rrcluction 
of the capacity of the land to maintain human or animal life. This 
point needs special consideration in Africa, where other factors may 
be causing, in many areas, a rapid incretase in both human and 
animal populations; in parts of the continent the demands ofpopu
lation are already throwing such a strain on the land that its pro
ductivity is actually declining. It has been noted, ibr example, 
that in Northern Nigeria, on the fringe of tile Sahara, 'tile whole 
population is actually increasing whilst the means of supporting it 
are obviously and visibly decreasing'.' The highlands of Nyasa
land are stated 'now to be incapable of supporting one half of the 
Population that they did one hundred yezrs ago'.' The same story 
can be told of many other parts of Africa, from the Sahara to the 
Cape; and in all cases the stripping of vegetal cover from the land, 
either by cultivation or by grazing stock, is one of the causes. 

I1. CONTROL OF'EROSION 
Excessive soil erosion can, fortunately, be remedied. Since the de

struction ofvegetal cover is the prime cause, the restoration ofsuch 
cover is the most obvious remedy. Reafforestation is now regarded 
as essential for the protection of soil and of head-waters on steep 
slopes, especially in watershed areas. Actual replanting is expen-
Sive, and few administrations can afford it; but results of great 
value can be obtained by a closure sufficient to allow of a process 
of natural growth, even if it be of a 'secondary' nature. Protection 
of existing forests, now practised to some extent in all African 
territories, is a recognition of the essential part which forests play 
in the stabilizing ofsoil fertility, water supplies, and climate. The 
proportion of Africa's land surface under forests is, however, 
dangerously low, being less than one-third of the extent considered 
by experts to be the ideal, which is usually taken to be 30 pei" cent. 
though some officers would accept 25 per cent.3 On level or 
undulating land where protection from forests is not essential, it 

' E. P. Stebbing. 'The Encroaching Sahara: the Threat to the West African 
Colonies', GeographicalJournal, vol. ixzxv, no.6, 1935, p. Sog.

'A.J. V. hiornb,op. cit., p. 8. 	 s See Chap. XIV, p. ooo. 
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may still be necessary to provide a cover ofgrass if the soil is to be 
retained. But to restore the natural vegetal cover to all parts of 
the earth's surface threatened by erosion would mean the with-
drawal from cultivation of large areas of agricultural land. This 
is obviously an impracticable copirse. The problem of the soil 
conservationist is therefore t-"devise means whereby agriculture 
and stock-rpising can be car: .- on in regions susceptible to erosion 
without causing permanent damage to the soil. It is proposed here 
to review briefly those methods which have been devised and found 
to work satisfactorily. 

(a) On Cultivated Land 

The most ancient, universal, and effective method of increasing 
absorption and reducing run-off on cultivated land is the use of 
terraces. The origin of the terrace is lost in antiquity, but its use 
in Japan, China, the East Indian Archipelago, and the Mediter-
ranean countries has enabled agriculture to be carried on, and 
large populations to be supported, in regions where erosion would
undoubtedly have reduced the rich hill-sides to infertile rocky 

slopes within a few generations had no such measures been taken. 
Terracing is most highly developed in countries where rice is the
staple crop.' In Africa, although rice is indigenous,' terracing 

(except where recently introduced by Europeans) is almost un-
known, though the Chaga on Mount Kilimanjaro make use of it, 
and on Ukerewe Island, in Lake Victoria, an elementary form is 
practised. In recent years there have been developed methods by 
which the principle of terracing can be fitted into modern systems 
of farming at a very much lower cost than that of the traditional 
narrow-base structures, known as bench terraces, whose demands 
on labour are extremely exacting. The simplest of these methods 
is the construction of small earthworks, in the form of ridges or 
banks, which follow the contour of the slope and arrest the flow 

of water and the drift of soil. A somewhat more elaborate struc-
ture is the broad-base terrace, of which the Mangum terrace now 
widely used in An-erica is a form. This requires the use of simple 
levels in addition to various specially adapted farm imple-

' J. Thorp, 'Soil Erosion in China', Journal of Assadaton of Chirzt and American 
E,-jinctr, vol. xvii, no. 4, 1936, p. 83. 2 See Chap. XIII, pp. 8%j-5. 
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ments for its construction; but, once built, it is a permanent 
and eflicient structure. Cultivated land which is contour banked 
or broad-base terraced must thereafter be ploughed along the con
tour, which is in itself a minor preventive measure against erosion. 

Apart from these and other variations of terracing, several simple 
anti-erosion measures have been devised. One such measure is 
the planting of narrow strips of a soil-binding crop (e.g. lucerne, 
clover, beans, Sudan grass, &c.) at intervals along the contour of 
the slope, the main crop being grown in between such bands of 
wash-resistant vegetation. This is known as strip-cropping. Another is the use of cover crops sown, as a rule, shortly before 
harvcst in'order to ensure that the land shall not be left without 

SOme protective vegetation after the main crop is removed. Other 
methods of avoiding erosion involve alterations in the basic 
system of farming designed to increase the humus content of the 
soil, and to reduce the period during which the land is left bare 
of vegetal cover. 

It is 'low a commonplace ofagricultural practice that the restora
tion to the soil, in the form of artificial fertilizers, of those elements 

taken from it by plants, is not::n,,ih to maintain fertility, however
carefully the chemicai ioss may be made good. Without the addi
tion of humus derived from organic matter, the land 'loses heart', 

the tilth deteriorates, and the soil's capacity to absorb and to 
retain moisture becomes seriously impaired. In this condition it 
falls an easy prey to erosion. An important factor in conserva
tiOn, therefore, is to maintain the humus content of tie soil. it 
is probably true to say that if there is one panacea which con
lervationists would like to see more generally applied than any 
other, it is the spread of mixed farning. This system ensures that 
a fair proportion ofany given farm shall be kept under grass cover, 
and provides the means, in the form of manure, for maintaining
the humus content and the physical condition of that part of the 

farm which is cultivated. Ifa grass ley is rotated with crops, more-
Over, the system ensures that every part of the farm in turn shall 
be rested, and its humus content restored. 

Attempts are being made to introduce mixed farming in parts 
OfAfrica.' Where mixed farming is impracticable-as, for instance, 

See Chap. XIII, pp. 960-3. 



to66 SOIL EROSION 
CONTROL OF EROSION 1o67 

in parts subject to severe animal diseases-humus content may be European rule; a well-known instance is that of the tribes in 
maintained by the addition to the soil ofgreen manures or ofcorn- British Somaliland, where each tribe used at one time to have 
post. Green manuring with leguninous crops only proves effective its own dry-season grazing ground, orfilal, which it guarded at 
in regions where rainfall is fairly well distributed; in regions of the point of the spear. 
low and rigidly seasonal rainfall the ploughed-in crop does not The distribution of water has a vital bearing on the question of 
break down satisfactorily. In these areas the break-down oforganic grazing control. Where rivers are few and far between and wells 
matter-in this case crop xesidues, weeds, and waste material of widely scattered, grazing is confined to belts on both sides of the 
all sorts-can best be effectcd not in the soil but outside it, in rivers and to circles, centred on wells, whose radius cannot exceed 
compost pitsor heaps; the resulting humus, in a finestateof division the distance a beast is able to travel without water. In some 
and ready for use by the plant, is then applied to the soil. Adapta- regions, therefore, large areas ofpasture in between these grazeable 
tions of the method of humus manufacture in compost pits devised circles, and beyond the grazeable strips bordering the rivers, are 
by Sir Albert Howard at Indore,' by which plant and other useless for stock. In those regions the provision of new wells 
residues which would otherwise be wasted are put to good use would release hitherto sterilized pastures for the use of stock. 

in helping to maintain soil fertility, arc being examined in several Another factor which leads to the over-concentration of stock is 
parts of Africa. In Kenya, for example, a District Officer has the herding of cattle into kraals or bomas at night. The grass both 
evolved a simplified system for the native farmer,2 and the Agri- within these enclosures, and on the tracks leading to them, is then 
cultural Department has conducted a campaign in favour of a totally destroyed, and the bare patches which result often act as 
compost pit for every village. foci of wind erosion. The substitution of a system of paddocking 

for that of kraaling is therefore one essential method of erosion 
(b) On PastoralLand control. Attention was first called to this question by the South 

Erosion on pastoral land is a result of the destruction ofgrasses African Drought Commission, which recommended a campaign 
by over-grazing, by trampling, and by veld fires. The remedy is to extend the use of fences, proof against jackals whose depreda
to devise and apply a system of veld management which will tions are largely responsible for the custom which prevails in the
 
adjust the iaumbers of live-stock to the capacity of the land to Union of kraaling sheep.,
 
maintain them, and give the grasses a chance to re-seed themselves The control of fires is an essential part of veld management.
 
at suitable intervals. In working out such a system, the first step Since time immemorial, pastoral natives have fired dry grazing in
 
where possible is a 3urvey to determine the carrying capacity of order to'promote the growth of young green shoots; European
 
the land. This will vary greatly, not only in different years, but graziers adopted the custom and often became its strongest sup
as between the dry and rainy seasons of each year. The next step Porters. Perpetual burning weakens or destroys the roots ofgrasses 
may often be, therefore, to classify areas as dry- or wet-weather and plants, increases run-off, destroys organic matter in the soil,
pastures, and to arrange for ; rough system of rotational grazing and hastens the progress of soil desiccation and erosion. It is 

between the two, which will give each area intervals of rest when Particularly dangerous near the head-watrs of streams, where 
the grasses can set and shed their seeds.3 Pastoral tribes, in their devegetation leads to shrinkage of springs and to flooding after 
natural state, had worked out some such rough system for them- storms. The matter has been studied carefully in South Africa.
selves, but often itb:"ike down with changes brought about by The Drought Commission considered that 'the ultimate goal

aroftend D.eWdow stop all that wassle but it with chagruhti931.should be to veld fires', but concluded this 
SA.Howard, and Y. D. Wad, VT/ Wase Produdlsofdlr,*ultua, 1933. 

A. D. Hall, T7a ImprommetfNatitw Alrialtur, 193. ' See Chap. XV, p. 052. 
' See Chap. XIII, p. 971. FinalRIpff, op. cit., U.G. 49, 1923,p. 4, and see below, p. o8o. 
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in'possible, and that steps should be taken to discourage them, and 

to encourage tree planting. Later studies' have suggested that 

total abolition may not always be desirable, since veld burning 

destroys ticks and in some areas (e.g. Natal) suppresses coarser 

grasses which mark the first stage in a plant progression towards 
scrub and towards forest.'- Thist can only apply, howccr, to 

wetter regions, and to controlled burning. Experiments in the 

southern Cat.e Province suggest that if firing takes place before the 

grasses are dried out, the heat is less severe and destruction largely 

confined to the surface, not affecting roots or surface soil. Thie 

conclusion that uncontrolled veld burning is an unmixed evil is 

nowhere in dispute. The question oi'.ow to maintain c3ntrol is, 

however, 


is, in the British colonies, an increasing tendency to utilize the rule-

making powers of native authorities for this purpose, and if the 

measure is not always effective, it has at least an educati veinfluence, 

Other measures designed to strengthen the vegetal cover of the 

vcld have been considered. One is the selection and breeding up 

ofstrains of grasses which will increase the carrying capacity of the 

veld. Considerable attention has been paid to this in South Africa, 

where Dr. Pole Evans has selected and bred a large number of 

drought-resistant and heavy-yielding strains,3and to a lesser extent 

in Kenya, where experiments in planting eroded areas with indi-

genous Kikuyu grass are being made. Allied to this method (whose 

chief disadvantage is its expense) is the introduction of exotic 

drought-resisting plants, such as Australian saltbush, to provide 

cover and food for stock. The planting of tree belts, the affores-

tation of hill-tops, the reconditioning of badly denuded areas by 

digging staggered trenches to arrest soil-wash on slopes, and the 

fencing and sealing of gullies by means of dams, are auxiliary 

methods of erosion control practised on pastoral land. 

Finally, the complex question of the elimination of uneconomic 

stock cannot be divorced from that of veld management. If un-

economic stock is defined as animals maintained for purposes other 

than the supply of food and clothing or for sale, then a very large 

C. F. M. Swynnerton, low Foreftry may assist toards the Control of Tutue Fl'it 
(memo. presented at the 4 th British Empire Forestry Conference), 1935. 

nos. 
See Chap.XI ,p. 972. 

L. C. C. Lirbenberg, 'Veld Burning', Farming in South Africa, vol. ix, 9g and 
00, CaoIs 
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proportion of the cattle and goat population of Africa is unccono

nic. Thc problem is a psychological one: so to change the attitude 

of he native towards his domestic animals that they become not 

tokens of wealth or a form of currency, but sources of income. 

This adjustment would admittedly involve a revolutionary change 
in a habit of great social and religioas significance; but if it could 

be made, then natives might be taught to adopt such standard 

practices (at present often rejected) as the castration of inferior 

males, supplementary feeding, calf rearing, and, abovr all, the 

limitation of stock on any given pasture to a number 'vhich will 

not merely survive but will thrive on the available feed. Discussion 

on how best to persuade them to do so has been proceeding for 

years. One main stumbling-block is that the bride-price 
g y paid in cattle or goats among both pastoral and agri-

Efforts t. encourage the payment of bride-pricecultural tribes. 


in cash have met with some response among educated Africans,
 

but little among the bulk of the tribesmen. Various possibilities 

have been put forward, such as Sir Daniel Hall's suggestion of 

striking coins bearing the image of a goat or cow, or providing 
Special tokens shaped like live-stock and redeemable in ordinary 

currency, to bridge the psychological gap between the use of 

animal and of mineral tokens of exchange.' No experiments, how

ever, appear to have been conducted, and although the question 

is one of the most urgent of those arising from culture-contact,' 

anthropological studies have not yet indicated any method whereby 

substitution of cash for cattle and goats might be hastened. 

Another method of approach is to encourage Africans to consume 

more meat, milk, and dairy produce, a procedure desirable not 

only on grounds of health, but because once a native has learnt to 

regard his stock as a source of food he is likely to attach importance 

to ie quality of his cattle rather than to their quantity. Yet a 

third line of attack is to assist him to find an economic outlet for his 

stock,' either by establishing meat factories which buy his cattle for 

cash, or by teaching him better methods of preparing his hides and 

skins, or by instructing him in ghee manufacture and the setting up 

l small dairies. The chief obstacle in the way of these methods 

' R o rna Agricultural Commission, 3929, p.3t. See aIlo Chap. XIII, p.973 
.e C hp IIsp . C,3h. See Chap. XIII, pp. 937-40. .. . 
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(which are being applied in varying degrees to several territories) tile reduction of existing flocks and herds; perhaps the only mea
is the conservatism of certain pastoral tribes, and their lack of sure definitely aimed at this purpose is the special tax on surplus 
any strong desire to obtain cash. Cattle owners do not, as a rule, cattle impsed in Ruanda-Urundi. It may be said, however, that 
evince the same enthusiasm as other types of African for clothes the adjustment of the numbers of stock to the capacity of the 
and other trappings of civilization, and they have not the same Pasture to support them is the only ultimate method of controlling 
need for furniture and household goods. Cash to them is often of less erosion on pastoral land. It is self-evident that an administration 
use than cqttle. There are also external factors which govern pro- should, before taking any action, call in the aidof anthropological 
gress on these lines; meat factories,' for example, can only absorb a inqiry and advice. 
limited number of cattle, denending on the demand for meat pro
ducts; and the price offered for goats cannot be made attractive, 
since the only part which is saleable in world markets is the skin. 

All these three lines of approach to the central problem of live
stock limitation-subslitution of ca:h as bride-price, increased 
consumption, and increased sale-have been, and are being, fol
lowed. The diffiiulty is to make action effective before pasture 
denudation has gone too far to be reversed. In some quarters the 
opinion has been expressed that education alone will prove too 
slow a process. In some arid regions even three or four years of 
severe over-grazing, followed by soil denudation and perhaps 
wind erosion, may be sufficient to destroy a pasture. In Kenya, 
for instance, it has been suggested that parts of the Turkana, Suk, 
and possibly Wakamba and Mbere reserves have already been 
eroded by over-grazing to a point where pasture cannot be satisfac
torily re-established.A It has therefore been suggested that govern
ment regulation of the numbers of stock allowed to graze over 
certain badly denuded pastures can no longer be avoided, and 
that compulsory culling of stock may have to be enforced if the 
land is to be saved. It is recognized that compulsory de-stocking 
would result in difficulties for the administration, and possible 
hardships for individual natives, but it is suggested that the 
alternative of permanently abandoning considerable areas of 
grazing land would in the long run involve greater difficulties 
and severer hardships. N6 pronouncement of general policy on 
this matter appears to have been made, and no compulsion has 
yet been applied in any purely native part of Africa3 to enforce 

I See below, pp. 1o93, 198. South-West Africa has a factory at Okahandja.
 
2 Rorl offlu Ken a Land Commiusion, Cmd. 4505, 1934, PP. 24t-6.
 
2 Compulsory de-stocking was introduced in the UkambA reserve in 1938.
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gish the damage due to the direct action of man from that whi ich 
natural forces must inevitably occasion. The task is all the more 
diflicult when the area under observation is, like the greater part
of Africa, one of unstable climatic equilibrium. There is always
the danger that the observer may be led to regard as due to man,
and therefore capable of redress by him, matters for which there 

is, in the nature of things, no ready remedy. In tile particular case
of Africa a survey, of the extent of erosion, consisting as it does of 
a summai-y of unrelated expert opinions, cannot be regarded as 
a scientifically objective statement. Erosion may appear, from 
the evidence, to be a serious problem in one territory and of little 
significance in another; but this impression may be largely a 
result of the greater interest taken in the subject in the one terri
tory than in the other, which may in turn be traced to the per
sonality of the officers principally concerned. Nor can the efficacy
of the anti-erosion measures taken in different territories be 
fairly compared from the evidence available. Propaganda arorig 
najives, for example, is a method employed in many government 
campaigns, but its value depends upon the weapons used; it may 
be worthless; on the other hand, if energetically handled, it may
be very effective. This summary can only be regarded, therefore,as a rough guide to the subject. 

Even so, certain facts clearly emerge. The first is the widespread
nature of the problem. Hardly a territory is free from the threat 
or the reality of erosion in one form or another. A second point 

which arises is the need for factual surveys of soil conditions, types 

of vegetation, extent of stocking, and the agricultural customs of 
tile people, in order that a clear picture may be obtained of the 
extent to which soil deterioration hjs already proceeded, and of 

V. CONCLUSION the factors making for its acceleration or the reverse. Only on the 
There arc certain difficulties inherent in a study of soil erosion, basis of such concrete information can a sound policy of soil con

whcther in Africa or elsewhere. It has been made clear s that the. servation fbr any particular area concerned be evolved; for, while 
term has here been used throughout in the sense of accelerated tile principles are the sarnm everywhere, the practice must vary 
erosion, due to the action of man. But it is never easy to distin- widely according to soil, climate, the use to which the land is put,and the customs of the people who inhabit it.Sce abo,, p. In0. T1. survey will vary in value for different territories, since the 

\. .Marlatchy, quoted in C. V. Jacts and R. 0. Whyte, op. cit., p. 6G. The survetill var ae for ernt teiore in he3 Scc Chap. xiv, . , range of potential damage from erosion, and the form in which 
cQonisation, no. 15, 1937.4(.

See 
lTidcur,
aluve, p.

L'Erojion
1056. 

dn sol, Prpagande l the damage may come, also differ widely. The problem has a very 
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different aspect on the Belgian Congo and in East Africa. But 
there can be no territory which can afford entirely to neglect it, 
for soil conservation is of universal interest in Africa. Except in 
the regions where minerals are of predominant importance, the
wealth of the African people can be derived only from the soil; 

if the soil fails, then the ideals of African advancement must fail 
too.' A risihg standard of living cannot be based.upon a falling 
level of soil fertility. In most countries of Europe, where the 
maintenance of fertility is taken for granted, soil is generally re-
garded as a fixed and constanit element in a changing world. This 
attitude is a dangerous one wxen applied to Africa, because the 

assumptions on which it is based are false. Tropical soil is not 
constant, it is changing always; easily destroyed, only time can re-
create it; unwisely 	 treated, it will cease to yield its harvests in a 
very few years. 


The main conclusions which emerge from the material set out 
in this chapter would seem to be that in no territory where erosion 
has become severe do the measures being taken appear to be ade-
quate to reverse the process; and that, in spite of much that has 
been done, no co-ordinated policy has ye been formulated for the 
British African dependencies. Though coi,,:tions vary from place 
to place and must be independently studied, the main lines of any
conservation policy 	must be the same throughout tropical Africa. 

A falling water-table on one side of a boundary s a matter of con-
cern to the neighbouring administration, as also are such erosive 
factors as blowing sand and flooding along river va!leys. It is, 
therefore, a matter of urgency for the various govtnments in 
Africa to correlate their policies. There appear, however, to be 
considerable differences in the extent to which regulations regard-
ing such matters as veld-burning or protection of forests and water 
supplies are at present applied. No territory has yet adopted a soil 
conservation ordinance dealing with the matter in a comprehen" 


sive way. Nor has the question of development in relation to con-
servation been sufficiently considered. It was the fashion half a 
century ago to regard the resources of Africa as 'unlimited'. Now 
it is realized that not only are they limited, but that the limits are 

See rport of Commision on HigAtr Education in East Africa, Colonial 142, 1937# 
PP. 
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lower than was at first supposed. Questions such as how far de
velopment can be pushed without overstraining the capacity of 
the land are beginning to arise, and it is clear th.it, if development 
is not to be wasteful or even harmful, they will requi,' serious 
study.:; These matters also bear an interesting relation to the 

questions of land tenure discussed inthe second part of Chapter
 
XII; it will in particular be necessary to consider how far sub
division may safely 	be pushed before the point is reached where 
tw land unit is too small to support a family without deteriora
tion, having regard to the apparent need of African soils for 
Periodic rest. 

The central element in soil conservation is, as has been stated, 
the maintenance on the land ofsufficient vegetal cover to prevent
damage by wash and wind, and to safeguard water supplies. In 
Africa this resolves itself into four main problems: the preservation 

of existing forests and the afforestation of steep slopes and hill
tops;' the control of overstocking and the application of scientific 
pasture management;2 the protection of water supplies;, and the 
reorganization ofnative agricultur:, so as to extend mixed farming 
where possible, and to protect cultivated land by terracing, cover 
crops, green-manuring, strip-cropping, and other means. 
. The main obstacles to the solution of these problems are two in 

number: lack of money and lack of African co-operation. The 

first ismainly a local problem, although help from the Colonial
 
Development Fund has been forthcoming in several territories.4 

Each country has to classify the claims on its revenues according to 
its most fundamental needs, and, as was remarked of the question 
of water supply,3 the claims of soil conservation are certainly not 
less than those of some of the social services which now engage a 
large share of public expenditure. The second is one of the most 
difficult problems in the complex question of soil conservation. 
There are certain aspects of soil erosion work in which the state 

can take direct action, as, for example, the reservation of forests, 
or the execution of large conservation works at the head of rivers. 
But if a remedy is to be found for widespread mischief such as the 

S Chap. XIV pp. 984 ff. 	 See Chap. XIII, P. 97. 

Sce Chap. XIV, p. 984. 	 S See below, p. 113.
 
See Chap. XV, p. os.
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deterioration ofsoil or pasture, a vast mass of individuals must co-
operate in the work, and their share in it will often involve them 
in much additional labour and the sacrifice of immediate profits. 
Governments will seek by various methods to obtain this co-
operation. The French will look to the influence of their chiefs, 
who are now gradually taking the character of a body of trained 
native assistjants.' Both France and Belgium will have at their 
disposal the methods of 'educative cultivation'.z The British 
administrations will use the services of the'native administrations', 
and have, indeed, as has been shown, already begun to do so on a 
wide scale. But none of these agencies can in the long run be 
effective unless the conviction is widely spread in African society 
that soil conservation is for the benefit of the individual more than 
for that of the state. 

Some observers have doubted whether the quality of propa-
ganda now carried on by certain of the British territories is suffi-
ciently well organized. At present such propaganda is one of 
many duties performed by Administrative Officers, by Agricu-
tural Officers, and by native members of agricultural staffs; but 
it is made less effective by the small proportion of both Adminis-
trative and Departmental Officers who really know the local 
languages. In a few territories (e.g. Kenya and Tanganyika) the 
subject is being introduced into native schools. With the exception 
of the issue of posters in Swahili by the Kinya Aior Society (an 
unofficial body), the showing of a soil erosion film in East Africa, 
and a projected experiment in vernacular broadcasting in Kenya,' 
and some slight use of the native press, 4 it has not been found 
possible to make much use of modern methods of propaganda. 
Further activity is clearly required, though it must be realized 
that at present only a limited use can be made, for this par-
ticular purpose, of the methods of propaganda used in civilized 
countries. The public which has to be reached is one of culti-
vators and pastoralists; to most of them the cinema and similar 
devices represent an alien and unfamiliar world, nd the lessons 
conveyed by these means do not always strike them as relevant to 
their own circumstances. The task of persuasion will necessarily 

See Chap. IX, pp. 484 IT. 2 See Cha p.XI, pp.63o fSee Chap. XVIII, p. 1300. 4 See, e.g., Alufndr,no.24, Feb. 1930, p. 10. 
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be a long one; but the most persuasive argument is, and will con
tinue to be, an ocular proof of the benefits which the use of the 
new methods can ensure. That the lesson is not an easy one is 
shown by the difficulties encounteed by the Union scientific 
departments in dealing with their European farmers; with the 
African native the difficulty is all the greater because measures 
considered necessary to conserve soil in some cases involve funda
mental changes in his customs and outlook. The attitude of 
pastoral Africans to their stock, the need for the replacement of 
live-stock by money as the medium of exchange, and possibly 
alterations in native land tenure involving the introduction of 
individual tenure, are obvious examples. Some reference has 
already been made to the lack of attempts made to approach these 
problems from the anthropological or psychological point ofvlew, 
although they are fundamental!y problems of native social struc
ture and psychology.' 

Even with more extended propaganda, however, and with the 
anthropologist's help, one exceptionally difficult problem is likely 
toremain. It is doubtful whetherpastoria.natives could, in general, 
be persuaded to acquiesce in the voluntary reduction of their 
Stock. The herdsman is, almost universally, more conservative 
anld more tenacious of his point ofview than the agriculturist, and 
the deeply ingrained habit of reckoning wealth in terms ifstock 

is unlikely to yield quickly to propaganda or advice. Meanwhile 
the Imischief done by overstocking is cumulative, and govern
ments in certain areas must face the question whether stronger 
miethods of persuasion should be used, and, if so, how they could be 
applied. Such possibilities as a progressive stock tax rising with the 
animal's age, and of erecting meat factories and compelling the 
sale of a proportion of herds over a certain size to the factory at a 
fixed price, have been considered, and each has its own difficulties. 
No government would embark on a policy of compulsory reduc
lion of stock except with the gravest reluctance. On the other 
hand, the fact cannot be denied that in some areas the land cannot 
be prevented from complete degradation into desert unless the 
pressure of stock is relieved. A point apparently deserving special 

Consideration is the rapid increase of goats. These animals are
' See above, p. o6g. 
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seldom used extensively either for food or for any economic pur-

pose; and in some areas they have destroyed vegetation completely 

and caused the worst forms of erosion. 


The protection of water supplies, vital to Africa's future, is now 

recognized to be bound up with the restoration of forest and grass

cover to hill-sides and crests. Forest policy in the African depen-
dencies is discussed in Chapter XIV. From the point of view ofdenciesis moscusctiveinoChapter afforFromtthe point ofnviewdoA 
erosion, a more active policy of afforestation seems need. Aconsiderable lack of uniformity exists in the legislation framed to 

protect springs and streams. The enforcement of some general
minimum standard of care by passing laws or regulations (where
they do act as yet exist) on the lines already laid down in someterritories, prohibiting cultivation graz".g a-r pIte or within certain 

distance of all streams, and controlling fires on watersheds, might. 
prove practicable. Something has already been said elsewhere of 
the need for a more thorough investigation of the underground 
water resources of certain areas.' The building of small earth-
dams to control the head-waters and upper reaches of rivers, on 
the lines developed in Basutoland and South Africa, is anothermethod which hlolds possibilities for other territories. The questionpo siblitis fr errtores.meth d wich holdo her he uesionmeasures. 

of how far the provisions which exist in many African territories 
for the calling out of native labour on works intended for the pub-
lic benefit can be used in regard to soil conservation measures 
appears also to he worthy of consideration. 

The needs of soil conservation, which have only been generally
discussed in tile last few years. have not yet been reconciled withdoicsse wihtheas ferayearsbehave notsyertibeenroncilsreaed hmeasures 
aolicies which were in operation before conservation was regarded 
as a major problem, and were, therefore, framed without con-
sideration o, the dangers of soil erosion. Contradictions can betraced in the policies of various territories. On the one hand, 

there is the desire to increase production as quickly as possible in 
order to raise the standard of living of the people; on the
other hand, is tile fear that, if expansion of cultivation outstrips
the spread of conse-vatiou measures, permanent loss ofsoil fertility 
and the ultimate impoverishment of the people will result. On 
the one hand, veterinary scientists control stok diseases with a 
resulting incease in the numbers of inferior cattle; on the other 

' See Chap. XIV, p. io26. 

hand, District Officers find in many plac3 that pastures are being
destroyed wholesale. At one moment the introduction of ploughs 
may be urged, at another ploughs may be condemned as causing
erosion; in one area the clearing of tsetse bush is regarded as an 
ergen h earea th 
urgent health measure, in the next tsetse is regarded as the pre
server of bush and hence of water supplies; in one region the
cultivation of cotton is regarded as the key to progress and pros
perity, in the next it is accused of destroying the fertility of thesoil. These and other incipient contradictions can only be re-

Sol'* Tee and inttraic tion an by 
solved by interdepartmental and interstate consultation, and by
co-operative planning.which can zlcal specifically with the range of questions arising inis to be regretted that there is in Great Britain no one body 

Connel with the problem ofsoil conservation in Africa There 
is, however, an increasing interest in the subject, to which the 
estensivejou res interet in taes tec hich te 
extensive journeys of the Secretary of State's technical advisers 
of the l called attention.' The only fund at te disposal 
Or ha ben use goin ure toeF~und, has been used inin growing measure to finance anianti-erosioneosionW hereas in the first seven years of the fund's existence, 

up to March, 1936, only oper cent, of the moneys had been de
'Ue to arc lamaion, draend ate oes in te 
Voted to land reclamation, drainage, and water projects, in the
Year 1936_7, 36 per cent. of the money voted, amounting to 
:-93,643, went for these purposes." in the eleven months ending
February, 1938, £234,120 went to land reclamation and water

in Africa. The value of this assistance would be en
hanced if an expert inquiry could now be initiated, which would 
deal with all the areas most seriously affected, and form the basis 
nf the interdepartmental consultations, or the interstate discussion3 which, as suggested above, arc required in order to formulate 

a co-ordinated scheme of action. 

' See, for inance, Sr F. Stockdale's Repjrix, op. ci. 
Cmd. 5537, 1937, p. 28. 
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PART I. 

Report of Soil Conservation Committee 

CHAPTER 1. INTRODUCTION. 

The Soil Conqervation Committee was set up on December 13th, 1942 by the 
following le fer of authority:-p 

Him Excellency the Govornor.General has devided to appoint.a Committee 
to be known as the Soil Collservation Committee, with the following composition 
and t[erillsOf refer1,.C: 

Co,,po.ition. 
Chairman : Dr. J. D. Tothill, C.M.G., D.q.,Director of Agricultue and Forests. 
Mon i.r.: Lt.-Col. C. P. Fiser,l .. c.v.s., l)ir.etor Veteriintrv Service. 

.j. Smith, u.SU. (For) Chivf CoI I*I.rvx-tt!r of Forests. 
C. Andrew, m.sc., (lover'uiuetut (eolugist.
G. N1. Hancoeok, o.x..r., Sudan Political Service. 
B. K.nnedy-Cuoke, w.c., Sudan Political Service. 

Ts"ri. 	 of Reference. 
(a) 	 To report oil the present situation in the Sudan with regard to soil erosioil 

and d. iceatioti and the availability of rural water supplies for the 
human and animal population. 

(hi) To rake lCrecommuldatioiis in respect of any of the above matters and of any measures of hgi.lation or taxation which may le required for the 
carrying out of such recommendations. 

(.) T, draw up a prograniinw rf work coveriag .stated period of years for ti 
irnli-m ntt ion of t he VcoCnmiurdat ions. 

(i) To pl'r.vide i-:.imates of the capital cost of carrying Out the programm, 
anl of th,. flltltre muiairtenauce costs iltvol eed. 

'ilt. I)ir, ctor of Agrictltt e and Forest. will arrauMe the secretArialfol' work 
"if (oUr,, 1t unidertaken inlhis office.t.h, itte,. to 

TI'h Committee will report to ffi.A Excellecy t'hrough the Fiaucial Seet au.' 

A programme dsigncd to ciretmscribe the n:atiue of the eqluiry to 10 coi. 
didi was drawvil aWlwa 'Ittrecd to as foilhowsiit ti 

.4. (.'illectlon of Fatual Dohm. 
1. TL rratig for a statemnt (if faci.is i.hat,.s rf 4lnmate and environment 

i ll , illhi.stri.; itillites, Ilc :
(a) to iinlh:L1i13si4" eliil;Lt.. 

(h)i, th, Ofi :,:ul ,1iVi111"hik d .II ieti' aulilMlIS : (liseuss the genvral 
e.q., llaigt•itaml I'rk , h ,,s, vrztss fires. etc.) 



2. To arrange for the preparation of (lennitV maps for human beings and fordomestic animals. 

3. By eircular to Governor, to ask for maps of each Province showing dintribe.tiol of weills and hafirs of all types.
Td'decido on a cl*.safication prior to circulation.
 
To ask for thi. data also to be sumnmarised in tabular foire.
 
4. To ask Governors for a 

type.;, 
reasoned statement of the additional wells of allhafirs and small reservoirs, provision for which should, in their opinion, heincluded in the first 5-year programme for developmentstatement of rural supplies. Thisshould inelhde water supplier, required for rural domestic use and foreattIl,., by the province and by all departments working in that province, excluding

the Rail%%a"v. 
.
"5. To obtain from the Finance Department a statement of the annual expen.diture on rural water supplies for the five years ending with Decembe-r 31st, 1942. 

B. Su'bjects for Di.srns icGi. 
1. DJ-;crt, Creep. If the facts show a southward creep to review .he stepsthat. might be takin to arrest, this creep such as (a) the control of aiiinvl grazing,partieularl goat.:i and caumel, and (I)t.he planting-up of belts of forest. in principalareas. 

2. Tok:r dune formation and the Tokar position generally. 
3. The Red Sea Hills. 
4. The Grassland-Acacia cycle in the Gedaref areas,- with proposals for itsplanned management. 
5. The Grassland-Acacia cycle in the main rain dura growing areas of theBlue Nile Province, with proposals for the orderly management of these importantareas including fire control and provision of water suppliii. 
(a) on the clay Plains. 

(h)in the river valley above Sennar.
 
fi. The Gra:island-Acacia 
 cycle in the Upper Nile Province, with proposalsfor its orderly niatagement in the'difficult, areas concerned including t he control offirweu, tle provision of water Supplies, t he boter control ofca. he, and where necessary,tlin moving of villages. 
7. The a-rietulturol .'ands of Kordofan Province, wit h proposals for the prevention of erosion by contour buuding, contour strip planting, afforestation, controlof animal graing etc. 
8. The annual grass prohlerns ilEunatoria Province, with a view to decidinuwheither or not emotrolled (,n'l" hInriinsr mhoolid be adopted. Tile Jivaton.tn: inparticudar to bv reviewed in order to ha-ve tie same poliev for hoth the Uganda andthe siul;) n slol.;. . 
!). The raftforestatiu ofreLtehIzent areas, yieldi Igwater supplies for importantgrolls of Peojld in the P 8 ',aod Hills, tile Full", Kordofan, l)arfur and Equatoria

With :I .uggestvI five.year programnn, of work and an est ima Uf it.coAt.10. S,'eiAIrciInation pr,'ojects such ax tile b,,ihliig (ofwith li-t iliums in Kordufan,a of s',.h projet.s (nOsi,I,.red smitahl, i'Ur invi-,rsion in the five.year pha. 

http:Jivaton.tn


11. The oxiiting forest policy of the Government in its relation to soil and 
witetvr conservation. 

12. The question of the perimeter protection, of towns, with a suitable pro.gram iTe.
 

1:. Rural coimu;-,,'Ities and water supplies.

14. The general question of stock in the Sudan in relation to soil deteriorationar1d erosion, with prnpo.4als for the orderly exploitation of the cattle indust rv inits relation to the soil comlervation problei. The provision of cattle markcts,thet.IXLbtiOlt of cattle and all related subjects. 
15. The genr.ral question of taxation in its relation to soil conservation, withIJroposal., d.sigticd to spread equitably, as bet ween individual communities, Tiroviilces;l 1 tl( Cnt rl (,overnmeit, the costs of the five-year programme iecomm nd-d. 
(C) To draw hID a detailed five-vear programme of soil conservation :;liowinghei,total cost and tIte, 1aLLii.T ill whicll it is r<conjmim-nd.d that Ihis (o!;t should bep~read betwveii the Central (over illienii, 1.hc 

I IIl{i'i p~f. 
provinces, and the (ommunities 

(D) To recommend an n-ganiiat ion regarded as sninble for carrving out the 
Il*0rgijI reinomleiidvtl. 

'Tlii programnie has now been carried out and the report ebllhodie t-hte Collchisioli;; colne to ill th, course f the eiliiiiiv.
 
For the first throe m11eetingls the C'.oin litltoe 
 had the advat• 1 g of the Idvice ofMI. Kumi, lyCook, whiose loi' egoxhierin('e of Red Sea Blills conditions- rnd whoset..ial. .. kliow iede werceof spechi,:l valin to the CoinmittCe aitd greatly aplieiat<ed. 
Altogthe. 14 heetingshave been held by the Committie. It. had beil.Ollilell niittendedt lie work in Jaiuary 1044"1mt a'dela' of foir ionths ocllrr.d olwillg tolieolh-lrWise forti iLtVeir','lliiistalee of two rile ilibrs of the Coiiiilte being pcI'l1it lto to proeedh to tel Uniited Kitigdoni oil lolig-oveilrdie honi, leave. 



CHAPTER III.
 
RECOMMENDATIONS.
 

It is not easy to arrange the subject matter of this part of our report in logical 
sequence and for convenience the projects recommended are first dealt with in some 
detail province by province. 

A. 	 NORTHERN PROVINCE. 
In this Province agriculture is almost entirely colfined to lands of the Nile 

valley. The river is con:.tantly heightening with silt the basin lands, cutting awaysilt i.slauds and forming niew ones, throwing out of use sagia lands by isohtion from 
water through changes in the course of its channel, and bringing new sagia landsinto cultivation by the same proces:;. These are inevitable processes that do not
lend thenselves to hunman contrpl and inLany"case the damage done ill some areas 
is componsated by the creation of n)ew: lands elsewhere. Pump schemes on landsabove the flood levl are the surest way to create stable conditions in this a.. and 
except to sicCire ptil)itng .stations from banlk erosion we do not recommend attempt
ing to. control these processes. 

The large towns, however, all have periicters pua.ing ilito desert conditions
owing to the grazing of caniels and goats and illicit cuttingto the 	 4 the acacia

ricrill)for domestic fuel. NWe recommenld that active steps be taken to controlthese dteriorating perimeters for the purposes of preventing dune, formation. 
reducing the dust menace in the towns, and providing alternative grazing grounds
for the poor man's milch animals. For the larger towns it is uneconomical to
provide a local fuel supply, and supplies b:, rail friom wetter latitudes must be accepted 
as the solution. 

The 	AItr'a toun perimeter." 

WKe 	 recomnmenmd beginningmaking a with the control cf the perimeter of theprincipal town of At bara where the amelioration of conditions will directly benefit 
the important and hard-working Railway community. 

Tho Diroetor of tgriculture tid Forests had alreadv reeommenided the establish
mont of a modern dairy for the supply of clean milk, to be located on a small pump
scheme to thetort iof the Lown betwel the iVer aIm tht' rail \\LV. i order to relatethis 	project t6 the perimneter problem generally the Chairmuti asked the Governor 
to set u ) an ad hoc Committee to make comprehensive reteoinmeiidations. 

This Committev. consisted of the Govenior, Mr. Crawford, ti,, DlnitY GeneralManacger Mr. R. H. Rohertso!L, the 1, ior Medical Officer Dr. J. F. E. Bless, the 
Acting Chief'Coiervator of For'ests, Mr. \W. L. 1arjoribanks, and the Senior Inspector
of Agricultuire Mr. C. It. Richards. 

The rlort of M1t. Cra 'ford'sCommittoe is attached as A\Ipenlix XI1 and. 
with the exception of the proposal to inacadanise the aerodrome runways, whichshould p1t1d the dvelopment of air traffic, wv accept the recommendations in full
in so far as they relate to the control of the perimeter. 

B. 	 KA.S".LA IIOVINCE. 
In this province there are a mnmner of projects that require to be dealt with.

TI'ese an the ''uktr town porime'tor, tili control of dimies and gullies on the 'rokar
dolta, th control (of the, 'rkowit flost Ca mp area, an1d the plamimud nagCmelt
of thu Acacia-Gta:island (.-lay plain ill the G(darCf area. 
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The Tokar Town Pcrivicicr. 

Tokar town became partly buriod a-few yeals ago bl"an enormouG dune of delta 
silt and part ofthe dune was r movd by ligit railway. The Committee is satisfied
that the duue was alusMed by dtcrioration of the perimeter by cultivation, by lack
of vegetation, iygrazing of dom,,stic ,liuals, ani by loosening of the soil su face 
by aruimals coni!ig to driik at wells si'uated in the area. It is also satisfied that 
trif method now being adopted, by tre District Commissioncr and Inspector of
Agriculture, of controlling tne perimct--r by the sowing of adlib (,Suacda) whenever 
rains permit, by ck-iug tie perimeter to cultivation and to domestic animals, both 
for grazing and for drinkiag, iGth,) right policy to pursue. As revenue arisir!g frc.m
the delta is an appropriaie source of funds no action other than. full support in 
principle of the control measures now being adopted appears to be requirect by the 
Con',ervation Committee. 

The Contrul of GU;lly .Formnation in the Delta. 
A isrk,; of dee.p gullies occurs between the two main delta levels and has 

iurteased Imiiderablythe last 20-year period. The importance of control is notn 
very clcar 1weatit c redepo.ition its occurring on the lower delta which is thereby
beinlg improved. 

Contrul bv br, ad.basetl contou l'bunds-at tihe gully lwad is not practicablo
b,.,cause ty such bind." are rapidly breached by a stream of water. No action 
on the-se lites ii recoinniendcd by the Committee. 

lntj.,rociitc11 of tand- bclow ihe Yiits. 
I'he laud below the gullies is gemrally somewhat poor'er than that at higher

l.kvel ad( much of it is sitltv. It would be greatly improved by the addition of a 
fe..w
fet of new :ilt and as.pa'rt of the waters of the Baraka river passes out to sea
it appears that it might be worth while exploring the possibility of adding useful 
lmic to the delta by constructing with heavy machinery i broad.based buncl behind 
the .seahore in order to trap tie:,o waters and Calt:iV silt deposition. The d.lay fract
ioni increases as one approaches the se.a and it sens just possible that a broad-based 
htmd at the I or 1.5 mutre contour might with:;tnld the impact of the renmnant of 
the flood, particularly if spreader binines were coii:tructed to break up the force of
flow. Should a broad.based huild prove effective it A,ould be necessary to heighten
it pcriodically pari jw.ssiu with silt deposition. With a view to improving the quality
of the lower doltia ald so off-sottiug tiltspli:Ltion of'lands due to gully formation
tht, Gomilitteu recommnds that tim etutt bauk aloing the coast be repair(d and 
igiihtcied l d be converted into a broadbased build designed to check the flow of 
Waters now escaping to the sea. 

Uonlrulof dune forniatimn on the della. 
InApplNdi x III is a ,ote ol so1e of the thanges in tile Baraka dlt -botween 

at bv Mr. R. C. Hardie, mitil reoitl\v Director of Survoes, whoars 1121 ;and 1941 
lMad,, the r,im' survey of the dicta in 1921 and who revisited the urea ill1941. 
M.. HLr(io',. conclusion is -that the condition of tie delt" to-day shows a tremond

mIs deterioration over 1921," when, with a few (Xceptiois," the bulk of th 
titian, a,aclear of dunes." 

TiiP).,itiO ilow is tllat silt dtnsiLlit ill:,ctivc formatli over a.1.large It of 
Ih et ;L;ld from [M. Hardie's note it isclear that the delta is a miniatre dust

bowl created by tile inteasificatiou of agriculture that began in 1921. 

now 'w,..egre.t art'eas 1'0 heing t:,l'to\litof cult ivation b%. the folluatioln411iiCrCUepiag of duties, tie Committee rcoinenlds that active steps be taken to 
rcl:t:Au with adlib (Suacda) the parts of the delta not under crop and to prevent 
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domestic :minals front ditstrov'ing this vegetation until it becomes estabi lhed.
Iasuf'ficicnt information is availabole as to what the complete vegetation should be 

and how it should be maintained. There are indigenous small trees, bushes and 
annuals that may al3o b2 useful and mesquite may have local possibilities. We 
recommend that while immediate and active steps be taken by the Agriculture and 
Forests Department to plant up as much as possible of the uncropped delta to 
Suaeda,at the same time a study should be made by the Economic Botanist and Chief 
Conservator of Forests or his nominee to ascertain the range of plants that can 
usefully be used for clothing the area ini vegetation and how these several plants 
may best b3 established. We also recommend that these two specialists should 
study the use of plants or other obstacles to induce water spread, and devices for 
the removal by wind of silt*deposit. 

TnE RED SEA H1LLs, 

(a) 	 Control of the Erkowit Rest C'mn 'ijArec. 

As this project is being dealt with satisftetorily we wish only to say that 
we regard all the work being done a.-nece-sSary for the preservation of the area. In 
our view the cause of the extensive gully ind sheet erosion that is now taking place 
is primarily over-grazing by all types of domestic animiils and partly annual fires 
deliberately started to improve the grazing. 

The Railways Departm,'nt has don excellent work in developing the various 
control measures, but, we uidcerstatid, would like to be relieved of these extrameous 
duties. Ve recommend that this work be taken over in duc cotirse by a central Soil 
Conservation Service, to the setting-up of which we shall refer later. 

(b) 	Testiny the effect oJ animal grazig. 
In the main it i.- considered that the soil erosion problem in the Red Sea Hills 

is not of sufficient importance to jutif:.'.any consiiderable expenditure. At the 
same time the rapid deterioration of soil and vegetation now occurring at Erkowit 
is a warning that problems may develop clewhere and we consider it desirable 
to obtain information as to tie effect of keeping aniimals and fires out of the hills. 
We recommend that a ptcah on .Jubel Awada in the neighbourhood of the Dris 
Pass should be fenced aid fire protect( d and be left to see the effect on soil and 
vegetation, sample plots bing examiued once ar for plant population. We 
also recommend that a secLiun be fenced off on i3awati and Elba fot the same pulr. 
po:ies. 

(c) 	 Te. ing the effect of terraciny the ,iiqcr Khor Arbuat and of planting Acacia 
thereon. 

The flow of water into the rezervoir at Port Sidaii is now erratic ou ing to the 
nature of the rainfall at the head. water area of Khor Arbaat and possibly to rapid 
runoff from the cateliment area. It seenis worth while to terrace experimentally 
a strip of the catehunent atca and to pl:mt ilp half tif terraces to acacia, tlhe remainder 
being unplanted in order to find out whmethi' the flow to the reservoir could in tliii 
wLy be sanoothed out,. It i:i off waterassumed that measurements of run would be 
takei . 

(d) 	 I'rovision of wood f acifor Port Sadun. 

of Port nrot at present of plressig import
alice, 	 but,a wood 1,1'1.1 sttpp'y would ho aprectiated if it could be arranged. We 
therefonr t',rot'nimc.nl plantia2 up a siubstat il acreace of mesquite on the coastal 

4t .L: X 	 a smaller 

'hi. 	 town l),rimeter problenti I:, ita|a 

plaini withit ,asy (ti of 0,ethe t wn :1n ;Lk rI'vcommnctd pnting up 
trial area to forest oin thit, l an .horArbat to icaward of (hit lowe.st wellsoutwash f 

of th pipe liuu in ord,:tr tu utiliio water now going to waste.
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Control and Development of Clay Plain Lands near Gedarcf.
The Committee agreed that rain grown dura land is one of the most valuableassets in the Sudan and that any practical method,, thatpreservation improvement and effective 	

can be devised for its
utilisation should be adopted. It wasagreed that the first stcp should be the (temareation of village bounclaries and thetaking of Dowers to control the location of new villages under the Local GovernmentRural Areas Ordinance, so that harig lands might be developed with fire lines andwater supplies to the best advantage of the people as a whole. Sheikh AbdullaBakr gave it as his opinion that the minimum number of houses in a village in thisarea snould be 25 anct the maximum 300. It was agreed that plans for the development of this land should be worked out by the Governor or his representotive withtechnical advisers for approval by the Soil Conservation Board on lines elaboratedin this report rather more fully under harig areas of Blue Nile Province. 

It was also agreed that the Atbara River pipe line scheme of development shouldbe revived. The Soil Conservation Board should arrange for a line of trial bores tobe sunk from the river to the railway at Qala en Nahl, passing near Doka. 'Shouldwater from bores prove to be inefficient or saline, thein the question of putting in apipe 	line should be examined in detail. 

C. 	 KHARTOUiM PROVr2c'. 
The Committee agreed that the town perimeters of Omdurman, KhartoumNorth and Khartoum are jut of control, that the same is true of the up-stream endof Tuti island and that in order to mitigate tie dust and haboob nuisance and toprovide adequate food supplies for the milih goats and sheep now kept in the threetowns steps should be taRun to bring these perimeters under control.The up-stream end of Tuti island is now 	covered with active silt dunes thatare a source of drifting dust in tile western half of Khartoum and the shore line atthis end is in need of fixing by the planting of trees. 'These steps can on!y be takenif the area is first acquired by Government and wedunes would be 	

recommend purchase. Tiemost easily controlled by installing a pump scheme commandingthe 	island as a whole. Tne Committee is advisca that the nowlands are 	 unused irrigablerequired by the Director of Agriculture and Forests to provide experimental lands for the School of Agriculture and 	that the Governor of Khartoumwishes in the interest of good government to purchase the Island and' to resettlethe residents of Tuti village. lu is clear therefore that the best procedure will beto purchase the entire island aud to undertake the reclannrtion part of the projectsso soon as a pump scheme has been installed.
 
The grazing of animals within the town 
perimeter of Khartoum North shouldhe prohibited. It is essential that cheap fuel be madc available for the residents,but we consider that this should be l)rovided by railing from buki. It is also ncessary for dry fodder or grazing to be provided for the peLsent goat population whichprovides milk for the poorer classes. The (-Govcror reconmnezmds that a sminll pumpscheme h0 installed to the east of the rail wai-
required. The land is known to be poor but 

for the purpose of providing the fodder 
an area could probably be found zuf.fiemntly good for this p i'pose. WAesupport this in principle and recommend thatthe Governor be invited t'oput up a concrete propuoial.

The 	Omdurnman town perimeter shoul likewise be clo:;ed to graziers. Woodfuel 	should be brought by rail from the Suki neihbourhood. .[t was agreed thatforage for the present goat population shotld be i*rovided on a fee paying basis at4 forage farm probably situated on illethis 	being cropped fromn November 
mud flat above the Omdurman Brid,-,e, 

U." 	
to J uly and silge 01 dry fodder prepared forin the high Nile season. The 	Governor has undurtaken to go into this and to 

put forward specific proposals in due course. 
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It seems possible that water from such streams as the Khor Abu Anga might
be used for cultivation if suitably spread and we recommend a test experiment.
Should this be practicable, such streams could be used the forage supplyto case 

position particularly in the months of the high Nil'-.
 

Front he point of view of du., votitrol a v'%perirnt(nI. i; recomniended designedto find out. what. haplps when animals are kept out of the town periphery. Itwould atffive for thi. purpose to ft'nce in a. segment of tbc., Omdurman perimeter
including a .ompletc part of the Jt0bel Markbivat catchment area from the water. 
shed to the Nile and we recommend that this be done. 

The Khartoum perimeter probleim is a much biggc-r oe.- and is ,rgent.more.
We agree in principle that the only real solution possible is to instali a pump in the
neighbourhood of Soba and to ca nalive an ar, betwean the Blue and Whit, Nilesfor the general purposes of dust control vnd of providing forage at cost for the goats,
sheep and donkeys now resident ;i Khartoum. it is Pgreed that a belt of trees 
should be plaitted to the south of the main canal. 

Tis pttut1p scheme to be blt.,vd oil Sola :outild Oe large enough provideto
wt tVr for Khartoun gardeis and st reet Ires and for a water- borne sewage systemand we have tfherefore asked tho G Khartoini to go into this matter with the(overn',or
Town laming Board, the Mtmicila lt v and all Commit tees and Departments inter
netcd so tLht a inified schlttcauibe wtwked oit tosi,.ted tos;tisf', all requiren ents.Whto-I the ov' hi-rnI ;:s lwo adl. to 'rodiuce a uitiricd scliemte we recointuieid e.reful
consid,'rati,,u )%the Soil Couitorvati,jit Bord and that. if it is fund to be practicable
that, iart of the. explttiiture that would bo itetluired fur perimeter control be met 
from 6oil Cunservation futds. 

,onte Uencral Pointsupplicftblc to the Three T'uvn., 
In goetferal it was agl-ed thAt iii orde(r to make it. lo--iile to couir0,0l the growing

problm of town and villagei ti-rinhters it was ntecessarY to assume thaLt tHie rights of-'citizenship should be denumd not to iticlude the right to graze. Any legal action.
required should be taken. 

Mtuivipalities should provide controlled gtazin on a f1e-paying basis (with
ti itaab relief for the poorest people) for the muttber of alimals now normally preseit

and considered to be e.;sontial to the life of thte coinilinity, partiilarly donkey.
for riding and as beasts of bIrdenii, and se,-p and goats rettired foi tito sItpllh"'ofmilk to the poorer people. As btilt-up areas t 1IIUhlL poptilations grow, tle goats,
shep .and donkey POl)UlL tiomis should itot b)t pernlitted to grow with theln mindadditional milk stmpplies should be obtained by the development of dairies based 
on local cattle, kept outside the towns. 

Access to approved grazing areas should be by authorisid routes plancd with

dust control in mitd.
 

Fuel supplies for the. three towns could itot possibly be obtaincd from the peri.
meter area and railed supplies from the 8uki area must be the basis for some titioto come. It. would however greatlv ease the situatioll to arraige for substantial 
areas of sent forest to be established on tihl extensive and largely itnproductive clay
flats subject to amtial imnersion for sevtral m ths sittnated along the White Nileup-stream of Omdurmati and \e rIeeoninid that 1.0,000 feddans of this 'tand be
expropriated atd planted up tith-r h%- th J)epaltmltt of Arictilture and Forests 
or by one of the NIluIicipalities atnld he Norked in rotation so its to produce the cheapest
possible fuel supplies for the three towas. 
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D. Br NIL. PRovITc, 

The T1hrig Arcor.q. 

In general it was agrepd that the haig areas of the BlueNile Province were of 
great potential value and that active measures should be taken to develop them on
the basis of planned management with adequate arrangements for fire control and 
for the provision of water supplies. 

It was noted'that the Agriculture and Forests Department, with the School
of Agriculture taking a leading part, had successfully developed measures of control 
from 1941 onwards and that 150 square miles of dura and simsim land had been 
protected for planting in 1943. 

It was also noted that the Government had agreed to purchase heavy agric.
ultural machinery with which to test the possibility of development of these lands
for food production with the maximum possible use of machinery. 

We recommend continuing and extending the work commenced by the
Dopartment of Agriculture and Forests and putting it on a permanent basis. 

CMy.plain La-nds for Settlement. 
There are also great areas of the clay plain not yet brought into use chiefly

bieause water supplies are not available and we reeommnemnd that serious considera
tion .should now be given to thp planned development of these areas. The mos.
important areas are the parts of the Fung and RPifiTu Districts which lie along the 
river from the northern boundaries of the provin.'e to Roseires, including theDinder
from its month to Durraba. We recommend tlh.t selected parts of this area should 
he chosen for planned management. 

Action of several different kinds will. be required. 
In the first place, while no changes in land tenure may be required this question

should be examined and clarified and any changes found'l to be necessary effected. 
The r ight,.. of nomads particularly need clarification ani in general we are of opinion
that in the event of a conflict of interests arisinz between nomad; and settled coin. 
munities it is in the iat,!rests of the )e'ni:lL*Iitt well.beiiy and developnient of t he
Sudan that t he rights of settled conmunit it.s should prevail arid t hat noniads should
hie excluded friom all areas to be settled. 

The next step should be an examination by a competent authoritY of the water 
SUpply possihiliti.:e of areas tnder considih.rat ion in nrder to ensurl'e aleclitate waterSlppllius in 6lilareas fitiallv st.lhetied. 

The next step would be tie d'inareiat.ion of village boundaries to provide for
hoildli , 11t. vill ,, :i, an approvvd sizo anld 1*1r lniiita-iiinii g in pt'l luiiy i good 

of thil" 
tiliiuit 1tv 

hetatit the l ond villa,!'t' onla rotal ioll t'l:i iu..d to yield food crops iii ad ltiate' 
1,1l vauivt., milk ni weal, futd 1,,1 Iiildiw, poIcs. 

Thf. IlYioit. ohl-xi. j i niind r,.e-ottld villhtv,:; shothl provido for tl,,, conveniont
centralis.atiou of local Seri,.i iceludiur. admi iii lratjol, nc.irihulirrl and 'ernacular
ediiar ion, riublilcalt h ii r .t.; ildihois. 

Finally, it l,,ibet!dIvouSi.lyV to MAke adequtat, ame'fras. tires. Thi6 problhm ranvineits for tile pieventiondivids itself into thi.e paits designed cventualky to inter
lock. lnamcly a large grid systemn, a hara, prot,ction system, and a village system. 
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The grid covers vast areas of grass lands running into thousands of square miles.We recommend an experimental line perhaps 80 miles in length running eastwardsfrom Qala en Nahl through Rashid and Doka to the Atbara river, and anotheralong the south side of the railway from Showak to Suki. At first these lines willhave to bo of the wide type no,.%in use for hanig protection.that the heavy aqricultural machinerv-nom- on 
It is hoped, however.provide an opportunit. , for designing a bank type of line consisting of one or two raised 

order for hanig dura production willbunds that may be maintained annually and cheaply with heavy.dutv road gradingand agriclltural machinery. 
The protection of harig areas in blocks should be continued and extended. Asthe work develops fire lining should be laid out on a permanent plan so that in duocourse any given block would be cultivated in rotation at the climax of each grasscycle with the fire lines ala.ys in the same place.made with Once again permanent bundsheavv machinery are to be encouraged so that a satisfactory designcan be developed and maintained cheaply without the use of large groups of labour.In the riverain area of the Fung fire protection should be arranged by the LocalGovernment authority providing wide fire-protection lanes along the north.southmotor roads and also along the east-west roads from village to river.
It. will be impossible to select 
an area of resettlement until the water questionhas been dealt with and in the first instance we recommend putting down a trialline of about four fairlvdeep bores between Abu Naama and Renk.where the rainfallof approximatel'. 50 0 mm. is optimum both for rain grownShould supplies prove inadenuato dura and for simsim.line supply from 

or saline, then. the possibility of installing athe 13lue pipeNile should be considered. 

Controlof Soil Erosion. 
A good deal of soil erosion has takensloping lands bordering Nile

place within historical times in thoseupon the Blue from Khartoum to Roseires. FromSennar to Roseires these lands are estimated to be earrying an adult male populationof 40,000. This is considered by Mr. Hancock, who is particuhulv familiar with thearea, to be twice what the existin, villages can properly carry with due regard to soilconservation and permanency. 
 The erosion is due to over.cropping, 
to the cumula.tive effect of too many goats and sheep, and to cutting of woodvillage perimeters. What for fuel within theis required is resettlement on considerablealternative livelihood schemes coupled with a 
a scale on)lanned management of both the newand the old villages so as to achieve permanenc. 

E. KOnorAN. 

This will be considered under the fOllcwing' heads

Camel Ir'eedin, 
 gum ipo ducingagricultur.al areas, and town anicI 

northorn ariciltural areas, Nuba MountainsVilhev l iperipis. The soil consel vat ion problemv r'ies widely ill these five ty of, eo rintlr. 

Camtl T,'wdinq .I,'rn.i. 
] ( l II i li dilies hIai.et'i.,t itc ofso nim'11oare sttL ie Mtd 1MaVt. I,t'eLt s(P IhroiL, ti I t li" heIIu r ' of.Kordofan 

Vieel) to deal Wit h 
IitlIiisttirit;tl i hilt.s, tiere is rio probhnl of desertIon., as Inrfst-nt poln i. ions are not excceded. The informationabout t his aiva ik iue:tro biut what is :av;i ilahb in(diCtts a condition ofnatural balanceand We LI) 1i0t ioii-dkr that aniy soil eonservation zneasure, are required. 
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(a) The resorvation of the upper part of a catchment area as a forest reservo. 
(b) The construction of dam a streama 	 across so as to impound water. 
(e) 	 The settlement of nbw land on the plain below with domestic supplies drawn 

partly from the water impounded. 
(d) The drainage of water-logged areas. 
(e) The preservation of the areas by contour bunding. 
We recommend that the Kind,,rma area be investigated to see if such an experimental or pilot scheme could be developed and at wlt cost. 
Should such a scheme prove to be impracticable at this stage then we recommendan experiment designed to urotect from annual fires one substantial hill valuable asa water catchment area. The measures required will depend upon the hill selected,but both human beinus and fires would have to be excluded. As fire lines at thebase of jebels are difficult to maintain, it is recommended that belts of living forestor vegetation selected for their fire barrier qualities, and bunds of share and sizeto prevent the passage of fires should be tried to find out what method would becheapest and best from a long term point of view. 
Water supplies for rural communities in the Nuba Mountains are often scarcelyadequate for present needs and in places such as Talodi where population has increased the supplies are already beginning to fail. It is clear that all well systemsand rock cisterns in the 	Nua, Mountains should be Pxaniined by a representativeof the 	Conservation Board with a view to their rehabilitation and protection andwith a 	view to additional supplies being provided where required. It nmay well bethat a good deal of catchiment area preservation may be required as a result of this 

examination. 
With a view to avoiding soil deterioration due to land pressure as populationsincrease we consider it desirable for the Governor to review this matter annuallvand to include a statement for record in the Annual Report of any areas in which

this problem shows signs of developing.
Planned management of village lands on a rotational basis so as to avoid uneconomical fragmentation and overgrazin'g should prc?'ide the reinedy. coupled with thedevelopment of alternative livelihood selhcni(s in the forni of new agriculturalvillaas for supernumcrarY population. Ditail. can, however, only he worke:d outlocally and the Governo. is the most iii italli, persol to put rip pl',us for ali11 action

that may be reqiiird. 

Town 	and V 7illrigr Prripheri.q. 

As El 	Obeid is 'to much lar-er than any other town in ]orir, fan an al hoeComiriitt.e was ips-t 	 to make recom.indaiiolis filr t111.lCori'1 (rh InN i.o nmeter. II this Cat;,. th,. I-xi:'tene of tile toWn with its IneeLd fir ll jo f.j;,_, anifuel S( pplies caused thcItVtic (oz to bcoenc act ive e.lo s.Iot Ir.toN%II.soil d.tI- jonat ionas -1hownL by tite hl',er areanow; lo .ltth,.d with hshtl;t, i'shur((',dolrolri. vucua)withini 	a ten-mnil: radiu:s, ad a 	mllarked d,.t.ritral i, 1 h. t;withinl11v a :o0.nIrileC 
raditu. 

'r,?Corritnitt,.e coriasistu 1rftHlc (I'vr a..s('hii man itlIla 	 ,Se iu .hri:,puctorof A-ticulture, tie MedicalM-ior Offi I..... .. 1.:i h a id Mir. Marjoi-i, viks asmnembers. A vailuable report., 'ti ach,.d ,i- Aplt.ttidix NIV. \Lan4 slil,!,itted. Thii hasnow 
been aareed to 1)xthe rowln ('ollnil arid hot h ini ji'::,r trd itidrLill tiltConserratioi Committee. WC cori,Inern aidopt iC1rLfA:is ,P,t .-.ad wi9-h to exprezsour thanks to Mr. Campbell and his Cu-nittuc f thne cxcell..rit work done. 
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All otlirr town and village perimeters in Kordofan should be dealt with
similar lines as these are the areas 

on 
where human beings throigh natural proce.mes

unconsciously convert static surface into active sand and eventul desert unhs:i 
checked by mcthods now known to be both practicabh. and effective. We suggest
that the Governor sets up ad hoc committees to make recomnwndations for dealing
with the perimeter problem of the lare towns, a.nd that ter- D.Cs. in collaboratio0 
with Agricultur:d InslPectors. co-outing Medical and Forestry staff as may be
required, dueal with those of the mall, r towns and villages. In :ili cases there should 
be : a basic town or villa,. phaiI of development with maximum population of
built-up area fixeJ : compl-te control of grazing in the Itarimeter ; provision of 
forage supplies for milch animals ; and provision for fuelsupplies and control of dust 
formation in the perimeter area. In the case of larger towns the provision of forage
for milch animals is always difficult and arrangements should be made whenever 
practicable for the establishment, of a dairy based on green fodder in the rains and 
on hay and concentrates in the dry se-son, 

F. DARtt PoYVINCF. 

Dr. Tothill made an extensive visit to Darfur Province in 1941 largely to obtain 
, first hand idea of the soil conservation problem. His note on this aspect of the 

Province is attached as Appendix XVII I. arid we agree ingeneral with his conclu.ions. 
Perimeter protection is required f, r all the towns, larger villages and important

well tent ro. h'lhposition inti as it is inrni Kordofan and sinlila-r methods shoi;ld 
he adolted to bri ng the perimeters ui hider control. The first requirenment is a town 
pll with ,onntrol over extensins so that no town will he allowed to grow beyond theeapacity of it4 water resources, its food production resources, its forage resources 
for essential domnestic anial*,. iiueldin, particularly donkeys and animals required
for milk production, and its fuel resori ces. Having adopted a plan the next step
is to hrirr,, the perim,.ter under control by the prQhibition of grazing, the restrict ion 
of agrieult re. and the pla-nting of forests where required in such a way that tite corn
nnity will be to have dailv its fresh vegetables, its milk and its fuel. ' way to t;Acle th'i.; probhlnm ilt Tbarfur would a:ppew; to beto set up :ndho.o-The l;.st 

an 110 
Iliitteo w it Itthe (ovrior as Chairman and wit It 

I he u ho Corn-
Aedial, Forestry aid Agriiilturai

rrerihi.- who.it, duty would ,, t,, exaurnili the siti ation It each of the hlreer eerltrs 
aid to iial-e ir'r' laithi- to to S,, (te;'.vat ion Board ;.I we iorrrrrrelrn 

Aplart ,'.I l oirimler prI eetimi, 1D,.ifilr Proviul,. is so w.ll difirid!(A agairi;t
(osion lw the ,',miieiit:d tz said anl li. h%,e tlrraces of.hl Maria Illht nothingq

oie 5isrequievd to, hc (i ii' .at this st ;,.. fi ad it o: Iwl.r for t. ,le.1,. Niarra terraci::;,
lIe sitir:tili w mIld I:;v* I,"c.l 'tilv ilil'L ri d this , plt rtlur.it.y "eit 11el' e r 
41L.il, th t ia. ,i.' vi .'Wth, :-e . I,,v , t I, pieM,it Moiiitt;inii iti,, .iSconferred a 
l~ri~clc. ; g_'ift ,ia i : !:,.i ,1,'..i,. et. : },v tolist i ii tlctll(-, st . .0t !'vAter of p,'o
t 'tio Ili ti. : i iii t ili' Iii;Oii trr.hi.ti t ar". til ' irOvililr . VeUr gte ll olltt ';. -~ .. , n :._ ' ill i f,,. ,ra o :. , icn _ t i , ,l t & e :tcill a 
-ttt. 'tI, .itr i L;iilI. r i ' ,. crritittt t, , h,. ,lt its.;i ini ttun ir ri 

r.: [t'p'' Nit.E Pn..,vr'r. 

T It.! I i " *.1, ! t rIt .. I Ih , t .i' lIt cI o ro no :;I .et or ,:u lv "lo. iol. Wh ,r.ro 
, ho; ,.. ... i I .al ,.. 1.4I-il rittr 11 bil ii0 ,- t ,,!. l. i vi,,i ritrib to impove

ri' ri~lh fi.l . :.. d ;. tih, il.i.i t," ,,0..r .workiil, arid Uver- r'azin, rti,.
:.itaablish d . .)It.i ; a i .. t .*d to the 1'Itt th.t dometi m'ater.;IIL .,- ]lI 
ilIpplies on 'ood :,'riteultur.r.l l rud firequentlyinriadequae. 
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Planned management of village land., the establishment of alternative livelihood 
vilages, the provision of water supplies and the protection of harig lands are the
directions in which progress is iil.ely to be made and a good deal of explorr.tory
work must be done before concrete proposals may be expected to emerge. Planned 
management of villaae lands will necessarily differ according to tribal habits and inthe first instance wo recommend that a small scale trial be made in each of the 
three main tribai areas occupied respectively by the Dinka, the Nuer and the Shilluk. 
The plan for trial in each area can only be evolved by Local Province and Agricultural
taff familiar with conditions, with such assistance from the Soil Conservation

Board as may be required. The essential would be (a) to fix the maximum size of 
the village and to make arrangements for new villages to come into being to take 
up supernumerary population, (b) to lay out the village lands on a rotation plan so
that they can be expected in perpetuity to provide an abundance and variety of food 
and milk and so as to provide a cash crop, (c) to prevent the village lands being
over.trampled and over-grazed by domestic animals, and at the same time to provide
adequate grazing for domestic animals, (d) in the case of cattle-owning tribes to 
attempt to limit the numbers to be allowed to any one village and to hold them to 
the approved number by introducing a cattle improvement service consisting in the 
main of the provision free of cost by the Veterinary Department of a cattle health 
service wherever communities would agree to pay for it by the annual surrender 
to Government of male bulls. At the 1945 muster for instance a census would be 
made of adult bulls and cows. If at the 1946 muster the totals had increased the 
owners would hand over to Government the worst animals to the number of the 
increase. The culling of unsuitable female stock might come at a later stage and
would depend on whether a stock improvement scheme could be developed so as to 
meet with general approval. The numerical control of cattle is a vital element in 
any long-term plan for maittaining village and outside grazing lands in good heart 
in perpetuity and we therefore attach considerable importance to devising experi
mentally ways and means of achieving this control. 

The establishment of alternative livelihood villages, as has been done by the 
District Commissioner at Pengko, may prove to be possible on a fairly large s'ale.
The sites should be chosen only after a water supply had been provided in an area
of suitable land. Commencing from zero it may be possible to lay out these villages
and their lands in a more or less ideal manner with the ultimate size fixed in advance,
the lands laid out in compartments to provide a suitable rotdtion for the production
in perpetuity of ample food and milk supplies and a cash crop, and with adequate
provision for grazing for domestic animals and for fuel supplies. In the village
itself or for village groups provision would be made for a council, ordinary, and 
adult educat ion, a medical centre, and a market, including shops. 

The provision of water supplies will vary with the nature of the country but we 
consider thit firlv hage exploratory works should be undertaken in selected areas 
for the provision of supplies (a) by fairly deep wells or bores, (b) by the introduction
of surface water t hroagh the clay surface into sand bed underground re!',,;rvoirs,(c)
by the development of surface water reservoirs both by the digging of hafi I and the 
(lam i uof water courses. 

As the lrovis on ,f waiti sippie.a is largely a teehnical matter wc consider tlat
tll Soil (oiiu.,rvation l oard sholtld :a111N, for -1 waler survey a1d then maintain 
ii ti l Provi w,ll-diegi untits, well-boring units, and a heavy Inrehinery uni 
for ligiua h:fir.s :od daillini_, wathr course's. 

il;Inri, cllt ivtill ik prati,.d in parts of this Provieie, and w,, onsider that it
.' h.mlboIu',a,.t (a) h'v Il. in. tallaii, of fire linars proteting, blnoks approxi.

itly 111. kiloil, tr. an:Lri-aId (h) by ile provision ol' water supplies to enahl, 
harve-.timt tolic dow,.. Ill the first instance we recommend that someone from the 
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!Department of Agriculture and Forcsts familiar with this work in Oudarof and the
Blue Nile Province be sent to the Upper Nile Province for one season to help initiate 
a survey of suitable areas and their protection by fire-lining. As the machinery
referred 	to in the paragraph above is unlikely to have arrived it is probable that 
water supplies for the first voar's protected harig lands would have to be arranged
by 	the District Commissionlcr on the advice of the Soil Conservation Board in the
form of hafirs, underground reservoirs of the Paloich type fed through shallow wells 
and 	deeper hand-dug wells. 

H. 	 EQUATORIA PROvCI.c. 
With the exception of some areas in the Nuba Mountains there is no part of

Sudan where agricultural lands are being more heavily eroded than in the hillyparts of Equatoria Province both east and west of the Nile, and careful planning isrequired to enable these lands to be developed in such a way that they will remain
in a state of good fertility in perpetuity and to preserve the main catchment areas 
so as to regulate the domestic water supply. We 	will discuss under the headings of
(i) fire control. (ii) the preservation of catehiment areas and (iii) deveopment of 
agricultural land.s. 

(i) 	Fire Control. 
At the present time most of the country is annually swept by fire and over great

areas serious damage is done in the destruction of regenerating forest and of the soilitself and we rogaird these annual fires as a contributary cause of erosion. Thealea to be controlled is, however, so vast that no immediate comprehensive remedy
iNpossible and all we can hope to do is work out a plan for gradual expansion, so
that control may be achieved in the areas that matter most before it is too late. Inthe 	first place, we recommend in all areas where fire exclusion is impractical that 
early burning be encouraged by Provincial Staff in order to reduce the proportion
ofsevero burning. It is not easy to fix habits of early burning in the minds ofa popula
tion and it cannot be done in a day, but afair measure of success has been achievedin parts of Nigeria and Uganda, a.nd it seems worth a serious attempt, particularlyin the Luluba-hills and the Nile-Congo Divide areas. Secondly, we consider that acompart ent type of control with fire lines should be the long term aim. In the area between Yei and Yambio thcre are many%streams running north which might
form the basis for a grid system and there arue a few roads running east and vest;
the road. do not prev(nt a fierce fire crossinm, but could be used as one edge of afire line to beIburnt anuna Ill "so as to forni a wide barrier at tIe time of the main firehazar(l. We rcoinend t6'at LaeXperiment be conducted by Province Staff at a
selected plaee (h.si-,ed to enable roads convertedto be into fire protection lines,that advisory aS.iistaLIIce be ,-iven by soniore familiar with harig protection work,and that flids for the exprimemit )4Cprovidihd by the Soil Conservation Board. 

(ii) 	 (Catr,in 4,rea.s. 

Whih. not 1ir, 'all h, dllf. to iIIIllrcove Ih rairrfLII1, there are sound reasons forsrPp.Ositn 	 , t hat oLea ',lld Ili dome to ',gnrlitt tine flow of water in springs anda ,_,iikl 

sto'trtm I,.o ri g vo_it ol over tIIwil sor rm .s. A itiv ltural ''evelopmenut tenmdsto eT.cp 	 iito eat'innlelt art-'a4 anl as this :Lilrot0 it "i-imipairs the water supplyl.-t-i rm1i,-i '" plai ,h' ill , . vc-voormnv-cld inl I . Ifir.t hat a survey be madre of th,MOtllot*.i 1 ,.1zr: ;tnmlt o'-4 	 all r11 r:in st 'a-t ol' lhtI- Nile with at view to riaking.
IHliH t ift1o.s -rv-sfir' '-at honrn t't d ;vt oir ml .iv-rthis can be done. Reservt-.
Whet creat-LI lnonid I,- dclimit,. l and iinanki-m nit I ltaconls and surroundvd and Criss.
vrossed witI fir., lin1es wh,.re thi-i Imrv h4. nuce:s:m2." 
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In forest areas and around the bases of hills it seems possible that permanent
fire lines might be created by planting to trees, bushes, or herbage plants that from
habit of growth naturally form fire breaks. We recommend that the Chief Conser. 
vator of Forests in colhboration with the Senior Inspector of Agriculture should 
lay down a series of experiments designed to furnish factual information onpoint. These experiments should be scattered so as to represent 

this 
the main soil 

type., and rainfall belts, a.on0 would not expect one type of vegetation to suit all
conditions. Funds should be made available by the Soil Conservation Board. 

Because there are so many isolated hills in this Province all of which -serve as catchment areas for local springs either actual or potential, and because they are
normally overrun by fires which reduce their water holding capacity, we recommendthat these experiments should include at least fair-sized hill which would beone 
gazetted a forest reserve and demarcated. It would be necessary to keep human
beings, particularly honey gatherers an,, hunters, out of the reserve area, as well 
as fires from the plain below. 

. The Imatong 'Mountains constitute the most important cat'ihment areas east 
of the Nile. We stronelv support the forest reserve plan already agreed betweenthe Director of Ariculture and Forests, the Chief Conservator of Foreiits, and the 
Governor. ana recontly modified at the sugostion of the District Commissioner Pond
Mr.Vidal Hall. In our opinion the pace of the execution of this plat. should heaccelerated so as to head 6ff agricultural infiltration and to reiove cultivators aheady
established at vulnerable points. Itwould be proper to devote Soil Conservatioll 
Board funds for the purpose of aceeler.Ating thik )rogrammo. 

(iii) AgriculturalDevelopment. 

This may conveniently be discussed under existing areas and new schemes. 
While we recognise the substantial medical reasons, involving the saving ofhuman lives, that prompted the Goverinent to move populations away from streams 

inlabited by the in,;ect vectors of Sleeping Sickness and local Simulium river blindnoss, it is none the less a fact that some poplations were moved to areas where
soils are unsuitable and water supplies inadequate. We recommend that wherever
the Senior Agricultural Inspector, Jitba, is satisfied that a particular community is 
|,'idly settled tle Governor should St u1 an ad hoc Committee with the District
Commissioner, the 8 enio' Medi,'al Officer, tie Sn~oioi Inspector of Agriculture and 
the 'GoveirniestGeologist or li repre.sientative as inembers to endeavour to find 
lioie silitahlio lands whlro water supplies he made availublr and that step., becan 

.theti l aken to oilove tht peopl to these lands. 
Smi-e.x';t.hiw areas could he put on a permanent hasik l)N introdu eing unch i

r's Oi 11 '. itO0lir.attrl i'c'; tic.' e 1o recocuicierid t'hat all 1)ist rict 'toininc.sioneis 
.holulil, ill vol i l..t with the loel Avr'i.lltt.ral f[l.pector. cans.' this miethod C-l"atiec 

ript etitc'Coci' Itinlf! l~l'* llcc'Ou-'Jcoit thei rdist rict. No expecdijuti' 
T l p ti.i be Ileel ed to briug stripit,'," ,'c"f'iiccit i c, 6'eit htlt p)4't':;ll: iOlt anll c will 

eiltivatlimlc ilitOe'.V',r-cll plnacl'i'.' .:\t:' lat,'r :ta,:e this work would lies!Ippl,nclentcd
by fill- Illlilil; 'ji "mrlill.l J11t114l.; 

\ot iill,l.r;altil Ihit all 1"|ins and experimecntJ 1)101S ,.rP 0 by the Agricul. 
I Oral Ih'll'.al1,11.1 IIll h. have now been li-d t..oitourill ic'r.vo p|o~ witi bund:.
alum1Iih fhi i~ol iyv wItc i.'mllctc at.,romen.t. %Ve 'olcsidt-i' that garden or-r iet 
th,. o -lVIilt rull,'.t:ll h.cr_,liche.& of tihc GU-%1i'a'Ul.llt ac1d by missions should. by 

ful 1h,..'ak- c~iCot' rxi,, I,:-op,:rated ,)utit_ 4,:untou: !jtrip plan and be provided alao 
With cooitoril' h i. d3. 
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Any new projects in the agricultural areas of the Nilc-Con.,o divide should belaid out with due regard to soil conservation. Strip cultivation should be madeuniversal in such areas and such contour buncI. sthould be provided in the beginningas may be considered by the competent authority to be essential for control. 
There are a fw prnlnan-nt or iearly permanent st r Is west of the Nile and itseems that. us, milit, be mad,- of those for cultivating liilcd .1 iimde' i ri'_' inin the dry wenth-r. With a view to testing the usqfulncr:s of id.s ,via (,m-,f.l.nI.i'wo recommend that , small scheme be laid out with in irrigj,kilometres long. Such i,.,n cnn7 vl.,tut tena scheme could probably best I.c introduc'td ill coflhiCtjviwith the economic develepment programme now under consid,rat inn by fh cGovol n.ment for the Yei to Yambio area. We visualize that the dota iF ofIh-,Gcheme wouldbe settled by the Governor as advised by the Senior Inspector of Agdicultuie, theSenior MIedical Officer ,nd the District. Commissioner and that the work.. would beconstructcd on the a.dvice of the Soil Conservation Board. In the event of success,similar scheins would -e initiated and the work extended to make the b,ststreams that dry out for some use ofmonths in the year, duo regard being pa-id to therights .tnd protection of water users down-stream. 
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Preface 

The seeds of the changes overtaking Africa were planted many
years ago, even with the development of "Indirect Rule," when the 
dynamics of modern politics were injected into traditional political 
systems. Everywhere (or almost everywhere) the old patterns of
society, the old political controls which governed people's lives, are
being modified by challenging new demands. The Western world 
with its special types of political institutions, its technical knowl
edge, its standards of competence, and its emphasis on the value of
the individual has promoted dissatisfaction with the old political
order, and demand for change comes from within African society 
itself. 

As change comes, the older methods of controlling society maybe less than satisfactory, but he newer methods may not please 
everyone. Political crises may occur when change does not bring
stability or satisfy the people, a point discussed later in the crisis 
over land terracing in the Uluguru Mountains. Not everyone favors 
change-or change at the same rate and in the same direcdon-and 
ncw ideas and methods may be resisted by those who feel them
selves threatened. There are conflicting sets of norms, and the 
value to be given to each, of deciding what aspects of che modern
should be adopted and what aspects of the traditional should be
rctaincd, raises problems that have no obvious solution. 

Africa is everywhere facing a political problem, now further
accentuated as the reins of overseas colonial control are slackened
and increased authority is assumed by African political leaders. 
That problem is one of establishing political institutions that are 
efficient, stable, and integrated effectively with the society they 
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control. What is new requires development, and what is old may 
need a godification. 

The above generalizations are applicable for much of Africa. In
this study local and specific examples will be given of what occurs 
when Western ideas of politics and technology are introduced to anAfrican society having relatively simple political institutions. The 
pericnsopeaeyh vinruewhoively imte ontiainstaionh Tle 
people are the Luguru who live in the mountain areca of the Moro-
goro District in cast central Tanganyika. Tileembers. 
Luguru as a subject of study was in some ways particularly fortu-
nate. Their system of indigenous authority has continued intomodern tinies and enables one tO examine at first hand the traditional 

moden tmes nd nabls traitinalwereoe toexaineat frsthandtil 
controls in the society. Traditional authority was decentralized and 
segmented, based on lineage, with descent passing through the 
mother's line. This indigenous system of control has in more recent 
times been supplemented by a type of local governmcnt known as 
Native Authority. The expression "Native Authority" has in some 
places conic into badreplcedbyrepute, andLoclin officialGoernent"n documentstrn s otenwas it is beingwich 

replaced by "Local Government," which in turn is often abig-
uous. However, the law still refers to Native Authority, Native
Treasury, and Native Courts, and those terms are used customarily 
and without embarrassment in the Morogoro District. The intro-
duction of Native Authority is of special interest because it reveals 
some of the difficulties encountered in creating for an African 
society a type of local government based on Western principles. 
The new and the old live side by side. Problems are raised con-
cerning personnel, such as the extent to which the holders of tradi-
tional office can be used in the new organization. Problems are also 
raised concerning the nature of the responsibility of this new 
organization, and of how the new techniques of votes and elections 
blend with the more subtle controls found in the older systems. 

The selection of the Luguru for study was fortunate for yet 
another reason: it provided an opportunity for comparing the 
attempts of government, of the old and the newv, to control the 
environment. In the Uluguru Mountains the dependency of man 
upon his physical environment is strikingly illustrated, for there the 
people live close to the soil and are dependent on it for existence. 
The striking beauty of the mountains, rising impressively from the 
plains and providing a cool haven from malaria, is not matched by 
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the productivity of the soil. The land is poor, and demands are 
placed on it to support an increasingly larger population. The 
Lugurtt are attached to the mountains and prefer to live there, even
with thin, eroded-soil and poor crops, than to migrate to the hotter 
plains in the lowlands where land is still available. 

The Luguru political system attempts to control the physical 
evironmuent and, in particular, to allocate land for the use of itsThe newr XVestern government is also interested incontrolling the environment.W ith land so badly eroded, Govern

inent decided that drastic measures were needed if the mountains 
to coiltinue to support life, and a program of soil conservation 

xwes introduced, with emphasis placed on the construction of bench 
trce dt 
luring the period in which the district was "under observation," 

political riots developed in protest against this conservation pro
they reached such that the terracing program 

ga and abandoned. h thaerevealed in rameventually ned isis in dramatic formThe crisis 

the conflict that may arise when new, unwanted agricultural meth-
Mtls are introduced and also the nature and cause of the resistance.
It also revealed some of the difficulties involved in creating a 
roernnient capable of leading the people along new paths and at 

the same time commanding their support. On;;aspect of the crisis 
was the claim for power made by rival groups; on the one hand was 
Native Authority, partially integrated into Luguru society and 
using modern methods of administiration, with the ultimate sanction 
over their actions lying with Central Government. On the other 
hand -,asthe opposition, led by a hereditary rain-maker (or by his 
cousin), and appealing to tradition and the old way of life. A second 
aspect of the crisis was the conflict which developed between the 
technical proposals and their execution in the field. It was necessary 
to find technical solutions for controlling and improving the land, 
but the administration of the policy under African conditions 
proved to be especially difficult. 

Before the crisis developed, the district seemed to be passive and 
tranquil, but it was shortly cleft by anger, confusion, and divided 
allegiance as the Luguru rejected some of the imposed solutions for 
their economic difficulties. Once the surface tranquility was bro
ken, there was a general deterioration of political order, and au
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thority was challenged on several fronts. One man was killed dur-
ing a demonstration against compulsory terracing. Agricultural 
instructors, iattempting to discuss rules for soil conservation, were 
shouted down and threatened with physical violence. A blanket of 
smoke covered the Uluguru Mountains. This was a symbol of de-
fiance, a warning that the farmers were fed up with rules of con-
servation and that they would burn their land despite regulations 
to the contrary. The new methods were not for them. Several 
platoons of police were brought in to restore order, and most of
the district was declared a troubled area. In the face of this resist-
ance, the Government gave in, abandoning the program of soil 
conscr -tion. Evcn after three ycars, terracing evoked strong erno-
tional reactions .: ' rhe word itself -,vas not used officially. Many 
of -lie cerraces that had been constructed with such hard work had 
been pulled down. 

Although the probkems of tile Morogoro District differ in degree
from those found in other areas, an understanding of these problems 
may t)e of assistance in understanding the complexities of political
life in other parts of Africa. By concentrating closely on this micro-
cosit, one may get a clearer view of the nature of tile challenge 
to African society when the whole continent is caught up in a 
torrent of change. This challenge is not primarily racial, of white 
against black (although it may be so manifested on some issues). 
In the major issue facing the Luguru people-the utility of their 
political institutions in meeting modern demands- the racial ques-
tion as such is not significant. The primary conflict is cultural, here 
centered on differing methods of organizing society and establish-
ing controls, on differing goals and systems of ideas, and on the 
application, or even the applicability, of differing technical skills, 

It may be helpful if some simple definitions and identifications 
were given at this point. Luguru is the name given to the people: 
they are otherwise and more widely known as the XValuguru, but 
in keeping with current trends in orthography the Bantu prefix wa 
has been dropped. The root word g-uru means hill or mountain; and 
Luguru, being an augmentative, is basically a geographic expression
meaning "the people of the big mountain." The word Uluguru 
describes the areas where the Lugurn live, the prefix u meaning 
simply "the place of." Morogoro is at once the principal town in 
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the district as vell as the name of tile district. The application of 
this name to the town and district is of recent origin and, on in
spection, can be seen to be also a derivative of the rout word guru. 
Following the Bantu practice, an inhabitant of the area would be 
known as Mluguru, and, with tile "1" and "r" frequently inter
changed in the Bantu languages (the Uluguru Mountains are 
labeled "Uruguru" on early maps), the base word may have been 
corrupted into "Mruguru" and so to the present-day "Morogoro." 

The designation of a tribe when applied to the Luguru presents 
some difficulties, for traditionally the smaller unit of the clan, and 
the still smaller unit of the lineage, were the principal groupings 
which exercised internal controls. There was no over-all tribal 
organization existing before tile arrival of Europeans, and the peo
ple wcre indigenously a segmentary, chiefless society with the con
ccpt of tribal unity being virtually non-existent. The "Luguru 
chiefdom" is a European-inspired term, and the offices bearing
such attractive titles as sutan, mtawala, liwali, and jumbe have been 
newly created. 

This study is based on the work of the two authors who inde
pendently, at different times, and for somcwhat different purposes, 
observed the political life in the Morogoro District. I was drawn 
to the area because of my interest in the development and transition 
of political institutions, and Morogoro was selected because it repre
scnted a middling-type district, neither as rich or progressive as 
somc nor as isolated and traditional as others. MIr. IHenry Fosbrooke
(who is now Director of the Rhodes-Livingstone Institute for So
cial Research at Lusaka, Northern Rhodesia) came to the district 
at an earlier period in connection with his work as Senior Sociolo
gist of the Tanganyika Government. Some tinie after the individual 
ventures were initiated, we discovered our mutual interest arid con
cluded that a joint vork combining the ethnographical and the po
liical material would tell a more complete and satisfying story than 
either published independently. 

The Tanganyika Government has been uniformly co-operative 
in assisting us to carry out this study; they have proft-rred infornia
tion, opened files, granted interviews, answered inquiries, and in 
other ways assisted and expedited the preparation of the materials. 
We would like to express our thanks to the Tanganyika Govern
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ment for their co-operation as well as for their kindness in granting 
permission to publish materials, some of which were collected orig
inally for official purposes. The Department of Lands and Surveys 
has very kindly granted permission to reproduce the tribal and 
ethnographic map of Tanganyika. We are also indebted to the 
Program of African Studies of Northwestern University for ma
terial assistance in the field; and special thanks are due the Director, 
Professor Melville J. Herskovits, for his interest in the project and 
for the encouragement and support he has given in carrying it out. 

In developing this study we shall first survey the Western inno
vations that have fostered change in the political system of Tangan
yika. This will be followed by three chapters describing the physi
cal environment and the Lugurii social structure. The study will 
then consider how, and with what success, the Western political 
institutions have been introduced. A single chapter is devoted to 
the experiment in land reform undertaken by the Uluguru Land 
Usage Scheme (ULUS). A final chapter makes some concluding 
remarks and advances some recommendations. Mr. Fosbrooke is 
the author of Chapters III and IV and shared in the preparation of 
Chapter II and the Appendixes; and each of us has read and com
mented on the work of the other. 

March, 1959 ROLAND YOUNG 
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The Uluguru Land Usage 
Scheme 

The development of the Scheme 

Shortly after the Second World \.Var, the Uluguru Land Usage 
Scheme, or more familiarly ULUS, was developed for improving 
the land in the Uluguru Mountains. The Scheme was not com
pletely accepted by the Luguru, even though it gave promise of a 
higher standard of living, and in 1955 there were riots over com
pulsory terracing. One man was killed; the Luguru chiefdom was 
declared a disturbed area; and police were called in to re-establish 
order. In the years since the riots many of the terraces constructed 
with such hard work have been pulled down and the word "ter
race" expunged from the official vocabulary. 

The U!uguru Scheme is of singular interest to this study because 
of the nature of the unresolved conflict over improving the physical 
environment of the Luguru. The following factors were involved 
in the conflict: i) the traditional system of Luguru authority, and 
in particular the method of allocating land; 2)the administration of 
the scheme by the District Office and Native Authority; 3)and the 
technical recommendations for preventing erosion. The traditional 
system of allocating land has been described in earlier chapters, 
where it was shown how the organization of Luguru society is 
closely related to the control it exercises over the physical re
sources of the country. The organization of the District Office and 
of Native Authority has also been discussed. There remains to be 
considered the technical proposals that were offered as a solution 

141 
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for land and water conservation. The Luguru by and large rejected 
the proposals: they objected to the hard work involved certainly, 
but more deeply they feared that the Luguru way of life was being
threatened by tile land reform. 

Agriculture and forestry officers had been aware for some years
before the Scheme was adopted that tile Uluguru Mountains were 
carrying a heavier population than the soil could sustain. The land 
was eroding, and as the Luguru extended their holdings in the 
hills they destroyed the forests. This in turn had a harmful effect 
on the supply of water in the valleys, inasmuch as the headwaters 
of several of the major rivers of Tanganvika are located in the 
Uluguru Mountains. It was feared that, if these headwaters were 
not protected, the rivers in the valley would change from perma-
nent to periodic rivers with characteristic flash floods and silting. In 
retrospect, some of these fears may have been exaggerated, but 
there was little doibt that the productivity of the land Avas low. 
There was no additional land available in the hills, and, if con-
ditions continued as they were, there would be further loss of soil 
fertility and a lowering standard of living for the Luguru. 

The chief proponent of conservation measures was Mr. A. H. 
Savile, the Regionill Assistant Director of Agriculture, who was 
greatly concerned about the deteriorating conditions of the land in 
the Uluguru 'ountains. In explaining the background of the land 
crisis, Mr. Savile wrote that the Luguru left the plains about the 
year 1884 to escape the attacks of the Ngoni raiding parties and 
took refuge in the forests of the Uluguru Mountains. Once there, 
the Luguru "preferred the cool and healthy climate in the moun-
tains" to the alluvial plaihs, and "they then proceeded to destroy 
the land on which they were living." Additional land -.vas cleared 
to meet the growing demands, and the abandoned land was not 
permitted to rest long enough to regain its fertility. Steep slopes 
were cultivated without protecting the soil from surface wash, and 
"tile fertility of the land was rapidly destroyed due to the removal 
of the surface soil by sheet erosion." The vicious circle proceeded: 
over-use of land; erosion; expansion of cultivated land; more ero
sion. Mr. Savile found in 1947 that the stage had been reached 
cw e aSenior 
when a family has to cultivate four or five times as much land as 
was necessary thirty years ago. . . . Sheet erosion has advanced so 
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far that, in many cases, the natives are endeavouring to produce 
crops on clayey subsoil underlying a surface layer of two or three 
inches of immature surface soil." 

African planters near Bagomoyo were affected by the change in 
the flow of the Ruvu River, Mr. Savile said. Prior to 1929, the 
planters could live and cultivate their crops on the alluvial soil 
throughout the year. Subsequently, the flooding of the rivers was 
frequently so excessive that the planters co;!.H lot cultivate dur
ing the wet season. Similarly, the reduced flow of water in the 
dry season affected the cultivation of rice in the creeks adjoining 
the river. The Africans had formerly grown rice by means of tidal 
irrigation; the Ruvu River would be banked up against the spring
tides, flooding the creeks with fresh water. Many of these creeks 
were now flooded with saline water because the reduced flow of the 
Ruvu during the dry season had resulted in the encroachment of 
tidal sea water. 

Mr. Savile thought it was safe to predict that the position in the 
Uluguru Mountains would get very much worse "unless the prob
lem is tackled on a large scale in the near future." Even wili com
plete erosion control, he thoughit it "improbable that the mountains 
will be able to carry all the population at present living there and it 
seems certain that eventually a large proportion of the population 
will have to be moved down to tile plains." 1 

Some parts of the Savile argument might have been modified, 
given additional evidence. Mr. Savile was mistaken in his belief 
that the Luguru had arrived in the Uluguru Mountains as recently 
as 1884; ethnographic research carried on subsequently shows that 
the Luguru have lived in the hills for some 300 years. This long 
tenure may have given the Luguru greater accumulated knowledge
of their soil than the experts realized, and it is possible also that the 
rate at which the population was expanding, the soil was deteriorat
ing, or the forests were being destroyed, was not as great as Mr. 
Savile believed. 

The evidence on the extent of sheet-erosion is difficult to acquire; 

1 From memorandum. "Soil Erosion in the Uluguru Mountains," by A. H. Savile,
Agricultural Officer (1947) (typescript); see also Mr. Savile's article,

T'he Study of Recent Alterations in the Flood Regions of Three Important
Rivers in Tanganyika," East Africa Agricultural journal, XI, October, 1945. 
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although Air.Savile may have been right in his judgment here, tile 
evidence may also be interpreted to mean that sheet-erosion was not 
appreciable or was not due primarily to Luguru methods of agri-
culture. There were memorable flash floods in the Uluguru Moun-
tains before 1884, the year selected by Mr. Savile for the entry of 
the Lugurut into the hills. The explorer, Ilenry Stanley, records at 
considerab!e length a description of the (amage inflicted by the 
great flood of 1871, when whole villages were washed away. In 
Tununguo, on the eastern side of the Uluguru massif, Mr. Fos-
brooke has been shown stratified layers of mud from previous 
floods; some of these great floods were named and remembered 
in tribal tradition from periods long before the population pressure 
had reached its present density. If sheet-erosion had been followed 
by heavv silting, changes in the flow of the Ruvu River might have 
been expected; however the records (albeit incomplete) of the East 
African Raiwavys do not indicate aniy real change in the flow at 
Ruvu Crossing since the railway bridge was built by the Germans 
near the turn of the century. 

The details of the arguments are noted inasmuch as they affected 
subsequent policy, particularly the definition of the prelblem to be 
resolved and the urgency of the remedy. Despite the points in the 
argument to which exception may be taken, the Savile statement 
on the deteriorating condition of land in the Uluguru Mountains 
was forceful and persuasive, and it formed the official rationale for 
estahlishing the Uluguru Scheme. On the broad question of con-
serving the soil and increasing the fertility of the soil, there could 
be little dotbt that the Luguru would benefit by the application of 
available technical knowledge. They were then living at the level 
of marginal subsistence, with an estimated average cash income of 
70. ($io) a year. In 1947, f-o,ooo was made available from agri-
cultural development funds to be spent over a ten-year period in re-
habilitating the Uluguru Mountains. 

The Scheme got off to a slow start. Significant policy questions 
had first to be decided, since the proposal for the grant had been 
drafted only in general terms. Several plans were discussed by the 
administrative officers from provincial and district headquarters 
and by the technical experts from agriculture and forestry. The 
Forestry Department proposed to remove barren land from cultiva-
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tion and plant it in trees, with the upper area of the highlands 
demarcated as a special reserve for protecting the headwaters of the 
streams. An agriculture officer proposed that major emphasis be 
placed on terracing; demonstration plots would first be built, and 
the Luguru would have a full year in which to decide whether 
they would accept this plan. Objection was made that the delay 
would prevent the Scheme's being completed within the ten-year 
period. 

In the end it was decided to spend the bulk of the money on per
sonal emoluments for staff and to concentrate on the development 
of bench-terraces as the most effective way of preventing soil 
erosion. It should be said here that there was not complete agr, e
ment among the technicians on the utility of bench-terraces and 
that from time to timte during the life of the Scheme the policy -as 
criticized. Nevertheless, the policy of bench-terracing was fol
lowed, often inflexibly and to the exclusion of other methods. 
Earlier plans spoke of the desirability of constructing demonstration 
areas, but it is one of the misfortunes of the Scheme that such areas 
were not developed to a point where they could be shown to the 
Luguru as a model way of farming in the highlands. Some of the 
technicians also thougLt it unnecessary to construct experimental 
plots; time was short, and besides, it was said, "only proved methods 
would be used" in the Scheme. Another reason was that unproved 
experiments might result "in partial or total failure of the crop, 
thereby undermining the confidence of the lValuguru." But not all 
were satisfied, and some technicians complained that the emphasis on 
bench-terraces restricted the Scheme to methods used elsewhere 
"to the complete exclusion of experiments in the light of experi
ence." 

Further experimentation seemed desirable, for there were indica
tions that bench-terracing -,vas not always effective. In an area con
structed for demonstration purposes in Alorningside (south of 
Morogoro) in 1949, the terraces turned out to be completely sterile. 
The annual report stated laconically that the setback "has been 
overcome by careful and prolonged propag:alda and the posting of 
two extremely intelligent instructors to that area." 

Th2 administration of the scheme was placed in charge of a dis
trict officer, and he was assisted by three to four agricultural field 
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officers. The latter, in turn, were in nominal charge of the several 
score African agriculture instructors who werc employed on the 
Scheme. The official work was primarily educational and super-
visory; explanations were made as to wvhy the land was washing 
away, and the necessary steps were suggested for reclaiming the 
land. A series of bush schools were held at the village level to in-
struct the farmers in recommended methods of terracing, and meet-
ings with headmen were held once a month. African agricultural 
instructors were trained in the techniques of soil conservation and 
were sent in tile field to assist in the program. Terracing was made 
mandatory, and farmers were not permitted to burn the trash and 
weeds on their land without permission. Rules on the proper care 
of land were adopted by local councils and were enforceable in Na-
tive Courts. 

As time went en, a hostile reaction developed to the new agri-
cultural techniques, or to their implications; the hostility was ex-
pressed through unauthorized political channels and eventually 
led to intimidation, open violence, and the use of force. The new 
techniques were a challenge to the traditional methods of farming, 
where tile hoe and the machete were the major pieces of agricultural 
equipment. They were also a challenge to the general social struc-
ture, for tile new regulations (lid nor depend for their effectiveness 
on voluntary compliance alone and required additionally tie use of 
Native Authority, which was capable of maling binding rules. The 
subsequent disturbances may be considered to be a form of resist-
ance not only to the new farming techniques but also to the .m-
posed rule which introduced and supported them. In all, the plan 
embodied in ULUS raised some issues which disturbed the Luguru 
greatly, for it struck at two sensitive topics: the land and, beyond 
that, the social system which governed the use of the land. 

The solution of opening up new land and then coaxing, persuad-
ing, cajoling, or bribing some of the Luguru to nmove there was a 
tenable proposal so far as the availability of land was concerned, 
However, the Luguru were generally reluctant to move to the 
plains, which were associated with humidity, heat, malaria, lack of 
water, and, in the past, with slavers, 

An attempt was made to open tip land at Mlali, some twelve 
miles southwest of Morogoro, where an irrigation project was 
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constructed. Although many streams flow from the mountains, ir
rigation is not a traditional feature of the economy, and the Allali 
plan was a new experimen, for the Luguru. It was hoped that the 
plan would prove to be attractive enough to tempt the Luguru 
from the hills; to sweeten the bait no rent was charged for the use 
of the land during the first year of occupancy and only a nominal 
rent subsequently. The new project was a considerable success, so 
far as crop yield was concerned, but initially neither the operation 
of the scheme nor the utility of irrigation was fully coiprchended 
by the Luguru. The scheme was not popular at first. Slowly, how
ever, the project caught on. Land was first taken up by residents 
from Morogoro, who grew food and cash crops on their allotment, 
and later people from Algeta entered the area, still retaining their 
home in the highlands and using the Mlali plots to supplement their 
other holdings. 

Even before ULUS got under way, terracing had been carried on 
in the Mgeta area for some )ears. The land in this area is especially 
steep, and some terraces were only a single row wide-little wider 
than the width of the hoe. lowever, the Mgeta people approved 
the results of their terracing and in general were sympathetic with 
the broader ULUS. Their favorable attitude towards terracing 
limited the extent of dissatisfaction which arose later. 

The official terracing program was introduced initially in but a 
few select areas; it began in Alatombo in i95o, was extended to 
Alkuyuni in 1952, and to other areas later. By the end of 1952 
little progress had been made, considering the ambitious nature of 
the plan to build bench terraces throughout the Uluguru Mloun
tains. A new executive officer appraised the job ahead with some 
cander, saying that at the present rate of progress some zoo years 

would be required to complete tile job, and funds would run out in 
four years. 

In the earlier days the Luguru had not been attracted by ULUS 
and tended to be suspicious of land reform. There had been some 
violence, including a few instances where houses had been burned 
in recrimination against the proposals of terraces, but in general the 
scheme was tolerated, if not welcomed. The attempt to enlist the 
suDport of the clan leaders had limited success, but Kingalu, the 
former Sultan of Northern Uluguru, was persuaded to support ter
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r.,cing. Unfortunately, the old chief died shortly after committing 
himself to tile project, which to some Luguru was a bad omen. 

As it happened, the death of Kingaiu set in motion a series of 
events that directly affected the Uluguru Scheme. Kingalu was suc
ceeded !y his nephew, the son of his sister. and this new Kingalu, the 
thirteenth in line, at once claimed the title of Sultan then held bySabu bill Sabu. He!complained that lie wvas addressed locally as Ra-.-' ,' 

mazan s/o Saidi and asked the District Office to recognize his title; 
he signed the letter Sultani Kingalu mwana Kinoge. In the various 
cabals and disturbances that followed, it turned out that Kingalu 
was a figurehead, the tool i)f his ambitious cousin and mentor, Ali 
Kingalu. Ali, son of the deceased Kingalu, would have inherited 
the title in a patrilineal society. The son could not be I(ingalu or Sul--. 
tan in his own right, but lie reasoned that lie might be able to wield 
power through his weak cousin. Ali was a nonentity so long as Is 
father was alive, but with a new Kingalu in office he could gain in
fluence for himself. He was an expert on the prerogatives and pro
cedures of the office; in the expressive words of one informant, he t
knew "all of the proper series of grunts and coughs and *sneezes T. 

when approaching Kingalu." Ali was ambitious and persuasive and 
in setting about on his new career as agent provacateur he used . W 
Kingalu for his own ends. 

The letter from the new Kingalu, claiming the sultanship, caused 
some amusement in the District Office, where the claim was notconsidered seriously. The older Kingalu hid been Sultan over a part iV.t, 

of the Uluguru only; now the whole area had been united and cen
tralized under a single Sultan, and it was not understood how Building Two-Story House in Uluguru Mountains 

Kingalu could rightly claim an office never held by his ancestor. 
Moreover, the office of Sultan was no longer considered to be hered
itary (if it ever had been) nor was it identified with any particular 
traditional officeholder. The office had in fact been secularized, al
though it is fair to add tlh,;t the traditional claimants to the office, 
those who had been supported when the policy of Indirect Rule was 
in full sway and encouraged to assert their claims, were not con
sulted wlhen the newer policy was adopted. After receiving the let
ter, the District Commissioner visited Kingalu, explainiipg the current 
status of the sultanship and in the course of the visit discovered the 
nature of tie relationship between Kingalu and cousin Ali. 
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In December, 1952, Mr. R. II. Gower became District Commis
of Morogoro, and he at once developed a program of educa

tion to explain the scheme more fully to the Luguru, hoping to se
cure their co-operatin. Adult schools were established to educate 
the peasant farmers on their stake in improving the land, but to a 
large extent the Luguru remaied lethargic, supporting terracing 
grudgingly with their backs but not with their hearts. In expanding 

S.ricultural 
the program, the Government also employed additional African ag

instructors, who were to supervise the construction of ter
...' 

Forest Preserved as Sacred Grove 

..-

4. - -"agricultural 
races and explain soil conservation to the peasants. Tweny-four 

instructors had been employed in 1950; in 1954 the
number wvas increased to sixty. The standard of competence of the 

-- - r 
instructors varied considerably; one had been trained at Makerere 
College and for a period in tile United States, but this case was ex

-- - ceptional and many of the instructors were poorly trained. The an
nual budget for the sixty agricultural instructors was only £2329, 
making the average annual wage of an instructor less than £40 

j7 
.--

S 

"". 
•They 

"not 
Some of tile instructors, conscious of their new authority, were 

always courteous in making suggestions or giving reprimands. 
were, in fact, more than instructors; tile), were also agents of 

. ..... Native Authority and had some powver to enforce thle rules on ter
racing and soil conservation. They could grant permission to burn 

P,- -' trash and could also report violations of rules for prosecution in tile 
courts. It was frequently charged that the instructors took bribes 
and were corruptible, but in all there were only two or three actual 

Terraces, Showing Landslide 

.. 

Mhago Showing His 
Country: 1-1geta Area 

I 
convictions. Some who were closely associated with the Scheme 
thought that bribery itself was not common but chat the Luguru 
resented being treated as schoolboys by these insolent outlanders.
Tie instructors earned for themsel'es the unhappy name of "the 

Sarmy of black locusts." 
A, 

S4resources 
Fudsandtimewere running loxv, and to maximize the remaining 

ULUS abandoned its concentration on small areas and em-

S - . 
barked on a more extensive program. Goals were set up in terms of 
running yards, with the hope that every Luguru household would 

. "bench-terrace 
it acre). 

annually some 300 running yards (one-eighth of an 

,tructing __ a • . - Table 14 reveals that the total number of running yards of ter
rerraces: 

nuntains 4 
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races increased seven-fold in 1954 above the 1953 figures and that 
the rate was being maintained in the first two months of 1955. In the 
Alkuyuni area, however, the projected rate for 1955 was almost dou-
ble that achieved in 1954; this increase reflected the aggrcsive leader-
ship of the subchief, Abdallah Selemani. Communal terracing was 

TA B L E 	 14. Terracing completed g93-1955 
In units of runningyards 

Jan.-Feb. Projected rate 

1953 1954 1955 for year 1955 

Matombo 399,284 7,444,800 685,5 0 4,11 3,000 
Bwakira Juu (Included with 

Matombo above) 1,073,240 222,100 1,332,6oo 
Mkuyuni 427,615 3,403,229 1,033,524 6,201,144 
MeKingolwira 937,450 ,129,229 290,470 1,742,820 

Mgeta (48 acres) 1 (45 acres) -7 -8 

A,764,349 	 13,050,498 t 2,231,594 3,389,565 
l'About 85 sq. miles.Io1,q. mi,,About 

introduced in Mkuyuni, and Abdallah Selemani proposed that thenormal stint per household be increased to 6oo yards per year. In-

structors were said to have used threats to achieve spectacular rec

ords, and in some cases the figures gave a n-ading picture of what 

was constructivel-v accomplished. Farmers might select poor land 
for their terracing stint simply to comply with instruc'tions, with the 

result that there was no visible return for the labor. The results of 
terracing even the better land were frequently disappointing. If ster-
ile subsoil was added in tie process of terracing, the land might be 
even less fertile and less productive than before. It was not easy to 
convince the Luguru that bench-terracing was a "good thing" when 
it resulted in smaller crops. 

On the surface the plan was going ahead with great force, and 
there were not many overt warrnigs of trouble before the terracing 
riots broke out in the summer of 1955. The proposals put forward 
by officers ar~d instructors were obeyed, and the Luguru apparently 
did not differentiate between mere exhortation to work and legal 
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regulations which they were expected to obey. They went doggedly 
ahead, doing what they were told, and becoming increasingly re
sentful. The sullen, angry discontent that became obvious during 
and after the riots was not expressed openly in council meetings. 

It was said earlier in 1955 that the plan was "catching on," that 
the farmers were now seeing the value of soil conservation, and that 
tie scheme had revitalized political consciousness. Whereas council 
meetingq were lormerly concerned with requesting new services 

without levying taxes to pay for them, they now discussed problems 

connected with the Scheme, such as the selection of the next area to 

be terraced. 
However, all was not tranquil under the surface, and government 

in the rural areas was being called on to carry a heavy burden. There 
were reports of widespread bribery of head men and instructors to 
secure exemptions from terracing or to secure permission to burn 
trash. The bribery irritated both the honest and the dishonest, the 

latter being indignant when brought into court on charges for which 
a bribe had supposedly made them immune. Nor were the tools ade

quate. The hoe was unsatisfactory for terracing, for it tended to nib
ble into 	the supporting terrace walls and encourage erosion. The 

spade had not been used traditionally, and if used would require the 
addition of a foot plate (or the digger would have to wear shoes).
Manure 	for increasing the fertility of the land was not available. 

The riots 

There was widespread resistance to terracing, and at this point two 
groups, having somewhat different purposes, entered the scene. One 
group was the Tanganyika African National Union (TANU), who 
were enrolling members by organizing the discontented and cham
pioning their grievances. The other group was the supporters of 
Kingalu, who hoped to make him Sultan. Although TANU took no 
official stand on the merits of the Uluguru Land Usage Scheme or 
the legitimacy of the grievances, its organizers were at the time ac
tively enrolling members and collecting funds in the Luguru area. 
The appeal was made that once TANU was in power terracing 
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would come to an end, litigation for members would be handled 

free, and the ease of the old life would return. There is evidence 
that the Luguru killed in the Matombo riot was an organizer for 
TANU. 

The followers of Kingalu offered a sentimental, nostalgic, mysti-
cal, and patriotic appeal for support. Kingalu was tlhe symbol of the 
authority that prevailed in the old days before the arrival of the Eu-
ropean, and with him in power there was the promise of more rain 
and better crops. The appeal for a restoration of temporal authority 
was made on somewhat shaky grounds, but in any event a former 
Kingalu had once been the Sultan. The fact that the former Kingalu 
had been Sultan over but a part of the area may have been more sig-
nificant to the District Office than to Kingalu's followers. Why, it 
could be asked, was Kingalu not in power? The Tanganyika Gov-
ernment had adopted the policy of building on "tribal institutions 
which have been handed down to them through the centuries," and 
this policy had not been revoked. Although it does not take long in 
African politics to develop hereditary claims to an office, Kingalu 
was not a first-generation chief trying to establish a dynasty. 

In the subsequent propaganda, an attempt was made by the in-
surgents to discredit Sultan Sabu. He was slandered with the accusa-
tion that he had enriched himself by supporting ULUS. The Gov-
ernment, the rumor went, paid a high price for his support, and 
Sabu in turn had bribed the subchiefs and headmen to support the 
plan. Another rumor had it that Sabu was frightened of Kingalu 
and paid him up to half his salary to keep Kingalu from claiming 
the office. The discontent with terracing became a vehicle of protest 
against Native Authority. It expressed itself in a demand for a re-
turn of old customs and old leaders. The discontent was organized 
and given direction by Ali Kingalu, who operated from his staff 
headquarters high in the Uluguru Mountains at Kinole, using run-
ners to bring him information and to take messages to his subordi-
nates. 

From the end of June, 1955, events moved rapidly toward the 
climax of the riots. The Luguru began to tell the field officers that 
they were fed up with compulsory terracing. The barazas became 
menacing, and in some cases native law and custom was violated 
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when people appeared at open meetings with machetcs. A clamorous 

baraza held at Mkuyani in June was attended by several hundred 
people instead of the usual thirty or forty. The general tenor of the 
complaints was that the people wanted to stop terracing and to get 
rid of their subchief, Abdallah Selemani. 

On July ithere was another meeting at Mkuyuni, and in what ap
peared to be an organized demonstration more than 15oo Luguru 
rose to their fe - and brandished sticks. When the District Corn
missioner haI finished speaking, Ali Kingalu gave a signal, and the 
crowd began to shout hatutaki matuta (we do not want terraces). 
People stood up, shouting wildly and waving sticks. 

The bulk of the crowd dispersed after a promise of a further 
meeting, but some remained, running around excitedly. After the 
meeting an agricultural instructor was found to have been beaten 
up. He was lying in an Indian shop with bruises on his legs and face 
and suffering from shock. As the officials left Mkuyuni, three more 
agricultural instructors were stoned near the market place. 

Further disturbances occurred subsequently. On the 4 th July, the 
Sultan held a meeting at tie court house at Alkuyuni, and another 
menacing demonstration followed. The leaders of the disturbances 
were given official status, at least in their own eyes, by virtue of the 
fact that they acted as spokesmen for the complaints. When °he Sul
tan asked the meeting to name someone from the crowd with whom 
he could discuss their problems, tile following four men stepped for
ward at once: Mohaned Mwinchuma, Mohamed Senei, the 
son of a Zanzibar sheik who had migrated to Kinole; Mohamed 
Hussein, Ali's chief lieutenant, who had once supported ULUS 
and busied himself in organizing terracing parties; and Ali Kingalu. 
The last three of those named above were later convicted of causing 
disturbances and imprisoned. 

On July 5th, a meeting was called at Alatombo, whiich was in
tended to be the beginning of a series of bush schools, but several 
hundred people appeared at the meeting armed with knives and 
sticks. At this point the District Commissioner decided to confer 
with Government officials at Dar es Salaam about future policy. It 
was decided in the capital that further meetings should be held in an 
attempt to reach an understanding on the grievances that had been 
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expressed, but there were recognized risks in holding open barazas 
and as a precautionary measure two platoons of mobile police were 
dispatched to Morogoro to keep order. 

Negotiations were also entered into directly with the leaders of 
the agitation. After returning from Dar es Salaam the District Corn-
missioner together with the Sultan and Deputy Sultan met with four 
of Kingalu's agents from Mkuyuni, and the Sultan had additional 
discussions with a deputation from Matombo. The official position 
was explained: abuses in the program would be corrected, but ter-
racing must continue, 

Two important barazas were scheduled for July i 3 th, to explain 
Government's policy; one was to be held at Mkuyuni in the morn-
ing and the other at Matombo in the afternoon. Some 2,500 persons
attended the Mkuyuni meeting and listened to a speech in Swahili 
by the District Commissioner, who talked for some three-quarters
of an hour. At the end of the baraza no one moved. The District 
Commissioner then spoke briefly with Ali Kingalu, who told the 
people to disperse. They dispersed straight away, with no unruli-
ness. 

A somewhat larger crowd, estimated at some 4,000, gathered at 
Matombo for the afternoon meeting, and the District Commissioner 
repeated the :,bsrance of the talk given earlier at Mkuyuni. He told 
the crowd that the police were present to ensure the nraintenance 
of order inasmuch as the people themselves had come armed on pre-
vious occasions. The Government would not be intimidated by
force. There were several interruptions initially, but the crowd re-
mained quiet after being told to do so. The Uluguru Scheme must 
continue for the benefit of the people themselves, the District Com-
missioner said. The scheme was not responsible for the lack of rain, 
which had affected unterraced land as well as terriced land. The 
Government had heard reports of widespread bribery in connec-
tion with burning, but he was sure that a system could be developed 
whereby excessive trash could be burned without securing permis-
sion. Further discussion would take place on how terracing difficul-
ties might be resolved, but hooliganism must stop. There were gen-
nine grievances which demanded attention, he said, and officials 
planned to tour the area vil!age by village and discuss these griev-
ances on the spot. If disturbances continued, however, the district 
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would be declared a disturbed area, with a police force stationed 
there at the expense of the people. He also cautioned against sub
scribing money without getting a receipt. At the close of the talk, 
the people were told to go home and await further discussions in the 
villages. 

Very few people moved. The District Commissioner then asked 
two insurgent leaders from Mlatombo, Shabani Fukio and Abdai;:-,.-
Mgcza, to tell the people to go home. Shabani Fukio was shouted 
down when he attempted to use the microphone, and the people 
asked him derisively when he had learned to use the radio. By now 
everyone was standing up, and the shouting became louder. "We 
will not dig; we will not terrace. Give us back our old ways," they 
chanted in Swahili. 

Some of the crowd then turned on the Sultan who had been sit
ting at the side of the road during the baraza. They taunted him, 
saying that he had "signed the money away." "What sort of a chief 
are you?" they asked, and made threatening gestures.

The crowd became angrier. A fight broke out near the Native 
Authority Land Rover when someone attempted to get the crowd 
to disperse. The Sultan continued to be abused and threatened. 
The District Commissioner and the Superintendent of Police con
ferred and agreed that the situation was getting out of hand. They 
decided to call attention, legally, to the disorder by reading the Riot 
Act, so the District Commissioner stood high on the grass verge 
while he and others raised their hands above their heads in an at
tempt to draw attention to themselves and to c:!l for silence. XVien 
a measure of silence had bt en secured, at least in the ininediate vicin
itv, the District Commissioner spoke out the fatal words that if the 
people did not themselves disperse quickly and quietly, they would 
be dispersed by force. TLre was no reaction. 

The first concern then was to protect the Sultan from possible
harm. He was hustled inside the Land Rover, with the District Com
missioner standing guard by the side window to protect him. Nei
ther the District Commissioner nor the Deputy Sultan, who was 
standing nearby, was molested, the attack at this time being di
rected against the Sultan only. A group pressed in on the Land 
Rover in a fresh attack and succeeded in tearing the Sultan's clothes 
but not in removing him from the car. 
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The position of the Sultan was relieved when the police threw 
two smoke grenades, one falling in front and the other in the rear of 
the Land Rover; the crowd scattered, and the Sultan was driven off 
to safety. Once the Sultan was gone, the crowd turned its anger 
against the police, who were showered with clods and stones. One 
of the agitators in the crowd said that the people would not go 
home unless they were told that there would be no more terracing. 
Unluckily for him, he was accidentally struck on the head with a 
rock thrown by one of his own followers. 

The police party attempted tc protect itself by making a short 
baton charge to the edge of the road, but when the crowd did not 
disperse dicy were completely surrounded. The police retreated to 
their original post, where they were protected on three sides by 
houses, an( then attempted to disperse the crowd by throwing their 
remaining smoke grenades and firing off the smoke shells. This was 
largely ineffective, for the rioters could avoid the area where the 
grenades fell and the smoke shells had to be fired at too sharp an an- 
gle to be useful at close range. During che siege, the police were 
pelted with rocks, and one third of them were casualties. Superin-
tendent Barkley of the mobile police was struck in the face by a 
stick and several times knocked to the ground, and Superintendent 
Elkington received a concussion when a rock cracked his nose. 

One of the ringleaders, a John Mahenge, was very excited. He 
jumped up and down, waving his arms, throwing stones, and en-
couraging others to take a bolder course of action. Superintendent 
Barkley, who was about twenty yards distant, shouted back to 
Mahenge and warned him with gestures that he would shoot if he 
didn't go away. Barkley was close enough to be heard and his ges-
tures were unmistakable. There was no tear smoke between them. 

Mahenge responded by throwing another stone. Barkley then 
took a rifle from one of the policemen, raised it in the aiming posi-
tion, and pointed it at Mahenge. Nothing happened. The rifle was 
then lowered, Barkley made another gesture for Mahenge to leave, 
and Mahenge responded by throwing another stone. Barkley raised 
the rifle to the aiming position for a second time, and received a 
shower of stones. The rifle was lowered, and Barkley again warned 
Mahenge with word and gesture; Mahenge continued his belligerent 
behavior. Now Barkley loaded the breech, raised the rifle for the 
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third time, aimed at Mahcnge's left knee, and pulled the trigger. As 
the rifle was fired Mahenge bent down to scoop up more stones, and 
the bullet severed an artery as it struck him in the groin. He was 
taken to the Matombo dispensary along with other casualties but 
died on the way. 

The atmosphere was somewhat less tense after the shooting, but 
it was still menacing, and the crowd milled about for more than two 
hours before eaving. The police and the officials from Morogoro 
spent the night inMatombo.
 

The aftermath 

Following the riots, ribbons of smoke rose defiantly all over the 
Uluguru Mountains. Rules against burning were no longer enforce
able, and the peasants now openly flaunted authority by firing the 
hills. District officers who addressed public meetings found the peo
ple sullen and unco-operative and firm against terracing, and at 
some scheduled meetings no one would show up. The Sultan !kept 
close to Morogoro for fear of personal injury if he ventured too far 
into enemy territory. The terracing program was modified, but 
even with modification it was no longer feasible and was all but 
abandoned. None of the July rioters was arre!ted initially. This 
seems to have been the policy laid down by the Central Govern
ment in Dar es Salaam, and police officers also claimed that it was 
difficult to get the evidence required for an arrest. The rioters 
pressed their advantage and carried on a vigorous campaign to 
remove several subchiefs and headmen identified with terracing 
-and in particular Abdallah Selemani, the subchief at Mlkuyuni, 
and the headman at Kinole. They were successful in these two 
cases. The subchief at Mhuyuni, who had had ten years' experi
ence and was considered one of the best subchiefs in the district, 
was suspended. As a supporter of terracing, he now commanded 
no influence among the people in his area and was even in some 
physical danger if he continued in office. 

The attempt to make Kingalu the Sultan of Uluguru met wivii 
less success, but in the meantime the reputation of Sultan Sabu was 
tarnished and he became inactive politically. His work was confined 
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to his office, inasmuch as visits to the rural areas of the district might 
be uncomfortably dangerous. If a new Sultan had been chosen, it is 
unlikely that Kingalu would have been acceptable to the Govern-
ment; he is ignorant, superstitious, illiterate, and without knowledge 
of or experience in modern administration. 

Witlhin Government circles, there had been no unanimity on the 
utility of bench-terraces, and some officials werc satisfied to modify 
the somewhat rigid plan. Under the new regulations, terracing was 
but one of the several permitted methods of soil conservation, the 
others including ridge planting, step terracing, tra:.-h bunds, hedge 
blinds, and rock bunds. Greater freedom was allowed in burning 
trash without first securing permission. Communications in the 
mountains being what they vere, it was estimated that it would take 
the Government many months to explain the modified plan. 

The Government's hope that the new regulations would be ac-
cepted were quickly dashed, for the Luguru wanted to have done 
with terracing once and for all. The usefulness of the barazas for 
putting forward the Government's views was thwarted by King-
alu's men, who were active in sowing discontent and spreading their 
own views. The barazas called to explain the new terracing plans 
often skirted the edge of open violence. Many came to the meetings 
armed with pangas and sticks. The crowds were noisy and men-
acing and threatened the African agricultural instructors who at-
tempted to explain the new rules. "Down with terracing! Down 
with Sultan Sabu!" the people cried. Some meetings were organized 
in advance and tended to feed the discontent rather than restore con-
fidence. 

For a time, Kingalu and his group had the Government on the 
run: no one had been punished for the riots; the Government had 
yielded on terracing; Sultan Sabu and Subchief Abdallah Selemani, 
who were the symbols of terracing, were now ineffective. The 
Government, apparently, could be made to yield under pressure 
and the threat of violence. 

in September, 1955, a new crisis occurred. On the occasion of this 
outbreak of violence, however, there were several arrests, and in the 
end, after trials and appeals, four of the ringleaders were sentenced: 
the three already mentioned, Ali Kingalu, Mohamed Senei, and Mo-
hamed Hussein, and a fourth man by the name of Mwenemvua 
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Kingalu. This new disturbance was not directly connected with the 
dispute over terracing, but the fact that it occurred at all was 
due to the unsettled conditions of the area and the ability of Ali 
Kingalu to command the mob. 

This latest incident occurred during a session of the local court in 
Mkuyuni, which at the time was hearing a case concerning the il
legal cutting of wzwtle trees. While the court was in session, a local 
man by the name of Ali Kambi interrupted the proceedings and 
accused the headman, who was sitting in the court, of having ille
gally arrested ten men who had refused to act as porters. The 
court, with open walls, was easily approachable and so subject to 
interruptions and disturbances fro- the outside. 

Knowing that Ali Kambi woulu charge the headman in open 
court, Ali Kingalu and about 700 foilowers, armed with sticks, 
stones, and knives, entered the court or surrounded it on the outside. 
When Kambi made his accusation, Kingalu's crowd broke into an 
uproar for some fifteen minutes, then stopped suddenly when Ali 
Kingalu clapped his hands. The court was intimidated; it dropped 
the 7nivtle case, served a summons, and started straight away to try 
the headman. The tables were turned, with the headman-judge now 
being the defendant. One of the old men on the court who issued 
the summons later said that he had no alternative. If they had is
sued instructions to arrest Ali Kingalu, all members of the court 
might have been killed. Many armed men were present, and he had 
been badly frightened. 

After these latest disturbances, part of the District was declared a 
disturbed area and police were brought in to maintain order. A spe
cial tax of three shillings a head was levied to pay the cost of main
taining the mobile police. About 2 i,ooo Luguru were eligible to pay 
the tax, of whom about two-thirds paid up; the Government is not 
attempting to collect the remainder. Several arrests were also made. 
Trials, convictions, and appeals followed, and in the end Ali Kingalu 
and three others were given sentences of up to a year in prison, fol
lowing which the four were rusticated, on the Government's orders, 
to Biharamulo, a dry tsetse-infested area in northwestern Tangan
yika, for another year. (They are back in the Morogoro District, 
but have been up to no mischief since their return. Ali Kingalu is 
busy encouraging his neighbors to build a road to Kinole. Bicycles 
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have been purchased in anticipation of the road, and some in Kinole 
have been practicing to ride a bicycle by coasting down the side of 
a hill.) 

In the subsequent years, the Government has attempted to restor -
the confidence of the Luguru through discussions, signs of good 
faith, areconsideration of the terracing program,and above all by
encouraging the growth of cash crops. There are also prospects that 
new land will be opened on the plains, possibly under irrigation,
which in time may relieve the pressure of the population in the hills. 
The emphasis has been changed from regulations and restrictions to 
helpfulness and encouragement. The price paid for the restoration 
of confidence has, in effect, been the scuttling of the Uluguru
Scheme, particularly that phase concerned with terracing and soil 
conservation. The agricultural techniques currently followed in the 
Uluguru Mountains are, even now, no great advancement over tra-
ditional methods; the developments here are not comparable with 
those that have been made in political institutions. Inshort, ULUS 
is yet another of the several large-scale plans designed to improve
the living standards of Africans that have been disappointing in the 
results achieved, 

Causes of the riots 

We may now ask the question, Why did the riots occur? In answer-
ing the question we will consider the part played by the Luguru, the 
technicians, and the administrators. There were internal political
conflicts among the Luguru which made it possible for tensions to 
develop, and one might be justified in saying that the riots would not 
have occurred had it not been for the ambitions of Ali Kingale. Ali 
took advantage of the discontent over terracing and organized it for 
his own particular ends. Although Ali was perhaps the major force
in bringing the discontent to a head, there were also other factors 
among the Luguru which tended to undermine the program. 

The political institutions were deficient in that they provided no 
acceptable method for expressing hostility and discontent; emotions 
developed with no opportunity for expressing them openly. The 
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various councils and the hierarchy of officialdom, including head
men, subchiefs, and chiefs, (lid not provide an effective conduit
 
for bringing complaints to the surface. The district officials 
wcre
 
isolated from direct contact with the peasants. When in the field,
 
they were accompanied b) subchiefs, headmen, or agricultural in

structors, and the Luguru were reluctant to present their complaint,especially if reprisals might follow. It was prudent to remain silent. 
The discipline that it was thought necessary to invoke was exer

cised by Native Authority, which had not developed into a suffi
ciently competent or efficient organization to assume this burden. 
Governmental action involves a process of interrelated functional 
roles, and the people who exercised the authority in this case were 
not expertly trained, knowing the precise requirements of the role 
they were to perform. In some cases, also, an attempt was made to 
divert the process by gcanting exceptions for favors received or by
using the influence of the roles they assumed for personal gain or 
personal spite. Perhaps in the long run the Native Authority could 
have carried out the job if they had received greater support from 
the people and if the Luguru could have been persuaded to accept
the reforms. But these two factors were missing, and the crisis re

vealed how tenuous the poiitical process can be when it is required
to carry out functions that are different from and contrary to the 
culture of the people. 

The Luguru entered the Scheme reluctantly, almost against their 
will, and they did not demand the reform. They were on the wholeapathetic toward the program, and there was no clear economic im
provement to be seen, even after terracing. Moreover, at an earlier 
period, the conservation of soil had been discussed in a m.anner that 
frightened the Luguru, such as the talk of forced migration. Land 
conservation became associated with the loss of their land. The Lug
uru wanted to retain their old customs, not embark on a program of 
reform: Tunatakadesturiya :'amani,the)- said, "Ve want the cus
toms of old." 

Lectures were given, slides were shown, and there were demon
strations of how to build terraces, but these various stimuli were 
not sufficient to persuade the Luguru accept terracing. Someto 
thought that demonstration areas, showing hillsides terraced in the 
approved fashion and growing abundant crops, would have pro
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vided the necessary enticing carrot, but these areas were not built, 
at least not for public view. The terraces were often disappointing, 
for the soil in some cases was so thin and worn that the finished ter-
race was no more productive than it had been before. 

The opposition that developed may have been more deep-seated 
than the controversy over terracing itself. The use of land was now 
to a degree controlled and regulated by outsiders, those who were 
not part of the traditional Luguru social system. Everything was 
changing, and even Native Authority was a foreign way of govern-
ing. The loss of fertility of the soil could mean that new ways werenor good ways. Life was poorer than it had been, and another step 
into the unknown future would mean vet another break with the 
past. Both nostalgia and patriotism were on the side of the old cus-
toms, and in the crisis the taunts were directed at foreign Africans, 
-whohad authority over them and who represented a threat to their 
way of life. 

The organized reaction to terracing assumed a form which was 
not approved, in the W1restern sense of the term, however effective 
it may have been for the rioters and the plotters. In examining the 
cause of the riots, a subplot develops, another thread to the story 
of the competition for authority and influence among the Luguru. 
It is in a way coincidental that the claims and challenges of Kingalu 
should have been associated with the humdrum process of terracing 
the hillsides. Neither process was esscntia!ly related to the other. 
However, in political conflict one often chooses for an issue some 
vulnerable aspect of the opponent's pu. ition, the most sensitive polit-
ical subject, the issue most likely to enhance the support of one's ad-
herents. The issue selected for the contest with the Government 
might have been concerned with roads, schools, sisal growers, bride-
wealth, or a number of other topics, had there been a similar dis-
satisfaction with the policy being followed and an equal chance of 
success. The issue of terracing, however, had the singular advantage 

of affecting a large number of people where dissatisfaction already 
existed, and the dissatisfaction needed only to be mobilized, 

Some technical errors also contributed to the ultimate failure of 
the scheme, perhaps the greatest being the incomplete nature of the 
initial plans. There was never a clear and agreed plan of what goals 
were to be accomplished: higher productivity, or conservation of 
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soil, or preservation of watersheds, or the opening up of new land 
on the plains to which the Luguru might be persuaded to move. The 
methods followed were equally equivocal. It was unrealistic to 
bench-terrace all of tile Uluguru Mountains, which meant in fact to 
level off some 400 square miles cf arable mountain land. In the short 
time available, it might have been more rewarding to have gone 
more slowly and thoroughly, and persuaded the Luguru to change 
their methods. The money came suddenly, an expected piece of 
manna in the desert, and there had been little experimental work on 
how to spend the grant. The proponents hoped that more funds 
would follow once the plan got under way, but very little was in 
fact added to the original sum. The scheme began, accordingly, 
with money in hand but with no clear goal. 

The major emphasis was on bench-terracing, which brought in its 
wake hard work, onerous rules and regulations, strict control by an 
army of imported instructors, and few practical re~ults. The terrac
ing of land and the planting of trees were part of a broader plan of 
water conservation, designed to prevent the silting of streams and 
their transformation from permanent to periodic rivers. This goal 
seems to have been lost sight of in the development of the Scheme; 
no continuous measurements were made showing the possible effect 
of terracing on the flow of rivers, and ULUS officials in the latter 
years were unaware that one reason for adopting the scheme initially 
was to preserve the fresh water streams in the coastal area. 

Although the technicians believed that the Uluguru Mountains 
were carrying too heavy a population, relatively little was done to 

promote migration. The irrigation scheme at Hlali was popular, 
once the project was explained and its benefits were obvious and 
could be seen, but there was no attempt to develop the water poten
tial on a large scale. In the years since the riots, experiments have 
been conducted by the Tanganyika Agricultural Corporation on the
potential development of the flat, relatively fertile, and thinly popu

lated land to the south and southwest of the Luguru massif, and 
this may be the area where the surplus population will eventually 
go. Under ULUS, however, few provisions were made to make 
migration easy; or to assist in the pattern of migration followed by 
the Luguru of keeping a foot in both camps until r!xi new area has 
proved to be satisfactory. A somewhat tougher line was followed. 
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As early as 1944, there was discussion of the need for compelling the 
Luguru to move to the plains, and the Luguru developed suspicions 
which were never completely allayed. 

There has been a slight improvement in the economic condition 
of the Luguru in recent years, due largely to the sale of coffee. Cof
fee plantations were developed in the area by the Germans half a 
century earlier, but the crop has been little grown by the Luguru 
until recently. In 1955 the growth of coffee by the Luguru was en
couraged by a field officer, and it has proved to be a popular crop. 

Another technical shortcoming was the failure to test the utility
of bench-terraces in the Uluguru Mountains, although some tech-
nicians claimed, or claim, that no further experimentatior was 
needed. 'When the policy of bench-terracing was adopted, it was 
said to be a proved method which did not require further experi-
mentation, and the failure of the land to produce after terracing 
was due to the inherent poverty of tile soil. But the essential right
ness of the method was of little comfort to the administrator who,
under such adverse conditions, had to persuade the Luguru of the 
advantages of terracing, nor was it of comfort to the Luguru, who 
found terracing unprofitable and unproductive. In the 1956 annual 
report of ULUS, written after the riots, the lack of experimentation 
was criticized. "Basic experiments which should have preceded the 
scheme have been started," it stated, but the experiments were not 
encouraging, and it was found that "rice land yields are frequently 
better on untreated land than on terraces." 

Another factor, perhaps inherent in the naturt of technical pro-
posals, was the considerable gap between the abstract ideal of the 
scientists and the concrete reality of African life. The technical ex-
perts, properly concetned with the preservation of natural re
sources, couched their proposals in precise abstractions. The solu
tions for such pathological conditions as tile erosion of the soil or 
the destruction of forests tended to be stated in dogmatic terms, the"
technicians having in mind a standard of conservation that was not 
part of African tradition. More attention was paid to the desirable 
ends than to their implementation or to the impact on African soci-
ety of the new policy. In the early days of the Uluguru Scheme, a 
field officer, with considerable acumen, pointed out that "while it 
may be possible to improve the methods of cultivation in six and a 
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half years, it is impossible to alter the way of life in that time." The 
tech'ical officers often advocated policy, supported by scientific 

" :knowledge and the rules and the prestige of tle Government, with
out realizing the extent to which a change in the pattern of African 

1'~- life was involved in the policy they proposed. 
" There were also factors in the administration of the project which 

made success difficul,, for the administrators were in fact caught in 

S.. 
the center of a sharp conflict: 
society somewhat suspicious 

on the one hand there was an African 
of change, reluctant to adopt new 

methods, and exploitable by the leaders of discontent and protest; 
on the other hand, there was tic attitude of the Vestern world, 

supporting and demanding a fuller, richer life for Africans. And 
there were also the difficult, perhaps impossible, goals of agrarian 
reforms proposed by the technicians, which the administrators must 
implement. 

The senior staff assigned to administer ULUS was small, and so 
too was the budget for the whole project. The immediate staff con
sisted of an executive officer and three to four field officers. They, 

:t with the assistance of up to sixty African instructors, supervised the 

Smoke in the Hills 
program affecting some 0oo,ooo Africans. The money available
for the Scheme averaged approximately f£ 5,000 a year. In an under

. -- , '" - : .taking of this magnitude it was necessary to delegate considerable 
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.4 ~ authority to the instructors and to officials in Native Authority.
Nevertheless, the senior staff spent much time in the field, often on 

in the rough mountain terrain. Comment has already been made 
k.• , that legitimate complaints were not expressed to the senior staff be

,, cause they were often accompanied by some minor official and the 
-- .', • ., " "• complainant feared reprisals. This criticism is perhaps applicable to 

Sh " 4t tle entire political system, of which the administration of ULUS is 
but an example. The conciliar system was created, in part, to pro

:'), ' /.,vide a method by which grievances could be expressed; the extent 
.. , .. that the councils did not perform this function is a measure of their 

- •failure. 
.. f At'IL It has also been suggested that the administrative organization of 

" -:- -ULUS was defective. ULUS was first placed in the office of the 
"".""Provincial Commissioner, but at those Olympic heights it was found 

"'_ ,. '. to be too remote from the people and it was then placed in the Dis
trict Office. An executive officer was put in charge of the project, 
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and field officers worked under his directio~i, although the District 
Commissioner had final responsibility. District officers who were 
not associated with the project have commented that this arrange-
ment left a good deal to be desired; the District Commissioner was 
responsible for his district, yet he did not have direct control over 

one of the most important projects there. 
The administration of the Uluguru Scheme was also handicapped 

by staff turnover, which is endemic in District Offices throughout 
Tanganyika. It was unusual for an officer to be assigned to Moro
goro for as long as three years and nost assignments were for shorter 
periods. During the years of ULUS, there were four District Cor-

missioners (two for short periods) in the Morogoro office, three 
executive officers assigned to the Uluguru scheme, and a number of 
field officers. No one person was associated with the project from 
its inception, and there was a consequent loss in accumulated experi
ence which would make it easier to mould and change a policy and 
to recognize pitfalls and danger signals. This was also true in the 
Provincial Office. ULUS was also saddled with a mixed bag of agri
cultural instructors, holding temporary appointments; some were 
competent, but many were deficient in experience, schooling, and 
general effectiveness. So now the circle brings us back to the need 
for more schools and better training, for more taxes to support the 
schools, for more production to supply the taxes, and for better land 
to raise more crops. 

In summary, one can say that it is not easy to identify any single 
factor that led to the riots and to the rejection of terracing on the 
part of the Luguru. Iere was an example of cultural conflict, where 
the goals and methods of the dominant group were not accepted by 
those who were supposed to benefit from them. In retrospect, how
ever, one can examine the areas where the conflict seemed to be most 
pronounced, although it would be imprudent to say flatly that the 
Scheme would have been successful had thes, conflicts been re
solved differently or if they had never arisen. There were (and are) 
political tensions in the Luguru society that did not find expression 
through the devised political institutions. Basically, it appears, the 
Luguru did not want terracing, and they looked upon such innova
tions as a threat to their way of life. To a degree, of course, they 
were right in their estimate of the nature of the threat. The dis-
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content might have found other methods of expression, or it may 
have lain dormant, but as it happened Ali Kingalu appeared at the 
propitious time to make the most of the dissatisfaction. There were 
also several technical weaknesses. The terracing plan -ascarried 
forward with a certain degree of inflexibility and too little experi
mentation, but additionally there was a dearth of essential scientific 
knowledge of the physical conditions of the area. Administratively, 

the senior staff was perhaps too small, and the junior staff too imra

ture for a scheme of such magnitude, and administrative experi
ence was lost through the high rate of turnover of senior personnel. 



Appendix V 

THE NATIVE AUTHORITY LAND USAGE 
(MOROGORO) RULES, 1951 * 

(Rules made by the Uluguru Native Authority and approved by
the Governor under section 16 of the Native Authority Ordinance, 
Cap. 72.) 

i. 	 These Rules may be cited as the Native Authority Land Usage 
(Morogoro) Rules 1951 and shall apply only to the Uluguru Chief-
donm. 

2. 	 In these rules, "Native Authority" means the Sultan of Uluguru and 
includes any sub-chief who has been empowered by him to act 
under these rules. 

3. The Native Authority prohibit the planting and cultivation of 
crops, the felling of trees, the lighting of fires and the grazing of 
cattle, goats or sheep in areas which shall be demarcated, which: 

(a) 	 border upon a stream, spring or dry river bed; 
(b) 	 are severely eroded; 
(c) 	 are land from which the water run-off causes or threatens 

to cause soil erosion on land below it; 
(d) 	 are on the advice of an Agricultural Officer or Veterinary 

Officer, unsuitable for cultivation or grazing purpos s. 
4. 	 No inhabitant is permitted to cultivate land or fell trees or strip 

bark off the trees, in an area dellarcated in accordance with Rule 3 
unless lie is permitted by the Native Authority to do so. If any 
trees are cut down they must be replaced by seed or seedlings, 

5. Any person who is occupying land which has been demarcated in 
accordance with Rule 3 above shall cease to cultivate such land as 
from such date as may be ordered by the Native Authority provided 
that: 

(a) 	 he has permission to continue to maintain and use of an), 
trees which were planted by him upon that land prior to 
the ist November, 1950; 

(b) 	 he must replace any trees felled by him for his own use. 

NOTE: This is not the official translation but a translation by Mr. Fosbrooke, 
to whom only a Swahili copy was available. 
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6. 	Notwithst anding the provisions of Rule 5 any person mentioned 
therein may be permitted by the Native Authority to cultivate 
oil such land for a period not exceeding 2years so that the clear
ing of ground around young trees may be continued. 

7. 	 Any person w,'ho shall commence to cultivate on sloping ground 
must follow the instructions of the Native Authority issued after 
consultation with an Agricultural Officer, in order that the soil shall 
not be carried away by water. 

8. 	 The owner of any cultivated land which is in the opinion of Native 
Authority in consultation with an Agricultural Officer insufficiently 
protected against soil erosion, must obey such orders as the Native 
Authority shall issue. 

9. 	 For the purpose of Rules 7 and 8, above, the Native Authority 
after consultation with an Agricultural Officer has the power to 
make orders concerning

(a) 	 the construction of bench or contour terraces; 
(b) 	 the prohibition of the burning of crop residues, weeded 

grass, thicket or felled trees; 
(c) 	 the construction of and maintenance of storm drains above 

the cultivated land. 

The Native Authority has power to make orders concerning the 
breadth and height of the terraces. 

1o. 	 If on any land work is done in conformity with directions given by a 
Native Authority under these rules to prevent soil erosion, the 
owner of the land shall maintain the works in accordance with the 
directions of the Native Authority. 

ii. 	 The Native Authority has the power to prohibit or restrict the 
grazing of cattle, sheep or goats in any area. 

12. 	 Any person who contravenes any of the provisions of these rules 
or any orders made under Rule 3 shall be guilty of an offence and 
shall be liable on conviction to a fine not exceeding 50/- or to 
imprisonment for a term of one month or fine and imprisonment. 
For the second or subsequent offences this may be increased to a 
fine not exceeding too/- or to imprisonment widl hard labour not 
exceeding three months. 

13. 	 In addition to the punishments stated in Rule 12, above, every Court 
has the power to inflict the following: 

(a) 	 prohibit any person found guilty of an offence against these 
rules from cultivating the land in respect of which the of
fence was committed until such time as the Native Authority 
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shall be satisfied that the breach of the rule has been rem
edied;

(b) 	 to order the culprit to uproot and if necessary, burn anycrops, trees or plants planted by him in contravention of 
these rules;

(c) 	 to order the culprit to plant such trees or plants as it mayconsider necessary on the land in respect of which the of
fence has been committed. 

These are the rules of the Native Authority of Uluguru referred toin my certificate. 

Sgd: Sabu bin SabuDate: 29 th January, 195z UTAWALA WA WENYE i 

(Native Authority) 
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SOIL CONSERVATION POLICIES IN THE SEMI-ARID 
REGIONS OF TANZANIA, A HISTORICAL PERSPECTIVE 

BY LEN BERRY AND JANET TOWNSII END 

Both formerly or BRALUP, 

AasTnACr. The semi-arid regioni of Tanzania have
beenplauctt by prtolems of soil erosion, at CsinceC1901. This paper outlines [lie varlous approaches O
theseproblems in the dry areasof the country in theperiod 1900-19,70. 

The causes of erosion given by the colonial ad.
ministration are presented togetier with an examina. 
ton of tie a9gcntsof conservaton.

Sonic of the more impitiant con V ion schemes
and techniques are revicwed and the reasons for their
comparative successor failure are discussed. 

Jnlroductlon 

Mvleasutrentent of rates of erosion generally 
show the occurrence of much higher rates in 
steeply sloping areas. For example, Corbel 
(1964) shows mountain areas to have, on aver-
age, rates 111-201 tires hicIer than the lov-
lands aird figures presented by Fournier (19601, 
althotgs disagreeing in many other points,
show similar differences of erosion rates vith 
relief. lerhaps its respoi,e to this, perhaps
because of Ihe 

more defined nature of the 
problem, or because of the attractiveness o 
the lardscape, much more attention has gener
ally bee given irsTanania to the problem of 

soil erosion in the mountains. 


However, hlie scin-arid plateau areas of 

Tanzasia have 
 equally pressing problems.

Erosions rates are high and replacement rates 

of soti are a good deal lower than in the up.

land areas. The effect of soil erosion on land
 
and people is thui considerable. Solutions of

the physitcal 
 problems are more difficult in 

these areas because 
 the riseof land atrd tIhe 
resultant erosion and deposition are intrinsical-
l y bu t n d t i p w i th the c u l t u ra l and so ci a l 
systems. Cattle and more cattle are an impor. 

Iatpart o social wealth tnd prestige - the 
farlmrer. For examsple as Ri y's recent work 
clearly shows, a cOirsidcrat- e mobility in theface (if drought or oher land problems is a 
nornal preservirt| device for tIhe hagot 
(R igl y 19711). "list is ts say, if land is scarct: 
or useless, Ire solurtioll is to move and not to 

GfnOGeI*Aamal+llrc. 540 55 •241-a-all 
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improve existing land. This is in strong contrast 
(t
to the mountain areas where land is scarce 

and is a vital possession. Thus in the moun
ains an individual farmer is more likely to 

handle his land carefully. 

Increasing population. both human and 
animal, serve to sleadtly intensify the problem
of a diminishing resource base in the plains.
Solutions demand a malor reappraisal of the 

physical and human rse of the Whilearea. 
overgrazing is the prcdominan, problem insome areas such as Arusha, %IlittlJ ton parts
of Sittida, ervisiot ai cultvated Id is 
equally nienacing. 

l he mati areas considered in this review 
are Sukumaland, the old Central Province of 
Targ.rtylka, ,"l ailad Istbulh;% and l)isrsct 
(Fig. 1). The hiilorcal anal> sis is nte;rt to 
serve js a background to the Iollowing Ihree 
contemporary studies ot crosron ill these areas. 
It is nrcaut also as ats t dicatiot ihat eoweatsy
solutionts can be espetceil. 

listorical backgroud
 
Soil erosio has been a problem it) be faced
 
in parts of Tanzania. at least since the begirn.
 
ig of this century. Ipy 19311,soil erosiln 
was 
a nienace in a number of areas. Gillman
 
writes:
 
It l(eroson) is. 5hlts mTost eoori(nrr;rted in the orosfe 

densel, retled trcgons of the semi-a' i coimrtiry in
the lit-hi , Ii hpoyripirl of te Grcal Itir wts Is 
conp.iai .y ltoe .od shalite and doniiitattely 
grass ic s. ':; L!oro. Ii;itie. Urnsitro. h-siru , d 
ailvncda. e' n ri lS. E.. U~ulhtmraerovion.areSurrounrrdreirisSursire:i~ res~t iud 'epreseriitisore"c ll n d. t far .ehi"rc-aiii. roar. 
;tal Jsaldsoften citcnidinp from she serrrr hisn:ae 
esprre-d hy thorrivuh int the ilvly iltosicr itvpe
IIde;rchto isV irstryts sts dry satjnnh orstc.i carry

aters of soil erotion. rod these,trir see-miv, srov, soeslcot in rsoioson soshe density sitf opulhor. e.. soprrporiin tIoshe esrcn of arific silly cre cd "cut. 
trite icript,". Norther-n UssrLittis. Srricr.i. parts of 
Utrtsbrarid Lltsi are tt re rmtrias eo.. s. n on i tt.t'r 1 cr-t1t. t.'irlvit'lltisIr~ilct e 
Nlasa and 'Mangan rlunury, where the sta.rcoy uf 
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.. thecentral administration (TNA 1). Two main 1950(-the major work being performed at 
• - Soi2 problem areas were seen to exist; the "over- Mpwapwa (van Rensburg 1955, 1958). 

crowded" mountain areas (Temple 1971) and At a confeience of technical officers at 

l y- the "overstocked" pastoral areas in the plains. Mpwapwa in ;936, Staples said that "erosion 
The need for colICrValitit iwilk was agreed on in Ccntal Province is raulpant in its most 

and a if-cont tee ..as . d which was to acute orm over 
l, :.: •
No .. 


large arais" (ueNA 2). fie
 

thiswas wrong
t ot dep ilm s;advie different ccl ic l ntthe - ibelievedoha u m ainly due to 
J S 


1 g "• • •..' " Ning of improved biowbe planlts ill pastoral stock rates were now over the carrying capacity 

-• ,... licas and tile afiellation of land for forest in many areas. 

reserves. The conmntiteu saw tie great pioblem ly 1939 ,l;ere were reports that the measures 

li.., , of tile plains as oveistocking, but it saw serious introduced by tile Native Authorities of eight
SUK'MALANO :/9 . - 

in trying to reduce stock nuitibers. Districts (Moshi, Korugwe, Pare. Arusha, 

It was more practical to intioduce water sup- Mbulu, Iringa, Rungwe and Nsbeya) covering 

and itproved pasture, but this again all cultivation were being successful in coil-

S..... .difficulties 

S .,",O, plies 
-


- would lead to larger fields,posing air even serving tie soil. The measures were tbcreforz 

CETRL reater problem. In 1932 the commatite em- being extentded to other areas notably the 
pliasiard the tmenlace erosion was plesenting Ulugurns (Hlarrison 1938a, 1938b. 1939 and 
to the new railwvay extenlsioni ill Central Piov- TNA 3). 'File only disappointing areas were 

a ince and tite excessive .rosio being caused by the pastoral lands such as Central Province and 

burning in Northern Nlbulu and overgrazing Sukuialand where no progress could be mnade 

by the Nfasai in Ngoroigoro. until the Native Authorities appreciated the 

During the 1930s a numbher of dernonstra- need for inltegrated pasturc care. using rotation 

tion plots were set up in the mountain areas and a good distribution of watering places. 

REGONzm 

of Kilinlanjaro, t,: Usatobaras, the Pares and In tie early 1940s there was a continued 

Nit. lesu. llariison and other researchers expansion of soil conservation, notably in 

wrote otn the itethods tIf conservation which Central Province where thousands of miles of 

could be tsed in these areas (ilarison 1935). contour banks were being constlucted by local 

people nder supervision of the Departnment 
N A S' adtinitrators to convince the "Native Author- of Agriculture Extensi:tn staff (TNA 4, TsIA 

The demonstration plots were itsed by the 

ities" that soil coniservation was necessary to 1). A nutiter of areas in Dodoitia, Singida and 
i -- • give beller yields Oil Sleeper slopes aid lai llatnShinyinga J R dois had beev, er aside for 

the fetility of the soil. lieNative Authlority controlled graziilt expel ilernis and plais %ecre 

swas a local goverintent, usually corp16ing in hand to coibine this With depopulation, 
the chief of a Ilibe and his council. Thic reduction of stock and reeitlenriit sehenes. 

* ____ j I JAssislat District Counni iolcr would liase Desitite all Ihese effotIs. progress swas 

wit this local goverllnment and through tliem hanipcied for two reasons. Firstly there was a 

Nulir..t InpiWlant tie will Colonial Ad-
tiil t~la. : Iiilrrl 111.li ninistration. Thy' Nalive .L.. -1 .Al....llr rirlll or 1gr-

Iii I. I'.il,,,nrr.'r. rky: I-N..rt .y. 2- b rundy. 3 ltrhland. 4- r wn. 5- imnpose of the Ceintral great shortage of trained technical staff, so 
iJ -. 11-0- -.-1i-r. 

-- I -- inrCr lJI tO elact orders iilg their own Cilt l u crcreeess.rlily concnllled ill accc
iririrt v.. rrlr l'lrih, l. s.U.l' ~ i~ir then ea- -; ouil.rrii..e-in - international ordinances. sible aras. There were oiily aboutsr I : ll'l d rinhi 511 fully 
Ohrsr~~Air:g II di ol~ly~llt f''- : . - , in- scientific circles and he was prepared to make Experiments were carried out at Agricultural trained Agricultural Officers and Assistants 

sillhtri eatv~l.ll Id-. -.. f", , r. . surilS oit elslItin a priority oilIhe )parincrt. Research stalillls througholit the country, to (Futlles-Coucliuan 1964). Secondly the cli
:utIre-r iilpel-uwas gisell lby he severe and ineaslic soil arid waicr loss frmn land wirh mrate Orf Ihe territory consistently hampered 

Crincrrirsatron riiods were built iniu some ,idc.prcad diublits of 1929 slirel. were fol- different types of ve:gclalioncover (Staples conservation because if the ",caiher was dry 
lcil a-!rl-tlhlurrl s),lClill ard iiit hais.cbeen loued by a season of cceplionally heavy rain 1933, 1935, 1938), to measurc yields of coy: -c there was no obvious advantage of soil con
pJlirCed truCr iril)iigC21iatr111Siul1Ai before ini193 1 and colton oi different types of land nian- servalion tieasures and if the rainss.cre heavy 
1911) Inhere sis little EgrefllInlClt eonieCirn ith A I uifereticc on soil crosion was held at agelltn (Arrnial Reloils of tIhe Research tlhe conservation wi ks werc otten destroyed. 

Ihe plrrblcl I lalellly 1938, Sicrihvuse 1944, Dodonta in 1929 and lihe lcting led to the staions at Ukiriguru snd l.yaniungu) and to The cone'litraticnth hen had to be on repairs 
"Ihorrtli alid Rruatce 1936). lit 1929, ihe establishnent of art advisory coiliiitee on soil discover which pastule plants conibiied soil ralier than consrniciion and people became 
situation ch.rnkcd ,hen Ji. II. Ilarruson wsas erosion. his committee met for tie lir4ttime conselvation properties Wilhladequalc nutrients discouraged. To try to deal with the first 

apprlilllcd l)rr.tl,ir uf Agiiculitrc 01ie of his at Arnaii in 1931 and fuund it easy to quote for use ir Central Province (French 1943). problem the colonial goernient established 
nllajrr s wlll in srrlIriri.ili, li.h w,vas niari tvanlplus in prscenting tIhe prtrlerr io lihese experirclntl wenrt Oil ighlt inti the rrid a stil corsservalion service at Teceru irs 19411 
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Which was to train extt.nsion staff who would 
then go goall Districts to advise on the csecu-
tiull of sc-cores (ARA 1948). Hit the sc.onld 
Itr-irlncill '%A, evr pireit and could not tic 
dealt %%fih trlt s,'rre ciriservatiti works hAd 

isrcd for arnry )cls ard there was soiible 
ferhhlityos 

fertlit.Up It)tIhe early 1940s soil conservation had 
bceri a pirccineal alfair (i c, there was fitt 
olg.vlcd p-1cy for i le itholc cougrir 3)). I hre 

fet iCl) c v AE "h rcc tie majorily o 
fCIrltiier %i no"u Cioi. sl 'live cellildildrirlis litirri s, t tasili a tccd forthere.' "as 

iilcnlevrhacd Iii C Chicires the-,'calc in iorsl 

ecleced raft% of tie c rrrirtry "fill celirral
irci 21rr fenrr(ind% toisliiplCrirt the gafntS 

of lie Nalie "Ircasuies ai with te 
Irauicd iirrsrrrcr to cirsurc sinmoohiuriing. 

Iiu 191-1, illthn a fjlrfjhlc oulc' oniI L d 
V'.ir II i app red Ceralil a Coiprehenrsive Post-

war deJscloh rlau isadra, n u) it C. er 
the period 19t37-56. One arid orc-qir icr 
mil ion polriis out of a prol cred brdict of 
19 irmillion is a, allocated to S agliciill iral 
sLiiesilad, 

reople. 
1Mill. "Iris tias ie pcirod Lit ile grird rut 
SLrhi111C.a dlnasicros atlleiipi to rulih;e iti 
scrrii-arid plateau Wh ich fail ed in part Ihr orr h 
a ia.k ur uiideisrrrrdirg of cdir.rlic arid soil 
Conrdirtions ill tire area (Wood 1950). 

li S irm, arid antIK ul n Koiidua, 

ing isk u nill i Ci (lFuegles-t'ouclin 

ki.ild 

piilt arc.,, wCie set asieLC rrr rirolrillal glillig
and rescei lecnmir scliciies. 1hese were tire 
%ilhl beginnitrys of the thso mlost intpolirait 
Clrtisrva Uin ceierries itt the scini-ariJ area-
tire sukiialai d l)eselllliCiIit Schieie, 1946 
IINA 6t arid the iKolo I CiabillaliOll S lrehiu, 
lj48 IAI A 19 tmr. ri o other nrlajtr s:lcies 
titi rrltiried fLr ir i Ulrilrus and the Usrri-
hfars ail ll llsaller schie %rn%it se 

cill sers iri 1attias% tir _iidcd to all pa rts trf 

the ciallly (I NA 7). All tire big scrnrices had 

irriltrCss ire Iists Of rilel arr IrCled i It ien), 
gilst-riniig Suich Ihirgs as plcc of cullitalii, 
extent of grahiig arid prohiriralitin of hurirrig. 
]nvple eu tirisliced aird lincd if Ihcy
culri a'red tire rules. 

'1 iib increasc e if tfrtdid not coririrrue. For 

Irarry rcstir;s. the people regais to ire discour-

aged and ofrcii becamtre directly ipposcd to tire 
couscLs anon rireasurcs winch had been in-
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troduccd. Conservation became a political Issue 
in the vicinity of major schemes and by 1954 
n1in1y of lie slicies were being forced to 
tlibanrl afl..'r civ i di~tuthalrccs had slopped
ally active conscrvtion effort. The govett-
tiltrcer f'orced ito stop er forcetrteit of the 
chersci had fihzled ule aid p ple wtr busy 

seienes ad fzzld till irdpeole wre usycrops,pullig tlni9 rllty of Ire tertaces and banks 

elt had beet so paiiistakigly coilstrueled. 


"life coliial adirtirrisitatiol did 1ot give Li) 


ineircly. It litle area they begat rather relared 

plit experimnciUts to discover plant heraviir

unrder tillciert laud ita ragenrert Iicltiplc 


1972) alid derailed soil Aird ivaler Vlisv
clCir rit 

and land rise scheires efre being %iOtled oUttat
Tnlgeiru, UkiigilrU And iringa (IArRiA 1950). 

li arcas peripheral to the main schemres thlsIcie 


was oftci art iiiliali in l . tfiririr 

sea'.iliol [or aLara Nalivcexaple, Islad 

Aulily Itrjiuiired ii. firsltnrsrvatiortorders 

i 1958 INA 8). liu it gcneral, the colonial 

adririllfrirar swi e cairtiirus and ciriceilriaterl 

iolte oil irripro.rirg iidisidual holdings aid Oil 


ntrmc gecil cachclti experimletls (Temple 

9 


For SurrC liten afrer iridepeidencte iltr was 

vcly little direct Iiutill of soil corise:vation itt 

ie [li ilisl y of Agriculllilre files. h'. fact, agri-

cu lrural sch,- encu 1 r rnrrpu al tc cons.,rvanion hitll 

it tisinlily as tile ceitral Ilrcie. F ir e amllple, 

tIre Uira Wheat SCirlnre, tire Kiulo Sheep

Scicirre a id ire liir 'oracco S.-heitte in 


tIre Sunrirerri Iigilalii ( IMA 2) arid ie Giliu 

ard R1JInikiia asisi ed sellcicrint scithers of 

Sikunia.Lirld ITNIA 3) have all corried .,il 

COVCratil ill)il ir other ais of ire pro-
jccs. Altilh tire extension staff of lire Lard 
Ilailinig Uriirs in rhe Nlirrislry of Agriculture 
do nlofer assistance liu peripie w hu desire to cor-
ser he land, tihere has only bees onc bigirir 
soincrme icroitiirirg lird plarliirrg, coiseiva-
lioi alrid sclenint sirich %is ireygri a' Shutne 
it 	 tire Usiarirs ili 190r3 INIA 4). 

iii ueneral,suil crosior has trot been seen as 
a problil ) ltio dyehintcr of Tanizanianl 
agricitlirc tir tire I UtS ahoigh the senior soil 
sci it at tire Nlitilry did point out tic 
dangcrs it clearirig land it lairzainia without 
plarrriirg Coric rvali li k-er I969). Earl>' party 
policy was Itu derirrice couscvalios mcasures 
as bein part of bad cilrvral title ard tie cx-
tension staff thus find it difficult to preach 

,, ....... ,, ,,., -
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soil conservation to people who have in their 
lifetime built consrvtiol works and then d 
siroed fie,,, urrder different irters ITNIA 5). 
As part of tihe Second five Year Plan 1969-74. 
soil coservation Measures Once iore appeared 
in government proposals. But thc Nilliislry now 
mainly coiiccntralcs on ilroducrirn of new 

nrew varieties Artd experimrents cortcern-
ig yieilds of ciops using ferilizer etc. 

Earlier opinions on the causes of erosion 
A wide variety of soil, ard an even wider 
range of types oif -':lt neal practices arc 

T-allg-o au s ccelratef 
Sion itt Ary one locale are if enacoplexo ardwhil gil oll lenar of c o np" 
while gelrral coi all1raon l areCauses cont)-

u the literature all too rarely have they 
Ol iC plain s Ani pla areas, accelerated 

sitr'asii ticd wier e here was dgesirera-
v if istuii dire to enlicirtriur ot grazing
inll te putlicular alea for lng periods as in 
I iiogo atca of Ce Iroviilcftra or where tiere 
hadhie scery ieavy ral ion irprotected Arair 

for criclrpl8 i ilsih CollOll growing ara-
of Siokiitirlid (Vai RcrrsbLrg 1942, ARA 
19351. Ili ICKturda area a conbintationl of 
deeply tealliced fliale gieissic rock, arid a 
Spa ,Cv c i . c fiu ala scrun ver ,ito art1area to 
pCi die C iruilir iirad intense rainstorirs, was 
disasr rcos. I le area v, lricih bcened urntouched 
hy acceCralci crrlioli iii ir 189is, becaic 

devisl;ilcd over tire ncxt 30 years (Gillimran
1930). (illies iesveloped, rfteni along catl 
Iacks, hl rallpidly e rended in tihe wcalitcd 
gSeiss Arid atfecred cci areas which retained 
dlen ti ciuirr, nIlris cl ,cgelaliot. ly ite 
I 931i ire area"'is coisidreil rretrvable(INA 
4, '1NIA 1; harll ICItrisirIg, 1958). Wind crosiot 
oii Ii Oit irile Lind,i whc light sandy soils 
dii-d oit r(iickly after rain, for exariple, ilt 
siigida I)rslli . \Viiir i was also piob-erosii a 
lent Where rtclrarrised large scale arabic fairl-
i,t: "aw,s ilitroduced vithuilhthe proltction of 
ssiidreaks or sirip croppirng 

Sr;rples (19131r clii.aled Ihat tire cattle pop-
ularitii ot "airy ri> ika had irlclased frii 
1,650,0t)0 iin 1913 to 5,170,000 in 1930 though 
Ilni Ltler liguile at least see-s highly over-

cstiirsarCd. Itlire recelir cilli' ates of ca ile ii-
hcis are: 19511-6 ill;on, 196U-8

8 
nillill, 

1905-10 riillion fcsil eri 19. , p. 25). The ill-

..

creasing population density meant that people 
c-	 began tocuivate submarginal land and paslure 

becate scarce. 1 his necessitated long journeys 
to find food and water is the dry sescon and 
resulted in she trampling of segaion and the 
use of nlalginal land as paslurc. 1 lie result was 
cxposurc arid subsequcnt Cirsios arid depiction 

of soils which already had itiherently low re
serves of fertility. inlire highland areas of the 
porotos, ire nature of the ioils Wassuch that 
naboral" eroiuor, was claimed to be active 

cierywhcre in 1954 (TNA 9). T he soils of the 
plaills areas are light arid casiiy wrirked but 

siei asIt was colisilerie in sort aieas. 
soils are eIreely rordilIle oncree tlie suIac 
cover is remced. BllaLer 1969, p. 42). 'flre 

cver is oil hpaiel Nl, -icr.a-1 

volcanic oils ort plains below i. art ihr nluer 
ninatlell cullivalii they becartie puffy and dry 
(Sirritir orerirnirjidied). 

Apart friirt tiesc illdigecritis caule% tf cro-
Sion. gore t policies ard eflors to cirirtnr 
eriouiiifterllaggiled tire siiaitr iihen
unstlle cnirise at en liri$re us in 

soni cases, erosion was instigated Where there 
had been nine p reviosilyl)'! 

rbjn'ct 

icr vati tlsi it I rinservalirtn tld cona lte 

sees-alum Irtiiittes :tdutd 
Colycis iill a recent study (1971) has identified 

over 210 siglificaiit agriculltral s)lsIeti iii 
Taizauria. ihcle are at as Ileast sauy differeirt 
agricultural ciivilioireill in tire country. As
sullirlg sollic degree of irteralclill, title With 
arnolther, Itlce still reriai,i a ir, iderhii variety 
of irrat-laiid relaliorr hirs, esrcilly it wc take 
iiiro acccriit the dyirairic paltlet of chan e ill 
tie Agriciilural stlcrns niver Ire last 50 ycall. 

Nlarii-, if 1rrir all, ildiCiirsi ariftilliale 
sysellis iscic c\oIved iui a lrcit c cl.iuiihiip 
wilir tie elii'iirieiill.l, srcial ind teciolrg
ical condiiins of a par rtielrar lirtc aid a par
iCtla" place. Nluj s)NI lll, that Iase bCCer 

studied il derail teind ro crillree lirnd labr 
ard other rcsiuircCs. Inliul.ititl grir lb, rapid
increascs it tihe livcLck proulatir. introdue
tiull Of iew Crltps alld exalis irn of sonic 
agricuill ial sslClls to 'iei alc3s Ira, e all irll
triri led to iuialaiice aird ill StUre areas to 
crosiiral probleris. Sorrictirses readju lilts 
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Table I. NMehanical n caurcs used in Tanzania to counteract soil erosion 
Sytb.ls • sc.,,11s a.tpteJ b) the pcasaint,. S n':asurc said to be successful by the colonial adminisira
tlifn. -" sels oiipl.lar i¢.|,sa,.lion._--__i)_____________________ 

Ntr.ires 	 Description 

Cnhui hedgiltg Ilih plinting of trees, thicket bush or tall glass along the contour 
t. stop Soil thus enit deustope. 

Cntuhr niin.g S 	 The building tip of topsoil into igces along the conltr-crops
t

(I uta cut., a...sittl. 	 being p laned ott the ridges. swhIich stop water snoveinin down. 
slope prosiding the pl.ts on the ridges %tilt adequateinoilltr. 

ised ridging'. S 	 The lying of,'titour ridges by building other ,idgcs at right angles 
to the min ridges, producing a 'aitticc-ellect'. the crops swere 
again planted on the ridge and water collcted it the pits. 

Milaengo Il Syselit'. + 	 A simnilr idea to the abuoe. Cut grass %%aslaid in a gtid of 7-10 
fsol stiares The centre of the situares wcrc dug Oilt and the grass 
lines coscrcd %iill soil on thich crops were then planted. Water 
collctied iii the pits aiid any soil wished oif the ridges. After 
harsest the pits sie filled in and thc process scpealed. 

Trash bonding - tnes of trash were laid along the contour and plants wsere grown 
abous on he hillside. Soil wiash was collectcd in these lines oftrIash. 

Cotlli.r banks S Whcn enough soil had been dcposited on Irash bonds either by soil
wajt, or by the farliner io~ing iI-a bank was formed onultichcrops
could btcplanted r 

Natrow baWd tcrra.cs. S r 	 In steep arcas if niore soil was washed donslope and caught by 
contour banks, the banks grew in site and escntually small terraces 
werc formed. Sonic Iribes were already usig these bfote the 
go'elntintniacfred. 

Ilrirad based teracs. -	 The significant dilfrcence between Ihecse two types of lerraec and 
lench Ictrtae - she narrow basd -as that they were larger and were constructed 

by actually diggati oil out of the hillside. In doing so. the soil pro. 
file %as disitab, ,nd in noti eases aI the topsoil was used it 
construti the ter .-e. This led to theit failure bccause in many 
ca"s altr a fles years all topsoil was sashcd away. 

Iikel teeraes 	 1lie sarie prieiple as tied ridging. whetc smaller ridges were built 
at rilht angles to eststng terraces to forit boes, where intoi stlrc 
collcttcd. fliec insohcd a considerable amount of difficult con-
struction work. 

Gully stopping. 	 1hI process took iany forms from the laying of brushwood across 
Cluck dauta 	 the tloor or gullies to building actual concrete dams across Ike 

,tully to cheek rapid water flow. The iOst succcsful were found 
to be where btiihisood and stoics were pushed right down ints 
the floor and sides of the gully forilitg a barrier wthich trapped 
water and sediiiint in licasy soril,. AfIcwats,'. water gtadially 
seeped away teasing rich allusial sediient ,sliu:hcould be uied to 
grow grass. 

Disersion ditches. I lie construction of ditches on slopes which were contour banked 
Sturntatr dtains. or terraced, or alongside roads and gullies to ensuieconstant flows 

of water during sioriu and asold water building ti ) slli lLhwould 

then bursl banks or icrratces, 

*A dcs~ripaun of tie-rdgig, contour banks and ridges (aso called hiinds and lula cultivation). 
closing hllli,p, ,nitur tedging. grass satipping. nulchitg. windbreaks and the Collil of gullies appears

° 
in S Lurian. st I rtultslu iti Rounce 1949. 

"Tle .t.t.ihlPui S)siti is a sysieni af lying oat grass in the form of a grid of about 10ft. squares. 

Thec ten11tof Ihe qu- t aie dug out to formt - basin shaped pit and the grass tines arc coscrsd with the soil. 

Plantng s, uthe ridgc and the wsaer cullcls it the pits, At the end of the season the pits arc tilled in 
tlt crnip tiisds aiid inli s t1i repeated ISicnlouse. 1944). 
* I or a desert'litn 5sf Ictraisng in 	 all ias frnis sec "Conservation of Soil Fertility oil Colfee 

(sa:e" C, 
Dry Area' 

h1 (C. lin- it , L .4. 
L 4 .4 J. %iul. , p. 

-1 J. 1. 1. and for bu Ictrracing It. U5.Alnuit 'lti, Growing in 
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Table 2. Methods of improved land management also used to con!rol erosion 

In lhc mountain I) Reallorcslation and nor fling of trees. 
arc Is. 2) Nin-grazing of stubble and stall feeding. 

3) Non-brning of vegetation. 
4) Closing hilhops and steep or erodcd slopes to cultivation and planting perennial 

crop:op el. bananas and coffee. 
5) Slopping shifting cultivation 

In the plains. i) t)eslouking and calling to oblain a good stock distribution and an adequate land 
carrying capacity.

2) Riational grazing-cstablishmen of grazing reserves. 

31 Potoiiitg thornbush to promote grass growth. 
4)' Introduction of iniproscd pastu!e plants eg. legumes. 
5) Building ssidbicaks. 

General measures. I) Depopulation moving people from osercrowded areas to areas of lower densities. 
2) Grass srilppitg-caving areas of grass bclscen plots 
3) Contour ploughing. 
4) Maiuting. 
5) Non cultisalion or grazing near roads, gullies or streams.
 
6) Gilading. closure and/or realignment of paths, roads and cattle tracks.
 

of cultivation practices have locally redressed way of keeping the soil stable and fertile (Har
the balance, hut this has proved more difficult rison 1938b). The Wafipa have a method of 
in areas with anioial husbandry. mound culivation which also protcts their 

soil from deterioration and therefore erosion 

S I os to soil conservation (Lunals 195u). In 1930, the District Officer 
Spnlaneous responses oe n orogoro commented that the idea of tcr-

Itceds racing was not foreign to the Waluguru. who 
Increased population has in some parts of had used tetraces to cultivale steep slopes in 
Tatzania rcsulted in marked changes in the the past TNA 12). 

use of land. The Wakara of Ukerewc Island in From 1930 onwards the government at 

Leke Victoria have for many years suffered local and national level played a large part as 

population pressure die to increasing popula- an agenl of soil conservation. Out this did not 

lion deisities willtin the fixed liitits of their mean Iltat there was no new spontaneous soil 
island. The soils are sandy and to allow iii- conservation (ARA 1932). In general these 
creasingly intensive cultivation the \Vakara local activities were ot) a steall.scale, for 

have adopted a number of atili-erosion meth- example, trash butiding, building small banks/ 
ads sich as tie-ridging aod Icrracing, fencing ridges and grass stripping. In the early days
of gullies and banking of slrra5 (Thornton of organized conservation the peasant farmers 

and Rounce 1936). For a description of these wel: recorded as being miost enthusiastic and 
and otler neasitres scc Tales I and 2. The receptive to new ideas (ARA 1934). 
Waniatengo of Soulrcttn Tanzania and the Erok 'here is apparetnlly Io record of large 
of Mbulu have bolh had to adapt their agricul. estac.-owners taking special steps to conserve 

tural syslems to different terrain, after being their soil until 1937 (ARA 1937). 'ut by the 
forced to live in steep tnoutttin areas by thte 1940s most sales of Rights of Occupancy were 

aggression of other tribes. Tic Wanalcngo subject to tie buyer promising to use anti

developed a system of pit cullivalion, which is erosion measures on his land (ARA 1943). By 
now commonly kntwn as the halctigo Pit 1954, in Kilimanjaro Region the nain ins-
Systetm and tlte Erok have developed a sy:.tcn pelsis for cotservation came from the estate
of reinforced terracing (Ilailley 1938). Sonic owiers (ARA 1954). This is explained in part 

peoples have used agricultural techniques by the greater anlaunt of money available to 
which, perhaps without their explicitly realizing them for the purchase of equipment to help 
it, have conseived soil. For example, in hlu- conservation. whereas the ordinary peasat 
sotna hedging was originially used to keep farter had to perfottt the often arduits. bit 

clops bill it wa recognized as a nor immediately prodnt0ive, work mnually. 

I .eh5ame... ttt-
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G;overnmentl aclitily in lthe plains were controlled grazing , by ruin-

There %etcc t~u Ica%0l of Sosernoucnt soil con- lion and decitockhng of pasture land, dcpupula-

sc lX~lhwn; th is flliJiieed fly the locil gi ei - lion and ic-idg hig (box coca) cldtivation on 

c nl tilhe Nitive .uthosil)l ficoin their o~n arable land. Ilui wispoisoned at lissornalu to 

ced fjl .l prom ote Sri%% gromth and "gully stopping"tr J ,tItiC',acid that %l,:ll%%as flJ 

Ilia 'Cnltal Go~inlnienl offices. 1\1o1 I' dC01n- %%is introduced inl olher parts of Central 

sc ra illo m LlcaxurCif) the 193I1N anti the c aily P ovi ce (TNIA ). it ilia lodom a stil tile 

1910%h %ere lo cally idm inisered a d brought hisoialoilg nd u Reclamation area,. the m ain 

a lbout h)y N Jii c .Au thority ordc s .c llial G.;v - C f rt% %%etc concertraled o nlcon our banking 

emnntc did not bring in aaly Iegi ,tli onlfor anti ridging. L~ater. broad based Icrraccs V.ele 

111d c0111c r- 1101o 11, 111tl l iI td c 19 40 , %hcu, i lto d u cccl , 

11 . lug lte N al r l H e%.Orce, O'din ince,. they In H 9it. atconference %vasheld at Aru ~la 
Illsoduccd rules o allow th cdecslOpin t of oil Land lDevelop oicul Schemes (TrNA ). It 

larg-Scale Schem e$. rcconinicnd d: "III highlind areas, erosion 

Causes[ by o ,clltockilng shlould be controlled 

bly stalifecding aud erosion caused by bad 

o c by lforc alion. 
N ;lse Athoil)"cunersoionIojla;d areas, [here is a need first it) deter. 

Ill file 191tis Ilia !,'.. Authorities were inuc tilia land carryiug cipaitiy of all area 

adLiscd bly tile2 IDcpalnlcut of Agriculture it) and then inlclsulcs call be ilodnccd to achieve 
adopt still c,.incrsallonj melasures it, their afej%, a balance: bet~celn poplation aud stock." 

inl prJCILC tIll's nlici.ol thatlilha adoption of B~y ilia early POD1,, lthe inain focus was onl 

N uiyh cA tn cro i ncultivation contiolled c In 

Onl dc+Cllpoicni schemues of tile Cell.
COl III OliU uICi%LICS sbds dcpcoldenl lite the big new 

iniial C nd Po ~cls of lPc l:U liOI! Of 11he Ira11 G o -r lic l, !,ut ly his dale m ost areas 

DiliILL Ofth~cr dud the responsivCleess Of lite of llic country had Native Authority OrdelS 

chief and tit, cotulloll "i the N.111,e A\uthority. gi),crlliig conserv'ation mecasures acid althoughl 

"111hCl 11. of L01. iIIIi)'tl no doc'unlell'ly there %%Ss11111CIillo Off [Il fact, there was 
c~idecc uflte mecthods of pcr' UjsiOn used COnllUOCd c2onscr-o,-:.:;: work iln areas Inot 

and 'it sonic ca~es it Is prob~dble thati d%,,ec co~cred Iby ilia --2hcines. ).'tr exanulpfe, inl someI 

and p ,slnon ilia pill of ilia l)jlsct irea, Of Suktuniland, not protected by ilia 

Ulfidcr -s a ,olnlpaucd by coeclion . *tee .::h-hcu there. fulltops werec~closed to culiiva-

ate record, tin the, go',ciuincnl files Of Iasor- Ilon and giazing, %,idlieaks and contour 

;tile and nnlivoriblc rececpliuns Of tile a..- hedges ",Cie pliulcd onl asablc land. which was 

leim .mn sltf b) 1110local People. At Nlgcta in already prtoiccied by licit coolour ridges, Check 

19 4.. vigorous iction by tite subchlief in PO~t- clas ss%% built ill gllies and elephant grass 
my- C~lia uil ,ruclor iclie. ld iln uIuclIsit+ Cu")- "W+iSpla1m1cd Io glC CXlla 1)WIlCLI1on (ARA 

1%udlll 1 IN,\ Blut ouly aI 1955). NatIsIe Aci. oifics conlinued tIt iniro-. 

nu11cs :A\**.y .t11 ,0lgoru tile 1--hlnl vcre dace con-,cl ill otldcls until 1958 ('INA 8), 

less "Illli19 10 Ado~pt conscr',alion methlods three )'cars befoic lllccdndce. 

W[NA 3). \\hen [Ihc chief at Kunig%,a Saw ilia 

ilnlplo.lcll iliId at I Diga lie re. 

slk 101 fOW 

ldls, 
li i.¢'ince tlreatoicutt fur his ciwn arc.4 Central ([;i}¥erllllct Cl cirlt~aion 

(AR/A 1941lJ. As decilbed cathecr, iln 19-14 tilia government 

file lot areas to base conserv'ation orders pnt forward a decclpll plan for tile Terri. 

%.Cie u~ually Iho'e¢ W*,.,ch %s,: acce ,,blc to [tory 1 1/1 jolillionl ptounod beinig allocated to 

tle E.Il ..... %fiho%,ere letw lnlllbhes. eig3ht agliculituld hln"., [.,ler increased ton Stiff. is) 
"lhus it I% probably not an accident th~tle ehleven. 'three (It 'he ciihl schemes were f'or 

first %ClIOU~s C~u%,:tlalion look place Is' thc liud Inlaaclnell hit Ihe Illins, the most nut-

U-,Int-ara Is]oun~ill.m .t Kilinianj.lOu acid jblecl thcuirailch~nel ccl 

Nit. Islertn. itld HotkOhij. %,1hlib ale chujiaicjlly and ill,+: Stlkollialiold IDevchtoiucn SCcme. 

Ih6 nllot) lciIcast area% of tile country fur lite other hlvc 5CIIle "Ci ftor r'Chabilitlionfl 

"ulouptal. alnd IPIlcclionl of Iolllnlall areas, thc main 

In lite 1940s, the minz measures introduced onics being ilia tlugnrus I-andi Usage" Scheme, 
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the Usambaras Schemle and Ihc Kolo Rehabil;-

station Scheme. 
'file Ila l aiin of ilia ch cnis in th cplains 

was to control population a rd stock densities 
in order tO niurc catlel nu nm werec that bers 

kept below ilia land carrying capacity. The 
m ain Objec tl ti ti lN a ai lDc:clopjncnt Schem e 

W aS 10 supp~llywiser iln such a way as to o btin 

a better di~uibUlio lnof th Cstuck p npulalliol, 

villich in turn prevented tram pling around 

w a terin g po i uls ti n the d ry s eao n lead in g to 

soil clo icon inltile %,al s a sn (lFuggle.,r ouch-

man 1964. This schenie was badly organizd 

and poorly m~anned. 'Inc governmentil wentll 

head first into bnilding new~ water sources 

without forwaid planning. 'rise Sukumaland 

De clopin nt Schem enInvolved m ore planning. 
having pilot areas to begin witht, ",here lauld 

was divided ialo Land Usage Areas (L.U.A.'s) 

and detailed inappin.- and gazetteers were 
carried out for each L.U.A. Later pnpulalion 
auld stock %%yoreillued frIoml densely setilled 

.Sukun aland. C om+nlplicaied sets of rules were 
attached to CuhijVation, grazing an~d eventually 

most facets% of agricultural life. There were 

rules it tic-ridging, manuring and burning. 
Penpla vwcre fogbidden to cultivate near wafer, 
cut lie" or m~ove cattle %%ilhout permission 

trounce 1949). fly 1953 tile Snkuma peasant 

thought he was being regimlented. (Maguire 

196i9]. lie had to phaut and harvest at a given 

little. lie Aas Iold "whil to plantl, be had to sell 

off his catch: and have the rest dipped and onl 

lop Of this lie was taxed aOld levied to pay for th 
(M.iguile 1969). Inl aleas like t'zcga where 

(here %,a.sno' roonm for stock moIvemntN ino 
different aicas, culling was thought to la eb 

only anllSVel JIL CouseVin~g ilia Soil (TNA 7). 
After ilia failure o [ihc large schemes, there 

well: oluly limlited allcnmpis at conservation by 

the col . ial athminisltalioln, tit 19.57 there 
werec two Sdliclues Ibetlln at Kasulu and 

Kiboudo (TNIA .5), I) conlserve soil moisture 

and fertily but tlile were tour- carefully 
conliolled than pievinus schemecs,1 

tAlicr 1961l, ahhou1g0gh mst agricultural acid 

setlcnicnt schlcins have iocorpolaied tunic 

soil consecrvation there has been little specific 

cinjtlhasi ont colnwivalioi schelnes. In lite 

Sotlhern Ilic;h111114S [leUi t l i Land Use 

Schemle, link .ed lite piovisiun of rural water 

supply v ith soil conservation (ARA 1966) and 

9Gi RIISMl AANKL 94~l 11 •I19111 - 3-4l AI 

I0-72338l0
 

SEMI-ARID REGIONS Of TANZANIA 

the Ufipa Wheat Schecme. the Turkish Tobacco 
Scheme and the Kitulo Sheep Scheme all had 

sunic contouring and terracing (CINA 2 . A lso 

in Lak e Provinc e l lh cn l chlcluc% at 
GaluI and Rwainkuna incorporated ii g g 

(1]MA 3). 
1li c Land Planning U nit%of lte Mlini ry (if 

Agiicu luja have inadec ffo rtsiii introduce %ll 

co sw ivati n nm urc% in Iilownca area% (if 
elusion. For example. Wiles) ui.l aal Village%. 

w etce c lal)li shicd in A ru slha R eg io n ilia " i n d 

IPlanni g U it rave ad~icc on %vindIcl ,oi~n 

problents and ilia adoption of stubble iu.n 

(A RtA 1969). "They ", re more succesitil lialn 

ilia [-and Planning Unit in ilia Us,;tubmaas 

who ha~e had Ilitle response to advice on 

co sc rS'ion a plat from sonic contouring. c scn 
though political ralhies have included lectures 

oil conservation (TNIA 61. 

t r - -
TiellCs ld ihr oJh org 

le succesa nd failures ofnl itcsnera 

liona measure anti.J schemesit:gfacrpl 

]It i r- iou u section the rneasure% used by 

the colonial administration to diminishi soil 

erosion it% Ihe semi-awid areas hiave been out

lined.
 
-[he success or 'failure oflthe various inca

sores zdopled can be gauged io Igo %%Jys:
 

fiastly by the actual su."ccss achicscd by Ihe
 

colonial administration it) physically slopping
 

Noil cr.),inn in practical applicauion and ex
perimeni, aud secondly b) IhieetentolIO .hlich
 

nmciaurc% wetc accepted or rejectedl by the
 

local people.
 
'lite cohlial adinliistraiors vic%%cd ilia &Oc

n +u c s 
ccs%of cnmervllioo I eas i cuitirely from liah 

1100ntunOf aQiliCtllllffa ilupr oCnut achicscd. 

For exalnipic. Flouggcn-Couchinaan(196f41 %%files, 

that *'in general 'lthe Sukuomiland D.c,,clopnicul 

Schemel Aas (regatdcd a%) a qualified succe-ss: 

its ma.inl achic,.cucnis sscre the orderly settle.
iocnlI of large LuldCVCIOp)CdalteS aCCOulpaniCd 

+ 
by a greatly incicascd output ol cotton ;and 

all in-crease ini ,,,iciing poinlts". 

. the plO1bdlnu Of o',Cr:Iockllwcer, olll 
Ing still |Clmamled . -there .,\e.c rapid inipro~e

mntus tin pa.sture qualify and bush regeneration 

"lihcit rotational grazing wa's inlioduced inoo 

ice l]olUalo area of Do'doina is% ilia 1910, 
an~d two Ihiidh, of tle. poulation %%ece io'cd 

tIt confoIni wvith graiing and cuhtivatiost rules 

JTNA 2). But whecn rotational giariog %%;s 
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inltroduced %,rihooI the ctntruclion )f many to ilplerenl (TNA 4). Is the Usambaras, in 
new wa r w- . thotu-aiid, of cattle con- the 195us tie rule against grazing of stnbble, 
,eiged orl it t.l t tirE \.a1cr ik the dry s.osi. \vi%said to be popular "ill tile wonetl because 
tri.mulplg tite sui ard Itakilng it suscplitlble it was their labor \ltich sa. waled %llell crops 
to e%leIcise clo-t II lite lct se.isOIt. s f.ietrannpld by C.ttlh. I 'NA 51. Also irs 

,Nluth el llllll solk was uitie o. the NortletU PimtVilce and tile SOullilerl hligh. 
clict. liiv- ls Coiriwlsilioll Iccltlles, ill lands, tire dist ibulioii of free seedlingi was a 
rel.hlrn I, u i uiodhtl11 arijd soil co-iserva- SLiCeCs5*.iearse Itie petie ICyCie gelliug fi-
tioI. At iir mtiiil.Ntiith tit Nlaita-i, ill tile naicial iiiprosetilelt fO Ito additional oilay 
1jlts jur-d:d )ulld oI C.IlllIil alld fingeer tn their p.t artd reatfituestatioir w.ts one of 
Attillct ice hrt II iI ItWnh higher on tied- ilt pl)sicii)y eaicr Cr r.rlirn ta,ks. This 
rtdees Ilal.l th dml.al) Itrige. (itt tie satidy siil% is probably also wiry lise cortlotUr Iedges ate 
otf ! l clir.-rrr the rrrrttf duitlg stottns quoted a, bettg tie otl) nrcchattical method 

.as rapid atd ticd ri cgs prurcd to be tie of conservation not regatled %silldisfavor itt 
ionly SitCCCssfrll CnlnC %eatl it eaure (ARA the Usambaras (r1-NA 5). 
I9511.) At lcngslu. trials sere held for lill W'ehave aileatly seen t;:at most conservatior. 
cullirtortl rand tire bet )leids isetc obtained schemes failed in Tnaig;nryika. lowever, the 
fromn Crtp, platted oil ied-ies or using reasOls for their tailuic cannot tie found 
tie l..tcgo I it S stell) Io tact, in the silnply in an exalilliion of tile physical 
UIlrtrrt ir, at "lcu rr altd Ukitiguru ite factors of the soil and lvoironnlent. Vtlh somte 
Nlater. I' ll N)IsCiIl had Ihle ackiossldgcd notable cxcpIioris such as tire use tf terracing
best )Iids but ,Iiec railal.ll s as higih tie- iII the Ulugurus, Itlost of the measurCs involved 
rliitg "as supt:e1or I.\RA ll)it. lhe l

t 
rosrit- coulI hase been stccessfrul ill phyically pre-

Clul i -t elrCII niral 0iicr, Dodttla fouiid venting soil erosion. Ilowever, tire colotial ad-
chcck-daitrs ,til a c-c ,isal arid buh pushed nullrsltors "ere stt'olg its their particular 
inhti Itebt11u1 of grillC, ;icie 111.st succesfl apprioach to the problett and it is here and 
lehIrhltljie 1,-r .. cf tiage in grlles because in tire reactio of tie Aftcauls to tite colonial 
ItrI nilmitl, alter tie taills. ,aler gradually atitudesthaliat se calt itid tie reasors for 
secpled Ihroiih airl piceial grass gres' below faihrrre. 
the dar, 1 1 M \ 1). Mlary of lie measures actually adopted in 

SOriiiCt1l.4iliCi tOs.iol) fatled because they conservation programs sere uiopular with the 
gasve i i seipi-cmiisli n ctop 5ield,, laid people, because they cut Ceros accepted agri-
letitlhl) aid -riI sl.,rhil. At 'lcrgCnu, It als crltural practices. lite r)easailts oftlet had 

prserd tnI-) late that lhefs1-1 cctaces led It) pIr.ctic al easons frir dislilig nlles.rtrcs. Wide 
dnltiIi se t sll .trd diarrige and Ile gr., strips and cotloutr hedges %scrc rejected 
praticre tat Flarilig tlcpllhnt grs's on tire Icarise they uscd ilt) wI nlu, i land. Itn 
let.taces d ricd lds Wider terraces took \lbc)a, contour banks setc impoliular because 
tore na Itis to buid onily to grse s rse Ihcy led to itrrcstation by t tts (ARA 1948). 
)icld,.. litcy alk, djolsCled tiat narios-based P 

t 
ople cleated tlhcir land becanmse otlerwise 

cintriur biatlk, 1,d It, cir-1,rible itetb.nk Ihey hd problems from tickbioetieases. 
Ctorun on slirpes ( R.A 1I9510. Gtilly stipping imltst peasails blieved that burting improved 
Wkal tit.id Itl be mli-t.iical if btill and trash their land, they were against tite givelt alter-
.ele t1tcIei) Lid acltr ire grity fllorir i1i In1ics. natvec-intiure beeatre ily thoughlt it at-
bce arrse ti ili t t li istp It ais.-). causing liraeled weeds (Mlatisrn 19381). Clitfe (1964) 
Ilrire Clo,,l Itii ,i .. picctied. maitntaills th te iles ulcitl clhalletuged ile 

"Ihe p-a1-11il a -tirtelyasectnIcd sirie of the peasalt's ccitnsOic sc,.utity and his culture. 
ptt-Jcd ti,%;,,.ti Ibn hts i, uuill) be- Ilt ptalicular. lIre herdigng people svcre lit-
ause IiIs r c.hisi lallilrar t themn tr sIthg oI pallatwil l Ihlil Little. IbcC;lute Ithey 

lIJ.aUSC tileI11 i.i E "J% LaCJII)' g.iri;g dtrcetl) rcptc-sc tried tIcir wcall arid sccitiy. [csltock-

to hcttchl ithem ('oltour ridginrg isas said to ilig was ittcIcly %cell as a ti.:asule Io hefit 
be the in-l cr1 tise tlr.caiurte in Cnilral Ie uidetortiied fIacories of Tanganyika 
ltrrsllce. th..1use Iiepil .gt cd on ite I.ackers iti Aiuslna atd liar s Saltattm (Cliffe 
eatio.lcz IthriJ It. iln.king it tclalticly easy 10611. Arab c l micrs wete cqually ctilseitws 

\ 

of thcir land rights anti depopulation measurcs 
meant that people had to give up their inheri-
tance. 

Despite the large investment involved, there 
Was a lack of plaining for tte large schemes, 
Technical officers rarely agreed on technical 
alISsels to tite prrblrCtls, 50 SOlllC had no 
ciIltltsiasm for their work and if parlicular 
itelhtild proved totally imlpractical chartgcs IS 
policy had to be ntade after a few years ('INA 
'71. Undetestlitalitl OfI staff needs led to half 
finislhed conservatiOln woks, lack of naitnle-
natce and little or even no supervision if staff 
were diverted to other activities stich as fanei 
rclief. lilt for tile admiistraliott. the mlost 
serious eonsequetnce of lack of staff was the 
lax enforcetnctrt of iules (TNA 3). Tie colonial 
adrninistraliot corrld have partially improved 
mltlers by payilg local people but they were 
ttwilling to do this ('INA 4). Most officers 

repOled resistace fromtn tie people because 
the work was usually too labrriouts (TNA 4). 

Not orly was there a lack of planning on 
the part of the admiiistratin, but they also 
failed to appreciate tile culture and social 
orgalication of the various tribes of tIte cout-
try. Vas Rettsbrrg advocacd that improve-
tttentr should have been filted into the tribal 
and social stluclure but this point seems to 
have been passed over by tIre adiinistralors 
for they continuCI to press for depopilation of 
mountain areas and culling of cattle in pastoral 

"ireas (Van Iensbrrg 1942). Also the admin-
istraliot had not appilciatled titat nliaty groups 
had adapted their ;glicullural systemln to their 
enviroent arid could coitil soil etusio. 
Althongh scietlific paprclb wce wrillen about 
intdigetious coUisCrvatit ll rethods, there were 
few suggestions to use thcse in other areas, 
There was no attenlpt to adalit coinservation 
methods to existilg agriclttiial systems. For 
example, wide contour hedges failed where 
narrow Lnes would have been accepted by the 
petpile. Illaiuket tircrsiures WCC Liggestcd for 
atcas covering hundieds Of SuiLale kilomreters 
attd these were errlrrced imnediately without 
cmitileing trbal arid rnvioritiuial variation 
at all. 

All Illese factors COitl)irrCd to produce a 
strong clcnrcnt of itistlli arnrllg the Aftrican 
fariers for soil corsetvar ott. Stil conservation 
order.i)I rules alplied uly tit) Iie indigenous 
people, so ite sllall falll felt lie was being 

discriminated against (TNA 7). Campaigns for 
extra prodicltin and soil conservation were 
often misconstrued by the local people to 
mean tire Europeans wanted to exploit them 
and their soil (Cliffc 1964). Also rumors often 
spread when no one knew exactly vhal 
measures would be adopted. 

titirl has been written aboul the failure of 
ine large devlOPntelt schemes ill Tanganyika 

and authors are uutanimorts in tleir condetmna
lion of the colonial government for their bad 
managenient (Cliffe 1964, Fuggles-Couclitan 
1964, Temple 1971, Young atd Fosbrooke 
1960). Cottmments on three of the schemes ntay 
illustrate the range of issues involv.ed. 

Fuggles-Conchman (1964) concluded that 
the frlasailand and hlbulu Development 
Sctemes failed because tiere was insuffieient 
control of stock tnovclnents to and fro!rt the 
developnent areas. In particular, u1o provision 
was made for the control of livestock itn the 
dry season and areas around watering points 
in Mlasailand wtre devastated. In hsbulu. op
erations had to be discontinued in 1953, wien 
the development fund came to all curd antd tile 
Native Aulhority could not take over t:e fi
nauce of a scheme of that scale. 

Maguire (1969) states that the main reason 
for failure of ithe Sukumaland Development 
Sclheme was tte complexity and tntber of 
restrictions involved. There were rules attached 
to ecery facet of agricultral .xistucet,nmany 
of which cIIl right across tIre accepted siay of 
life. Tie administration, in parliculne. tire Pro
vincial Cotlttissioner, did not shcw.' any under
slandiug atd wee trot itleescled its an idealistic 
progia which was adapted to the peoiles 
needs (Maguire 196 

9 
). It was unfortunate for 

the adiniristralion that Sakumaland was the 
most politically conscious alca of tle country 
(Cliffe 1964) and failutes sere used to stir up 
the people against the colonial government. In 
1958 there were Iiany outbreaks of civil dis
obediance and Ilte eltire reginien of resrictive 
legislaliot was abolished in Noverilber of that 
year (laguire 191 

9 
). 

It is clear Iltat liany factots mnust be con
sidlCtrL, before alloy soil roncivalit iclteties 
ate planned in tIte seli-arid arc.a, olfCt
day 'ianiallia. The first o,'ioub i)Oilol ii Itat 
detailed plannitg should be catried out before 
ally sclcne is staled, to dlternie soil type 
and sttiltitle ,:ooscrvtlion nteliods for tIre p.r
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Stocking, M.A. 1978. Relationship of agricultural history and
 
settlement to 
severe soil erosion in Rhodesia. Zambezia 6(2):
 
129-145.
 

RELATIONSHIP OF AGRICULTURAL ISTORY AND
SETTLEMENT TO SEVERE SOIL EROSION IN 


RHODESIA 

14LA. oKIcNO 


School ofDeropmrniStudies, University of East A glia 

Sosm100IromLOMrE south-west of Salisbury, well away from the main 
mad, lies a tribal area distinctive because of its severe erosion and its fine,%hire Karoo sand. Amidst gently rolling relief are found gully scars up tosit netres deep and three kilometres long. The contrast in relief is remark-
able; moving through the area, one meets slopes of no more than four de-grecs at one moment and a ravine with vertical stdes dissecting the landscape
at the next. More alarming than this static display of erosion, however, isthe way in which these gullies maintain themselves. Gully-head cuts havewithin living memory advanced hundreds of metres, cutting roads, destroying
'egctalion. draining an already parched landscape and generally disruptingrural life. Its short, it is a soil corservationist's nightmare; a badlands lands. cape reminiscent of a cross between the Grand Canyon and American dust-bu-vl conditions. One is tempted, as others have been, to point to the local 
population to lay the blame for this severe erosion. Is this fair? Can theerosion ard contemporary rates of advance of the gullies be linked to thepopulation and the way i" utilizes the land? 

Man has long been recognized as an important control Variable in theerosion process. The evidence is irrefutable. While soil erosion is essentiallya natural process governed by rainfall, soil conditions, slope and vegetation, 
man controls the system through the upsetting of the steady state. Usually
this is through a destruction of the vegetation that promotes increased runoffand inadequate protection of the soil. The many means by which this can
be done have been resiewved elsewehere.' In a Rhodesian context, aspects of
man's influence on erosion have been discussed in an earlier article in thisjournal by the present wvriter.0 
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Against this view of man's over-riding influence on his soil resources 
must be set the fact that quantitative evidence Is lacking. The degree tc
which man causes increased soil erosion is not known and. indeed,exact mechanism theby which the erosion takes place is little understood. Erasion modelling is In its infancy. lleinemann and Piesil report that the
emphasis in the United States is increasingly turning toward developing
comprehensive models that consider soil detachment and transport inechanisms in detail. The modelling and simulation of sheet erosion has receivedparticular attention through a modified version of the Universal Soil Losl 
Equation incorporating hydrological variables,' and through mathematicalsimuilatior techniques., If developed and co-ordinaled, such models with 
appropriate and tested refinements hold promise of precise and logical cx.olanation of both sheet and gully erosion, and we will have progressed toward 'the ultimate goal of watershed modelling'." deterministic models ir
wnich all cause-effect linkages and feedbacks are known and understoodSince neither the quantitative evidence nor practicable models (testing pro
cedure) arc to hand. there remains the real need io test emotive assumptionssuch as man's ubiquitous influence on erosion. Already evidence appears tefavour a mixture of man and climatic change as being responsible in part
of the United States for severe gullying.' but local natural circumstances ma)still be of significatt importance. The trouous basis of much research tcdate is well summarized by Cooke and Reeves: 'almost all investigators havemade an assumed relationship between vegetation and runoff, the comer. 
stone underlying their respective hypotheses'.'

This paper will seek by two very different avenues to determine man'srole in promoting erosion in the headwaters of the Umsweswc River ircentral Rhodesia. Conclusions may be applicable to other badly gullied situslions especially where most erosion is through deep, long gullies, variousl)termed as 'lavaka' by the French, as 'bocorocas' by South Americans, ane 
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as 'arroyos' by Nirth Americans." which are a peculiarly tropical and sub
tropical phenomenon occurring in fine-grained sands of a cohesive naturc. 

First, an examination is made of the history of Carly settlement and 
c; agriclture in Mondoro which includes the headwaters of the Umswcswe

"s'cnw River to determine if there is any qualitative evidence to suggest man's in-
MONDORO TRIBAL TRUST,.AN volvement in erosion. Secotidly, through a variable describing human pres

-- .... ,.,... sure on the land, a statistical test is made of the relationship between gull,
/ L 'l / ---.. ..- growth and man. The study area is shown in Figure 1. It is a basin of deep 

Karoo sands undcrlain by granite. Archival records, interviews and cxperi
-v .- 'mental observation provide the main sources of information. The experiment

C1 on linking gully erosion to man is part of a broader study on the factors, 
both human and natural, that control rates of erosion; this wider study is so. unpublished" but the results are used in this account. 

004000S.o_... . SoMot. t. - . a. " h, .. EARLY SETTLEMENT 

.Early Agriculture. 1890-1950. Native Reserves were set up in Southern Rho
5.o..: dcsia at an early date following European settlement. Although it could 

fairly be said that in 1890 the whole country was available to the African
NGEZI TRIBAL RUST LANI * population, the beginnings of land apportionment were very soon manifest. 

-. TheT"noon." Lippert Concession of 1891 provided for the selling and leasing of 
*c~• .h'l large tracts of land to incoming settlers. It could do so with relative im'.otoo" .. punity becrause the African population was small and the majority were in 

use i . -..- :a inhospitable country." After the fatebele and Mashona rebellions of 1896-7.
Southern Rhodesia Order in Council (1898) placed the responsibility of 

providing sufficient land for Africans in the hands of the British South Afri
". ... " , , . " ca Company. In practice this responsibility w:as devolved on to tie district 

Native Comnissioners and there was no standard practice in allocating land.tle, not .0 S 32 34 16, As Painer notes," these African Reserves usually carry the connotation of 
....... oo t.,, ,,.O. 
 land left over after European exploitation. Nevethclcss it was widely bole*ed 

CaliW dO -k a~c,,,, a at the time that tIheReserves 'were not only sufficient but liberal. and will0 MondoRoA prove to be ample for the requirements of the native inhabitants for many
VIC 13...- Jm 20 r
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*cars to come. even taking intoconsideralion the rapid rate at which they
andtheir stock increase, as well as their extensive methods of culivatio,-'.' 
By1913 there were no less than 104 Reserves ranging in size from 2 000 to 
600000 hectares." The situation is little changed today (although tse area 
swtaside for exclusive African occupation is rather greater at about 47 per 
centof total land) and is enshrined constitutionally. 

Against this background of land alienation must be set the rapid in-
crease in African population accompanied by an even more dramatic 
4crcasc
in livestock over the whole country. In 1900 there were about 600 000 

Africans with. it is estinaled. 55 000 cal- Through control of both human 
and cattle diseases by 1945 there were sonte 1.75 million Africans with 1.9 
million Today ?n African population of 4.5 million (40.4 per centcattle." 
in urban areas and, therefore, holding no cattle) has well over 2 million 
cattle, about 650.000 goats and numerous other small stock. Both Kay and 
Pa!L'ner'" document the serious deterioration in the man-land ratio without 
any compensating improvement in man-land relationships. Indeed. changes 
in land usage such as the change from traditional foodstuffs and hunting to 
raize monoculture and cattle keeping have added to pressures on the land. 
For instance in 1900 it is estimated that the cultivated area was 0.43 ]Ia per 
p.rson. By 1945 it was O..ISand by 1962 it had risen to 0.71 ha per person." 

Though little documentary evidence remains, the Umsweswe catchment 
was never settled by Europeans as the soils are relatively infertile and the 
area is away from the main gold-producing districts which attracted most 
early attention. From vhat must have bccn a very sparse population at the 
turn of the century the area for African settlement was compressed into the 
Mondoro Reserve with large tracts of land either side of European settlement 
along the Salisbury-ltartley-One Que-Bulawayo and Salisbur.-Enkeldoom-" 
Fort Victoria axes.In the first two decades of this century there 
"err cons;dcrable influxes of people; not only those dispossessed of 
th'ir land but probably more importantly those moving from districts in-
fcsiedby Isetse fl.For example it was noted in 1913 that 'on account of 
theFly pcple were moved from theSanyati-Unfuli area to near the Zwczce 
Riser in Msondoro'." Secral such population movements are mentioned.
other factors being tribal disputes and the natural search for better latds. 

11 q.ntd in ibid. 60. 
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all of which add to a sizeable influx of people. In 1915 it was estimated 
thatsome 19 acres (7.5 ha) were available for each African and it was 
remarked that lids was 'exceedingly good';- it does not, however, compare 
favourably with the countrywide average in 1962 of 8 ha per person in the 
Tribal Trust Lands. Some areas close by remained unsettled by Black or 
White farmers; the Native Commissioner, Ilarley, Poled in 1921 that an area 
to the south of theUmswcswe River and a little to the west of the study 
area was 'clear of natives and may be alienated'.o Such alienation probably 
only servea tofurther restrict available land and increase the effective popu
lation pressure. 

Comments in reports on early conditions and standards of agriculture 
are highly subjective but there are many references to the difficult physical 
conditions in Mondoro, though no mention whatsoever is taadc of the 
gulies. In 1918 it was repotted that 'the natives living in the sandy parts 
of Mondoro were not reaping much from their lands because it became 
so wet and crops failed to mature'." The destruction of crops by game
animals seemed an ever pre.int problem and swarms oi locusts were some
times noted in 1925. The area surrounding the Umssvswe River was des
cribed iN1925 as a 'moving mass of hoppers'.'" Apparently 2 453 separate 
swarrs were destroyed that ear with the help of adjacent European farmers 
whose interests might ha,. been prejudiced.an All these 'natural' hazards 
appear to have reduced t'e state of agriculture in the first three decades of 
the century to a poor and parlous condition, exacerbating man-land relation
ships. 

By the 1930s the situation appears to have become more stabilized. At 
least one agricultural demonstrator was active in the area and Native Com. 
missioner3s reports note fairly good crops and good rcspot,'cs to attempts 
at L.proving standards of agriculture.2" There was, however, mounting 
concern over grazing land pressures. A letter from the Agriculturist, Native 
Department. to the Chief Native Commissioner, of 18 April 1934, reported 

t
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that the overgrazing. especially in the northern sector of the Mondoro Re- been noted. No obvious reason is to hand as the area was certainly settlec 
serve. was particularly bad, and so recommended control of grazing and by Africans prior to 1918 and even as early as 1899 administrative responsd 
the migration of people to south of the Umfull River and into the Umsweswe bility was apportioned to the various district offices. The answer to the 
catchment." At the same time there was also a general increase in aware- lack of information probably lies in two rclaed reasons; first, the distanct 
pess of soil erosion especially in the Native Reserves which culminated in the and poor communications from the nearest district offices (Hartley to the 
Report of the Soil Erosion Committee of the Rhodesian Agricultural Union north-utssst and Fort Charter or Charter at the Range to the south-east); 
in 1 9 324, which drew heavily on early American experience in erosion. Yet secondly tile history of boundary cihanges n tlearea and later changes in 
no specific mention is made of the gully erosion in the Umswcswe catchment. responsibility for different aspects of native agriculture.
Several indirect references are to be found and one report illustrates ivel In 1899 the boundary between Hartley and Charter Districts was taker 
the paternalism of the era: to be the 'Ulgeczi' [NgczilRiver° which runs parallel to the Umswcswe and 

The natives arcsimply running wild and ploughing up large areas I0 the south of thestudy area.Ti e Umsweswc headwaters were fahu. 
of land every second year. Not only are they ruining good soil in the Hartley District. rcaihrmed in1909- aIthoughThis botndr' w;,,

through bad farming but destroying all the valuable timber. This is some in the interim appear to show functionsd_,,cumz;i some administrative 
country that can support a lot more natives if properly settled. The carried out by tile Native Cummiasioner at theRange (Charier). Hatllcy is 
nsninoffenders here are non-indigenous natives who hm_'.ec.cd some 95 km from tite study area but 175 km by road, most of it on poor 
acres and acres of the best soil..t:-m~o, dirt. That is the situation today; alladminiirivc communcaionit very poorly and working in 1900 
it as thn,_gh,;was a private farm ...There is no rotation of crops
and no manure applied which means he will soon be looking for was by horse and tile Umsweswc calchment was on the very periphery of 
another 100 acres of good soil to ruin.a- the Hartley District unconnected except by bush path and seldom visited. 
There were also othe problems to contend with. At times the Native In 1920 the boundary between lartley and Charter Districts was moved 

Departrlcnt agricultural demonstrators, though Africans themselves, were north to the Umiweswe River,- and about this time all native land to the 
unpepular. it is alleged because of their involvement with iission schools.'* Ngez. River was named Mondoro Reserve and land south of the Ngezi 
hlowcvcr. Demonstrator Dawn ilMondoro seems to have overcome this pro- tramed 'Umgesi' Reserve. By 1935 the Southern Rhodesia 1:1 million 
blem by 1933 and had 346 'co-opcrators' who vere following approved map shows the area south of tle Umsweswe, now called 'Umgczi and Mondo
agricultural methods including manuring, using improved maize seed and ro South', in 'Charier at the Range* District and the area north of the 
practiling rudimentary conservation measures. Increased yields and the pro- Umsrweswe, called 'Mondoro North'. as being in Hartley District. 
duction of surplus maize gave rise to a further problem which exists even After 1935 the situation is confused and staff shortages especially in 
today: marketing and transport." The Reserves are usually some distance agricultiral Personnel neccssitatcd the grouping of areas which took little 
from main communication routes and the poor state of the roads and lack account of then existing boundaries. Because of its outlying poition the 
of marketing facilities obviously retarded any attempts at production of sur. Umswcswe catchment appears to have been sadly neglected, being rarely 
plus produce. Tlis general pioblcm is seen today in declining productivity mentioned. 
inthe Tribal Trust Lands and a money economy unable to absorb thein- The final documented changes in adninristrativc responsibility arose 
creasing population. front tile 1961 Soulhern Rhodesia Constitution where all African lands wererural

Boundary Change and Administrative Responsibility. The limited awareness grouped together to form larger blocks of land to be known as Tribal Trust 
of soil erosion and in particular of the gullies, coupled with a general lack Lands.-e The area south of the Ulsweswe River (Ngezi T.T.L.) 'low foundof any documentary information south of the Umirwcswc River has already its administrative headquarters under the District Commissioner at Gatooma,some 40 km south-wct of flrrtley. Mondoro T.T.L. north of the Umswvcswc 

remained wilh Hartley allbhugh it does ap?,ar that one Agricultural Officer 
51 !5r42/A1 C NC,Corvpondvrrr, enr. 1914-4Kr Agricuhre, t959o served the two District Conmissioners at Gatooma and Hartley for the whole

Reprs avd .Surreys an Resces), I. 
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of Mondoro and Ngezi. At around this time also responsibility for African 
agriculture, which had for many years been with the Ministry of Agriculture
(dealing both with African and European agriculture), was transferred to 
the Ministry of Internal Affairs which now had sole responsibility fosr all 
aspects of the tribal areas. Many agriculturalists considered this a-retrograde 
step, especially as many of the experienced Agricultural Officcr3 temained 
with theMinistry of Agriculture dealing with European farming alone. The 
extraresponsibility placed on Internal Affairs field staff was great and In-
evitably expertise in agricultural matters suffered, 

The Land Tenure Act of 1970 finally used the sizes of Ngczi T.T.L 
as56 900 ha and Mondoro as 130 500 hat the situation pertaining today. 

The sorry history of administration of the Utnsweswe headwaters con-
Irtsis
vsith the lighter control exercised in areas closer to themain district 
offices. A large part of the mismanagement and general neglect of the area can perhaps be related to these administrative changes. How far this neglect 
through administrative change affected erosion is uncertain. It was not until 
lhe 1950s with the implementation of theLand iusbandry Act that there 
was any concerted effort at finding out the problems of the area. 

LAND HUSBANDRY ACT 
The Native Land lusbandry Act of 1951 was the product of mounting 
concern over the deterioration of the tribal ateas and unworkable earlierlegislation such as the Natural Resources Act (No. 9 of 1941). The new 
Act provided regulations for enforcing conservation and good farming with 
serious penalties for offenders. It also provided for theassessment of the 
carrying capacity of each tribal area and the tedistribution of arable bold. 

ings. Since the data base for much of the inpletcntation of the Act did not 

exist, each area had 
to convene an Assessment Conunittee which met to 

consider the overall picture. The information collected for each committee 

would consist of a census of people and aninals, nrcasof arabi land, histori
cal background of tribes and general impressions of thestate of the agricul-
lure. Information varied in quality but it seems that that for Mondoro South 
%%as
good. 

The Assessment Committee fur Ngezi-Mondoro Reserve met on 12 
September 1956l . They divided the Reserve into three, the northern zone 
closely the study area soutlh of theUmsweswvc River. Thiscorresponding to 
northern zone was appro\imately 175 kin' with a population estimated at 
5 500 giving a density of abott I persons pcr sitiate kilotnere. Hlowever, tle 
point was made that sorie half of thenmte population was out of the Reserve 
and working in tu\ns leaving a resident male population of only 532; the
effective population density Is then Icessdat than 29 persons per square kilometre. 
O:her picttnent 1956 data are shown in Tuble 1. It shotuld be.noted that nianyof the figuresare probably grossly tax assessmenrunderestimated toreduceandcatlelfigurcatesdippingprobablyIfees, It rosCh.aItert iut thenuntbers of "hiddetsIs Impossible to estimate 
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people and livestock but experience elsewhere indicates that theunderestima. 
tion for cattle could be of the order of 50 per cent. 

Through the Land Husbandry Act the only comprehensive count of 
populations was carried out. As such it was an extremely useful exercise 
although many of the recommendations based on the collected data failed 
to materialize into firm changes in land use and practice. Perhaps the only 
real changes were firstly a maintenance of approximately 4 000 head of 
cattle in the area until today (a ratio of one beast to 4,37 ha) and secondly 
a fairly drastic reduction in cult,jated area. These moves seemed also to 
stem Increase in human population at the expense of areas further to the 
aouth. 

Table I 

STATISTICAL INFORMATION ON THE NORTIIERN SECTOR OF 
NGEZI RESERVE _ 

Htuman population 5500 
Total number of: 

cattle 4 7 

NGE__ RESERVE
 

calves 50U 
donkeys 162
sheep 213
 
goals 287 
largetaspayerstock equivalent 429I 250 
resident males 532
 
kraal heads 61
 
stockovners 686
 
landholders 1 038 

Cu icultivateda (ha) 5 216 
Proportion culivated land to grazing land 30 

Number of stockowners owning: 
I -3 cattle 121 
4-6 300

7-9 
 168
 

10-12 69
 
16-18 
 9 
19-21 9
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is the poputionr of the Umsweswe catchment g-cw and the area was 
pned up. the gullies did start to atract attention because of their sheet 
iz.. Oler aspects of erosion were neglected. 

The earliest attempts at dealing with the gullies were as a result of a 
nizting of Native Department and conservtion staff at Hlartley in 1946 or 
t147. Frons this meeting a series of large contour banks designed to a 

..,dient of 1:600 Were built around the heads of St Michael's Gully (then 
:alled Timba Gully) and a few of its tributaries. These banks were so 
,.,~se that they are clearly esident today on the ground. St Michael's 

Gully has progressed through the first bank and one of its tributaries is 
.a,v following the con:our on the upstream side of the bank. Without 
doubt it was the worst course of action that could have been taken since 
iic conlour banks served only to concentrate surface wcalersand led to pre. 
L:crtial infiltration and the development of tunnels 

Also at this time three dams were built (none surviving now) for stock 
wateting to reduce concentrations of cattle along tle river banks. The heads 
of the gullies were fenced but it appears that the fencing material was stolc,s 
.jihin one or two years and the members of the Assessment Committee f,. 
ile Land Husbandry Act svere unaware of its esisteace in 1956. 

It was not until 1969 that the authorities showed any firm resolve to 
tazklc the problem of advancing gullies. A series of Ministry of Internal 

flfairs departmental reports and memos in 1970 and 1971 leave a record ofuiforisnate recommendations and conclusions.~ For example, despite an 
ufortunat rertfommte dia ForestryCommissionohexaplndcspof 
aldcisc report Irom the Rhodesia Forestry Commission on the planting of 
trees in the immediate vicinity of gullies" severnl belts of exotic trees were 
planted. Their growth has been minimtal and has probably only retarded 
gtass growth within the belts. Much was also written on the mismanagement 

nd oergr,"ring of the catchint with little evidence to support such a 
contention. The result was an expensive programme of fencing the gully 
heads to allow regrowth of grasses with miniium grazing; the D.C., Ilartley, 
reported in 1969 that 39 miles of fencing were reconmended at £100 per 
mile.'" The fencing programme has continued through to 1975 with further 
tutisidcrablc cost. Since the fencing depends on buh regular maintenance 
and the closing of the few main gates into tine enclosures, the onus for success 

17F. firksdildo etird Aicuhtn..at olticer. pesona coninuiecation. 17 May 
7. iniory of Inteinat Affairs. S.t;,bLry, AGR/5/50 (Cor,-wnden andRporn

tA.7tl), Sod Conservstion Special PruieLt Nseie 'tshat "ru Land and Mondora
T,.I, 1r.,i Land17khodeiia Forestry Conaniirion. tia. 3,9. "free Planting for Gully Rclarasian.
M- fror T. J lfodswrn forcit 01ficer, T1Jan. 1971. 

3' Mtnistry oft tesnal Attaie. Satlsuray AtRI/12/69. Gulies : ttnter andCaoari S.oattacols Io P...iniitt Comineionr. 14t.ta.hotand Sori. 21 Na-. 190 . 
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of the scheme was placed on local tribesmen, a responsibility not appreciated 

by many. Certainly by 1974 the fencing was relatively ineffective and no 
measured differences in grass cover were found inside and outside fenced 
areas, indicating that cattle were effectively free to graze at will. 

Recently the Natural Resources Board has taken an interest in gully re: 
clamation. A series of stone bolsters have been placed in the base of 
St Michael's Gully and in of the heads of sectionosveral the Chinovb-hiza 

with finance raised by the Natural Resources Board. The bolsters consist of 
ironstone wrapped in chicken wire. Some considerable sedimentation has 
occurred upstream of the bolsters and the floor of St Michael's Gully near 
its head cut is now 75 cm higher. lowever, the cost of construction of the 
bolsters and subsidiary efforts such as planting and watering of grass has 
been exorbitant. \Virle it has been demonstrated that some sedimentation 
has occurred, the effective Eain in land has been negligible and the advance 
of the head cuts has hardly bern IcLtaicd. Witout the sizeable grants from 
Government sources, any rcclamation would be impossible and it is felt 
that any workable scheme is financially impractical. To dale the programme 
of stone bolsters I. continuing. Other less successful (or even disastrous) 
attempts ha been discontinued, examples of which were the bulldozing of 
head cuts to smooth the profile (the head cut in one instance reinstated itself 
after one storm) and the planting of sisal. 

From all of these more recent experiences it may be concluded that 
litl al l bene inln reclt ionchs be chiev ed tholittle real practical benefit in land reclamation has lien achieved. The focus 

attention has always been the head cut and the immediate gully base. The 
catchnments have been largely neglected because perhaps by comparison with 
other tribal areas they arc fairly well covered by vegetation. Finally, there 
has been very little recogtition that tlie gullies might conceivably be primarily 
a product of natural processes. The erodible nature of the soils is occasion
ally mentioned but the blame has all too readily been placed on local tribes. 
men for mismanagement of the latd - a factor which is not necessarily sup. 
ported by observational evidence and enquiry. 

QUANTITATIVE ASSESSMENT 
The evidence from a study of the history of occupation of the area suggests

that while mismanagement and administrative neglect have occurred, the
population has never been excessive and nn extraordinary mati-indoced in
fluences may be invoked to account for severe erosion. It remains, however, 

to determine if contemporary erosion may be aided by pressure of popula 
tlon on the land. The mos. obvious means of doing this is to compare rate!
of advance of gully head cuts between catchments with differing populalor
pressures. Si.tce catchntent variables such as area and vegetation cover ar,also likely to be different between catchments. it is necessary to take these 

Into account in a multiple regression model along with the hunian factor. Iis reiterated that the purpose of this paper is to test man's influence o0 
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erosion; the Other variables are introduced only for statistical rigour and
 
their significance is reported on fully in my unpublished thesis.28
 
A Variable for Population Pressure. The choice of a parameter 
 to measure
 
population pre-ure in problematic. On the one side, it is not known how
 
mnn affects erosion; on the other, it is not known how much 
 pressure

land can sustain without 


* 
irrevocable damage. Carrying capacity formulae
 

hase been designed' but all are based 
on untestable assumptions and data
 
Iha: are not always available. A proxy variable for population pressure 
 is
 
necessary which integrates the many unknown linkages. In a study of differ
cnces betveen types of land tenure, population densities and severity of
 
erosion, it was found that in most instances population density was related 
to erosion."1 In the present study all catchments to gullies are wholly within
 
one tp- of land lepure. the communal grazing end small arable plots of the
 
Tribal Trust Lands. Therefore. the major difference that may have a bearing
 
on erosion between catchments is the numbers 
 of people making use of the
 
land. The main assumption is that every person through his practices and
 
through the grazing animals 
 he keeps affects erosion equally. That this is
 
not so on an individual basis can be demonstrated by comparisons of sheet
 
erosion and declining fertility on adjacent smallholdings; farming has multi-
 N,
 
pie objectives and multiple paths to reach those objectives. Nevertheless over
 
large groups of peoples the averaged effect shotld approximate to the assump
tion. and population density be a suitable proxy variable for man's influence 
on erosion through farming practice.
 

Population density was measured on a 
square kilometre grid basis by

t00 per cent rouat. From Figure 2 it can 
 be seen that the density is quite
 
variable (between 0 and 130 persons per .quart kilonetre) depending on
 
the location of the larger village groulpings on 
 the edge of the arable lands 
and along the main watershed boundary roads. Mean population density in 
1974 was 31.4 persons/km indicating a slight increase over 1956. The total N 0 
population was 5 645 vith a rather greater density (34,1) south of the Um- K. Poss.t senat 
sweswe River than north of it (25.8). 0o i 
Other Variables of Gully Growslh. In the muhiple regress!on model, popula- to-t
 
lion density, D, represents one of the independent variables. The others are: 
 o-19 

30-39 
S SiM.l uly hne 40-!,9 

a.Soe tItni to.10. 
A0Allan1"V. .1v I-d do1"Jt euch • ma.i- rq.iici' in S.tudi,, i. ,4#iaN. Load

ha N-,thin Rhod.,:. I L.Ak fhidraLiomitsone tiiiiiiiI le, Paptr No I,
1919). 1.23; IL F1aei 'A ltritirain at -iratr c-u-teatiaa tnrnuota',ari 
Csoou~aphioatSiuda I973). Xl. 234-6. 

4.Slrci i .. 'A~peii o lite t-te ot n in irorii 
t Seg,-r,. dotnprnt and edrin lrt or II~dioloae (MG).

IV ,3Z.'1; J I"h.;.'-atl.a- .+I", nnll.et t t aloitired- on r.I . 
t 

pt llhead T~ailiauton, of cdhan.emens' Seaeioai,ly of Al'nlrialta E.tgin..,61). VII. 54-. Figure 2: POPULA7ION DENSITY OVER TIlE UbISWESW CATCIMENT. 

http:thesis.28
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Precipitalion. P mo
 
Antecedent precipitation index. A,mm
 
Caichment area to gully head. A, km2
 
/izan vegetation cover, C %
 
fleight of head cut, H m
 
Slope of approach channel. S degrees


While many other variables could have been used, of those chosen someuhzi arethat have been found important elsewhere,- and others would have 
4 high degree of interdepcndcncy with extra variables. Gully growthm:asurcd by tise volume of soil removed from the head cut after each stormis 

.

clcnt. Y m'
Results. Using a step-wise multiple regression procedure whereby 
 the least.ignilfcant contributory variables (basvd on 9-value) are progressively dropped.
,he most significant variable rerair.. . At the same time the contribution 
of the other variables tosvards exianation ef gully growth may be monitoredITable I1). A sample of gully heads retreating principally through waterfall 
erosion was used; the wider study, of which this is a part. also considered
other head cuts at different time scales.cncs reported here in Lable I1. Results are broadly similar to the 

The most significant indiidual variable is A, (product-moment correlation coeffcient, r = 0.666). followed by H (0.606), A, (0,535) and p 

(0.351).related Variables C, D (population density) and Swith gully growth and arc elininated at arc nearly randomly caran early stage in the step. 
Isisc regression. Isteraction between the other variables, P. A A,., and H 
gives an equation that explains 60.1 per cent of tle variation (R = 0,895).
With a 10 per cnt loss in explanation (R=0,844) A. may beto give what eliminatedis probably the optimum prediction c;uation for these gully 

heads: tY = 6.87X 10. p "1A. 1 l0-'3 
Discussion. Population density fails to improve the prediction of head cut 
g:owth and. by itself, has a very low correlation with gully growth (r=0.018)."hic reason for this is eitherof population pressure that populatiot density is an ineffective measureon the land or that population pressure is not an imofpoatonriutor ao ho erosondo drthtp o tiiose inta. I 
has already been argued that population density is likely to be a crude but
significant parameter for population pressure. 
 ansd. therefore, the latter ex
planation is preferred. Indeed. the results suggest an essentially natural basis
fur gully formatieun in the area and no discrimination is found in rates of
erosion between catchment areas with high populat:on dcnsity and those 
ssith low density. 

- tI A. "T-. ,nct ,raun'. ,tti ,a..nIR7,--. t A.ej (1976),
IXXtt1. 35-9. 

'able 1I 

GULLY GROWTH PREDICTION EQUATIONS FOR WATERFALL HEAD CUTS 
G 

€ . 
z 

Reg.,..is-, V..ib 

Y = 2,55 x 10 "- pL AO. A.0- C-. D-4-0 H0
." S-_-2' 40 0,902 

PA A. C
4.06 4.41 4.95 -1,05 

D 
-- 0.41 

H S 
4.67 -1.30 

Y = 2.03 x 10- PI.05APOa.tA 1 C-4.,3 H
0 
. 
7 

S-0,22 41 0,901 4.08 4,52 4.99 -1.19 - 4,76 -1,31 

Y = 4,97 x 
Y 

10-' P.6 ApO."Ac. HOd S- 0 . 42 0,898 4,30 4.34 4,82 - -5,12 -1,05 

Y = 4.14 x 10-a p t A 0
.MAc0 

. H0 
4.8 

Y = 6,87 x 10-4 Pt-stAs.mHo.' 44 0.844 4,73 -486 - -4.52 -

Y-= 4,42 x 10-' . " 45 0,760 3,37 - 6.91 - -
Y= 3,7A69-50 

46 0.686 - -6.40
46_0,686______,40_. - -

. . . 

Note: Serie, of regressions (,tlows the step.wise procedure giving equations with the higher mutiple correlation €outicient with a gvt 



CONCLUSIONS 

Iher, is neither firm historical evidence nor contemporary experimental and 
,tati:'cal eaidcncc to support the contention that man has largely brought 

the scerc erosion in the Umswcswvc catchment. Historically. it has 

t,!en shown that the population has remained fairly static over recent years. 

ha'ing risen gradually from the mid-nineteenth century. Cattle and livestock 

little changed. There are some documented agri.
;.,ju.ions likcwisc have 
cultural difficulties, such as locust warms, administrative neglect and unwise 

accounttunservation treatment of the gullies, but these cannot solely for 

il: Iormidable erosion manifest today. 

This qualitative view is supported by experimental evidence of rates 

,f erosion compared to population pressures within the catchmcnts to the 

jutlis. From a large sample of gully heads and individual storm events there 

i. no basis for present high population densities to be the cause for measured 

rates of ully advance. It may be that if population were to continue to in. 

crcasc above some threshold, gully advance would also increase but this 

ti.:shold, if it exists, has not been reached by-xisting population densities. 

Care must be taken in applying the results Ic other situations. Certainly 

ih. varic'y of valley bottom gully characterized by steep or vertical walls in 

,olhcivc line sediments and flat wide floor i, and variously called "Iavaka'. 

•a y05yos'or 'bociuocas'. should not immediately be taken as evidence for 

mismanagement of the land. As in the case studied, these gullies are pro

bb, a natural response to changing cnviroiuncn!t! cund':ions. This is not 

tO say that man may no: aggravate the conditions; lie often does, but he is 

nut the principal cause. Similarly, other forms of erosion may be natural 
r-sponscs to particularly erosive conditions. In the tropics, soil types are 

" 
oficn responsible for serious tunnel cosion. Other cases may come to light. 

At the same time. man's role should not be diminished, lie is undoubtedly 

rcsponsible for many if not most cases of land degradation. But he may not 

be responsible for all. There exists a wide field for research in erosional pro

csses and forms in the tropics. 

ACKNOWLEDGEMENT 
"- 

runds for this research were vrovis-d by ihc Research Board. University 
of Rhodesia. 



Mbithi, P.M., and D. Kayongo-Male. 1978. Local 

environmental perception 
 and soil and water 
conservation practices. In Soil and water con-

servation in Kenya. Occasional Paper no. 27,102-4. 

Nairobi: Institute for Development Studies and
Faculty of Agriculture, University of Nairobi. 

RODMICTION14 


The Role of Local Communities in Conservation 


Many construction engineers are convinced that those personnel who are 

going to be involved in the long-term maintenance of structures must be intimately 

involved in their construction. 
 In this way they will be familiar with the an-

ticpated operational and structural weaknesses. 
With roads for example, those 

Involved in construction will become familiar with every foot of the road, 

where the ballast is weak, where a culvert may be insufficient, etc. 


In soil and water conservatio structures, the basic unit involved 

is the farm. 
An adequate farm plan represents investments in dams, cutoff
drains, terraces, windbreaks, woodland, permanent pastures and a cropping regime 

which is consistent with the goals of fertility build-up and conservation. The 

farmer and his household are the active agents in building such structures and 

in maintaining them. 
 In cases where governments intervene to enforce the 

construction of such structures or even construct them with or inspite of farm 

household participation, the long-term goal is for the farm household to main-

tain such structures and integrate them into farming operations and 
farm re-

source utilisation. 
The need for this household to be involved and understand
 
the environmental and economic rationale of such structures 
is obvious if they 

are to maintain them and 
Integrate them effectively in their farm operations. 


In certain eases, local villages or 'comruniti'st ar e the basic-units 
involved. In dealing with 
the special problems of a catchment zone, specific 
watershed, river course, inter-farm paths or tracks, then one involves more than 

one 
farm household and the need for community Involvement is the same. 


The participation of local communities in conservation is further 


supported by economic aid sociological evidence. 
 In current development 


funding, provision is made for mobilising local resource9 in 
the spirit of 

Hlarambee (self-help). 
 Such local resources 
includo local unskilled and semi
skilled 
!abour, local farm tools and draught power, local organisational ahiilty 
and leadership skills, and materials in kind such as sand, stones, grass splits
 

and £ccds, tprti. .jtion iotal popultiois In Loll conierv-t-l 1is i ., as 
critical in Increasing local commitment and sdtnt1' with the coals of the con
servation prog-amme. Such commitment eliminates suspicion, apathy and In
difference and Jegitimises the sacrifice of person.l energy and farm resources. 

However, participation in soil conservation is itself inflenced by
 
a variety of socio-psychrlogical and group level factors. One of the most
 
important factors is the level of local understanding of the seriousnecs and
 

causes of erosion and hence the natur, of preventive action needed. Obviously,
 
if a farmer perceives erosion as caused by a curse on the cornunity, then
 
sacrificing goats is going to be more relevant than making terraces.
 

The goal of soil conservation is ultimately to increase the farm
 
productivity and population carrying capacity of a zone. 
 Unless farmers grasp
 
this linkage, and develop their o~m 
associations between family subsistence food
 
requirements and conservation, then maintenance of structures will not ce-pete
 
successfully for resources with other farm activities. 
 Thus, perception problems
 
do not simply include environmental perceptions but the relation of ierracine,
 
for example, to manuring, fertilising, early ploughing, seed selection, etc. 
to
 
increase yields.
 

A technical understanding of the effect of rain drops and runoff Is 
also important to the perception of what structures 
are necessary and sufficient
 
to halt erosion. If farmers perceive cutoff drains alone as 
sufficient, then
 
the effectiveness of even these structures may be Jeopardised. 
 In this paper,
 
we examine the local attitudes and perceptions in six locations of Ilachakor
 
District which are relevant to a soil conservation programme and appropriate
 

educational approaches.
 

DATA BASE FOR TIlE STUDY
 

There were two principal data collection techniques used in this study:
 

a general survey and key informant interviews. The 310 respondents to the general
survey were selected through a combination of stratified area sanpling and 
random sampling. 
 ihoy were all members of soil conservation mwethya groups
 
(self-help groups coP-'-sed largely of women) operating in the 
locations of
 
Kalama. Wamunyu, Kibauns, Masis, 
Mwala or Huthethent in the Machakos 
area.
 

Questions in the survey were focussed on the individual farmers, their attitudes
 

towards conservation, general farm and conservation practices and other relevant
 
socio-economic characteristics.
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For each of fifteen t¢etIhva groups, chosen both on the basih oflevel of group activity and ecological setting, five key informants were
questioned. These informants were key persons in the eithersbecause they occupied an official leadership role or because they had a great
deal of unofficial influence on 
their group. 
 Key informant interviews attempted
to assess the 
 onwtheirgroup 
 . ey iformaninater s aempted
to sseshe wehya grugroupsmleelasspocobemp
group activities and the problems facing the groups. 
 t retelyea erhasOnly part of the data gene-

rated in this study is discussed in this paper, although we attempt to rise as 
many relevant 
issues as possible. 


SPECIFIC TYPES OF PERCEPTIONS 


How people perceive or understand their environment and how their 

perceptions are 
related to their actions.-these questions are not 
fully under-
stood by social psychologists. 
 By perception we mean the appreciation of 

phenomena in one's environment and the development of cognicion or mental images

and evaluative criteria about them. 
Bateson (1942) argues that the human in-

divieual is endlessly simplifying, organising and generalising his own view of
the total environment and constantly imposing his own 
constructions and mean-
ings through his behaviour. 
Thus such 'meanings' or 'constructions' define an
individual's attitudes to phenomena and determine his 
views and criteria for
action. 
 If we define perception as 
the sum 
of knowledge, tnderstanding and 

attitudes, then the relationship between perception and action is 
jetermined

by the degree to which such Lnoiiledge is used in decision-ma;.ing. 
Thus we are 

concerned- not only
factors 
 what local people know but also withwith the degrea to which this knowledge is an important iac:r
how they respond to environealA
 

in determining their soil conseretoion activities. 


PERCEPTION OF TIECAUSESOF OIL ROSION 


TableI. Perceptions of the:a-s 
 ofsoilerosion(per1en es). 


Ploughing down ilope 
 21 

No terraces 
 34 

Not cultivating deeply 
 25 

Overstockiang 


5 

Hand cultvatio) 

(no plough~:ng)
Other,Oteracesg,e.g., destroying . 4deurying 

terraces, 
 urnng bushes, 
 11 


no crop ro-3stscn 


00Total n (n*xrer of 
-. 

group member 
In-ervstwed) 
 310
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In the locations studied, casual observation would indicate that the
 
most serious factors leading to soil erosion are 
overstocking, lack 
of con

strutuegroup,
and destruction of vegetation, in that order. 
 The most
seriously affected regions are the grazing lands. 
 The first response in
Table I appears to be an echo of extension advice rather than actual observation,
because one does not see anyone ploughing down slope in this 
area.
 
Tple2ssereblen
Table 2. Perceptions of the best way to
oinh bterayms 
 omof oileadershipen
combat soil erosion (percentages)
ap s)

Terraces4
 

Tools, machines 
 37
 

Unity of people 
 14
 
leaders, provision of
Other, e.g., training
 

.leasl, seeds 
eto. f
 
...
 

lO0
 

Total n 
 310
 

TaL!es 1 and 2 indicate 
that people do not have very concrete perceptions of the causes 
of soil erosion. 
These tables show that the the solutions

which have been put 
forward to stop erosion may in some 
cases be oversimplified.

Provision of tools is certainly necessary for a god conservation programme,

for example, but the strong, almost exclusive emphasis on terraces means that

the majority of local people perceive soil conservation in a very limited way.
 

A review is also needed of the attitudes towards special probleos
 

of soil erosion, such as bare grassland areas. Also, more 
comprehensive edu
cation on causes of soil erosion is necessary. 
Knowledge deficiencies 
appear

to be critical in the following areas:

.
 Causes of erosion. 
This includes soil exposure, the effects of
rain drops and crater formation, runoff, wind erosion and the in
tensity of sheet erosion. 
 In some areas we found small plants

growing on islands of soil one 
foct above the general ground
 
level for which farmers had no explanation.
 
1reventIvemeasures, 
We found that most 
farmers feel that one
 

method of conservation is 
ufficient. 
 For example, farmers 
felt
I that cutoff drains were sufficient for the reclamation of bare 

grassland and there was duhs
no need to plant grass on bare ground.

The need to see conservation as a carefully designed package
 

programme is critical. For example on denuded ground, slowing
the runoff of water Is only a first step which must be followed
 



b" planting irass, weeding pasture, controlling g azing, 
 Tablo 4. 

applying manure or fertillser, fencing, etc. 

Perceptions on how bate grassland should be reclained (percentages).

The design of
carefully prepared training materials on Cutoffsd 


these relationships 53
 
is Plant grass 
 26
an important educational approach to the conservation 


Dig cutuffs 
 10
 programme. 

Plough the land 
 7
Table 3. 
Perceptions of the reasons why grassland should be reclaimed (per-
g s )-
 Other e.g.,aet plant trees4top grazing
centages) . 4
 

10 
Increase grazing land
Stop erosion 420 


a. 'Cutoffs' was a term used by the respondents to refer to various types of
 
Bare land is useless 
 2
14

Land looks unpleasant conservation structures.
7 

might be able to establ:sh itself in a gully. 
Tables S and 6 present the
water in the area 

respondents' attitudes concerning gully reclamation in
Others, e.g., more detail.
bare grassland leads'
 

to gullies
 

to guliesTable 

.
 

100 
Perceptionsofwhygullies shouldbereclaimed (percentages.
Stop erosion 52
 

Total n 

310 


The majority of the respondents felt that grassland should be re-

They consume all the good
 
claimed 


So people and animals will not
to the faze of It this is 17
 
in order to increase grazing. land 
response, i.e., Whereas on
increase carrying capacity, we found that the older re-

a valid break their legs

spondents most often gave this reason. 

Water drains into them 
 1
 
8
Their concern appeared to be with de-
 Otherse.g., land will have a
creasing herd size and greater livestock mortality from drought and starvation. 
 more 
a:r24.,-appearance 13
These people are unlikely to participate willingly in 
a long-term pasture re-


clamation programme which may include keeping livestock out of certain denuded 
100
 

areas for long periods, since such measures would entail keeping smaller herds. 
 Total n
The need for 'dramatic improvement' in pastures under any programme or for
 
310
 

sending livestock 
to 'holding farms' was expressed by the majority of the respon-
 Table 6. 

dents. 
 They seem to feel that 

Perceptions of how gullies should bereclaimed(percentages)."
farmers could be assisted te buy cooperative farms
hich they would use as holding farms while they reclaimed their own pastures 
 Cn t ssm 
 2 3
without losing their subsistence supply of milk or the petty cash obtained from
selling or butchering the odd cull. Construct sub-surface dams 23
Farmers were not keen to relate overgrazing

to erosion, or even Construct terraces 
 13
to define the factors leading to overgrazing such as 
overstocking or poor establishment of grass. 
 Yet as 
stated earlier, this was 
perhaps
the most serious conservation problem observed in most areas except Hasii. 

Plant grass 

8
 

Plant trees 
 4
 
Gullies are a serious problem on 

Fill with stones
sloping land in 6
Kalama'and 

Kilungu. Others, e.g., fill with logs 
 10
In these areas, people have had favourable experience with sub-surface
dams. 
 In areas where slopes

likely to be slow, 

are not very steep and the flow of water is
sisal was mentioned as a solution. 
 In fact sisal 
 100
 
Total 


Total n
 
n310
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The solution most frequently suggested to control gully erosion was 

the planting of sisal, which is not suitable for all types of gullies.. Filling 

gullies with soil, grass, trees, etc. may be feasible for small gullies but is 

difficult with larger ones. An alternative solution, not mentioned by the peopl, 


interviewed, may be to establish vegetation and build cutoffs on 
the areas above
 
gullies to reduce the amount of water flowing into them. 
One factor not mention. 

or implied in the responses is the relative merits of each method in relation 

to the resources available to local communities. 
 We found that most communities 

do not have the resources to reclaim a gully of average size.about 10 feet wide 

by S feet deep, and mut existing conservation structures are in areas without 

gullies. There is a need te assess 
the amount of land lost through gully erosia 

and to devise measures to reclaim it. 


Table 7. Perceptions of.why 
forests should be preserved (percentages). 


Building materials for

houses 
 40 


Induces rain 26 
Charcoal 
 7 


Windbreak 
 7 

Firewood 7 


Others, e.g., trees hold soil,

sale of trees brings money 13 


100 


Last, we enquired about forest preservation. The preservation of
 
forest growth was the only special conservation problem which none of the respon 


dents se.,,d to -ecognise: 16 per cent said it was not necessary, and most 


of those who did support the protection of forests gave unsatisfactory reasons 

in terms of the aims of conservation. Rather than reasons relating to con
servation, many people suggested saving forests merely as sources 
of charcoal 


and firewood. 


We found evideoce of a number of misconceptions about trees and ra:a, 


and some of them are propagated by government officers who encourage larmers to 

plant trees to increase the rainfall. It is generally believed that it rains 


less than it used to and this is sometimes attributed to cutti-Ig down trees. 

We can find no evidence for this. 
 -Me history of Machakos District includes 

periods of drought and famine as well as periods of heavy rain, and there is no 


appreciable long-term trend. What has happenei however is that cutting trees 

plus overgrazing has led to much faster runoff of eat-r when it does rain, and 


t'.it s bon acccntuatcl as to network of channels has proliferated. ec'.s 
streams and springs dry up much more quickly than in the past, giving the
 
Impression that rainfall has decreased. Planting trees may not bring more
 
rain, but it may slow down runoff and encourage infiltration. This coupled
 
with deep seepage, raises the water table and consequently improve) the continous
 
streamflows. However, much will depend on slope, soil depth, type of trees etc.
 

ATTITUDES TO DESTOCKING
 

It was anticipated that respondents who have lost 
 livestock might have
 
2i=crcnt at:t:tun. to destocking, and hence the zones and locations in the
 
study area are zompared in terms of the extent of livestock losses and the
 
attitudes to destocking. Farmers were asked to indicate how many of their
 
animals had died in the previous year. Tables 8 and 9 show the breakdon of these
 
losses for large animals only, that is cows, oxen, heifers and bulls.
 

Table B. Agricultural 
zones and cattle losses (percentages).
 

Zone Mean Number of Number of Deaths of Cows, Oxen, ffeifers. 
Live Animals 

0 1 2-3 4-S 
Bulls 
6-7 8-9 Totals .... 

Masii, 7.87 19 10 16 11 9 3S 178 100 
Wamunyu, 
Muthetheni 
Lower Kalamaand foot hills 5.06 - 14 19 3 - 65 74 101 

Hilly Kalama 4.74 2 7 11 5 - 7S 56 100 

Total nb 
 34 32 48 25 16 153 308 

a. This was the mean number of animals per herd for each zone at
 

the time of the svrvey.
 

b.n- number of 2:i-mals.
 

Table 9. Locations a!:Jcattle losses (percentages).
 

Locations 
 Number of Deaths _f Cows, Oxen, !*,..and Bulls 

None One . 2-3 4-5 6-7 8-9 Total
 

N
 
Kalama 1 11 I 4 69 90 100
 

MwaIa 1O 2 
 is 8 4 S7 49 9 
Muthetheni - IS -3 12 19 31 26 100 
Wamunyu 12 12 20 16 14 26 50 100 

Masii 42 13 6 9 4 26 53 100 
Total n 34 
 32 48 25 16 153 308
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 Solutions irequently suggested for various soil erosion prohles.
 
From both Tables 8 and 9, it is clear that losses differed depending


upon zones and the locations. Thehilly zone had the highest losses of live- to ths Problem
 

stock, and this can be compared with the low remaining number of live animals
 
relative-to other zones. For the locations, Kalama had the highest losses, 
 erosion Terraces 2.
1. (ol) Tools or
(44%) machines (371)

closely followed by Hwala. 
 Close to 70 per cent of the respondents in Kalama ' 
Bare grassland 1. 'Terraces grass
2. Plant 

had lost 8 to 9 large animals over the previous dry season. Another area of 
 (
relatively large losses was Xiliku in Kibauni Location. 
 Gullies 1. Plant sisal 
 2. Sub-surface
 

(28%) dams (23%)
 
Looking at the attitudes towards destocking as shown in Table 10,
 

there is a significant variation according to location. 
The relationship between 
 a. -hiz refers to tsa largest percentage.

livestock losses and attitudes will be brought out more clearly in a 
later b. Again, this refers to conservation structures in general such as
section of this paper. 
 cutoffs, etc. Cutoffs are basically the same as terraces, but with a much
larger channel and ridge.
 

Table 10. 
 Locations and attitudes towards destocking (percentages).
 
Location s Wulde yo 
 Destock 
 in gullies and will serve as 
an effection measure to prevent erosion. 
This
 

Location 
 Would you Destock? 
 Total practice is popular in all of the areas 
studied.
Yes No 
 N
 

fthetheni 67 33 24 100- Digging cutoff drains entails another problem. People may perceive
Masii 61 39 49 1O complementary soil conservation practices as mutually exclusive. In other
 
Kalama 
 60 40 108 100 
 words, if one practice is adopted, it may be believed that other practices are
 
Wamunyu 54 46 46 
 100 unnecessary. Half of the farmers who never dug cutoff drains gave as their
 
Mwala 52 48 
 42 100 
 reason for this the fact that they had constructed terraces. Having terraces,
 

Total n I58 111 269 
 they felt that digging cutoff drains would be a duplication of effort. Farmers
A ToN On TlE O9 Lshould 1T be made to realise that many different strategies are needed to tackleAN EVA LUAT ION OF T HlEUT ILITY OF LOCAL ATTITUDES AND PERCEPTIONSth c o p e p r b m of r si n f e t v lythe complex problem of erosion effectively.
It can be observed in the areas under study in ?.achakos District that
Itth cnarasb obervd I
nderstuy i Mahaks Dstrct 
hatFinally, 
 there are potential difficulties when people give the desire
soil erosion is a major problem and that particular practices and attitudes con-
 finally, tr re ponta 
 clti n peole ge the esir
 
tribute to this problem. For one thing, certain widespread beliefs should be 
 for more firewood, or more wood for charcoal making or building, as the reason
discouraged since they do not appear to support the most effective solutions o to conserve trees. If these arc 
the main reasons for conserving trees, the peoplethe soil erosion problem. For instance, 99 per cent of the people interviewed may merely be planning to cut down the trees at a later date. 
felt that sisal lires are useful in preventing erosion on grazing 
land. Yet Despite these few areas where it appears that people's attitudes should 
in the area% studied, sisal does not seem to perform effectively in preventing be changed, there are other areas where their attitudes are basically sound but 
soil erosion. After growing to a certain height the bottom leaves decay, leaving 
 need to be modified to some degree. Sub-surface dams made from stones and
 
an empty space at the bottom. 
Soil is often eroded around and through the roots cement are one 
very effective method'or reclaii:1g gully areas. They are much
 
of the plant. People also use the dried leaves as 
firewood, and animals feed 
 more practical than planting sisal, 
since they not only conserve soil but also
 
on sisal during time of drought. 1tebase of the plant is in many areas from 
 store water.
 
one-half to one-and a half feet above the surface of the soil. 
 For land that
 
is fairly level, planting sisal 
is not an adequate means of preventing erosion. One farmer in the Kikaso mwethya area has reclaimed a gully in a
 

very unique way. liefilled over ISO sacks with soil 
and put them in the gully
On the other hand, it would be useful to investigate further the until 
it was almost full. The remaining part was filled with soil, terraces uere
 
potential usefulness of sisal in gully reclamation. It might be the that constructed and sisal was planted on the upper slope and banks and grass ot, 


case 

the
 

if slopes 
are not very steep and water velocitl is low, sisal can be established
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Another farmer near Kyangala has established a good plantation of In addition, certain ecological factors may have been In existence
 
for a long time, and are not undcrgoing change at present. For instance, in
 

terraces. 

bananas in a gully area. 


one very rocky part of the country people joke that God created all the other
 

buthe parts of the land on the first six days and then on the seventh day threw downSol continuineefforvataini rrael anfora ue eigt ruip 

lip hi bag, which had only stones. People seem to feel that the land in such an area 
a continuing effort to maintain terrace banks, to raise the height of the 	 eacpe. Z
cover on thlebanks, and to remove silt a enpo o ogtm n enetesrainms
(ridge) of terraces, to maintain the grass 


longai e al condit atn the onlyptajo factora
from cutoff drains. Matever assistance is given to farmers should encourage g enl, long established ecological conditions are oftenothe only majorfatra srutur ngeneral,wichisthe 

a continuing effort, rather than building a structure which is then neglected. affecting an Individual's idea of the usefulness of the soil and the relevance
 

People should be informed about the need for continued maintenance activities. (or Irrelevance) of his own efforts.
 

The social environment pri.arily refers to social groups.such as
FACTORS INFLUENCING PERCEPTIONS 


Perceptions can be influenced by the physical and social environment, 	 soil conservation groups, which attempt to fight soil erosion collectively. Al

though the groups are effective in convincing people that soil and water con
by the individual's own experience, and by the opinions of other!people who 


are important to him. In terms of the physical environment, the clearest exampl. servation is necessary, their influence or the perception of remedies is
 

is the relationship between cattle losses and attitudes towards destocking. sometimes limited by the leaders' limited technical knowledge.
 

As shown in Table 12, 
more than half of those who had lost no cattle were
 

against destocking, while even the loss of one animal alters the proportion 	 It is instructive to review the pl'ojects mentioned as high priority
 

in favour of destocking. Of course those who have lost large by key informants from these mweth a groups. After construction of terraces,
 

few left that they are unwilling to consider the only other soil and water conservation activity mentioned is dam con
to 71 per cent 


numbers of animals often have so 


destocking as destocking is actually unnecessary. This shows that particular struction. This indicates that the perception of conservation is limited at
 

a few activities. The perceptions of these groups will
attitudes can be drastically affected by changes in the environment, such the group level to 

then influence individual farmers to perceive conservation in this limited
 

as severe animal losses in a drought-stricken area.
 

way.
 

and attitudes towards destocking (percentages).
Table 12. Cattle losses 

Dats 	 ToalTable 13. Other projects Of high Priority (percentages mentioning)Nuner f Wold oouDesock 

Nunher of Deaths of WVould you Destock? Total
 

Cows, Oxen, Hleifers
 
N 1. Constructing dams 37


and Bulls Yes No 


29

100 	 2. Building schools
30
0 

71 29 31 100 3. Constructing cattle dips 6
 
47 53 

4. Constructing health centres a
 
2-3 69 39 44 100 S. Constructing roads S
 

45 27 100 	 5. Starting marketing or production cooperatives a 

S 100
6-7 	 74 26 


124 100 7. Building houses for members 	 8
 
S8 42
8-9 


267
157 110
Total n 

Toti.101
 

Number of key informants responding 60
hose who have had the heaviest losses usually have the smallest 


favour

number of stock at present. It is logical that they tend to be less in 


of destocking, as shown in Table 12. It would be sensible to push for destock- As mentioned, the indivual's own experiences and personal character

ing programmes in areas where losses occurred but have not been extremely
have 	 istics can also affect his attitudes and practices. The most relevant experiences 

are those connected with general farm practices. Farmers who have adopted 

agricultural innovations are more likely to feel that the individual farmer can 



FOR PRACTISING SOIL CONSERVATION AND A TECINICAL DISCUSSION OF CONSERVATION 
 Why doing?
PRACTICES Why discontinued? hy, if never?
 
FRACTCES a. For building


33%)to a. Lack
(33%) 
 plant
a ak o re
 
Given these general trends, it is necessary to discuss the rationale 
 (N - 220)


behind people's adoption of conservation practices. In addition, we include a 
(25%)
 

b. There are enough
discussion of the technical aspects of soil conservation and related problems. 
 (N - 79)
 
(N * 79) 

Table 20. Major reasons for practicing or not practicing specific soil (S) Began Ridging

conservation measures. 


Why doing? 
 Why discontinued? 
 hby, if never?
(1) 
 Began Terracing Cultivated Land 


a. To trap water in 
 a. No axes (100%) a. Don't know the
 
Why doing? Why discontinued 
 Why, if never.' the farm (73%) technique (32%)
 

a. To prevent b. To prevent soil 
 (N 4)

erosion (lit) b. Lack of material
erosion (91%) 
 (25%)
c. To lessen the speed 
 c. Never heard of
b. To stop water 

of water (9%) 


it (12%)
from running
 
through 'he 


(N - 186)
farm (S') (N 113)
 

(6) 
 Began Fencing Pastures
 
(N- 310)

(2) Began Deep Ploughing 


Why doing? 
 Why discontinued? 
 hy, if never?
 
Why doing? 
 Why discontinued? 
 Why, if never? a. 
To protect grass 
 a. Lack of material
a. To soften the from other cattle (63%)
a. Lack of good b. (25%)

soil (22%) To mark the boundary 
 b. Lack of time
tools (50%) 
 (18%)


b. To trap water (ko)

b. No oxen 
 c. To conserve feed(17%) 
 C. Land
(39%) is not ad.
for the cattle (121) 
 judicated (101)
 

c. To get more 
 (N 29)

':-e for 


(N -165)
crops (13%) • (N 141) 

(N= '') 
(7) Began Destocking
 

(3) Used Cover on Terrace Banks
 

Why doing? 
 Why discontinued? 
 Why, if never? 
Why doing? Why discontinued? 
 Why, if never? a. To have enough grass a. They are few 
 a. The animals are
(181)
a. (60%)
To hold soil a. Uprooted few enough (60%)
a. Lack of grass 
 b. To match the size 

on terrace during road seeds or 

b. The grass is enough b. No cattle
 
banks (58%) construction (100%) money (48%) 

of my land (16) •
 
o myeland(20%)
c.To prevent erosion
 (33)
b. To prevent 


b. I intend to do
erosion (20%) (15%)
(N = 21 so (13%)

C. To feed 

c. They grow 
 (N - 1-3) 
 (N S)
cattle (10%) (N 160)

Naturally
 

(121)
 

(N - 220) 
(N - 75)
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Table 16. 
 The relationship between farm innovations and soil conservation 


practses 


Farm 
 Conservation Practices
Innovation (Ranks) 
 Totals in 
an 

(Ranks) Innovation
0  6 7 - 12 . 13 - 20 Ranks 


-. 2 
0 -6 
 12 
 2 
 1 
 is
7 - 12 26 
 21 
 S 
 52
13 - 18 
 28 
 90 
 16 
 134 


19 - 24 
 11 
 63 
 26 
 100
25 - 30 -- 3 2 


Totals in

Conservation 

Ranks 
 77 
 179 
 so 
 306
 

Note: gamma statistic = 0.56 

these attitudes. 
Table 17 illustrates a correlation between age and perceptions

of why grassland should be reclaimed. 
 In some cases, the older respondents

tend to support conservation measures for reasons that'would tend to increase 

erosion in the long run. 
 Respondents over 30 years old are more 
likely to 

support the reclamation of grassland in order to increase grazing land which
implies a long-term conraitment to keeping large herds of livestock. 


Table 17 
 Rzasonr for reclaiming grassland accordingtoage groups.
 

Age Group 
 Reasons why Grassland Should be 
 Total
Reclaimed (%) 


To Increase 
 To Stop Land looks Other () N
azing Land
ir__ - Erosion Unpleasant 

Under 30 
 24 
 31 2 
 43 1OO 43

30-39 
 42 
 20 
 8 
 30 100 83 

40-49 
 39 
 22 10 
 29 100 as 

S0* 
 35 
 13 4 
 48 100 93 


307 


peoplewhoarinlareray acqire
Finally farmers may acquire information and attitudes from other
ieronf n ahn 
kude fm oheri e 

people wao are intluencial. 
 The persons seen as 
having knowledge and experience

and with whom the respondents feel they can communicate easily are 
likely to 

datermine their perceptions more strongly than all other factors combined. 


W e w e r e in t ereste d I n d e t e r m i n i n g t h e s o u r c e s o f i n f o r m a t i o n a b o u t c o n s e r v a t i o n 

and began by investigating the level of contact with extension officers. 
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Table 18. Agricultural zones 
and extension visits (percentages.
 

Zone Times Visited by Extension Agent in 
 Total
 
Previous Year
 

Never 3-4 Olle- 4
1-2 N
 

1lasii.
 
liamunyu, 76 
 14 6 
 3 174 99
 
uthetheni
 

Lower Kalama
 
and Foothills 
 8O 14 
 4 1 
 70 99
 
Hilly Kalasa 
 91 
 7
TotS7 2
 

1296
 

Total N 241 39 is 6 301
 

80 13 
 5 2 
 100
 
Table 19. Agricultural zones 
and attendance at 
farmer training centre 
curses
 

(Percentages).
 

Zone 
 Ever Attended F.T.C.? 
 Total
 
Yes 
 Na 
 N
 

Masii, lamunyu, 
 21 
 79 
 178 100
 
Muthetheni
 

Lower Kalama and
 
Foothills 
 12 
 88 
 73 100
 
Hilly Kalama 
 5 
 95 
 57 100
 

Total N 
 49 
 259 
 308
 
% 
 16 
 84 
 100
 

7r. Tab!es ,".and 19 it 
is clear that roughly 80 per cent of the
 
respondents had no 
exposure to formal agricultural advice or instruction.
 
Some 36 per cent nf all respondents said 
 they learned about soil conservation 
from friends and relatives, 12 per cent from the ! h' group and 23 per cent
 
said they have never learned from anyone. 
Friends and relatives seem to
 
exercise the major influence on local conservation knowledge and practises.
 

Of those who were exposed to extension services, over half said they
were told to construct terraces, only 2 per cent 
 were told to plant grass and
 
4 per cent to construct dams. 
 Of those who attended courses at 
Farmer Training

Centres, 24 per cent 
reported receiving instruction on soil conservation, S per

cent on tree conservation, 20 per cent 
on planting Katurani maize, and 
the rest
 
e po rt e co ed ns rnat t l e ke e n t P ultr , etc . s e r eson a i e 


reported courses on cattle keeping, the care of poultry, 
etc. These responses
seea to indicate a need for broader education prograzaes in the 
area of soil
 



play a positive role in increasing farm productivity. To the extent that they
see soil conservation 
as 
another way of ensuring this productivity, they willalso adopt conservation practices. 


Tables 14, 
 15 and 16 show how farm practises may relate to conservatiorn 


practises. 
The first two tables are Guttman scales of general farm innovations 

respondents engaged in particular practises.
The percentages refer to the proportions of 


and soil conservation practises. 
 Scale steps are then simply the 
ranking of the practises according to these percentages. 

Table 14. Farm innovations. 


Scale Se 

Innovation Sample Group 

Merbsrs 
Began I gBa gumaa l Adoptingplanting crtus in n pml i az e9t i nmaise7 9 

2 Began planting crops in rows 99 
3. Began orploughingox ploughland by tractor 97
9
 

4 
BeganBegan crop spacingusing farmyard 
manure 96Number 

S 6 BeganBegan early planting
seed selection90Tbe1shwte
 93 

Began cse 
slectin 


Began
bushtleaping 

4 


Begin crop rotation 

76 


II12 Planted fruit 
trees

12 

Began seed dressing

Beaned 6060
dessin 
 r


13 Planted cassava as 
famine reserve 
 41 


14 Farm surveyed 37 

37
 

Began thinning and pruning 
 30 

16 

17 

Began using compost manure
Began spraying and dusting crops 20
17 
 Began using casual labour 
 106 


19 Ban sprayn 
 46dicntinr
19 Planted cotton
 

20 Planted green grams 
 421 Opened savings account
Keeps farm records 

0.6 


22 Installed water on farm 
 -Feeds cattle with purchased food 
 0.3 

Number In sample 

Coefficient of Reproducibility 
 310
 

•Ttle =. Farm conservation practice. 

-Zf:62& '-r 
laBegan PrrPractice 

terracing cultivated land 

Percentage of 
Group EMbers 

Sample 

Adopting 
100 

Began contour ploughing 99 

grass cover on 
terrace
 
2Used 


conserving trees 
5 BeganBegan ridging before planting 70
 
6 Began fencing pasture 58 

7 Began destocking 4 

Began planting hedges as windbreak 30 
9 Began .improving grass pasturesBuilt contour 24straw heaps 

15
 
11 Planted grass strips between crop 

; :D ug c u t o f f o n c u. t i va t e d l a nd 1r0s0
13 Began keeping river banks 

5 " 
for pasture 

Bugacuol ci vate lad2 
15 Began constructing dams on farm 2

2 

in Samp~le 
08 

Coefficient of Reproducibility 0.88
 

Table 16 shows the relationship between the ranking of individual
 
on ;,he two scales. 
In this case, each respondent was ranked relative to the other respondents in terms of the number of practises adopted.

This means that the lower ranks represent those individuals who had adopted 

vat
innovations)repesent 
a respondent's

represent those 
on 

who had -adopted many of the practises. In thisrank one scale is compared with her or his rank onOhraae the 

-

Most of the respondents - 90  rank in the middle of both scales.
 

ErOup On both scales (2). The gramma statistic shows a positive relationhip between the level of farm innovations and conservation practises,
 
that the respondents who are more innovative tend also to adopt more
 

ol conservation techniques. 

The positive correlation between group members who have adopted
ffrmh1F lluovations and those who practise soil conservation suggests that there0ln 
 between attitudes toward 
nan 

F~rtonl characteristics such as 
 age, sex and level of education also influence
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() Planted Grass Strips Between Crop Areas 


Why doing? hy discontinued? 
a. 	 For feeding a. Because of 

cattle in the drought (100%) 

dry season 

(74%))

b. 	To reduce 


erosion (12%) 


c. 	To increase 

soil 	fertility 

(9%)
(N -	 54) 

Dug Furrows on Cultivated Land 


Why doing? 
 Why discontintred? 


a. 	To direct a. Lack of tools
water away from (100%)
land 	(28) 

land.pen(Tack 6 


b. 	 To prevent (N = 6)

erosion (22%) 


c. 	 To trap water 


(20%) 


(N * 200) 


(1 1 Began Keeping River Bank for Pasture 


Why doing? Why discontinued? 


a. 	To feed animals 

(96%) 


b. 	To sell the (N= 

grass (2%) 


(N 	 57) 


(11) 	 Began Mulching 


Why doing? Why discontinued? 

a. 	To retain 
 a. Lack of rainfall 


moisture (52%) (1OC!.) 

b. 	to protect (N - 2) 

terraces (26%) 

(N = 	 19) 

2 


Why, if never? 

a. 	The land 


area is too 


small (34%) 


b. 	Lack of grass

seeds (15%) 


c. 	All the land 

is cultivated 


(14%)

(N = 	 213) 

Why, if never? 


a. 	I prefer terraces

(301). 

b. 	I intend to in the 

future (19%) 


c. 	The terraces 


are enough 

(17%) 


(N = 104)
 

hiy, if never? 


a. 	Not dear the 

river (67%) 


b.Rvris dry

and stony (12%) 


(N 	 243) 


Why, if never? 


a. 	Lack of plant 

material (68%) 


b. 	Don't know the 

technique (13%) 


(N - 276) 


- III 

(12) Began Constructing Dams on the Farm
 

lWhy 	 doing? Why discontinued? 
a. 	To get water for
domestic use (48%) 


b. 	To increase amount 


ofb. 


(N - 23)
 

(13) Planted Trees
 
Why doing? 
 hiy discontinued? 


a. 	For wood to build a. They dried up when
houses (36%) 
 planted (10O%) 


b. 	To break strong
winds (12%) 


c. 	To attract rainfall 


(N - 138) 

(14) 
 Dug furrows on Uncultivated Land
 

Why doing? Why discontinued? 
a. To prevent a. Lack of 

erosion (47%) tools (100%) 

b. 	To divert (N -2)

water to cultivated
 
dland(17) 


~~c.
Because waterc.Lkoftm
 

may carry grass 

(15%) 


(N - 59) 


(IS) Brought Water to the Land
 

Why doing? 
 Why discontinued? 

a, For domestic
 

use (90%) 

b. For irrigation 


(10%) 


(N - 1) 
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Why, if never? 

a. 	 Lack of 
tools (35 )
 

Lack 	of money
 
(34)
 

c. 	No river nearby
 
(13%)
 

(N = 	 246) 

Why, if never?
 
a. 	Lack of rain
 

(44%)
 

b. 	There are a
 
lot of trees

(14%)


c. 	Lack of money
 
(10%)
 

'Antp

d. 'Ants' problem
 

(902)
 

124)
 

Why, If never?
 

a. 	 ?~o tools or
 
poor tools
 

(21%)
 

b. 	I want to
 

do the culti
vated land
vtdln
 
first (13%)
 

C. 	Lack of time
 
(10%)
 

(N - 245)
 

Why, if never?
 

a. 	Lack of money
 
(SS)a
 

b. 	Lack of water
(17%)
 

c. 	Lack of water
 
pipes (7%)
 

(n - 298)
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Note to Table 20. 


The major reasons are those reasons which were given by the largest 
percentage of the respondents, These percentages will not equal ioU. since not 

all reasons are included in the table. The N refers to the total iumber of 
respondents uho said they were presently doing, or were not now doing, or :: 

never done a ceitain pi-ictice. If some respondents did not reply to specific 

questions the total af all N's 1.iil not equal 310, 
..................... .
 

Several points cmerge from Table 20. For one thing, the reasons state 


for adopting specific conseivation practises are often not actually related to
 

conservation For example, if trees are only preserved for later use as fire

wood or building material, they may not be allowed to remain long enough to
 

achieve conservation goals. The terracing of cultivated land is the one ex

ceptional praLtise ,here almost all the respondents mentioned prevention of 


erosion as the basis for adoption. From observations in the field, it seems 


that most cuitivated land is piotected against erosion by cutoffs and bench 


terraces with Ehe exceptions of Kilungu and ?lukaa Locations. 


Of all the terraces examined, the majority can be classified as
 

bench terraces Hoast of these have been constructed by throwing soil uphill 

(the fanya _!uumethod). In this way banks are formed which are often nearly 
slope . the ground is reduced. The extent to
 

vertical and between which the 


which the original slope of the cultivated land Is reduced by terracing varies 


greatly. On a number of farms the land between the banks is approximately level 


but on the majority it is still sloping forward to varying degrees and runoff 


accumulates at the front edge of the bench. Where there is a substantial lip 


(ridge) along the front edge of the bench and where the bank and lip are stabil-


dams and not digging furrows on uncultivated land. These responses Indicate that
 

in many cases non-adoption is due to a lack of resources, rather than to
 

attitudinal factors. In other cases, the miJor constraint seems to be a lack 

of technical knowledge of how to carry out certain practises.
 

The use of Makarikari grass on terrace banks has been widespread but
 

is not always satisfactory. Alternatives need to be evaluated in different
 

ecological zones. In this case then, the practice itself needs to be slightly
 
modified in terms of the type of vegetative cover used. Lack of planting
 

material is the major reason for miever adopting this practice and this again is
 

connected to the economic resources of the individual farmer.
 

Conserving trees is a critical issue for government planners. About
 

10 per cent of the people interviewed stated that trees attract rain. To uhat
 

extent is this belief scientifically valid? Trees are often conserved so that
 

they may later be used for firewood and building material, which indicates that they
 
may only be preserved in the short run. The reasons given for planting trees
 

are almost the same as those given for conserving them. However, in the case
 
of tree planting, both non-adoption and discontinuation are related to lack of
 

rain and the 'ants' problem, as well as to a lack of seedlings. 

At this point, we should clarify the 'ants' problem, since it inhibits 

the adoption of several other soil conservation practises. When water is 

scarce in an area, these 'ants' - which are actually termites - eat all the 

grass and loose dry matter. At Kiatuni, they are reported to have swept through
 

one mile on either side of the Syuuni River, creating a near desert. Then they
 

ised with grass, any run-off accumulating at the front is retained and eventuall tend to move on to greener areas.
 

infiltrates or evaporates. lHot.ever, on a number of farms the lip is inadequate
 
and the grass cover poor or even noi, .xixtent. I these circumstances, it is-

inevitable that runoff passes from one bench to the next and in so doinF carries 


with it some of the soil which has been painstakingly thrown up to term the bani 


A second impoftant point is that the reasons given for .,iscortinuing 


a conservation practise or never adopting it may indicate to government planner! 


what would be the most useful approaches for overcoming these constraints. For 


example, most respondents understood that deep contour ploughing is usefull 


because it loosens the soil. llouever, half of those who had never ploughed deel 


did not have the necessary tools, and another 39 per cent lacked oxen. Similar: 


the reasons given for not fencing pastures include a lack of material and the f. 
that the land has not yet been adjudicated. For planting vegetation strips bet,
 

crop areas and for mulching; the lack of material is cited as the major reason 


Basically, terrace banks, crops and overgrazed land are threatened
 
by these termites. The respondents complained that ants are a major threat to
 

terrace banks as they build nests below the upturned soil and eat any grass
 
that is planted. They kill young crops such as maize, and overgrazed land also
 

appears susceptible to attack. This problem may have become more critical in
 

recert years because of the removal of the termites' natural enemies such as
 

ant bears and black and brow¢n ants. From our field observations we concluded
 

that most areas of bare land in Kalama and Xibauii are the result of this termite
 

infestation, and they may be as serious a problem 'iere as army worms in other
 

areas.
 

Many people (44 per cent) did not ridge zheir fields because they do 

not know about this technique. A number of respond-Ints also did not know about 

the benefits of planting hedges as windbre i. hhere hedges had been planted but 

for non-adoption. Lack cf tools is given as the.major reason for ot construct- the practise later discontinued, the termite problem was blamed. Of those
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who had never fenced their pastures, I0 per cent gave as
fact that the land was 
not adjudicated. their reason the
A larger proportion of'the total sample
- 2S per cent - in 
fact had not had their land adjudicated. Ihile Some saw nonadjudication 
as a barrier to conservation practises,others did not.
 

Most respondents have never made straw heaps (trash lines)contours of their fields because the Straw is Stored for cattle feed. 

on the
 

banks are kept River
for pasture and grass strips

primarily for the purpose of feeding cattle. 

are planted between crop areas
 
Respondents were also asked whether
they had ever planted crop land in grass. 
 Of those who had, 37 per cent planted
star grass, 26 per cent Napier grass, 4 per cent Rhodes grass and the rest


planted other types of grass.
 

Grazing land is poorly protected relative to 
cultivated land.
a period of heavy rain Afterthere are good crops on many farms, but the grazing landwhich might be expected to have a thick cover of grass is
nearly bare. frequently bare or
Recovery of grass after the recent prolonged dry Spell has been
relatively slow and erosion appears to be 
 continuing rapidly.
exceptions are where the 
The only


owner has protected his grazing
recover. land and allowed it to
The combination of a long dry spell, heavy grazing and termite
activity has undoubtedly been responsible for killing many of the grass plants.
As the compacted surface of the ground provides a poor environment for secdlings
to become established, 
some intervention is needed to re-establish 
a sward. 
Some
of the effort at present devoted to digging cutoffs on 
grazing land might achieve
results of greater value if it were devoted to restoring grass sward.
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An Indigenous System of Soil Protection"
By B. J.HAk fLEY, M.B.E., N.D.A., A.I.C.T.A., AgriculturalOfficer, Department 

of Agriculture. Tanganyika Territory
The Frok people of Mbulu District 

inhabit the mountainous country which 
rises between the Great Rift Valley and 
the Yaida and Eyassi depressions. The 
origin of the tribe is obscure. S. B. 
Leakey (Kenya, Land of Contrasts and 
Problems), has suggtested that they may
be the descendants of neolithic people of 
the type inhabiting the City of Engaruka,
whence Masai history records the Nibuia 
Dis!rict tribes fled.. Whatever their origin,
these people have an intelligence whichappears to be above the type shownpeoar toBabthe ypleshy by 
the ordinary Bantu peoples. 

slopes and the adjustment of a field to 
each terrace, the vertical interval betwcen 
the terrace edges is considerable; for this 
reason a perfectly level terrace is only 
seen in favourable situations. The climate 
provides an all-the-year-round growing 
season and enables the cultivator to pro
tect his terrace edges with gars and 
crops; as a result the usual deterioration 
of the terrace edge so commonly seen in 
drier situations does not occur. 

The formation of a terrace is a gradual 
process. After the construction of acstorm 
drain, followed by the pulling down of 

Under pressure from the IM,-ai ondonf
their northern flank and with treacher-
ouseinornous neighbours finktheawth treoples,in the Tatoga peoples, 
the timid Erok were, for some time be
fore the advent of the European, con-
fined to a limited area which they had 
carved out of the forest clad mountains, 
Like other tribes in similar circum-
stances, such theas Wamatengo and 
Wakara, they evolved a system of soil 
conservation. 

The slopes under cultivation would 
deter almost any but those who find it 
necessary to eke out a living there, but 
a favourable rainfall and nota infertile 
soil compensate for the considerable 
labour required to a farm on the Erok 
system. 

Land for cultivation is whenever 
Possible selected in the steep and narrow 
valleys. The fields are of small size,
generally about one quarter of an acre 
and are made to occupy a single
terrace". These terraces are ;n the early 

stges protected by a storm dt iin above 
the lield and cultivation 

soil from a face say three feet deep, andthe provision of a Kikuyu grass verge onthe edge of the terrace, cultivation will 

proceed.
 

Old fallow land or new land is deeply
cultivated with a long digging pole which 
turns over the sod, leaving a very deep
broken surface to weather in the cold 
season. With the advent of the true short 
rains season and higher temperatures this 
land wiil be contour planted between 
small ridges with (say) maize, while a 
strip of pumpkins is established on the 
Jower side of the "terrace" to afford 
additional protection. At hoeing time the 
ridges are commonly reinforced accord
ing to the season and the amount of 
rubbish which may have been buried. In 
some cases the ridges may be split back 
to earth-up crops, but still naturally reta0 their soil and water conserving 

principle. 
Important practices affecting the 

terraces occur when the next planting
is designed' to-- takes place. Assuming that a short rainsWork the soil away from the slope until crop has been ren. ved in May, the culti.t is level. Owing to the steepness of the vator's next work is to chop out the 

'Pfeviously appeared in Vol. Ill, No. 4, withot illustrations. 
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stover and lay it evenly over the field. 
-The value of this thatch in conser'ing 

moisture is understood by the Erok culti-
vator, who could well do with such stover 
as forage for cattle from his overstocked 
grazing. When cultivation takes place;
this stover is drawn into lines starting 
at the lower side of the terrace, then 
ridged over and the seed planted at once 
between the ridges; in the ptbcess of 
ridging the soil is pulled downhill and 
gradually season by season the terrace 
is formed. 

*. -* , ., . 

' . 

wull repay'investigation elsewhere under* 
varying conditions-of rainfall. 

Soil movement within the plot under 
this system is reduced to a minimum 
while at the same time loss from the 
terrace is adequately controlled. Wash 
from land surrounding the cultivated 
terrace is, in the old Erok country, of 
little danger on account of the presence
of a fair grass cover, while depth of soil 
assists in the formation of the terraces, 
many of havewhich faces twelve feet 
deep. 

"_ • .
 

Qe 

Fcids planted WithoLut ILtPoteciOn on the Aitcho escarprnnt-an M-eafortnerly OCCUpied by pastoral tribei only, but num in
procesi of sttlemnent by Iraqw~ cultivators 

To those experienced in the dangers of 
even green manur71g( uncicr dry condi-
tions it scems remarkable that a heavy

:. ,/,,, .,,.stand of dry stover can be so disposed
of after the heavy rains without any
noticcable cffcct on the following crop.
Too often trash and weed growth is 
burned or eaten off in the Field owing
to difficulties of disposal in the soil; this 
Erok method of sowing a listed crop be-
twcen the ridges carrying rotting crop
residues is a devclopmcrit which would 

The problem which nowv confronts
Government is the introduction of anti
soil erosion measures to the members of. ....... . ,, m... . . .. ,., .... .-. . ,;.jthe tribe who have moved from their 
ancestral fields to the drier, less moun
taitious areas. Here, overstocking, flat
cultivation and rainfall nmo,- of the un
stable type found in semi-arid areas,
provide ideal conditions for wvide-scalc 
soil damagze. The Erok, no longer afraid,
is content to cultivate and move on; he
has become a miner instead of a farmer. 
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5.2.1. EROSION HAZARD IN VESTr AFRICA 

Adverse effects of erosion on soils, vegetation. ecology and human %elfare ha'.e 
received thc attention of various authors IGros.. 1951, 1952; Guillaumc. 1951. 
Juriont 1956; Lingdale-llrown. 1968; Middleon. 1952; Strahler. 1956: FAO. 
1960. 1965 :Four-icr. 1967; Floyd. 1969; Ahn. 1970). and space and relevance of 
this to the topic under consideration does not permit a detailed treitment here. 
insofar as erosion causes general soil degradation arid loss of soil fertility and 
pioductivly, it constitutes a hazard to farming. lqually. farming is one of thc 
matjor human activities v,hich %licn iot properly conducted consil ulte, a hazard 
to the soil. Thus, according to FAO (1960, 1965). Iarmi ng ik most h.zardous in
relation to the extelt of daiage and potential damage due to crosioi inItropical.
mountainous and hilly legions of the sorld rhCre hca%) rains arc common. In 
these areas, it is dilficult it) control %%atererosion on sloping land. I he arcas in 
Africa where serious damage has been observed include Swailand. Lesotho, 
lotswana, East Africa. heasily populated areas of Ruvsanda and Ilurundi, 

southeastern and Biauchi plateau areas of Nigeria. parts of northern Ghana and 
hilly areas of Sierra Lcone. 

It general, in West Africa as else"s here in the tiopics. w.ater erosion, especially
of the sheet erosion type, is more %sidesprcadin unprotected crop!ands and
overgrazed pastures than wind erosion. [his kind ofecosion is i:c serious than 
is usually appiecianted because it slonl) aid gradually depletes a. soil 
qualitalively and quaitiatidy and sets ilie stage for more spectacular gully 
crosion and floods (FAO. 11,65). lal (1973) related erosion hai-ird to rainfall
ditri hutin ill West Africar and oitlined the palrts of West Africa that arc 
particul.i ly susceptible to raxo!all erosio "Ihe arras concerncd included all of 
Zaitc, Gabon. the Canero:n Republic. Nigeria. Gh.na. Dahonney. Is oi y Coast,
Liberia arid Sierra Leone. v%ithIa noilcin zone consisting of areas . itlh ascraec 
annual rainfall of less than 1000 min anid a bout hern zone consisting ofareas .,ih 
more than 1000 nil annual rainfall, that are susceptible to rainfall erosion %.hen 
tire vegetation cover is retmoved. 



Observations under ,experimental conditions in various paris of West Africa 
also support the view tia sheet and to some extent rill erosion are serious in 
urapi otectcd still (Montilapa, 1973: l.al, 1973). Estimates of quantities of soil 
removed by erosion from soils under different slopes and surface cover in 
Ouagadougou (Upper Volta), Sefa (Senegal), Bouakc and Abidjan (Ivory Coast) 
are presented i Table 5.5. 

A niole impressise in knifestation of the seriousness of the erosion problem in 
parts of West Afric;. is the spectacular and disastrous gullies which have 
de.troycd %ast areas c.'land ir the Naika. Agulu, Oko and I+itugu areas of the 
Anambra State and Shendain and we",tein Pankshin areas of the Plateau State in 
Nigeria (Giuo, 1951. 1952; Floyd. 1969; Udo, 1970: Ofonata. 1964)(Plate 22). 
Recenll5 (Anotn. 1974 ) the erosion dairage iii Last Central State was estimated 
as causing lusses of os er 13 million tonnes of soil, or amounting to over 44300 
million annually, with the gullies etenling to depths of over 120 tn and up to 
2 tn %ade ianplaces. 

5.2.2 EROSION IIAZARD AND F.%IZNIING SYSTEMS IN WEST 
AFRICA 

The current concern about drought. erosion and soil conservation in various 
parts of Africa is only an aspect ofa long-standing concern. The gullied hillsides 
and badlands of the Anambra State of Nigeria. aleady referred to above, were 
noted by European visitors as early as 1913 (Grove. 1951). Art enquiry 
concering the possible drying up of land in the then Frcvtch West Africa was 
reportcd by Ilubert in Bull.'rir FIF.V in 1917 (Anun, 1957). The Inter-Africani 
Inlorniation Iureau for Soil Conservation and I-and Utilization which slatted 
the journal ..lrian So i was set up in 1948 with the objectives of(i) providing a 
niedluri for exchange vf infornation anoing those interested in research oil soils, 
erosion control and soi conservation, lit addition to (it) prorioting tile adoption 
of srond agricultural inethIods of soil conservation. In fact. it would appear that. 
as indicated iar reviews of research and related activities on erosion, soil 
conservation and land utilization itt the then British Colonial Africa (Greene. 
1951), the Intertropical zones of the French Union (Guiliaunie. 1951), the 
Belgian Congo (iJurion, 191), the Union of South Africa 'Adler, 1951) and 
Africa ard Madagascar (Fournier. 1967), there wa perhaps greater concern 
about these problems then than there is today. ILse early rcvics and reports of 
.ecral nnrIssiors sent Ut to parts of Africa, on soil conservation and erosion 
control, cnphiasied the importane of human activitics, especially those 
associated with past and present larming syslcris. in the evolution of present 
landscapes arid soi! degradation due to erosion (Guillaoirc, 1951 ; Portcics. 
1952a. b; Guillorcau, 1955). 

Of the various factors ishieh determine the intensity and seriouisness of erosion. 
vegetation cover, land use arid farming are to a iarge extent dependent on humian 
activities. The human activities which affect erosion arc listed in Table 5.6. Each 

of the farming systems in Tabie 5.7 usually involves one or more of these 
activities. The ways in which they influence erosion are considered below. 

Tablei5.5. Runoffand erosion under various covers of vegetation in parts of West Africa. 
Source: Charrcau (1972) in Mouttapa (1973) 

Average 
annual Annual runol'. % Eroion (tonne,;haJ 

Study % rainfall Barren Barren 
Locality period slope (inm) Forest Crop soil Forest Crop soil 

Ouagadougou 
(Upper 1967-70 0.5 850 2.5 2-32 40 60 0 1 06 08 10 20 
Vola) 

Sefa 1954-68 1.2 1300 I) 21-2 39-5 0 2 7-3 213 
(Scncral) 

Bouakc 1960-70 40 1200 03 0 1-26 15-30 0I !-26 18-30 
(Ivory 
Coast) 

Abidjan 
(Ivory 

1965-70 7.0 2100 01 0 5-20 38 003 01 90 10
170 

Coast) 

Table 5.6. Farm practices and operations determining the extent of erosion hajard 

I. Busti-lcaring (slashing. pruning. burning. mechaieal and chicreal atcthels) 
flsgct[ation fur cr cironia pur hushing out small gaenc couraging 

green bite fur li~cstock. ec 
2. Burni n fg . 

3. Pieplarrirg cutrivariui, (i t, riJge. mounds. plougihing) 
4. Fallowing anid mulching 
5. Manuring and feirth/iation 
6. Weeding 
7. Cropping sysieris (row. sole, incrcropping and pastring) 
8. Logging and related forcstry actitics 
9. Ilarvesting ard grazing 
10 Rcstriction of hivslotuk 
II. Farri arid household tefuse disposal 
12. Footpaths to faims. walcr supphcs and springs, and n.ret 
13.Compound development and maintenance 
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4Table G3eneral elassificlionTodi.ications fron offarnsing systems round InWest Africa. Adtpted withand Laut 
5.7. 

Grenliiand (1973), Floyd (1969), MorGan and Pugh (1969).l(19 9) . 

A. Traditional aid transitional farnming systems 

2. Shtalt ig tion(phase3. including nomadic herding), L > 102.Bush-fallorin
Rudimentary sedentary agriculture (Shifting cultivationornand rotation
(shiing cultivation phase I),L 5-7phas.e III), L 3-5soladwe4. Compound fairntig and intensive subsistence agriculture (shilting cultivationphase IV), L < 2 

5 Tcrracc fa.ming and floodland agriculture. L < I
0. Mioden farming strrns and their local adaptations
t. Msircd farming 

3. tnLinr.srel sstck production (poultry, pig production ansI dairying)4. Large-scale plantations
(a) large-scair food and arable crop farms
(b) Larigi-nis erojc lts 

5. Spacilaed horticulture 
(a) Ftui tres and/or ornaientals 
(b) Market gaidening 

L - land use lactor ui sar Gretand. 1973) tr r piodinearand F - )tsfatlow pcriod inn 
I. Bitih-ch'riny This is the most important and first operation carried out tofacilitate cUltivations and planting. Intraditional farming s)sletinshand-clearinginethods arc generally used. Most ofilic shrubs aiecut at heights ofabout a Inctrefrom the grotiid, but v licietie stumtps are to be used for staking they ale cut atheights of 2 -3 intUsually very large iree arc left standing. but %lcre they arc
very close together the brdrnches are sometimes heavily pruned 
 down. The
cleiring is usually carried out inthe dry season, and conpleted by burning the
dried naterials. The stuips are ourusually not dug except iwhenclearing toestiblish plantations. wlien the stunips close to the planting holes are usually dugout wkith picks. Alter two so three years when cropping iscosplatrd. the slumrpssprout and tegencrate ;rid grow into secondiry bush. In such situations no 


serious erosion occurs 
except during the short period beolycin cultivations.planting and development ofcrops, which should pr'wvide sose cover during the
growing season, 

Clearing forplant;r ltiosmay tuecairi 
 otlby hand V.here la-our is clheat, butusually it may be accomplished by chcsical atnd nechanical inetlods. Inchemical clearing, ring-barking is done at convenient heights fron the groundand chemicals such as sodium arsenit or 2,4,5.1are used to poison the plant(Welster and Wilson, 1966). Winches nray also be used in clearing, but ust::Ilyfor large areas of thick forest alost all r(u'ratinis o2an usially be inechanized.Both the clearing of tIe undcigrovth and tIre felling of trees may le done with a 

bulldozer. I cavy tracthrs could be employed irsclain-clearitg. IFor tee cropplanitations. stunipinig is not necessary atnd all the plant materials are elet to drybefore burning. Souse trees ate selectively left to provide shade, but where annual 

may be carriedcrops are In be grown, mechanical stumping, piling in windrowsand rout cuttingout to facilitate mechanical cultivation. Unless carefully done,bulldozer piling, slumping and root culling may result in serious disturbance of 
the soil surface, exposure of subso. in places and destruction of soil structLrc by 
conpactions. This kind of clearing often results in serious erosion leading 1I -rop

hsilsnuvryetfailure except where it is carefully carried cut Aithout disturbance of the surfacesoil and when the soil is not very sct.2. Burning qJ ur'yclation.The cut and burn technique is Ihetraditional methodof bush-clearing in Vest Africa Burning is also carried out for various reasonsincluding flushing out of small garic. ceremonial purposes or for fun. encourage.ment of 'green bite' or fresh uniforis grow&th andof todder for livestock, 

sometimes by accident (Grove 1951. 
 1952; Floyd, 1969). Burning may beadvantageous in releasing nutrients
destruction of weed 

to crops and other plants, and in theseeds, pathogens and pests. Ilosrever, itcauses nutrientlosses through leaching and surface runoll,dcstruction of soil organic natter and 
structure, and destruction 01 fati.. and flora, thereby disrupting the ccologicalbalance which existed previously to an extent thai makes restoration impossib!.Someinies valuable econoinic trees arc destro)ed by fire or exposei to secondary 
infection by pathogens. Burning pir a is not altogether harmful, and controlledearly burning of grasslands in the savannah areas is knosrn so encourage treegrowth and prevent late destructive burning (Vsne. 1968). Frequent burning offorest and woodlands and coiitant clearing of bushes and felling of trees forfuelconstitute practices which expose the soil to erosion.3. Preplaninoy culliuiosi. In traditional farming s)stems, use ofpreplantingcultivations such as mounds, heaps, ridges and beds is Awidespread all over WestAfrica, especially on shallow soils anrd soils with high water-table during certainmonths of the)car. Only on flatstell-dratned soils, alluvial plains and deep sandyloanis is planting on the flat comnmon lcaps. mounds and ridges constructed onbare soil and sometites runing tip and do, n the slope may expose tie soil toserious erosion by concentrating the runol so that it develops rills and gullies(Ahn.1970; Floyd. 19 6 9) (Plate 23) Tying ofridges (plate 7).moundsand heaps.orii'nting ient-n parallel to tile contour, and imiulching may reduce the danger of
 

erosion (Plate 24).

4. fillotiovq. Fallowing involving natural bush rcgrowh or planted fallowswith selected plants is used its tradiltonal agriculture to rest the soil. recyclenuiienis and tIhereby restore the soil fci ilty Iorainoiher cycle of cropping for
one or morc years. Fallows atc 
ost etlective %%lien they arc hingitenough (7 20years) Itobring sullicientiutrients to the surface through leat tall. When fillh sarc short, soil fertility is not adequately restored ind subsequent crops andfallows fail to grow sselI and liiovide adCqutaLre coe. fir tile boilhi moderioagt icultuie,fallows ofshoricr dotralion iay be planted stills co cr ci tps or greetmianute crops which serve ioreNtore soil structure and add some organic niatter 

to the soil. 
5. ,tftturitiy andfcterriion NanUtrirg is used in iarkct gardening arid tosonic extet in intensive farig in house compounds to nianiarn soil fertility 



and productivity. Fertilizers are used for the same purpose in modern agriculture. 
Fertilizer use is not widespread in traditional agriculture and the little that is 
carried out is mostly restricted to cash or export crops rather than food crops, 
This is because fertilizers ae expcnsive, frequently fail to give significant returns 
on land that t.; . *-Xn in fallow for several years and, where they do give 
responses 'ar: food crops fail to command a sulliciently attractive price :o tmake 
their t:., economic. 

6. tlii y. Clean weeding exposes tire soil to erosion unless the crop canopy is 
thick and close enough to protect the soil adequately. Weed suppression by 
mulching, by close cropping, and by suitably selected combinations of inter-and 
rel.ty-cropping is much more desirable than other systcilns of wCeding. Weeding 
b) cdltivatiot, even in plantation crops.especially ilhere tle soil is niorecrodible 
atd on sloping land, may cause serious erosion (Plate 25). 

7. Croppirrj.si'scrii. lit traditional agricultic. zirtecropping of arahIc crops 
and 	 tree crops, some of Mich are planted and harvested at differetnt times,

2ensures that the soil is usually protected (Plate 6) by a .ege,ativc coser. Row 
crops sich as iraize. planted at wide spacing, expose the soil moi c to.h"eet cro.ion 
tiha non-row crops such as cowpcas, forage grasses and sweet potatoes, %hich 
are planted at closer spacing and proside adetuate soil covcr. While mono-
cropping with maize can lead to severe erosion, this is much reduced if it is 
intercropped wsith con peas. cassava or sweet potatoes. 

S. l.muoql and foer r- ocuirities. Tree-felling and logging with heavy 
equipment may result in compaction of tie soil, especially along bush paths and 
roads. These form channels for gully erosion. hich is most serious when they run 
straiglnt up and down the slope. 

9. Gru:inr. Natural and sown pastures can provide adequate cover to the soil, 
but overgrazing and overstockilig of pastures may result in rcioval of cover, 
Added to this is the trampling by livestock, which coInerts their trails and 
footpaths to channels for gully erosion. Rotatioiral grazing, cuntrolled burning 
and good range managenent eliminate !his potential erosion hazard. 

10. Restriction of Inestok. In iraditronal agriculture, livestock are oflen 
allowed to vandcr without rcstriction, so that they cause damage to crops ard 
vegenation. Goats arc notorious in this regard, and their acniities may constitute 
a serious ero.ion hazard even in the humid tropics, especially iftlheir numbers and 
nioseinents are not controlled. 

I. Farm antd househohl reJ.se. These in irany rural areas of West Atlica 
constitute the manure and mulching material with which soil fertility is 
maintained. Their use as manure or mulch ensures coninuous 'ultivation and 
ground cover in compound farris and gardens. 

12. Footpaths to Jorrns, springs unl murkts. Grove (19-2) in his study of 
erosion and soil conservation in tre Oko aica of Ite Anaitbr., State. Nigeria, 
indicated that footpaths, some of which run rip and down the slope, and 
especially those leading to springs at tire foot of the slope, far irs. l.ets andra 
compounds, aiourned to about 5 percent ofthe total area. These are always kept
clean and bare, and so form the channels from which gully erosion develops. 

In considering the association of farming systcms with erosion hazard, each 
farming system may be considered as an agricultural enterprise satisfying specific 
objectives and involving various kinds of plant and/or animal inputs. together 
with the practices and operations with which it is managed in a given 
environmental setting. The various agricultural enterprises (farming systems) 
currently found in West Africa arc listed in Table 5.7. They vary in their 
objectives. complexity, degree of sophistication and in the intcraction of these 
practices with climatic and other environmental factors. The common practices 
often encouni,.'ed in the farm business and in the farmer's environment are listed 
in Table 5.6. The extent to which these may alfect erosion has been reviewed 
above. Normally, in any one situation nan esolses his practices through 
centuricsofexperetnce ,- that tiey interact with te cnvironnicnt in such a wayas 
to maintain u stable system ofproduction. An) change in the social and economc
 
factors that affect the farmiig s)'stcni and its objecties is usuall) also associated
 
with changes in practices and in tie plant and animal inputs used in a given set of
 
circumstances.
 

Under traditional natural fallow systems, where fallow periods are still long 
enogh (up to 10 years or norc);a reasonable halance can be maintained betcseen 
fertility loss during cultivation and restoration under tallow. Erosion is 
minimized by ensuring that there is somc cocr during clearing, and by groving 
sevcral crops together which protect the soil and miniumize ceding. According to 
Grove (1952), before Westcn intlucl'e reached Wesl Africa. ecological balance 
was maintained between people and their environeut by controls of inter-tribal 
wars, famine, diseases, and farm practices aid customs based on centuries of 
experience, adapted to maintain the relatively low. populations. 

In the last hundred )ears, various aspects of rodernizatiori.esp,..cially in terms 
of cconohaiC and deriographic expansion. have b.rought about changes which 
have increased population pressure on the land ard disrupted lIre balance ofthe 
traditional farming systems by seriously shortelling tie periods of fillow, 
Associated with this is the adoption of ill-advised and irrational agricultural 
praciices which, %vitleappropriate elsess here, 	 are incompatible with the en
,ironmental conditions and resourceerrdownienis of the traditional fartrerof the
 
humid tropics. The changes which hatse resulted in the present predicament
 
include:
 

(i) Increasing population density arid pressure on agriculural land arind 
eonsenuent increrse i area ofcuivated land. sonlretirimes sprearing to 9aginal 
areas that are unsuitable for farring with tradtional tedhniques (Gourou. 1956).

(ii) More and more effort bing devoted to increase food and export crop 
production to satisfy increawcd dciiard (Guilaurne, 19511. • 

(iii) Ovcrgrazing resulting frun increased Irscstock populations and stocking 
rates (Guillaurne, 1951; Giose. 1951). 

(iv) Widespread deforestation rcsuhing front shortening cycles of cropping 
and fallowing. 

(v) Migration of peoples to areas Ahre their traditional methods of 



agricultural production are unsuitable to the existing environmental conditions 
(Poricres, 1955; Guillolcau, 1955; Gourou, 1956). 

(vi) Rate ofdevelopmtent of agricultural techniques and organization ofspacc 
not keeping pace with the increased rate of change from exlensivc farming
techniques to more intensise systems (Gourou, 1956). 

(vii) General economic development and improvement of means of con-
munication which have brought West Africa closer to markets and drastically 
increased the pace of commercialization of agriculture (Gourou, 1956; Guil-
laure. 1951). 

lviii) Increasing use of mechanical cultivation and large-scale farming (Obeng
et a/.. 1973). 

Various Ctassificatiuns of agricultural or farriing systems have been reporctd 
(Ramsey, 1968; Flnd. 1969; Morgan and Pugh, 1969; Laut, 1971 ; Greenland,
1973). The list in Table 5.7 is an adaptation from the various sysictms studied to 
suit the West African situation. It is by no rcans an exhaustive list. A brief 
summary of tie characleristics of these farniing systems and the extent of erosion 
hazard associatcd vilh them is presented below. 

I. ShiJtiny cultuattun (phase I inchuling inadic h'rdin) 
(i) With the exception of nomadic herding, this system is not widespread in 

West Africa, but corifiuCd to a few isolated, scriii-arid ai cas. 
(ii) Non-sedentary, use of simple houses or movable tents, migration follows 

seasonal advance and retreat of rainfall.
(Ili) An etenisitc system of agiiculhural production involving tainly livestock 
ith so mieties (but very rarely) some cereals in favourcd situations. 
(i) W ith irsprosed veterinary services, increasing livestock numbers result in 

overstocking sihich is associated with increased erosion hazard,Remnants
around drinking holes and places. e catring 

2. SirJtin cnltittin (JhaeI11)or buth-Jallowinry 
(i) Farms small in size often in isolated patches in secondary woodland or,

rarely, virgin forest. 
(ii) lomes usually perrianent with small areas of more or less continuously 

cropped compound gardens around them, outlying farnis change position 
frequently.
 

(il) Cut and bur 
 using simple tools practised at start ofculhivation cclc. 
liv) A range ofcrops grown in mixed cropping systems whlich mrray include tree 

crops in the comlound gardens. 
(v) Sorie small nmbers of lis.eltok may be involved. 
(iv) Length of bush fallows after each 2 3 )ears cropping period reasonably 

long ( > 7 )cars) but may vary iilb popul.ation Irresire.
(%it) Erosion hazard low except ailing foolpaths, and in compnuids. 

3. Rrhmenltar), d.'niarj' rittnltrre (itiny iitiratuin phar I1/1)ay 
(i) Farm size smaller than in 2 above and less than 51 per cent ofcoirninity 

land in fallows which rotate after each cropping cycle, 

(it) Cut and burn technique using simple tools followed. 
(iii) Permanent scttlement with compound gardens more intefsively culti

vated and associated with systems of outlying fields at varying distances from 
homestead. 

(iv) Range of crops grown in mixed cropping systems and some livestock 
associated with them. 

(v) Some small plots of protected or improved perennial cash crops often 
involved. 

(vi) Planted, protected or natural bush fallows may be used in outlying fields 
with lengths of fallow 7-8 years or less. 

(vu) Erosion hazard slightly increased especially with decreases in frequency
 
and duration of fallow.
 

4. lnt'nisi-est'dtnaryayriclture or cornipirnindfarnrrimj(ihiftligcultirationphase 
III 

(i) Farm size small. holdings fragmented. 
(ii) Pcr iiaiclit settlemnts, simple tools and timited cut anti burn techniques. 

(iii) Compound fairis more intcnsiscly and continuously cropped ,itli
 
fertility maintained with applications of household, farm and aninal ,haste.
 

(iv) Crop mixtures including sonic perennial cash crops and fruit trces-a
 
vcgecultural complex with some livesiock
 

(v) Length of fallow in outlying farms often les than four )ears. 
(vi) Erosion hazard high oit slopes, footpaths and compounds. 

5. Terrace forra inccr d tol/ii aor ruh ndure
 
oftheeaccordgtoGourou (1956)and Morgan and Pugh(1969)are
found in the Atacora Mountains, Bauchi Plateau. Niandara Mountains and
 

Adamawa Hlighlands. They are located %%herepeople took up defensive p, itons
 
on hillsides and developed sery intensise s steis of terrace farming. Some base
 
since been abandoned, with the people rescrting to shifting cultivatioll in the 
Io, lands. Elatorat; terrace farming systemis :re still being used and maintained 
at Maku, in the A,,gu area of Anambra State in Nigeria. Upper slopes (A) and 
floodplains (B) are both used in this stay. 

A 
(i1 Farm sizes are small, simple tools used but settlement permanent.
(ii) Terraces built ofstores roughly along the contours with adequate or good 

water ma niagement techniques. 
(iii) Fertility of soil maintained %vithfarm and household refuse and animial 

,aste. 
(i,) A range of crops gro%u i mixed or iumoculture and rotated -. er) 

imitensive systein si lh vegetble of i.nriii Unporiince.(v) Very good use made ol dfdfeci topographic sit uations or soils at dilerent 
elevations viih tree crops o"r top and some in valley bottoms, annual staples Oir 
terraces in between. 
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(iv) Population pressure very high and migration rate also high.
(vii) Erosion hazard high on footpaths along slopes and where terrace walls 

break dLn. 

B 
(viii) Floodplain agriculture takes place on ,cryrich alluvial soils and some-times on hydronorphic soils. 
(ix) Very high yields of yams, bananas and ri,: are produced. Often the farmer

has 
(x) 

tn race with the flood and crops may be lost unless there is good watercontrol,
Fishing may be a very important occupation.

(xi) On hydronnotphic soils crops and vegetables are produced in the dry 
season. 

(xii) Erosion hazard not high on the flat lowlands, except that associated withfloods, especially on slopes. 

6. Mixrdjartniinq 
(i) Mainly involves production of a range of lisestock (cattle, sheep, goats,etc.) in combination with systems of cultivation of crops. 
(ii) Consists miainly of Iwo kinds: gal traditional types found iniong the Srereof Senegal. where it is declining with increased interest in grouidinuts, the IFulani 

of [lie l:ou lia Djallo area ol Guinea and Shuwa Arab, of northeastern Nigeria,and (h) more modern aspects of mixed farmiing introduced into areas such as 
Kano (Nigeria) in the 1940s with livestock kept for work and manure. 


lii) Soil ferldity usually maintained around homesteads and on 
faris with 
farnard itanure. 

(iv) Erosion hazard vely high, especially in the savannah where there is no 
adequate cover at the end of the dry season. 

(i) Large-scale ranching projects such is the one
Nigeria have or are 

at Obudu in southeasterncurrently being dcslopcd in diflerent parts of Vest Africa.(i) Erosion hazaid usually associaled with poor range rraagemllenti over-


sto-kin. and overgrazing. Gully erosion most 
serious along aniial trails and.;:ierlioles. With increasingexperienceand stableecononicconditions, manage.n:eit should iriprove, and erosion hazard be reduced. 

8. Mien Iii e hireslo.k pnio,hlction(i) Ihese pt ojects involve the rearing ofcattle, pigs, poultry and dairy animalsin intensive systems. 
(iI) Erosion hazard is absent or Iiinii.:d hviere animals are fed indoors.(iii) Where they are grazed, trampling of vegetation and grazing may exposesome areas to erosion. 

9. Lary-.scale phtntutionr(i) Many kinds of large-scale plantations owned by private individuls, 

°t 
(ii) Ofthe three listed in Table 5.7, the loest erosion hazard isassociated vih 

tree crop plantations such as rubber and oil palms, especially where they aregrown with cover crops such as Puraria ph.stoloid.r.(iii) The highest erosion hazard is associated v.ith large-scale mechanized foodand arable crop farms inv-lving row crops (Obeng e.t al., 1973).
(iv) Ilaldwin (1957) gives a vcry interesting example of this in The N(y'erAqriculhural Project, at Mokwsa. the failure of rhich he regarded as *the most

disastrous consequence of lack of adequate preliminary k nos ledge'. Veryspectacular erosion gullies 1-8 m wide. 0 9 nt deep and 16 km long resulted aftertwo years. from inadequate attention to the erosion hazard. The same mistakes 
are repeated in many of the schemes now being introduced. 
10. Speciali:ed horiicdhure 

(i) Market gardens and large-scale horticultural projects arc developing in 
different parts of West Africa. especially close to urban(ii) As an aspect centrcs.of intensise production s)siems, mulching of beds. construction of terraces and tied beds, etc., hase often been done as regular practice.(iii) Where beds are not piotecied by mulching aid not aligned parallel to the 
contour, erosion hazard nmay be serious. 

(iv) Moreover, certain i)pes of irrigation ssicms on sloping land may
introduce erosion prohlens.

(v) Where fruit trees are grown in plantations %jih coven crops, erosion is vcry
much minimized. 

5.2.3. CONCLUSION. 
On the basis of the aboe re.iew of the erosion hazards in ditlrent Carmig
misystems in West Africa and their associated larmning practices or
concluded that:
 uperations, it is 

(i) traditional systems of soil rnaiagernnt do not intolhe serious erosionhazard as long as tie periods of fallos are reasonably long. segetation coer is

maintained and population presure 
 is los :

(ii) with increasing population pressure. oscrgrazing or change to moreintensive systems of producticn o'light soils and slopes 'bith methods deceloped
for extensive agricultural s , tenis. erosion beco es a s ious problem . 

(iII) mechanization of clearing and cuhlitsationsespecially on large-scale fIarins for groming 
still pre ents problems,

rot crops.
(iv) lilaiges In Iradilional farming ss,t cnis rcqtie appropriaic changes in crop andjor aniinal iipuit s based ott sound principles ofil cinscr satlnun: and(v) it i' iot only in faint ig bt also iii a sit)s a spects oltiitlirple land u,c thitsoitind conscrvalion practices arid protection of the enironnent should be 

enIphI:nsiled. 
Eronsionthas been a Asorld.Wide p1obleln for eitunies and still reirnains so inVest African agriculture. It car be minimized by making cer)one aware of the 
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problem, by the cnforcement of sound soil conservation legislation where 

nccessary and feasible. aud by the dcvclopnrint or'scientilic water, soil and rop

tisanaucmncnt tchmques for catchmcnts or watersheds of dil'krent sizcsiaraios l toegrahniques fsrtuatin he lo watershedsndf 

and for 
various topograhic 	 andoph sizesss orfdrsituations. I he lowlands and hydrotnorphic soils of the 

humid tropics of Wcst Alica hold 
high potentials for incrcascd agricultural

production %silhoutsoil erosion and degiadation. but the development of the 

appropnalc tchnology Ior achieving this has 
 tccciscd too little attention. 


More etlort and resources should be devoted
through research aimed at t 	 to the preveition of ero.sione dvcolnne of better land clearicig. saeratd soil 

nianagenient techniques for c'nlinuous cropping systems. 
 This can only be 
achiccd through the coopration of scicntists in dillcicnL disciplines and across .and 
intcrnational boundaries. 
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D. J. Greenland' 

Tropical Africa lies south of tile Sahara Desert bounded by imaginary
lines both north and south of the equator. hFile northern line runs from Cape
Blanc on the Atlantic coast of Nlauritaicia due east to the nortlicrii tip of 
Elthiopia on the Red Sea coast. 'he southern line traverses east fiom Mo
carcles on the AtLintic coast of A ngola to the so ilhcrnmost tip of tdozatn-
Iiqlue on the cast coast of Africa. It is a land 5,150 kin long and 7,400 kil 
wide with an area of about 22 X 106 kil 2 (Kimblc, 1962). The area extends 
over the entire equatorial belt of Africa and latitudinally to about 20'N and 
26'S. This land mass which is about twice the area of the U. S. exhibits great 
dliversity in relief, climate, vegetation, and crops grown (Fig. 1, 2, 3, 4).

Tropical Africa has a population of over 290 million people of many
ra.'ial backgrounds and according to Grove (1970) up to 800 linguistic 
groups. There are 40 cotUIitries represented with widely differcit cult iral, 
economic, colonial, and political backgrounds and experience. hcsc factors 
in addition to the level of technol ,gical devclopncnt and resource availability 
(Norman, 1974) constitite the oasis of diveisity in the itnilber of crops 
grown and variations in crop)inig and farmriig systems. lin tIiis paper, char
acteristics of ciopping systems in traditional fariming practices are considered 
as a basis for a survey of imtiltiple croppling systems ii trpical Africa and a 
review of related research iii relevant cotitrics. 

FARMING SYSTEMS AND ASSOCIATED CROPPING PATTERNS 

Of tile 13 majol agriculItiral rcgions in Whiltlesey's (1962) classification,
only noniadic herding, shifting ciiItivation, rudimentary sedcntary cuiltivation 
antI norice based iilIeiisive agriculturc, special hllitmtlt., anid plantation 

Assiiltan director, farming Systems Program. and dircrtoi of research. InternationalInstitit e of "ropical Agi iciultttre, Ihadan, Nigeria, rcspetlively. 
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1500-3000m 

Over 3000 mn 

Figure 1. Major physical area of tropical Africa (Kinible &Steel, 1966). 

agricuilture are found ill lrol al A|.-ca. thenl, attempts-- Since have been 
inatic tIodcv-chop more functiona! and accep~table classifications of the farmn-
ing systemns of the world (DIiniont, 1970; Ducklarn & Aselidld, 1971 ;iaait, 
1971; l-:%'cnson cl :f., 1973;Gigg. 1974). CI;issifici ins of f,,rming systems
with emrphasis oil tile agriculture of tile tlolpiCS inch~de those o1 Allan 
(1965i), Miraclec (1967), Morgan and lPugh (1969), Nfix,gm (1959ga, 196i9), 
lohyd (It969), lBoscrmp (197(0), Al.tthenberg (1971, 197-1), llncils (197'2) 
antd Girceriland (197-1). \Vijlh tile exception of l tuthcriberg's classificat ion 
which takes Unto ,tC'Ottnt vcgctattion, ,migration, rtlationa, clance, cro~Pping, 
and ttol systemls. imost Jkethods of Clatssifyinag fatrmntg systemls of tile tropics
-'tc illlcrcliccs in intensity;1scd 1t11 of cro~ppin~g ,andvariations il [lie dulr;-

tion ill Ile falllox perliold for tihe restoration,i" soil fertility, 
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~ ~ ~75 m>1025 ~ 6 

<250m... 

7",25\550-1500 mm 

Z. ~>1500m 

m-.
 
" 750-1500 n
 

>150m 

Figure 21 ropical Africa, mecan annual rainfall (Kimble Steel, 1966). 

Willh tile ecep~tio.n of sonle ipartb of Africa wherc fa. ming .nethods are 
patterned after tile ,ndrsysteils Of Einope and i)l:.tatiOn iagltilltire,
mu~ltiple cropping Conl,,liltutcs it majo~r componient of OIL: existing f.ariing 
sy'stemls, However, these systemns are transitory, stgcs ill tile evolution of 
cilhicr potenltiallly pclniillent 5';}":tois Utndcr proper nllt;lgecllient of resources 
anl jadjulstmenclt to change o~r degencrating systerns thatl final;oc stlhjjcct mo 
coll,,psC Under poor management of resources and faititt: to dijilst to Cha:nge
brotight about fly p~opuiflliol pressure ,and other IlKOtCCSSC:S. CollSC(Itlently,
Ihicy are n~ot necessarily in equililbritin with the Ibillgical and ctiltral en
vironmnrts of tile farmer hatve existed under low 
IPoPlat1ion p~essure wlhcii to 

as might mcilttrics ago.; 
adjustments conditiions cinc ;tbltnt natura';lly. 

hy providence or after long pctiods o~f gradual c\voltition. 
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2 	 •_ 3 . 
5 	 Millet dominant____Sorghumdominant 

Mixed grain (Millet & sorghum dominant) 

5 Root crops dominant 
V idPlantains 0dominant & 

LIN Plantain & root crops codoininant 	 1j ," 

3 Maize dominant 
I o Root crops dominant + maize and other grain$ . A 

4 	 Rice dominant 

I Miangrove swvalmP 2 Livestock or pastoral nomadism dominant
 
2Rain
forest ace 96;Mran&Pgh 99 

3 High savana igure 4. Crop dominant regions (Johnston, 1958; Miracle 1966 Morgan& Pugh 1969 

4 Savana Morgan, 1969; Matheson & Bovril, 1950). 

5 Seni desert 

6 High veldt desert
 
H Montana ve ation I . Noinad:c htrdin:
 

shiftinlg ciultivtion (Phase 1), 1. > 1(12
 
2. Bt IsI [allowing or land rotation: 

Figure 3. Africa, natural vegetation zones (Jarrctt, 1966). shift ing cultivation (Phase I). 1, = 5 - 10 

3. Rndinlenttll y scdc ntat y agriculture: 

Ill), L = 2 - 4Classifications which prOvide a stuitable b~ackground f6r the tmnderstand-	 shiftillti ctllivatioii (lhase 
farmling aInd extcnsi% shsistence agricuture:4. C ,pottd g anll ( . ia mzI a gr icul t utre

ing of the devlopiletits that led to the existing cropping systems, their hl 5 . l'rr a i. a , min 

plex it ie s, sim ila r i t ies, an d con t a sts ;ir e tho se o P o rte re s (19 62 ) and Benn e 

(1972). Portercs, 011 the basis of "is sttdies (f origin of cititivated plants ad 6. M- icalagriculttirc (traditional);Citr 
1. Nlrccrn ft igisis tc ts d their lcal a a tatiots

agrictIltttlC in Alrica, arrived at two main conclusions. First, Africa evolh'l 1 fatr in ig e'isCtn
acteristic ofagric taral complex chat 

tw o agiictuIlto aI com plexes- -a seed 
2. 1i .st k ra tchitngto day and a vegecd .to Otir s.WiVlIl nas Of op en u nforested regions ,lla gO Ls 
3. ntnqsive livestlck production (poulIty, pigs, dairyiug)

to forested regions and involving cultivation of roots,ural complex peculiar 	 fitis and plltationsse lanitubers, and cuttings in g:ardets lather than fields. Second, differences bc. 	 a.l.itcgf.ai ge scale food at ;tradlccrop) fatrtms Iaseti ot natural ratifall 
it. rig;tt it projcts involving crop protttct i ont 

two CO rTnlxes have gr hdually disappeared as crops and tech- a t cle ecrop icts olauta%wecn herc 	 C. I ralig sc 
w ithin the traditional systems. 

iq tes develo pcd cl ew here were adopted 
5. Sp: i licd ho1tictlthire

ettneh's (1972) classification which covers the types of eisting arminS 
i. Mak t g ai dhet g

tethods of soil fertility maintenance in 	 i 
iiig nrtds st e tis itl West A frica is hased on fa i s o f d iffercn t sizes consi'titl 	 . r ck gSt d c a fru it p ln ta tio nls 

a td ler i e t sste i s p re valen t onfal ow 
o t e•) i c. Cotut ercli ,AlIt t anld Veg e-table protd ctiots ot processitng.
 

of the follow','in~g cate~goties: Meilt'tt. i ht)
6. 	 gilun hre (Iltodet 

A. lralitional and trattsitiontal systems 	 I /C where Clopplig 1rriod, F = Fallow Period, I aud 
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The grOUjps of farming systems tinder A (lb-6) and B (I, 4, 5, and 6) tural materials, animal feed, demarcation of boundaries, firewood, 
are those under which multiple crojpping is lttnd in tropical Africa. The oralgnent ills, ShaIe, protection and privacy of tile donlestead, re
cnim exity of these systems may be illustrated by the fact that a farmer ligio s I'd social functions, alld variouts other uses. Its developutually operates a intrch dikersified agr;etcltural enterprise, often inchding a Ucnili as ii regular feature inl the traditional farming systems is relited to two phienomeila: i) Tlhe divis~on of labor between thle 
conhiii ion of different systems listed by Benneh (1972). For example, a se to wh llinen ar resl soni f loo and te 
farmer onl an toldtnd weil-drained soil may operate a comnpotnd farm close to s s and sauCes. "hc main starchy staples ar primarily 
this bonliestcad while .t he same time maintain two or more plots under 	 pioduccd by mei. They arc eaten with fresh condiment plants, 
cropping systems or diffcrent periods of forest, bush, or planted fallows at spices, aiid vegetables at available close range through the year and 
varying diNtanceb from his hione. 'l addition to this, lie may praciice flood- ii) The fact that with freqtrc clearing of forests and buscs, use1 
Iland t!tiVa:tiol ill tile flood plain of a nearby iiver or stican. I II nay filso [th trees htrvestc froln the1 wild or protcctcd in [allows are'aise g tts, s.heep and/or poulot- mnantr and other prposes. The crop- graduadlly disappearing and their cltivation ill coIlipLound fIrms enaingoindorCpoltry io s aiior pes, ees i crop- sres that their piodticts arc readily available and that they do not 
intg on thli coin pound farm of[ten involves major staples, vegetables andl coin- hecoie scarce or cxtiiit-t. 

dimcnit plants grown iii double, relay, and nixed interropping patterns under 5. Scm il~cr-in;imict l ng a d :hort bosh or planted fallow systems vary 
lie canopy of irce ctops such as oilpalns (Elaeis guiiieenisis), niangoes in cul ivit ion pc iod relative to, heglith of fallow. Factors are the 

(Maligzfiera sp.), and oranges (Citri. j sp.). hlie compound farm or homestead natural fertility ,o( die lind, distan:cs from the homestead, inetlh
garden thus talics more species of cultivated plants than blush fallow farms ods of fertility 1i11tcaaice,d pilatiomi l)ressure. In semi
sitnce oii the latter only major staples and a ff, protected trees may be grown. sinietri"W~t fields, ilajor Staples ari pl)aloinllallt witlh a few s.b

sidiar(71 li5, lloicl less ill 1mI'lnih liaii in conipouind harnis.6. Ie most iinlolla.ii staplcs arld .."'li clops are ustally grown thefi's1 year following clearance of forest, mlitiral hush, piuanted f:il-

SOME CHARACTERISTICS OF TRADITIONAL FARMING AND 	 lov or giassland. Tile iltIitlhe- Of crop species dccrcascs as tileASSOCIATED CROPPING SYSTEMS 	 nubler of years of Coil tirlillo_!; f:rappiig imiercIascs.
7. 	 l terrOppilig is widespread with the highest complexity in theCtLomlnotuiid gain dleliS, eSl Ccially iii the raimiforest where annutal 

nodel 	 st gades, erenniallA Simplistic of traditional farming would consist of a concentric 	 I vepciltables triit trees are innturrolpd. 

p etcrti of fields oil which aire pract iced various mietliods of fertility main- Tables 1, 2, and 3 show tile cxteii t to which in tercropping is prac
tenance or allow iiig, clearance sysiems, product ion of differeit tntunbers of ticed in different ecological zoties ill Nigeria aiid Ugaiida. In farms 
species and varietics of crops aid cr,,pling patternis and sequniees according or fields locatel at varying (list ces froni tile homestead, semoitwildtile I tii i ad e oBs O 	 protected trld selected wild tree crops, bt rarely cul tivatedithe ire'ainig Len alrid the tlceds of the farser. Base this concept, species, arc fotnd. 
the following generalizttions cnl he nL:i of" these systems: 8. Tlie growing of llore tIhan one crop oil tlie saelli land inl I year ill 

1. 	 Ilicc is a diversity of fat Iirg systems ranging from "true" shift- trIiiditiolil f:tmiIaiig systems i:kes the form of mixcd intercroppiig
ing cultivt ion whcre the settlcnent is moved to permau ent cutltiva- amid r-elay iiitCrteropling tore so thatl scrjlieu t ial cropping involv

2. 	 "i'rtc" shifting citdtivation is rare arid restricted t. parts of Rho- Table i. Areas ini iipulat crops in Nigeria in relation 10 tihe system of production in 
icsiti 	 (Allan, 1965), tle Ivory Coast and the Canricoun RCpublic 1970-1971
 

Crops fleclarage sole r
(\lom an, 1969; Grigg, 1974). 
3. 	 f'eCi alticlt tnIltivat irn ctcurs iii (i) com poutnd farmns, kitchen or _ti oIlectirage tixed Percentage iixed 

homestead gaidetis, (ii) somc soSils of high fertility, (iii) confined ha X 10 -3 

sites (suchi as steep slopes of Nlakt iii the East Cetitral State of Yams 5t137 733.2 59.2 
Nigcria where terracc lariniig is practiced and oil islands such as Cassava 3072 112.6 26.8 
ie [kara Island illi Iake Victorii), allt (iv) overcrowded areas (f Cocoyam 27.. 173.9 86.4 

high poptlatiotidcisitics such as in the lbo and lbibio areas of tile Rice 103.9 1.13.3 8.4 
ctt cciitri State of Nigeria, the c;stern ric-gr,\wing slopes of the Maize 3.9 113.3 58.0 

lldNl...t'my R eplilic Katno closc-scttled zolc of the nofirth Melon 25.9 33.1.3 75. 
Clt'iral St.,t of Nigirz.i (Morgan, 1969). Cowpeas 390 3777.1 99.0 

Groun(in ut 19.8 3777.1 99.54. lic t ,t potnd Ilatn systemln is [lie most widespread perlmanent routot1 	 19.8 5419.7 95.5
CtjulJitig or lam itit'll m,t'l mtl o t.' lt'n citter froim which 	 0ti.iii corn 130.2 524.5 70.1[rns the 

, 1
.ttlis h,7,I t) oilicl field systemis. 'Ilie la gct litblll:1- of crop S o y a b e a t 1152.0" .2. 4557.0 10 0 .0-4 5 1 .8 79.8 

Cs in muixtiics arc fond it, coinpitti d faris since the crops Benniseed 36.81.3 	 59|Iitittt.A nd icieny gli ' Isti fottd btttiult ils d 	 5"0.9 5 9.t or a fMilet 	 1.3dinlicttt., and Sp~ices, Illahlicanmts .and s.ltmulants, d-htUgh, Iil)c , S',rXUC-89.[ 

http:iinlolla.ii
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Table 2. Area of crops grown in most of Uganda according to area and percentage of 

system of cropping in 196S-1964 (jameson, 1970) 

Crop 

1. Benr, 
2. Cowpeas 
3. Cassava 
4. l~ot:.. a coffie 
5. Arabica coffet 
6. Cotton 
7. Groundnuts8. Maize 

9. Sorghum 
10. Fingcr :, let 
11. Pe-ts 
12. Pigeon peas 
13. 3ananas 
14. Sesame 
15. Sweet potatoes 

Area in iiectare 

Pure Mixed 

ha (000) 

57.9 250.6 
29.6 47.8 
85.0 81.6 

114.6 17!.9 
6.1 10.5 

367.6 130.4 
67.2 86.644 q 232.0 

135.6 115.8 
226.7 206.1 

17.4 4.0 
12.6 39.7 

268.8 195.5 
51.0 53.0 
73.7 11.7 

Percentage of crop grown In 

Mixed Mixed not 

Pure predominant predomin,t 

' 

18.7 10.3 71.0 
38.2 6.3 55.5 
50.1 10.3 39.6 
39.6 33.0 27.4 

36.6 .. .. 

73.8 21.2 5.0 

43.7 33.8 22.5
16.3 14.6 69.1 

54.0 7.1 38.6 
52.4 41.3 6.3 

b1.1 .... 

24.0 7.0 69.0 
57.9 20.9 21.2 
49.0 19.1 31.9 

86.3 4.7 9.0 

Overall 
mixed 

cropping 

81.3 
61.8 
49.9 
60.4 

63.4 
26.2 

56.3
83.7 

386o46.0 
47.6 

18.9 
76.0 
42.1 
51.0 

13.7 
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ing monocultures. Row intercroppiig and alternate strip inter-

croppaing are not common except where animals or tractors are use i: u iation. 

in-c cultival 
9. Classical crop rotations involving sequences of crops grown in 

inior1octtltttre are rare in tra.'ditional fariliing syslems. More corn-

mon arc the "pseudo-rotations" in which mixed intcrcropping 

with different species arc followed ly different sets ofdominant 
and subsidiary crops also in mixed intecropping (Allan, 1965). 

Some crops are relay intercropped with the preceding ones. 
10. Farm sizes are usually smai! ranging from less than 1.ha up to 5 ha. 

Farm sizes tend to be greater but number of crops in mixtures 

lower in moving from the rainforest to savanna or drier areas. 

Cash or export crops are more likely to be grown as sole crops or 

in association with fewer crops than noncash staples. 

12. Farming involves simple tools awl much human labor. 

13. [he most widespread land clearing systems involve the use of fire. 

1-. With lhe exception of irrigation, some locations in semiarid and 

ari(I areas, most cropping systems rely on rainfall. The cropping 

pat Ierns and mixtures are related to the incertainities in rainfall 
distritttion and intensity. 
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FACTORS CONTRIBUTING TO CHANGES IN CROPPING SYSTEMS 

ADAPTATIONS TO PriEVAILING CONDITIONS 
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Variations and(i changes ini cropping systemls have arisens from: 

I. "l he iuitrithicion of Asian crops 1taro (Colocasia antiquorui sI,), 

water yan (Dioscorcaatala), bananas (Alusa sp.), rice (Oryza sativa .. i , 
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1..)l starting from tile first three centuries A.D. and American crops 
]maize (Zea mays L.), cassava (1aMtihot escuhnta), Sweet potatoes(lpoinoca batatas)l in the 161h century A.D. and later (Slhav, 1972).

2. 	 Population growth followiag the introduction of Asian an'l Anmeri-
can crops nitii modern ad'vances in medicine, sanitation and public 
he.lt ivhiclh hae reitolted in increasing pres Lrr oil the land. 

3. The levc, lpmlent of markets for perennial rops (Morgan, 1959a). 
4. 	 Expansion of cassava production (ne to its adaptation to shorter 

periols of fallow resulting in lower soil fertility and demands for 
cle.per staple foods in iurban centers (Morgan, 19591h). Morcover, in 
areis where thie dry scatn rn.ing.s f'in I to 5 mon lths, cassava is xlie 
only cr0lj that can thrive Witlhutit irrigation. 

5. 	 l)evclopmnieit of commercial production of food crops and market 
gardening especially close to turban cet rs . 

6. 	 Devclopment of railways, road systems, and markets and the growthoc
of setctlmnlens 'lad farms along roads autd railways and close to tuar-
ket s (. l rgan, 19 59 1i). 

7. 	 lnceasCd Irif anti vegetable prodtctiln fillsale and in stupport of 
local cannming in dustries. 

Crop Diversity and Spatial Arrangement 

A coinon feature of traditional farming systems is prodltctions of 
3evcr.l species of crop plants and titncrotis varieties of eacl species by cinch 
faritner. Il Zaire, tile Nledjc grew as many as 80 varieties of tile 30 species of 
food crops they cultivated inl 19 11 (Miracle, 1967). Of these, there were 27 
varieties o' bananas and planitains (.lusa sp.) and 22 varieties of yams and 
related crops. [ihe Varitis vaiietics of each crop exhibit different character
istics, mattLre at different times, ;lad may lie adapted to different ecoogical 
sittialtlos and ctiltitial pr:cticcs. While crops are apparecitly established hap
hazardlyv inlmixed Ctlti c,close Sitd y of plantinig patterns imdicatc that both 
oillie lilacio anLti micro level of a given landscaj c, the pattern of land alse or 
pl:anitinig used ii traditional cropping systems usually involves location and 
Sp).tcsg 1.f llIIIisuch a way as to: 

1. take advanstage of local topographic features, toposequences, micro 
.elief a.n'id other r platedipecitiesats,'2.(1:i)lCrSc indtivithltal 1)[laltSp)ceiCS .t suich wvide spacinlg as 	 to,allo wyaoilier crops o,lie go ,twn i Ibetweemi= withbout ttnuct~cessary overlapplinlg 
ot I eoi alipies, 

3. 	 ensurc that cro p cover is adletlttate to efLfectively conitrol soil crosion 
antl weeds, and 

1. cmisure tih.t luhiolihyes are grown ninie in open spaces vhile shade 
tilerant spc,:ies ,,ucth as cimcoy;in s (Coloci 'iescdlcnta and Xantho-
soma sugi tifolium ) are 	 i hedge rwws.ithlocated under trees and lalo eg 

%%hicc aiimtil staples are uinitorsly tilanted anig trce crops in coni-
potitd I.in1is, litavy pinnig ol the [ree ctrops is usaally carried titl to enstniclh~it light reaches tile grotund lcvel. Whctlicrops .ire grown nis inoii,imncl 

bt'di, Iid:.,es, alloi the flat, thcir spatial arrangc iemets and fireclmceicics in,'i-
Ites mie ClaiteL lti itilplmnmansce iii the diet ;ani siie'i;:w5 t)tistllly Io l 
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their uses. Vegetable crops such as cucuirhits (Cucurbita spp.), cowpeas 

(Vigna sp.), hitter Vaf (IlLJrnolia arnygdalia), and pelcrs (capsicui sp.) 
which are harvested 101 hoisehold use arc usually planted along the edges of 
the garden or along fences siitroundiig gardens close to the homestead. The 
ingenuity involved in the itilisation of various parts of lietlarge nounds on 
which different cro:s arc grown ila hydioniorphic soil of the Ahakaliki area 
of the cast central State of Nigeria is illustrated in Figure 5. The crops arc 
lct on t m da ri to trots d in ron to 
located oil the mounds according to their root systcws and inrelation t)
 
their tolerance to high vatc:r tables. 

Var iotis mctlhads of Utilizing special topographic and other featires in
clude: the concentration of stlgarcanc (Saccharioa oficinarurt L.), rice and 
off-season vegtable crops indepressins and alley bo to s,the ocationof
 

pineapples (A nanas conosis) and fruit trees along p~athwvays in compound 
gardens, the growin g of' climbing crop plants such as liia beans (J'Iiascolus 
lunatus), climbing co,.,peas and yams chlse to trees, shrubs, fences, hedges,
and other strtcttures which act as stipl)oits olr lstakes. Related to this is the 
location of condiment plants, friit trees, aid vegetables where they can ie 
protected, vatered, ,imad harvested with c;se. Various compound farm land 
lse and crocIling arrangemctns i iarts of tropicI Africa have been reported 
by Allan ( 1965), de Schliipe (1956), and Miracle (1967). 

Iliaddition to these in tercropping patterns, smnall patches of pure stands 
of certain crops iitadjaccit plots .arc prevalent in emany areas. Similarly, in 
snallholder market gardens close to urban centers, vegctables are grown 
either its pure stands or in mixtutirCs on small adjacent beds. 

REGIONAL AND COUNTRY SURVEY OF MULTIPLE CROPPING SYSTEMS 

Nigeria 
Nigeria tretch s from 5 N to 5 N latitude nti25 E to almost 5 E 

0longit It physical and climatic feattircs which have resulted iltides. has 

parallel vegetationi and ecological zon,.s. These range flom mangrove swanips 

of coastal areas, with imiost no0 dry se.ison in the extreie sotlh, to the Salielan€o ei le e ite i o t vi vsavaisma zonte iiitlt ext reuse :sorth r5 dr i n h . Ile ce a'hIIIi over 5 dry mot hs. 'The elevatioiio 
varies from sea level it over I ,(() u. A diversity of crops caii be grown in
cludiig routs and tutids of the tropical rainforest, crops of sem iarid areas 
such as sorghuin (Sorglmm bicolor) and millet (P1L-nisetonm typhoides) and sub
iropical crops stch as potatoes (So[\i1n urnttu1brostm 1.) and vegetables. Un
like the cutiltrics of cas, central, and sottih Afrita, Ihcre has been no 

the cxt:eption of1a few [re Cl t ) 

Plantations aiid someliarge-scale irrigaliol projects tirder devcloplnecilt, ilie 
ag'-;clttral aid crlopping systems have beein restricted t-!radilional small-

Ahoit 55, of the farms i-r Niceria are less tiami 1 ha abit
90% arc less Ilsl I ha FO'1S, 1972). Farm sizes are smallest inthe switllii n 
slacs where over 86% cmI eciw 1 ha. 
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Figure 5. Spatial distribution of crops oil mounds in Abak'tiki, East Centrai Stair,Nigeria. 

Mixed intt'rcro)ppiig is the preclolitanlt I)actice for botlh major staples 
and c:s.h (-crops. I lie nmither of crops involved in tle mixtuires may excecd 
50 sp, i,'s .ld colmsetttctilly imlauly more varieties siicc several strains f 3 
single crop) 1n.i' he grown) in a Iiceld. "Ihe practIice If mixeCd intcrcrinppinlg is a 
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longstandinsg tradition to the extellt that it someti]mes militates agai'ist adoption of nlew varieties (Faulkncr & Nlakie, 1933). For example, far,:ers incertain parts of Nigeria could not be pcrsua(del to grow an improved introduced and superior American cotton (Gossyp'im hIrsitzt'i .. ) variety be
cause it did not perform as well whcn intercrop,)ed as (lid the local variety. 

The pre'dominan t practice of maintaining soil f[ctility is bush fallowing
involving consecutive cropping periods of I to 5 years alternating with fallow 

periods of 2 to over 15 years, depending on the population pressure. In thedensely populated areas of the East Ceolral and Southeastern States, plittcdfallows of .cicoa barteri and Anthonotha nacrophylla, respectively, are used. 
Similarly, Gliricidi'a sepium is grown for the same purpose inl the western 

State of Nigeria. Permanent cultivation with no fallow or short fallow periods
is practiced in [ie coin pound faris on floodland terraces of southeastern 
Nigeria and the Kano close-settled areas (Morgan, 1969) Shifting cultivation 
proper (Phase I shifting cuhtivation, G reenland, 197-11 is restricted to some 
parts of Ogoja province adjacent to tile Camel ooll Repudic. 

The most widcespread multiple cropping systems consist of mixed infer
croppitng and relay inttrcroppilig. Dooble cropping is limitcd to the groving
of two crops of maize. Soimetimes a dhotible croppi ng, triple cro ping, andI 
alternate strip cropping systems are practiced in ,market g:irdens and with 
crtain vegetahle crops. In the sottlicastern states of Nigeria tie doniimant
staples are yams, cassava, cocoyams, hanlanias, Plmtains and some malize.
Fiese crops are tistaly grown with subsidiary crops Such is gtotlildInlts 
(Arachis hypogaca), okra (llibiscus escitamt us), pumpkins (Cucuibita /wpo) 
nclons (Colocynthi's vulgaris and C"cumLro/)s lp-), m I l vegetables 
(AmaraWt1I ., hybidus. Clos,'a aigen ti+,. Corciorits olitrni il, JljaiMria oc
iPctdenIIt'hs). Yamis, cassava, cocovaimos, bananas and piantaiiis are also gtowvnill wesern Nigeria but the baaillas, plantains and cocovans lre not im

1101tant inl thle eastern pat of the county. Tree cropis grow Ii associationwith the amnmiial andi iaminal staples. For Cxandle in much of souttln'asteml 

midhvcsterii Nigeria, oilpalhn constittls part of tie cliluix vegtclalti.11 is anl important cash Ire-p. Semiwild groves and ilantations1 oilalmscxi:;t ill t1)('Iocuitil c but I a,,y palm s are found in, co mot und farms or 

aCttercl ill outlyilig fi'lds vlicre they aie potccicld. Similarly, rtuhhber
 
(llea O brasihens,e) iii tl.,- Nlid\vst State" .11I cocoa (T/n'obromta cacao) and
 
kola ((.ola 
 itda) iln Ih Westrn Stie ;Ie also found in associaliotn with:illilial stahples. 'lhe ")lidlc Blt' of Niicia wlich consists of imich of the 
Illilte ;e, ksl.\ar' ;.rld moli\st staics grow-s stollc of tiltlc im) llill(riiis of the tropical iainilorcst such as y;ilis in (lie soulllim ihalfl o1 thme amca 

a1d s-oghlitin :mad mill t ill tile niortlleI half.
(:lt'aiimluc sList usystems involve lid l rn teclmiqties. 'linting on 

innounids or he'aps and somet'tirmes ridges is a general practice eXcpt in acas 
iilli deep Altival or s:mly soils where 1lieplanting onn tihc iat is coinm1n11,1. 

11iltilds at llitit ir ii:st inpi essise dtcvvhopo e-nt ill tile hdiI'u, plic so 'uN 
If AI,.lk;liki )ivision of the East Cct-1tial Staie of Nigvcial. liciv, Inon, ls ill)

ti 2.5 mt!iln height md mair 3 ,i ini )as;il diantr aire fiiuld. 



76 

SOUTHEASTERN NIGERIA 

OKIGBO & GREENLAND TROPICAL AFRICA 77 

Traditional cr.,l)ping systems range fron shifting cultivation in isolated 
areas near the Cameroun border to intensive sedentary cultivation (Floyd,
1969; Uzuzie, 1971). Figure 6 shows the key to cropping schedules and
co,.biaiatiuns flhll)wed in this discussion. 

No systcmatized rotations are in regular use. Crops are grown in se
qhlcnce aCcortling to the ntinll)er of compatible species in the mixture that 
can produce re.ason1ble yields at the existing soil fe tility level. Examples of 
crop rolattions s dclin b li lf[llow and rtatianet tary se(len tary ctlhivation 
fields at Nncavi iii Onitsha Pro'line reported by Floyd (1969) are shown in
Figure 7. 
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Uzozie (197 1) identified the following crop combination regions which 
are iliustrated in Figure 8: 

a) imperfectly developed monoculture based on yarns 
b imperfectly developed monocultUre based on cassava 
c) yam-maize 

cassava-yam
ej yani-cassava-maize

plan tain-cocoyani-cassava 

cocoyarn-phantain-cassava-ya 
I) cassava-vam-cocoyam-maize 
i) yam-cassava-cocoyam-maize-pigeon peas (Cajanus cajan) 

WESTERN AND MIDWESTERN NIGERIA 

The dominant food crops in the Mlidwest and Western States are yams, 
cassava, maize, cocoyams, plantains and bananas, and si,'sidiary vegetable 

other minor crops. '[le most important cash crops it,the Midwest State 
are rubber and oilpalm while in tile WVestern State cocoa and kola are the 
inportant tree crops. There are subsidiary fruit trees and perennials, nuts 
nd oil plants which include the African pear (Dacryodesedulis) in the Mid

west State and conophor (Tetriacarpedium concophorum), coconuts (Cocos
nuciera), avocado pears (Persea amner'cana), citrus frrc;s, pineapple, castor 

(Ricinus comm unis sp.), guava (Psidium sp.), etc. in both stateCs. 
Cropping sequences observed in the vicinity of lbadan are shown in 

FFigure 9 (Fauilkne" & Mackic, 1953). 
In both midwestern and western Nigeria small plots of tree crops such as cocoa and rubber may be grown in :,:n.;wild groves or carefully established 

plantations. Otherwise, most trec crops arc scattered about the farms at dif
ferent spacings fromt cach other. More- of thle p,:7IzIi--' fruLit trees arc located 
nearer the holnestead than nonfruit Irces such as llbber. Ilnhis studies of 

villages in midwestern and western Nigeria, Upton (1967) observed the 

foll',wvingp'I". nunib ics of trees owned per farm family: oilpalnis, 39-106;,iantains antd bananas, 0-83; kola trees, 0-6-1; and~ citrus trees, 0-38. 

In soutllcrn Nigeria, the number of species and individual tree crops per 
unit area decreases with increasing ctstance inland ntmilin the derived savan
na belt in the northernnost parts of tlie rainforest zone there are in rusions 
of savanna cereals and other crops that thrive best in noderate to low raiinfd!l 
areas. These cro)s include sorghurn, in illet, cotton, and variouis grain leguines.

Oyo, north of Ibadan, sorghun usually precedes yallis, and the brokein 
culis of tile sorghumi arc tised ats stakes or trellises for yitms. 

BELT OF NIGERIA 

The Middle Belt of Nigeria is a transition lone between (lie root crops
oilpalinl-cccoa bcIlt of tile smith aid the sorglnti lni-iillct-cot loi-gr ui litt 

of Ihc ,iortlcirn slates. This aica is the lixcd grain and It.lt crops lt-it 
sometimes designatcl as the hiisitisccl (ScSanIIul iIIdicuyii) itlh . I his belt 
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TROPICAL AFRICA 

also contains tile Jos Plateau with terrace farms and where recently there has 
Jcvclopcd significant increases in large scale production of subtropical and 
tOtil)erate crops and vegetables for the urban centers of the south. These 

include tomatoes (Lycopersicon esculenium), Irish potatoes, and car
rots (Daucus carota [L.). The region is noted for its multiplicity of crops in
hdidiiig sorghum, pearl millet (Pet'nisetum typ'.:d.'.-., and two indigenousAfrican grain crops, the hungry rice or acha (Digitariaexilis and D. <.aarua)

finger millct (El'usi'le corocana), yams, cassava and cocoyams in addi
to the ancient root and tuber crops risga (Plectranthusesculentus) and 

tumuku (Solenostemon rotundiflorus), cotton, sesame (Sesamum indicum), 
itiligo (bidigofera sp.), soybeans (Glycile max L. Merr.), groundnuts, and
O-<
cowpcas. Other crops include onions (AIllium cepa L.), rice, sweet potatoes, 

tobacco (Ni'cotiana tabacum L.), Capsicum peppers and henna (Lawsonia 
,ermis). Intercropping is a widespread practice.

Netting (1968) studied the Kofyar of rhe Benue Plateau and details of 
tlcir cropping systems (Fig. 10). The Kofyar grow at least 30 species of 
rops inI (i) farms, (ii) village gardens close to the continuously farmed home

gardens, (iii) bush farms lying just outside the settled village perimeter, 
mid(iv) "migrant buslh" farms which may be located several hours walk fromthe village. The homestead farms are permanently cultivated with maize, 

tcoyamis and cowpcis in addition to various subsidiary crops and vegetables.
Early millet is often interplaned With sorghun and coavpeas ad pumpkins, 

ra,A-, some maize plaits aMid toselle (Hibiscussabdarifa). Several subsidiary 
rops such as tobacco, groundnuts, Bambara groundnuts (Voaidzeia subter

! ikm,teld Fa,,n 

IIcamna 

....
 I

fl 

-Ih dnFarm 

L_a" ---- I1 a I 
J F M A Ml J A S 11 N 

0iFigurc 
10. Ct'ulp iig chla i c midttcuitilihitffius of Ihic Kul'y~ir. 
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ranea) and sweet potatoes are planted on separate plots in different parts of Intercropping is Widely practiced. Norman (1974) in a study of inter
the homestead or village farms. Tree crops such as mangoes, African elemi cropping combinations in Zaria Province of tile North Central State of Nigeria 
(Canarium schiweinfurthii)and papaya (Carica sp.) are located near the hoine. reported up to 156 different crop mixtures consisting of sole crops, two, 
stead entrance and may also be dotted about the farms. Details of the plant- three, four, five'and six crop mixtures accounting for 16, 42, 23, 12, and 5% 
ing schedule and patterns of the Bong who live in this area are prcsented in of the mixtures, respeciively. The seven most frequent mixtures were: 
Figure 11. Average size of farms is about I ha, but many are less than 0.5 Nlillet-sorghim (25%)
ha. Nillet-sorghuin-groundnut-cowpeas (5%)IMillet-sorghiun-groundniuts (5%) 

Cot tofl-cowleas-sweet pota toes (4u/%)
NORTHERN NIGERIA Cotton-cowpeas (3%)Cillet-sorgin.-cowpeas (3%) 

Northern Nigeria stretc'.. irom about 10ON to almost 140 N latitude Siorgh um-ondnuts (2%) 
and lies in tile semiarid zone of west Africa where the duration of the dry 
season is over 5 months and the growing season less than 200 days. The These seven crop combinations covered 61% of the area under the crop 
major food crops are sorghum and millet while the minor crops are rice, illixtnres. The areas under sole crops covered 8.4, 3.1, 1.8, anid 3.3% of sor
ginger (Zingiber sp.), cowpeas, maize, sweet potatoes, yams, pepper, and ghi, cotton, groundnuits, and other crops respectively. Sorghtm is the 
onions. The main cash crops are groundlnuts and cotton. cashmost important food crop and cotton and groundnuts arc the most inmportantcrops. 

Stream 
 With the exception of the Kano area and other mixed farm or high
populaition density areas of northern Nigeria, bush fallowing is tile cornlnomipractice with fallow periods ranging from 4 to over 8 years in areas of low 
po p ulation densit y. Compound farms are common to all areas and are 

Late Millet 2 r 4' cropped every year with such crops as maize, okra, pepper, roselle, pump. 
6" ; kins, tobacco, and various vegetables. In addition to compound farms and 
Cocoyam$ bush fallow fields, there -e fadanta3 fields (hydromorplic areas) where 
& Maize J bananas, rice, sugarcane, (Ivegetables are grown. In the flood plains of 

% 
0 Goat corral streams, rice and sogarcant e grown with irigation. Apalrt from fruit trees^ - Cour tyard

% O 0 r such as mangoes antd orang., which are grown in compound gardens, pro
tected plants such as tamarind (Tnhrindms sI.), locust beans (Parkia spp.)
and baobab (A dantsoni dgtitata) are onld (lotted about the outlying fields. 

5 Where ridges are used, there is usually a definite spatial arringement of crops 
I ¢itllmillet occupying the furrow areas while sorghum and cotlon are grown 

tintile ridges. Some of lie southern crops stch as yams and cassava are 
growi on ridges or mounds. The cassava fartns or gardens are usually fenced 

0o15 30 60 _1om from other crops fr protection agaims livestock. Some of the mixed crop
,ea
Ar, 0.2 ha ping schedtlcs used iii the area are presented ili Figure 12. 

Key 1. Coleus sp.
2. Groundnut 
3. Sweet potatoes Other Countries of West Africa 
-1. Cassava5. E~ftesime Various aspects of tile cropping syst ems Of %vest Africa hatve been re-

MTIGRANT BUSH FARM ROTATION pouted by Faulkner & Mackic (1933), Allison ( 191 I), Irvine (I 969), Porteres 
1st Year 2nd Year 3rd-8th Year 9th-llth Year 12th Y,9 (1952, 1955), Johnston (1958), !laidcastle (1959), Gutiotard (1961), Wills 
Yai Millet Millet Cotton or Fallow (1962), lomuke (1963), Anyane (1963), Catliciitct (1965), I)e Sapir ( 1969),

Sorguut Sorghurn Groundnut*Cowpea Cowpea (IeprcValley Iottoi lands or ssions thai;ire subject to floo, lijig or high waitr-table illthe savan niza notilicmti Telicsoe lell I tiletareas of Nigeria. it isetd l glot iligof ll fI ' slo 

Figure I I. I Iomestead amid husl field land use and cropping pattern at l)aluzig, BON. 'rgetab .s,b~ii,,i;,s ani Stiga.artane

lic.iie plateau (Netting, 1968).
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llartoungli (1969), Kline ct 
(1969), Weil (1969), l)onal 

al. (1969), Morgan (1969), Morgan & Pugh 
(1970), Grove (1970), N uckle (1971), Thorn

ton (1973), Spencer (1973), Cl:reau (197-1), and Van Santen (1974). 
Porteres (1955) reported changes in crops grown in parts of Senegal as a re
suit of emergence of grotindnits as a commercial crop. lie noted the absence 

- of grounnut s ill cropping systems and rotations of Senegal ill 1850 and the 
replacement of seed cotton and sesame by grodLIldmits in the cropping sys
telns of ilortlirn, central, and southern zones of Senegal by 1950, in addi

0o _ tion to tile inroad made by cassava into tile cropping systems of southern 
X-Senegal. Charreant (1974) oberved that mixed intercrt)p)ing is widiely prac

(iced in the peasant cropping systems in tle Illancophllone countries of west 

z Africa. 
Wills (1962) listed various crops grown in compound and outlying farms 

in parts of Ghana and stressed the increasing importance of market gardening 
e.O 
-- --

close to itrlban areas. All the wurks cited in tile preceding paragraph cm-
ph~aSiLC tile Widespread practice of mixed intercropping of tile kinds found in 

<o similar ecological and vegetation zoocs of Nigeria. lxamples of cropping sys
tems which diff,:r somewhat from those of Nigeria include tile intensive 

"-,.5 shallot (AIlhlhpk escalonicurn) and vegetable cropping systems of Angola in 
__o __ Ghana (Irvine, 1969, Grove, 1970) and the upland rice initercropping systems 
,- of L.iberia and Sierra Lcone (Fig. 13). 

At the edge of lie Keta I.agoon, in tile Anloga area of Ghana there is an 
--
0 
0 
< - .. 

itensive shallot ildustry involving three crops of shallot in 1 year. The slhal
t is grown in small pattchCs on beds anid vegetables are grown as sole crops 

or mixtures between the harvesting of one and planting of another shallot 
crop. The (diuration of each crop is 6 weeks and tollmatoles, okra, maize, lll(l 

--- pepper are intcrcroppcd with shallot tile third crop. The fertility of tile al-
C 

Z 
E -

2L 
-

-
luvial soils onl which thley, are growvn is iminta ined with fl at al cow 
crop residlies, fishmn u re, and household refusc. The shallot farmers 

Citing, 
suially 

divide thelliselves into three: groups each oh' which ll.lnts his ownt shallots 2 

S , -. 
weeks after the other It) avoid glut in the shallot market.
is sold in Accra. 

Most of he shallot 

Van Slnten (197-1) rep)orted that in the Foya area of Upper Lofa in 
IqO O Q- -" l.iberia upland rice which is planted ill May to July is Usually intercoppcd 

o E U with pepplr, bitterball (SO%1mluh1l sp.), IMans, maize, bananas, plaut;ains, aidCaVa. Siltlilarly, Spencer (1973) ol)served that 91% of the 11plind rice crop 

" 
~ 

- (' 

CXL 
0 

of Sierra I .one is intet ropjped withI 

or okra (see cxamphls in Fig. 13). 

cassiava, mnaize, cottonl, pigeon peas anlI/ 

X X 0 X Ix' • Central and Soutnern Africa 

Several complex forms of shifting cultivation, bush fallow and setii
perlllanent farming systlcis are foUnid ill the Congo, northern Rhodesia and 
adjacelt regions ill ceI ral and soul blli A fl ic.t. 
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Figure 13. Some iiltilc cropping scltuics of (;Italia,.iberia, and Sierra Leonc. 

THE CONGO 

fa s~l o ~jI sS i li f e l 
The harmiing syselms of the Cotngo include bush fallow systems and field 

types as cicIulutercd ilwest Africa bit liucr poptlation dkmisities in siile 
arcas lhavc rcstulted in "ng,19 periods of fa lian it, \vest Africa. Miraclc 

1967) idntilied Furttr majior 1,OU,., ot tiopping systems iii the Congo: class.
sic Iopit al long hallot', ash lei tili/cr ulv ilndent lng fallo systel's, dcuIii 
pitcl tue llo systms, atnIshorth.j iimle c4w tfallow systcilts. I'ach of thIesecx 

TROPICAL AFRICA 

ihit variations in terms of se(luenlces of field operations associated with 

The llciba who practice the chitemene system clear woodlands 5 to 20times tie area to be cropped, pile the wood and hurn it to obtain tlie ash 
which is tIsu.. as fertilizer (Rttheinberg, 197 1). Ilciiba field systems include 
typical bush tallow field cultivation, anthill cultivation, coleus potato gar
detis, river gardens, and hutsite gardlens (Miracle, 1967; icliards, 1939;' ap
nell, 1953). Crop sequences (,n fields, gardens, and old hittsites are presen ted 
in Figure 14t. Some of the striking chraccrisiics of iliese cropping Systems 
include (i) the use of voluntcer scf-propagatcd soighttm andlgioindltais as 
components of traditional crop mixtures, (ii) elaborate piling tilpof wood and 
trash for btirning to obtain ash fertilizer in a system dcsignated as chiteaene 
or citemene, atid (iii) miovemcnt of homesteads to facilitate cropping or 
fertile htotsitCs. In west Africa, voluntecr crops involved in traditional a.jriculture do not involke major staples but are limi tcd to prtected usefl IIte
clops sich as the oilpalrn and sciniwild and indigenous vegetailes such as
('orchorus olitorus, Ocin!urn t'rid'e and several species of A mtra thlts. Rea

suns f- i noveniient of homesteads other than restoration oif soil fcrlility ill

sli..rstition 

steads and fields (Miracle,1967).
 
ch.lude and witchcraft and icdhiction of distance lIetwecti hminc-

The .-zande CroppingSyste .--1)e Schlippe (1956) and Reili g (1970)
investigated the agricultu-al systems.-of tile Azatide, the third largest tribe in 

Congo lKinsliasha and sImall sections of which arc also found in tile southernSudan and the Central Aliican Repullic. Tc-Azandc tackled the shorl-itii
 
priblems of lecreasing soil fertility by altelniatioln of Cr10s and the long-tclin

hy shifting lioteslcatls. As with the lBih:a, othcr reasons givvin for shifting

oif homcscads inchlded dea'h of a wife, ctop failtre tile to pest and disease
 

and repeated illness suspected itbe duc to wiehicral . Whit \vr
 
hnitnestcads vvere moved, the cottityard gardens were first cutivatcd blelrc
 
hemin left to resent to bush by which time he fctility that had btc,built upt 
ih11irig ycars of hluimtiia ll lal:ttio l had bie en al mlost cxt;blstcd. l) Schilipl ec 
(1956i) idlctilicd several field I )cS, i.e.,(i) the mainIl e sii (liii.!cr itilltt) 
.is'ociatioll, (ii) the groutndillt lcusitie (finger millet) stlit csi,,, (iii)Elhu

tciough 
sWeel p(otato r saveet pI tait1 strip, (\ii) utaize anld 

lle 1i, glass, (ik') I,-tl patch, (v) tidge ctiltivatioill, (vi) imtize through 
il.ccd gouIrd asS(ciation,and (viii) cassa.va lfall,)'. Il l A l itiOii to tIle taill field tyJ)CS lit'hltc It

r td(I outside th itlgc which dcfincs ile olltier hietnictcr of1li(e cmilpulidI ltlcor ttI ad, Iicic \s'cc I I specia liZed oi tnelIs w ithI heir NltW-ialI 
"rlp I. licse' wcolc: (i) tie (oilt shtilII itillii pln;IIy.11d(1o11 'gct ahlehs, cl'It ts, 

hli lt ti r e, t u elici iial I4l111 ts a ndo( Jilter tis e il p hlu us a i e gio w nt, (ii) th e itito r 

I411in (otes, whitilsicar wnrokrcu. ls,l.li. iguiiiiiIht"s (ege Ha 
hh), aiil ,otlict segetahlc,; (iii) old Ittlse hials %NiihIi ., iatlallas, CWvl, 
%s, a etlti/c,ihi:itlth ov'h.lng itlldcr Ihe shlch oftwhich tolaccoie, ct(-.; (iv) 
litirsctis 'rie locatctl; (v) is asiliiiauilli1'us o1l %% uhhs.hiclhIolhtia', tceigcl
'' I" is. uid (liii ilig lu liis alt. tgro ,i; (%I) livinll trees ustsd :tsstlippo ts lot 
. ,ills; (vii) t,'rtaii (tIl utile itctllds) wshi h Xveto I lit-ltcd lot the pitdlit.

http:cassa.va
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lion of sorghum, rice, and cowpeas; (viii) satellite cultivations located in 

patches oir strips on the loiders of fields of main staples; (ix) rUblisli heaps 
ii fields on which grow crops requiring higher fertility; (x) spontaneous orvolunteer crops; mid (xi) valley eultivationt b"-idle streams or inside the forest 
gallery on silt deposited by erosive floods. Some of the above field types, 
cropping schedules, and associations of the: common field types are Presented 

in Figures 15, 1u, and 17. 
It may he concluded that the cropping systems of the Congo are similar 

to those of west Africa. Alhough intcrcropping is as widespread iii the Congo 
as in %vest Africa, there is greater domilance of single crops in soine of the 
initial and terminal crop associations. h'lius, in the forest zone of the Congo, 
most crop sequnces begin with bananas plartains ad their associations are 
44 and 9" of the nseclucen, rcs cctivcly, followed by maize (11%) and maizeassociatious (21%). The terminal associatins are dorniiited by cassava 

cassava associatio~ns (25"/), and Ibanarias-iplaritains associations (16%). 

d 

4f1111 
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groundmnts ( 1I-'T), beans ( 10%), swcect potato (7%), and cassava associations 
(19) as comnparctd to the tcrminal sequences doiminated by cassava (36%) 
and cass.va associations (15%), followed by hcans and peas (Pisun sp.) (14%) 
and .,)illet-sorghtl,m (7%). The d(ominance of cassava in terminal crop se-
fitIcILics in forest areas is similar to the forest zone of west Africa where 
caissava Is ustualy the last crop bcfore fallow. fin most areas of west Africa, 
annual starchy staples (e.g., maize, yams, and rice) arc more likely to domi. 
nate tle initial crop association than bananas-plantains and their associatios 
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as in the Congso basin. In the sav'alna areas (if west Africa, cassavi does not °'able 4. Crop adaptation to elevation ranges in Ethiopia (Wcslplal. 1975) 

attain stittsh dotniliance of tcrllinal trop associations as in the Congo. low. 

ever, in both areas there are fcvcr choices of crops to be grown at the terini- Crop Range Most suitable range 

nl stlage of Ilc cropping cycle witi its declining soil fertility., in above sea level 
Maize 	 500-250t) 500-2000 

NORTHERN AND SOUTHERN RHODESIA 	 Finger millet 500-2000 1000-1800 
Bullrush millet 500-1600 500-1500 

All.n (1965), Nliracle (1967) and Nlorgan (1969) described the agricul. Sorghun 	 500-2500 500-2000
Tref (Eragrastistef) 1500-2500 1700-2300

torl sysicclns ofl Vaulbia, and tidelinan ( 1964) tile ag, Iilhurc of sothern Wheat 1500-2500 1700-2.100 
R hodesia. lhe ;grictltorc of this arca consists of twvo ,nailo systems, i.e., the 	 Groundnut 500-1600 1000-1500 
lt'ropean and til A flicalnSystcns. The Europcan system involves tnechau. 	 Sesame 500-1500 1000-1300 

Cassava 500-2000 1500-1800 
ized large St farting, wvithi sole eropping and crop rotatiouis. A iin'atiout Sweet potato 500-2100 1250-2000 
ai rcscratito, of lanid for Europeans in soothern and cast Africa prior to Cowpeas 500-2000 1250-1700
recelt (iflitical developments in Kenya and lanizania imade available tu 	 Okra 500-1800 1200-1700 
Etiropc-aus I)IIWtionlately norc land per capita thn for Africans. Sugar caoe 500-2000 1000-1500 

t AC flee 1200-2-10 1500-2000 

A frican agriculture in this atica anvolves the samic chiltemene shifting cul- Banaal 500-2000 1500-1700 
tivatiot systemi il Lllike the Bionsa who tuse Mango 1100-1600of the eihL. lirge ash circles 500-1700 
each covcting o,cr 0.4 ha, tle lalia, Latuba, and Ndeihu of northern Rho. 

dcsia (Allim, 1965; NMiracle, 1967) and some tribes of soulheifl Rhodesia 

(Youelhitin', 196t-t) employ several small circles (each about 7-11 in in diam- Kenya; (iii) Icans intercropped with maize or cassava; (iv) hyacinth bea 
ccr) in place ol cach large ash circle. Field syst ems of the small circle (Dolichos Iablab) iuitercrojpedl with maize, beans, )otdtt':Cs, peas, or bananas; 
chlitcince are, howcver, similar to those of the Bemba. (V) hibulruslh millet (Pennisetum Lyphoi es) intercropped vith Ilanbara 

goundits on Ukara Island in Tanzania and with cowpeas, pigeon peas, 
beans, or maize in the Nachakos district of Kenya; (vi) cashcv (.lnacardium 

East Africa 	 sp.) along the southern Kencya coa:' o, ast Africa planted at randomlbe
(ween coconuts, umanigo trees, batnanas, or cassava; (vii) cassava vhich is 

East Africa ctosists of [lzail)iquie, Tanz . iia, Kenya, Uganda, Ethiopia, tisually the last crlop before fallow inter- or relaiy cropped wviti sweet pota
and Somalia. \lost of these st ales have large ai ,.s of savanna vvith pastoral toes, maize, and beans or sometitnes with banaluas, yasis, aid stLgarcanc on 
picopIcs vio atc nomadic and regarid crop cult ivatito as sectLary to live. the coastal strip of cast Africa; (viii) coconuts intcrsowu Aiith pasturcs along 
si.ck taiing. (iscqunmttly. crop lirodlctin is adapted to a way of life, atid the coast or planted at wvide sp)acing with banaIas, casllcw, ad lango; (ix) 
it is oltti the busitnes of vomnen and children. Prior to the advent of land iierplanting of colee with shade trees, e.g., .. lbizzil sp. its Taizania anid 
reCf',ttr in KenVaiand tidpiicnsce of' Tanzania andtdo zambiqite, agricil- Cordia a:, ysilica in Kenya; (x) cow~pcas imiitcWst, with other food crolps or 
litre ill this rcgiot ill ilhe celt(mts of Ethiopia was a tiialistic cconoitq growll for their leavCs its patches of IitIC statds near ltinsestcads; (xi) gra-ils 

tiiti'tg oh l-tto1)its agiiculture and Alrican agricultre. lii tiost of e-t (Ciccr arieiimull) itletroplpcd with cereals, root clops, attd other lcgitlses; 

Aita a wide imsgc of crops can he growt as a resul of the rcv;iliug rang (xii) pigeon pea relay crop)cd with fitger millet and after millet imarvrs, 
of clcatlon liim Ilhw 5(10 to -1,00 hm. Examples ofl Stit Af the elevali01 inttrsovi with sesatnC of cmovpC.ls, or intercroppel with imaize aiiit [)calls; 

ranlge o _ crps its Et himipia ,epo ted by \Vestphal (1975) in Table I in with beaus, ,maizc, cotton, pitnecliti are and (xiii) sisal (Agliwa 3iz"slau) rtcrcroplct 
alIhile, or cover crops. 

KENYA. UGANDA AND TANZANIA The farming systems of Kemsya have utl ergolle changes (fie to EutropeanStlltlcet amid iultodiction of EutropeatI faring techmtiqics. As a rcsuilt, 

Ac.1timu ( 197 1 ) tcportcd that aItlmotigis any crop grown in cast Affit Ir~iitiotal crippitg systcls in Kenya have utidergonse greater tramlsfortulatisn 
111a' hV grOW1t ill [tile cut tirC Cspccially in comnercial larms, tost har Ihitll tlose of ''Itlzallia atld 1lgalidlt. 

CCtI o1Isctve(d in utitCd culturc. .xanssjlcs of ttixtt,,es inchide (i) lualialm Vot lRotcnihami (19i8) reported thlt mixed cropping was originally 

il:lwt Iaitcd ',p.) in the ccltlr. l imince , KctyI, hig Widespread in Suik tlsalald it Tatnzatnia. llhowvccr, the cuiltivatis of coltmwhtIillolfcc ((.'o]]Jm %h 
tNe.us collc led t smile despitc fact it1.1tl.i1l . , l'.i~i/ai.u amiul \vill rihtis.t int I lgantda; (ii) IanwautlI to considcrable ,lillolln of cropping the that was 

guowit wvith tIulict, I t~nls t'ovpcas, otit" lg.t c.uite its the utitral poviuicc,,I tccmltnelllcdcdto b grlo\it .ls a tmixed Clolp it (;Gctt'n lcolotlill titnes. AI

http:cmovpC.ls
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though sole croppiig is Common with crops such as rice, only one-third of 

he rca is itiher tinxed croplping. ~Te \'asukitma, for e xaI le, practice 

wl.y I ippitg ilI itrizc, ble;is, giotmildttits and sweet potatoes. lie maize 

is first pl.lt ted, awi alter 1 2 weks,eeit groindtits ami hers at sown iu 

e.Iwet' tIle ttiz'. Atier tile first wCeding, swctt potatoeS are added. Crop 
ittlat h ills i st ti .1 pir s ,of Sulkititlil;,tul carry lmoth pinre cotton and mixed 

t 1 1,piilg (if v-mis hi l -;lllllll ioI, l[itiolt and soil type ('able 5).
I .ulwig. (IttH) idicd the \Vukatrat Iprenicni t cuorpliig system on 

I kara lsi,.,til ot I.akc Vicloria i, atlraii. The lust car il a 3-y'ar rota-

ton, Ihllhuosl mrillet is rchly ilitercroppcd wit a late tc tre crop, Crotolaria 

striata, which is kiised as grecn niaMuIlOhrr a rccord ct(lp of early hutllrush 
ll'i dtlinlg lie setoidl yel'. hIlc secotid year butlltush Millet is again relay

intercrille) with late grouttlduts and i the ttiir year follwitig harvesting 
of"gronints, ailothierlt." early Irush ulnillet crop is f llowcd by a late crol) 
of sorghul which ends hie 3-year cycle. In adtioll to thcsc crops, thie 
Wokara have deehlped sevlal-iceariet ,yrole.ill g systctns for different 

contWots if c;tellas for tIe valleys oil tilt island and fertility is maintaincd 

by thus f a clol) residhtcs, ;lill h1OttschIld litc.eone 


ETHIOPIA 

W'estlial (197.5) recognized 14 systen) s of agriculture. Sotle examplesof ti1xed or iLt ctoppig svstems are: (i) seed arnhg cornplex with ab-
seoti tf veget l ls, fIuit trees, aid shruis; (ii) seed farmlltig cotilplex wltcrc 
sutghCiu is ilomtihant witof fil croppiig, Ilotr1e gar(Ictilrig and growing if 

fru it trees alltd sllt 1hs; (iii) sc d farrmi g complex w ith s rg lt n chot1iinatit otl 

hartiliig is cat rnI out ill t.ll-conistructcd terraces; (i) etsat (ELsetestit) 1 )liulhtg cctilpleX with enlsat is staple Ioo',; aid (v) ensat planting con 

ie: with tlslt Is co-slaple with cerCals and tubers. 
"%, 

iabl 5. Examipies of crop rtations ini Sukuiriattld (Von lHot Ia In., 1968) 

Black cottou soils and Alluvial Soils. 
1963 Cotton Maize sorglilliigunie 
1962 Cotton ;4jze-soghunt-tguie 

1960 M2izsorghltm-legute 


l e oonw19 6i0 owNaize -so rgh u n 'ltg u 
Co tton 

1 oaize-sorghimlegurne
1951 Cotton Maize-sorghuin-leguineotton 

Lere e 

San_ LtoIartly loamy soils Alluviat soilsiatIlc-s et16 C aice-sweettopa

1963 Cassava lice-sveet potatotnaize 

1961 Cassava 


Iltice s%,et politato
aIj : ~ a Rqic e -sw e Et t t 

195(9( Cotton I (e sweet pOtato 

1958 Cassasa sw eet p o tato
gice -maize 

95TROPICAL AFRICA 

In tile legeindir and Simen area where vegetables and fruits artabsent, 

tie comn 1 practice is to grow tsvo successive crops ill tile same field each 

year (c(lcailc croppinlg) wilh iellr (Triicum dicocu11), harley (I ,'rdeu 

vulgare L.) or lentil (Lens cu1:.tris) used as the late crop. Mlixed cropping is 

also practiced with barley and wheat as the most common mixture. Other 

mixtures itclude pea and horsebean ( l'cia faba equa), t'ef (Eragrostis cf 

and garden cress (Lepidjuin sativun), soigiuin and finger iillet, sorghtim
 
atnd chick pea, sat fhOWer (CarthayIIS titctoirl'), ard t'ef, scsa ndeai corn

ttion bean, a nld aize and go rds ( Vestphal, 1975). 

li larargt, area wier( field systems, honite gardening, and culivation of 

shrubs are widely pra-ticed (Westplal, 1975)1 lirec croppinig zoiies are en

coun tlced, (i) tile cotfee zontc (1,t00-1,700 ni) with owl-sha 1)cd valleys 
Miere there are irrigated bantiai groves and extensive gardcis with lixrttes 

of crtops s isa: cofee, sugarcane, ch'at (Caiz dilis), taize., sweet ilato 
and t'ct, (ii) diira zone (I1,600-2,0(0 tit) wht.ret sorglitu is tie dolnrant
 
crop with :ht';itatil iillc at valley botiouis; atid (iii) the barley zonc (2,00(1(1

2,1010 l,) where bailhy, wheat, horslctt and peas aie giown, i the durra
 
'Gor)setrcc k' soirglttrlr is the most widely gro-tn and is uisually planted ill
bgixtttes wihli Itaite and solmetiies, Iutllrush mlillet, ltinger n1ih't, andor with ,maize and beans rllbetwecl.will groimltrts and maizesesaline, is the cetit r f r ch'at w hich is usually fout d betweetn 1,5 50 anldIItrarge 

2,1010 In elt-a t ionI g lcit.i , bcant,alld is colnillilly'hltc reiopited with sorghuin, 

sweet poat o, leplcpe, or coffee. Around the city of I alrat, 
 there are orchards 
-f ch'at, cofflee, aid citrus. 

Ili the somhtmxlic-hrieterrace com)lex ill Konso atca, there ar well

)t strcllv te rrai ces sui lilt:g atd istttisive agricuhure i tsolvi lgpe st a y 

ltivated attI tilaly 'ICico" liltirel land surr-ltrditg ti' villages. Away

(rim tIme villag s ai.,Ihow s'stcm withioitt cuthisaiin is itsal tthlitt.'ii soil
 

Irnlility. Ctols grownii ill this ;trea iii rtixed ctttluc itlo htd tnize, itlses, 
llh.cro(ps, litseed (l.iutM sp.), sillowet (Ih'litnthis sl.) tid cot toil. l'tre 

Ifttlt octllrs ill pet ijit y Of sctt'lelttits ailld anis are grosst\i as singlt, plants 
ildcast w i h liger'it a.itlemlis ti t ter citti t w alls. Sill htitlli is tietltly always bro 


thei ttl, - I () c il lltcd arte c tiuels oh
itilllet. Usually (lie first crop i , 


lrII-tcc vli, 11 a Ol h
t olloved bN ( () tIt it , ie'l ls allmid li i bel ,t Ilte 
iiid - Clcd WVleai aril barley it hitc1tliecI 1,7011 aidIc wilt soil. le zon 
2FI il aie son il miix-d slatils. "1o iiiiticotit tliet l,, s'ingh il 1 0 ( Il i is dmi1c 
- h ('rl . tr .liiiit I en high.lh c tisat plt;ltiug coitiplcx ill which etssat is the lilaii l (Isol1(e is" l i58limg the (I;itrag-, Sidat io, and itlh r peOjlpIS i Wtsiitlla',tc iIt i.rt 

l.tlhiopia highl ads ili the R ift \'alIey altu ill the eas i'll Sidallto Iligh

. 
\' cs h l 19175). Tht.~ 5 iii.ito, \who lit, sothl oh Itkc- \seas;t. giow\
 

III tltatairs dOf l itI adtdilitill to cihlee ga dcils. ti,s.It is itIecd Ill
" tbs . oll i cki ously l lland)lcet .li ei I itilcstead ,ttnd nly lic l illis
 
" t ; v a~ , '-. l'c k ' -t Wv ( 0 l l 't' t t' i l c
 c s I . ', .. tl 0 1 L 1uIII \ d i h it l l S ( 

"" I lli'l wit a Iegutr c (lr '-ihrinia jp.). Vat I of lie II ,Iir, .Iet t aleId i c.t 
"" ' 1 l Iit 1,191l1 MPalthit-s ol \ li . t, ab. Icy. 'cl, aimd pea. ( )itl id . ilt m ilc
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slead l'dcis maize, soghln, and z'e and so ilegrowil d Lig thi cropping cycle alt,-[lie fallow. s Wheat and bileY a eIniz [lie ensat area, there arc 
di"f rci clcva tion zones for (i) cof fee (1 ,800-2,000 1), where small patchesof I'cf, wheal, taro, bcallis (in mixed culture), sweet potatoes, and tobaccoare giOwli; (it) whea I-pulse (2,000-2,5)0 in) where maize, sorghmn, and
coffee decrease and whea, barltey, and horsbean appear; ad (iii) intil)l)cr 	cnsat and tilehlar!ey (2,'100-2,500 to 3,000 	in), where barley, cabbage(Brassic s.) and cnsat nearli his are ilportant. 


tei cnsal c,-stalple area wili 
 cecreals and tubers, tle \Vollaino inhabitInC area of Lake .chaya. T here is i regular planting pattern and patchIis ai ahnmsi fixed patltern arould tile home-
st eadl esiccialy in , astern lVoltlinD. The exit to huts always leads to an elnsat 

pi'iaioljl. oil itcpl.lati . splatcds.iited1cc ho I sides ofht,tile eimtr"a nce are C b3cabbage, tobacco, pep.per, and iher spices. ehind 	the hlt, is tile first semicircle of coffee shrubsalt ill area above I,,iOO m a small ensat Ilaintalion. Then tie field wvith 
lixliles of maizeso:, hiis, alls,*miid cbhage fl'01os'. \'ariOis remote 

jpalIs are ,l-tipied by pure'stil~ld(s Of wheat, bifaleY, pt:-es, and Ituber cr-op, 

REVIEW OF RESEARCH ON INTERCROPPING IN AFRICA 
As far back as 1934 Leakey (I.. S. B. leakey aiid C. L. A. Ieakeyihifi a pae yL.S 	 197093.totalScietce African. Re-edition of ahaer by L. S. 11.leakey, 1934.) em-

hin hai amlore priority shouldhlienchsof food proict ion than given to research in the indigenoL.,to cash crops ecatuse of advantages ofmied,,laig Allog s stde iin Last A frica were: devote to 
in tcrcroLppingh1939), ad relay croppingii i 	 amidl Jolils (I19t0) as reportel by ChatitdyN ye (19-t0), (19qi), StudR oberl son (19-i1), Edwards 

(19tIl), \atson (19-Il), Evans 
 (I 9i30, 19(;2), and Griumes (1963). lInterest 

Lagged until 
C)irt,I 	 7,a.1171)WVilley aidrsls9N (1972), WVilley ald Gsirl ( 72.), a driti

7 	 EnyiE yid.9 -13 c ,rc ctlso etitvct. INgra " lie n 

Alakic (19-3) reported tile vidcspread practice of iti ercropliing and the re-
tcl c of f;rners to alhandlonl it practice. Some of lie early rotatioisis')ItluII farmiinil Mo'or Plantation iifd oble (clF..'-\fada Moo7i . r oii 

1 
d iOl)lilg 1 . ,1 	 lVed intercropping and. g n analysis of crop rotationniallageiceit ill Ile School of Agric-liure. Moor I lant.iioll, lbdan. IRAT.


ULiifc, .%. p. Ninie, 1). 1-11).
cropping ')f toilflaiis for lie firsi few .vorablc rcstl s of tclniporary inter-years- (lining pla,,tation estallishmmeuil 
C eeropi )I- for til -Year!d 

Ir %VI ySanii (195 7).c))[.(
rctiou'l 	 Si ) .hliiig sysins wer 9645litmiini i Since 1 sorconomi io :s ofl.	 studies1(ais ofseardi 	 iII Sna rtimm,rcmi \ y i acd at tile institte of Agricultural Re-

( naii,it 96, 19 , f74; btater lae r iicrolpilig agrommzlic inivestigationis. Itim ,(N r 196-r1973 a 1), 971 197-1; Andi Cws, 197-1, 1975; KassamnThThcasexeefo'-shockingcr, 197a; IV. Norman, gei .	 n Vokl ,s. 	 p1973. InCorpolraiug tile titne dimension: 
f mixtures in N Nigeria. i[fropile Workshop 

v N.l" 1Jorhpsliojs IR I, lhliplil os"I 'sl'iii of ctlivali i.i Mihno; II.J. fhmijct 197l. Aspectssa 	 of" thAR, S.lallrui Mim ) J;. Am ldrews, 1970. 

TROPICAL AFRICA 

Relay 	and intercropfing with sorghmIRFA 	 Conference on mixed 
at Saniaru. Ford Foundation/lITA/cropping, ibadan, Nov. 1970. NIineo, p. 1-12). 

CONCLUSIONS 

The above review of traditional cropping systms in Africa indicate that: 
1. Multiple cropping systems are part of traditional farming in Africa.2. The most widespread croppiLg system inl Africa consists of mixed

intercroppilig ill compiound farms which forins a complex buot stable
3. ]leropping iiiolviiig small patches of a few 	 pre staiids (if crops 

atn varyingc c o pdistancesn o vfrom eachm otier in adlition to relay croppilng are n n l a c e fa f w p r t n so r palso mlorec smuolsathie cropping scqtuenccs.4. Tnriditioniai croppilg systems involve many fie-ld types and elaborate 
cons.ptilid falrmi system conmlpwiuts which arc designed to take ad
v~lltage of various nvirore tntal sitLatiolns or topographic features 
onl tile firms. 

Researchdand observations on mixed cropping, patch intercropping and
relay cropping systems ill Africa indicate that: 

1. The traditional farner practices intercropping becauseyields 	alnI greater retuins Ihaii tile it gives highersame 	 crops grown in pureculture. 

2. Because of mininized pest and disease loss,-s and losses due to adverse 	 environien tal conditions, risk is lower in intercropping thansole cropping. 

3. Investigations i i;i tcrcroppling should include:b. lciigthm of thecroppin g seasoO 
c. plant sttncturc (hcight, cIlmopy structure, rooting systems) 

relaitive du~rationt of the life: cycles of tile e. nt, trieiut requiricnteilts 

f. plantinig patteilss 
g. Soil fertility

4. A 	cordhinsg to Wrigley (1969) anid othervantoges of intercroppiig include:Increased erosion piotclion
 
. instrance against crop failure
 

". labor and 

comnponut crops 

re:;carch, thle overall -ad-

Iarvesting ared oain :cfl d spread more evenly duringfrco srttic ~ md l~niistile croppingo 
season and storage pioble ns may be mininized 

d. locationisrange of products,arfc foumd fora id facilitating production of many com-Cropis req~uited iii small quantities, foramodities in a liiiited area 
e. it results iin cfficictl tLilizaliois of' resources by plants of different

heights, toting sysicl's, and miulrielt requireilentsfn..N se s s a~ d p sl r ~ t. pt:d rai l ~ l m x~d ct ur siwlhere'~~.df. 	where lcgumcs are grown wii grasses, grasses may benefit from 
nitrogen fixed by the comzipaniu crop 

g. (liscases aindi piests (it. nost sjiiead rapidly inl mixed culture as illpure cultulC since all Cropssame 	e':ltni involved arc niot susceptible to lie 
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5. Disadva,.::,ges of intirct ing incluide: 
a. 	 Mechanization plailing and harvesting is difficult 

hili idIcs as in sfrlc croriping1). It is tosisc (Iilfictilt to apply iFproved tnpis, e.g., fertilizers ant 

c. 	 l-×Xl)cli ctatiol wit Ihintcrcrop)ping is more comiplex and difficult 
t th with soe'

,-litttage Nv C li)jplig.thalt i 

At present, increased priaorily is Ibcing given to research os mttltiple
cropping in tropical 	Africa at (lie Institute of Agricutltura l search (IAR), 

S:tIlail, Zali:,; thc liiiernitiod Institutlc of Tropical Agiichtilure at Ibadn 
(1f IA); and variosll instilutiOlns of higher larining, especially at the llniversi-

ties of 'arizaiia (o goro) , Nakerere, Ibadai, I e, Ie-I e, aind N igcia. 
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SUMMARY 


Those features particular to Sahelian soils which determine
 
erodibility- are discussed. Mean wind and water sensitivity are given

for the major categories of Sahelian soils in three classifications.
 
Qualitative and quantitative data for forms and degrees of erosion are 

given as determined by various methods (runoff plots, rain simulator).

They are complemented by theoretical evaluations using the Fournier and
Wischmeier formulae. The values for the R, K, C, and P ters of the 

Wischmeier equation give a good estimation of the average soil losses 

in various situations comparative to data obtained in the USA and show 

the strong erosive potential of rainfall in semi-arid regions. 


The effects of erosion on crop yields and on the productivity of 

pasture land are analyzed. The distinction is made between the effects 

of runoff and those of erosion. Runoff decreases infiltration,
modifies 
the soil water balance and in-teases aridity. Loss in potential
soil fertility is caused by the decrease in water available in the soil, 


by the shortening-of the growth period, and by soil losses caused by 

water and wind erosion. 


Wind erosion control must involve restricting overgrazing, which is 

a socio-economic and political problem as 
much as a technical one. Set-

ting 2side protected areas is a very effective practice, but 
it is o( . 
limited use. 
Surface tillage practices prove effective in the regeneration

of certain grazing lands. 


The C factor is the most important term in the Wischmeier equation. 

With the exception of the most basic ones using stones, mechanical

practices (contour plowing) are not suitable in the Sahel zone. 


All 
soil tillage practices have increased infiltration as their 

basic goal. Biologic methods (crop residues, mulching combined with 
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undisturbed residues oE voluntee* vegetation) control erosion most
 

affectively.
 

The conclusions concern the need to promote the inLegrated manage
ment of the Sahelian region on ecological bases -- erosion problems

teing but one aspect of a balanced ecosystem. This manageme. must be
 
adapted to the specific conditions of the very diverse Sahelian region,

and they must deal with the probability of future periods of exceptional

dryness.
 

GENELU.IZATIONS
 

The Sahelian region.is situated between the desert zone anA the
 
Sudanian zone in Africa south of 
the Sahara. The northern And southern
 
boundaries are on) approximata because the area constantly chances.
 
Besides there are many varying geographic definitioNs of the Sahel. it

is the 'limatic characterization which is of interes 
here. This is a
 
region whece a 2-4 month monsoon rainy season alternates with a long

8-10 month dry season. The annual potential evapotranspiration cf more
 
tnan 2 meters always exceeds the rainfall. The isohyet limits are 100
.01m and 650-750 mm - but these values are very theoretical when theirregularity of the rainfall is considered not just in time, but also
 

in space (Rijks. 1971). Moreover, there are iew meteorologic stations
 
and the determination of the isohyets is only approximate. Some dis
tinguish rwo sub-regions, the Sahel of 
the nomads between 250 and 650
 
or 700 mm depending on the country. This geographic zone represents
 
a band that crosses northern Senegal, Hauritwnia, central Mali, northern
most Upper Volta, Niger, Chad, northern Cameroon, northern and central
 
Sudan, and some 
parts of Ethiopia and Somalia. The Cape Verde :#slands
 
and eastern Cambia should be included in this list. In many of these
 
countries the official boundary of the Sahel is often set back 
to
 
800 mm and even 850 metaverage anqual rainfall.
 

The word "Sahel" actually corresponds to very variable ecosystems:

from islands to extremely inland countries, with or without major river
 systems, located on sedimentary or crystalline geologic rocka sometimes
involving very diverse soils, and the concept of the isohyet proves to
be an inadeqjate way to characterize its boundaries. -Aridity is the
only thing common to all the ecosystems.
 

Between 1968 and 1973 these countries underwent a period of
 

exceptional dryness. The rainfall was 20-50Z below average. THiS
substantial 
 increase in aridity had social and economic, as .ctl as
 
biologic consequences (Billa, 1974). The impact of the droughz was also
 
apparent in soil fertility and particularly showed up in an incvease in

erosion. The initial cause was the serious modification in the density
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of pharbeosoud
cover
causedsbyubhede 
 creased hsu
ey Oerracion ofof Plant cover caused by the decreased water sunply. Overgrazing of hure
the herbaceous ground cover and shrubs 
increased the destruction of the 

plant cover. 
 It is often hunger and not thirst
overrazngexcssivth ocenra~inthat has causedo the high
ue c trmplng hedsen
mortality race in cows, sheep and goats. Besides stripping the soil by
overgrazing, excessive trampling due 
to the concentrarion ofaherds 

around water sources. wells, temporary ponds 
or permanent waterholes
caused degradation of the structure of the upper horizons of certain
soils. These soils have, then, become very- vulnerable not only to wind
erosion but also to erosion caused by runoff. 


After each dry season, the rains, 
no matter how-moy, Always fall 

at the beginning of the rainy 
season in the form of tornadoes-with high
intensities. Falling on 
land without plant cover, with a surface.
horizon disturbed by overgrazing or trampling, these rains 
cause intense
runoff reaching erosive intensity in many places and cat-inp substantial
soil loss.- Later, during the 
new dry season, wind can rry-off- the

sieslose.-finest soil Latr.e bedurg he e yeason,particles because the vegetation nowndlongercngrcreatesra tan 


bstacle and the soils have 
lost their surface cohesiveness., 


In these circumstances-the-combined effects of wind and runoff
erosion (which are normally processes affecting difterent kinds of-soils)have, in certain cases, and on the same soils, caused substantial damage. 

huch information on the effects 
of drought hasbeen disseminated 


throughout the world and the term 
 "desertification" has been used
(Boudet, 1972; CTFT, 1973; 
Le Houerou, 1973; Honod, 1973). 
 The United
Nations organized a general conference with "desertification" as its
theme which took place 
in August 1977 in Nairobi. 
 The FAD and UNESCO
have been entrusted with the creation of a world map of small scale
deserification. 


This paper will be limited to 
an attempt to evaluate the present

state of our knowledge of the
risks are dependent risks of erosion in the Sahel. These
on climatic data, on topographic conditions, but
also on 
the parcicular characteristics of the soils. 
 The role of these 

characteristics will be examined
limited only to those groups of soils used for


first and tle discussion will be
-ainfed cultivation. In 

practice it is these groups which are most affected by the erosive
 
phenomena. 


THE GENERAL CHARACTERISTICS OF SAHELIAR SOILS WHICH DETERMINF THEIR 


ERODIBILITY
 

"Climatic aridity" distinguishes the morphology of the Sahelian
soils and gives them a certain number of 
common charactzristics 

(Aubert, 1961; Berry, 1974). 
 The characteristics of non-flooded or
waterlogged soil types 
are 
less depth, often large amounts of sand,
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very evolved but inaufficienrt organic matter, poorly developed struto weak stability, relatiely high rate of saturation in bases,
soluble elements either concentrated on the surface or at 
a slight
 
depth (Dabin, Fauck end Pims,
an an p , a evd 1967).
annual potential evapoirsospiration greatergeater thant theh total rainfall
api, A water regimetan characterizedarai by
nfall
 
and high temperatures with important surface variations must be in .uded
 
in the list. The hydrologic balances vary though according to the
il'shtopogrphi hydr ologic chaactristics.
 

topographic position and morphologic characteristics. 
The various classifications or legends having a worldwide scope
 

use thcae various common characteristics to defiae their upper levels.
Thus in the FAn legends the ye-mosols, zerosols, regosols, and areno
sole are distinguished by the combination of
distiihed folloing 

water regime, ochric horizon, presence 


wte re esence or lhthe following criteria:ritia:
 

or 
ak of cambe, argillic,.
ualcic, gypsic horizons. 
 These are the same basic-crireria which are
used in Soil Taxonomy (aridisols, torr end ust-suborders, ochric
 
groups, lithic sub-groups etc.,.Dregne, 1976).
utilization of the particular sandy textdre which gives soils their
The two systems of
 
specific natures (arenosols. psamments) 
need to be added. The current
 

French classificat.oa relies 
on the concept of evolution i. relation to
the mother rock (raw mineral soils, slightly evolved soils), on ionicdominance (calcomagnesimorphic.soils),
matter and the rate of saturation of their complex (isohumic soils).
 

on the distribution of organic
The sub-classes 
are defined either by climatic data or
date (lithosols and regosols). granulometric
The three systems, though, are in
 
h r o y w e t c m s t h 
 s n 


comas theharmony when itl oefinitionto use and 
e i i i n o h e m " e t s l 

at of the
the upper level of each of the classifications. term "vertisol"
 
estar
However, when it in a question of susceptibility to wv eroor
wind erosion, none of 
th legends or classifications, at least on the
upper levels used in the case 
if small scale maps, give any certain
 

war of defining erodibility. The characteristics which determine this
arodibility are:
 

--the 
texture of the .1urface horizon: the amount of sand with varying granulomery (for wind erosion), 
amount of colloids (for runoff);
 

the quality of the surface structure, in particular the 
amount of
 

aggrega-es smaller than 0.84 mm., 
the stability of this structure
with an idea of their resistance to degradation caused by trampling
by the herds or 
the passage of machines, and especially the tendency
to form a fine surface crust with a loss of poros-ity. The quality
of the structure is also determined by the presence of certain ions

(sodium) on the complex. 
 In cectaia cases algae and micro-organisma
have modified the surface structure (biological deposits).
 

- the permeability of the upper horizon which is conditioned by thetexture 
ofere

and the structure, and especially theend th in time (rate of runoff). evolution of speed 
permeability
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- amount and forms of calcium carbon'.es. They affect the structure 
and permeability, but their calcic rocks are very rare in the Sahel. 

- the clay's minerologic type: the Il clays generally give unstable 
structures in the semi-arid climates, the 2/1 clays, because they 
can swell, often lead to gullying. To simplify things, the charac-
teristics used in the upper levels of the classifications only
 
permit the evaluation of certain aspects of the theoretic risk of 

erosion by using major textural distinctions like psaments. 

regosols. lithosols. But in practice erodibility can only be 

safely defined at clissification levels which permit better deter-

mination of the textural classes and the quality of the structure 

of th.-surface horizon. This most often occurs at the level of the 

famLly (Soil Taxonomy,- French classification). With the FAD legend 

(1976) the use of "phas.s" means improvement. The phases are sua-

divisions of soil units based on characteristics which are important 

in land use or management but-which have no diagnostic value when it 

cowes to the separation of the soil units themselves. Moreover, the 

definition of these phases corresponds to those formulated in Soil 

Taxonomy, but they have the-advantage of being shown.on small scale 

maps (1/5 million, FAO, UNESCO, 1974). 


Table No. I gives a qualitative evaluation of the erodibility of 
the main Sahelian soils with an attempt made to correlate the three 
classifications and to name the soils. It is based on the interpreta-
tion of data supplied by pedologic studies done in the Sahel (Audry and 
Rossetti, 1962; Gavaud, 1968; Dabin, 1969; Boulet et at.. 1971). The
 
descriptions and the analyses available allow definition of the most 

common textural classes and determination of the clayey minerals, 

Generally speaking the kaolinitic clays are mainly founJ in the sandy 

or sandy-clayey soils which have developed on aeolian drift, on ancient 

sedimentary rocks, on alluvial material. The presence of type /1

clays is almost completely limited to the cases of soils on recent 

alterations of granitic or basic metamGrphic rocks 
and on ancient, 

often indurated alterations marked by more humid paleoclimates (Fauck

1967). 

Observations by soil scientists also show the structural charac-

teristics specific to certain kinds of widely distributed soils.. Thus 

the alkalized subarid brown soils and the tropical ferruginous soils

(French classification) have a definite tendency to seal at the begin-

ning of the dry season. With the brown soils having a sandy-clayey 

texture it was found that the profile stayed dry in depth during part 

of the rainy season. This shows that the relative impermeability of the 

two upper centimeters limited infiltration (shays decrease of hydraulic 

conductivities) and caused the runoff of most of the high intensity 

rains at the beginning of the rainy season. In this case, then, the 
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rain availAble for the soil only represented a fraction of the total 

rain, the soils actually having a drier pedoclimate than the meteoro-

logic data had indicated in themselves. Note that surface imperm-

eability has another consequence; it blocks the capillary and limits
losses through evaporation (mulching effect), which is sometimes 
an
advantage, 


The tendency toward surface crusting also affects the halomorphic

soils developed on granite calcic-alkaline rocks (solidized solonetz).

These soila are of little use in agriculture but they are d'stributed 

on long glacis which undergo intense runoff in the beginning of the 

rainy season and, lower down, gullies can occur in places and even 

tunnel erosion (piping). Soil erodibility, then, cannot be disassoc-

iated from the topographic position of the profiles. 
 But Sahel reliefs
 
vary. The principal types are:
 

- active dunes and flat-topped hills.
 

-
long glacis with slight slopes, either from erosion or accumulation.
 
- interdunal plains, more or less covered with sand. 


uneroded, indurated hills and reliefs with outcrops. 


- valleys and depressions liable to flooding. 

The dunes 
seem to be the most sensitive to alteration but it is
impossible to determine the role of current processes. 
 The present

dunal forms ii.the Sahel are the result of at least three arid climatic 

episodes in the quaternary age (Leprun, 1971). 
 The soils have different

morphological characteristics in each of 
these dunal systems. The old-

est have structural and even textural B horizons. 
The extent of the 

alterations becomes apparenr when the transition between the upper 

horizons and the generally reddened structural B horizons is examined.
 
One finds that on most of the slopes and the lower part of the dunes
 
these transitions are the 
result of the B's having been scraped by
erosion then covered by moving sands. 
 With degradation by overgrazing 

(which is not the only case of Cupe ficial alteration) it is this sandy
upper horizon which moves on. ppearing in places on the surface of t,e

B horizons. It is probably wind erosion which was 
the active factor in 

this phenomenon, which is often marked by barren strips, 
the shrubby 

steppe having been eliminated here. 


The number of modern nottery fragments that can be found in the
profiles between 40 and 70 cm. shows that 
numerous alterations date

from the most recent centuries of human occupation. The instances of 

dunal movement around semi-permanent ponds confirm the instability of 

this Sahelian environment. Gullies have ever, been found in the 
lower 

part of the dunes. These are probably related to the slightly more

clayey soil texture found there. 
On the other hand! it must be 

pointed out that 
these are also the dunal fields which show the most
 
rapid regrowth of vegetation.
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The glacis are made up of cycles of quaternary erosion and they

are the current sites of substantial runoff and, therefore sheet
 
erosion also, but this in hard to evaluate quantitatively. Recent rill,
 
are to be found on the accumulation glacis.
 

All these observations, both those on the soil's morphologic

characteristics and those on geomorphology, show the importance of the
 
risk of erosion in the Sahel. 
 But they do not help in the separation

of the ancient processes from the current ones, 
or in determining the
intensity of these current processes. The importance of the paleo
climatic histories though indicates that- the Sahel soil cover is par
tially out of balance in relation to current climatic conditions.. This
 
unbalance explains the instability of the ecosystems and Is One of the
 
reasons erosion is as serious a problem as it is.
 

The morphologic study of the soil profiles, even when complemented
 
by analytic determination does 
not give any way of quantifying erod
ibility. Attempts to link erosion and the soil's structural eaili;tw

in the Central African Republic (Quentin and Combeau, 1962) should be
 

brought to mind though.
 

Two kinds of quantitative evaluations have baca done in Africa,

the in situ measurement of runoff and water erosion, and theoretic
 
evaluation using preestablished formulae. 
 All the measurements done
 
in the field up until 
now involve water erosion. Quantification of

wind erosion has only just been undertaken within the framework of an
 
experiment being set up in Niger, complementing certain recent obser
vations (Nainguet and Callot, Guy, 1974; Chamard and CouTl, 1975).
 

1) Experiments with runoff plots.
 

The results obtained up until now relate to Upper Volta and Niger.

For comparison, those obtained in S' 
 Senegal (Tale 2) can be
 
included - that is in a Sudanian a.ae  but with a single r y
 
like in the Sahel. Those obtained in the Ivory Coast (two rainy seasons
are presented in Table 3. 
In Upper Volta the experiments done at Saris
 
are at the southern limit oi the Sahelo-Sudanian zone (850 m. rainfall)
The measurements were done on 
the various sized plots (200-5,000 m ) on
slight lones (.82) characteristic of the relief of the 
 ossi plateau

(Rouse. 1972). 
 They had been preceded by preliminary studies (Christot,

1966). 
 The runoff rates are slight in the natural milieu that is in
 
very open wooded savanna. 
They vary between 2 and 321 depending on the
 
type of cultivation (Roose, 1972), 
-- bare soil (control) undergoing
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Yable 2. Suaury ON the AsmuallossltsObtaliedon Irosi.. field ls. i 81F1 (1960-62) (Koo@. 19617) 

u. plot@ 1 3 4 5 6 7 4 

Me Crops p65Occ paao.,C p1sout/orlhulm peanut peasot vice pagot pll.t 
NOde trodit. dech. dech/E.V. S.C. dch. dec.. dac,. dech. trodit. 
7 1171 - 1302 * -
a am 
a z 
I Ohs 
at h6ba 

.220,3 
1s 
5,35 

1900 . 

0.0,5 
36.S 
12,15 

2850 

227.6 
11.5 
4.52 

2580 

228,3 
25,2 
3,59 

2660 

376,., 
28,9 
6.99 

2640 

398.1 
30,6 
7,38 

400 

375.3 
28,4 
4.98 

2130 

3;2.4 
21,1 
7.30 

3580 

1961 Crop. rice vice rice/paaut rice rice pFenu Sorg/.V. (allow"a" trodit. dech. S.C.deck. dic,. deck. d.c.. dal. tradit. 
1231 - I115 -

A 461,1 617,4 374,3 446,4 31,0 470,0 414,4 17,3 
a 2 37,3 30.2 31.6 37,7 36,4 39,7 35,0 13,3 
Sc/bla 29.95 54,48 8,05 6,71 10,84 5.24 8.65 9,18 
It hg/ha oeant s.ant 534/1940 1184 872 1720 46.000 

1962 Crops pacoWt cotton 0Org/grain Ort/z.v. peanut cotoa fallow fellow 
Nods tr dLt. d c . d ch. dech. d ch. d c . decl. tradlc. 
r 1084 
 - 1223 - - - -I m 247.3 462,8 513.9 296,2 474,3 A02,9 130,9 228,3 
•1 22.8 42,7 4,0 24,2 38.8 32,9 14,8 107 

1 t/he 291 18,52 3,29 1,19 3,32 4,25 1,46 1,8 
It k./a 1025 266 760 - 2224 460 - -

P rain I "ru-Ocf( I "erecuos It - crop yield tradiL. - traditional dc. - culhb.61plouo$ 

Table 3. Erosion sed awe "'f with Vaious Plent Cover. etwsea Abidjas end0 o.,d ,. 

90
Itroui FiildPle fro. -5,00(6.2(Woire,
1912) 

tationroi 
too°/hl/y.r o *.,aee t . 

AJ l0 YOD . Wo (1 9 5 - 1 9 71 ) lo p e N a t u r a l a e N a t u r a l a f e
 
(ORSTON)Ja .. ..
e.iron ent , oi l Crop 9 viron 
NCrint s lloil Crop
 

Stcondary enerlrll. forest 4.3 1 
2100 . * icaso 60-90 
 - - 2 ..90250 P plo. 
 7 00,03 100-170 0.1-,0 0,14 38 :Clhaotic erslaiernaoa 8 
 0- 0 01 8 052
 

800-1200 
 UA 22 1 0,2 300-750 0,7 32(loe.., 1971) 
 63 0 
 1,0 
 - 0 

OUEZ (1960-19?0) 
(ZILAT?-oITo) 
 4 1 0,03- 18-30 0,1-26 0,3 15-30 0,1-36
 

Doe. shrubby avnago0 

0 20
 
200-250 11 oTo
 
Irocivendes A
 

250-500 UA
 
(lertrand, 1967)
 

2
1 200 " '2 4 1 i: on 


OUACAD(JDCOU (1967-1,71)
 
(CT -OISTO0,8 x 0,03- 10-20 
 0,6-8 2,5 40-10 2 -32
 

Clear wooded lasnl 

I iO " u 2 4"care 015 "
 
00-S000 p Ilot:
 

CIL-tcic ero "are...I 
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(CTfT, 1971)
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40-60% runoff. Taking into consideration the unbalance between the 
water contributions and the losses through evapotranspiration, one
becomes aware of the seriousnesa of such superficial losses in time,
These losses, though, still may have 
a role in the agro-pastoral

economy because part of the wte 

T o ese thof thelwaler i
e s in derons 
 onds
is caughtcaught in depressions. in ponds
especially, which are undeniably important when it 
comes to the
survival of herds in the dry season. 
Erosion (i.e., the amount of

soil carried off) likewise varies according to the soil treatments..
It can be slight under cultivation but 
can reach 8 tons, while soil
losses from bare sol 
 range from 0-20 tons/ha/year equalling 1000-
200 fobg0 tons/km 
 er 1 0500 


In Niger experimentation was 
done in the Allakoro experimental

station (Maggia Valley - Delwaulle, 1973). 
 Annual average rainfall 

is arouna 450 mm, the length of 
the rainy season not exceeding 4 months.
The vegetation is a shrubby savanna 
greatly affected by man and is

currently very sparsely cultivated. It is a plateau cut 
through with
large valleys, on which very diverse soils have developed in connection
with the great diversity of geologic rock3. 
 Host, of these soils are
chemically rich, which is exceptional with respect to 
the lrgest. parc
of the Sal 
 and this is why numerous development programs have been
set up 
the aneuthethe isthe 
 erosion phenomena has already
caused serious concern among specialists who have sought not only
quantify the phenomenon but 

to 

also to seek uncomplicated ways of combating
it which are adapted to the as i-economic conditions of the country. 


Four plots have been set They onup. arethat is, they are comparable the order of 4000 m2-2
to the fields of the Haoussa. They
received the 
following treatments: 


Plot 1: isohypse stone walls and plowing 


Plot 2: control, traditionally cultivated.
 

Plot 3: contour vegetation rows and plowing 


Plot 4: grassy isohypse stone mounds 

The area slopes 
are 2-5Z and the soils coma from calcareous rocks. The
field plots were 
planted on 3% slopes and on brown calcareous soils
(French classification) which correspond well 
to the calcicxerosols (FAO)
and the camborhids (Soil Taxonomy). The study of the dlscribution
duringthe 
 mofthe rainfall showed That there were maximum intensities
each year during a 5 minute period) gretatr than 74 mxm/h.The annual
frequency of these intensities varied from 
 tto 14 from 1966-1971. 

Runoff only occurred after a certain amount of rain had fallen;
this was about 12 mm for the control plot. This value is very theoretical though, and the initiation of runoff not 
only depends on the

rain's intensity, but also on the moisture of the upper horizon. 
 It
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alsO varies depending on whether it is the beginning of the rainy season 
when the soil is bare, or at the end of the rainy season when there is
substantial plant cover. 
Table 4 gives the averane percentages of
runoff recorded. A noticeable difference is found between the treatments
and the annual average runoff is around 20% during the "normal" years.The simple anti-erosion treatmente used here are 
very effective; tht runoff is always less than 9Z. 
 The values for erosion, that is for soil
carried off by runoff, do not 
agree with the values for runoff. For

1968 which was 
a year with slight average rainfall, interesting results
 were obtained. For the traditionally worked field, erosion was 
greater
than 5 tons per hectare, basically caused by two rains. 
 On the other
hand erosion on treated plots remained slight and was 
always less than
 

kg/ha, erosion less 
than 7.5 tons/hectare being considered
tolerable. 
This problem of the effectiveness of erosion control methods
 
will be taken up again later on.
 

Other experiments with runoff plots have been done in the Sudanian

regions. 
 Although there is cause for reservation, the-results, particularly those at S9fa (Senegal), can be considered indicative of the
most southern Sahelian or Sudano-Sahelian regions (Pauck. 1954; Fauck,
1956; Roose, i967). 
 Other results have been obtained with hydraulic
catchment basins but they only relate to the comptited runoff rates
(Brunet-Horet, 1963; 
Dubief, 1953; Girard, 1975). 
 These studies show
the importance of exceptional flooding in maximum flow and volume.
These arc floodings whose decrease in outflow is hampered from upstream to downstream in hydrographic networks whose morphology is the
 
product of more humid quaternary climates (Rodier, 1975). 
 These results
 
show the existence of periods of very high rates of runoff for welldrained soils. 
These are mainly at the beginning of tha rainy season.
In these conditions the annual average runoff value supplied most
 
often in hydrology does not have any 
 reat significance for erosion
 
because, for erosion, it is the particularly wet or dry years which are
the most important.
 

2) Experiments with the rain 2imulator.
 

Experiments were done in 1976 near Lake Bam in the Voltaic Sahel.
 
The results 
are still very high duving the first rains which fall on
dry soil. They fluctuate, in most cases, between 40 and 50 mm/h for
60 mm/h simulated rains (Collinot, 1977, unpublished). Erosion varies
considerably depending on the soil. 
 Identical experiment plans
(intensity. length of the rains, 
same initial state of the plots,
similar slopes) have given the following extreme values: soils with
surface gravel (natural mulch) 0.02 t/ha/hr; thick sandy soil:
2.9 t/ha/hr. 1.7 to
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Table 4. 
Allokoto, average runoff percentages recorded. 


Year Rainfall 
 R P1 P2 
 P3 P4 


1966 
 487.0 
 180.4 5.1 18 
 6.1
1967 *515.3 
 305.8 
 5.9 22.5 5.0 0
1968 
 354.3 
 150.8 0.8 
 8.5 1.2
1969 0.6
506.8 
 178.0 
 2.3 21.4 6.8 1.2
1970 469.5 
 250.9 
 5.6 19.2
1971 289.6 152.6 1.3 
8.5 2.1 

10.5 1.3 0.3197e1 
 47.0 198.5 13 17.6 1.3 0.3 


Not used 
Dalwaulla  1973 


Table 5. R value in Upper Volta. 


Yearon 196
Stat tos Year 1966 

DORl 
 4.40 
OUAHIGOUYA 


OUAADNOGOU 

SARIA 
HOZTEDO 
MOBO-DIOUASSO 493 
FARAKO-BA 
NIANOLOKOCAOUA 419 
__ _ _ _ _419_274_910_6_ 

196716 196898 196916 197097 197191 1972 AverageR17 vrg 

190 
390 

176 
315 

491 
353 

165 
225 

101 
321-

262 
203 

261 
301 

389 

437 
365 

274 

252 
357 
406 
664 
393 
707910 

4 

725 
501 
457 
538 

89 
846644 

228 
389 
384 
880 
736 
924713 

414 
320 
256 
421 
-372 
314
496 

786 
217 
378 
442 
554 
491310 

466 
357 
378 
554 
485 
656538 

_713_ 496_ 310_ 538 _to 

Delwaulle  1973 

3) Theoretic formulae.
 
The theoretic risk of erosion in the Sahel has been evaluated by


different methods. 
 With respect to wind erosion it must be realized
 
that the greatest part of the sandy particles of the dune 
are distributed in modes equal to or less than 200 micro,:and thus 
are liable
 
to being easily carried off by winds. 

on But real erosion is dependentthe quncity and quality of 
the aggregates binding these particles.
However, examination of current data supplied by wind gauges shows that
the average wind velocity is relatively slight (only 15Z of the winds
have a velocity greater than 5 m/s at Dori (Upper Volta) (Courel,
1977). 
 Evidence of wind processes and the recent evolution of
"coudeyrizatjon" (caving in of dunal cavities), though, shows the
reality 


of deflation.
 

For water erosion it vas Fournier.(1960 and 1967) who took the

first theoretic step using the basic formula p2/P, p being the rainfall
in the wettest month and p the normal rainfall.
obtained vary around 2,000 

The figures that -ere
t per km 
ver year. 
This is the figure
obtained for bare soil in the runoff experiments in Upper Volta.
Right now 
the FAD is Lrying to use a formula derived from the Fournier
formula to characterize small scale erosiveness. 
 But iz is the Wischmeie
formula that has been most 
recently used by
prediction equation is as 
all the vriters. The erosion
follows (Wischmeier and Smith, 1960; Smith and
Wischmeier, 1962; Wischmeier and Nannering, 1969; Wischmeier, 1974):
 

A R.K.C.SL.P.
 

A - average annual soil losses
 

-
 inherent susceptibility of

C 
-
-

rainfall and associated runoffthe soil to erosion by water
cover and management
 

SL  effects of slope length and steepness
P - supplemental practices 

R was calculated for all 
the experiments 
-
 that is in those cases
where complete meteorologic data were available (Calabert and Millogo,
1973; Roose, 1972). 
 In Ouagedougou 
the R value in 1968 and 1969 
was 480
(Rooee and Birot, 1970). But for the other years
250-450. the values varied from
In Bambey, Senegal the R value was 292 from 1960-1968, for
region with annual a

1971). rainfall on the order of 600 mm
In Niger Delwaulle computed R values varying(Charreau and Nicou.
9
250 (in 1970) and 305 (in 1 67) from 150 (in 1968)
then, important, and because of this

(Figure t). The annual variation is.
the examination of series of observations over 20-25 years 
is necessary in the characterization of the
climatic aggressivity of a region, as Wischmeier has done for the entire
 
central American plain. 
In the Sahel region such series of observations
are 
rarely available, but since there are several pluviometric stations
with more than 20 years of data an attempt at resolving the problem was
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made by trying to find a connection between R and the amount of rain.West Africa Delwaulle s'ggested adoptinag a mean formula for the Sahelzone: R - 0.15884 P 130 
30 minutes). 

1.2 (P 130 being the rain's maximum intensit)He computed the R values for certain Sahel stations (Tab)5). For his part Roose noticed that the ratio between the R index and
the 
raintall always stays around 0.50 except for the mountainous regior
Fe drafted a map of erosiveneus using 0.45 for the Ivory Coast savanna
with 2 rainy seasons, and 0.55 for the savanna and the Sahelian steppe
with one rainy season. 
With this map (Figure 1), R values in the Sahel
can be estimated between 100 and 500. 
But field observations have led
 me to use 
these values only with prudene, taking into account the rair
irregilarity in time and space in semi-'arid regions.
 
CHART OF THE DISTRIBUTION OF THE INDEX OF 'CLIMATIC 

The K factor gives the soil's susceptibility to erosion and it isAGGRESSIVENESSANNUAL AVERAGE (R-USA-WISCHMEIER) IN CENTRAL AND WEST' AFRICA very important.
SITUATION OF THE EROSION PLOTS 

Various values are currently available... Roose used asimplified method recommended by Wischmeier which used granulometric 
,."r " " 

data, figures for organic matter, structure and permeability. For Ippea. a. r ,. . - s-Vo lta the K va lues compu ted are between 0.23 and 0.27.
__________ Iare These figuresfor tropical ferruginous soils which have relatively high amounts
of fine sand. The soils, then, 
are not 
particularly erosion-prone,
.. ..
""'" 
 .JAUV '" something which Charreau had alrecdy pointed out 

GA....--.
I . .. qentl theserousnss o.. 'Y ah erosion phenomena is basically due to the"-aggressiveness~ ..- .There for Senegal. Conse

is still insufficient data
of the tropical rains and
on 
thethe influence of the topographi
lack of plant cover.
 

... MOY 0.". -the ""factor, 

and before drawing any conclusions and making any generalization
results ,i current experiments are.necessary.
of the Wischmeier index will be discussed later on.

The other parameters
 

AaIDJAV 
D L 

a' . a . r a 
THE EFFECTS OF EROSION ON PRODUCTION
 

TAKENFROM PLUVIOMETRIC DATA GATHERED BY THE ORSTOM HYDROLOGIC SERVICE ANDSTOPPED IN 197 Productivityof pastureland 
OrD 0 N91s . 

The problem of pasture land is outside the scope of this study.
However, the way dry cultivation and cattle raising complement each othe
 

in the Sahel is important and justifies 
a brief analysis of the matter.
 
IF is currently impossible to give any precise evaluation of the impact
of erosion on 
pasture land. 
There is 
a great deal of information 
on the
lack of plant cover 
in connection with erosion, on the modification of
the species involved, on 
the death of forage trees, on the sanding of
certain zones, but the various phenomena of soil degradacion and
fertility loss 
are difficult 
to isolate while the spectacular sanding
phenomena have 
a very localized economic 
impact. 
 However, experience
acquired in the other regions indicates that
estimated (Lyles, 1975; Chepil et al., 1952). 

they should not be under-

What 
seems to remain
is that all the data acquired on the decrease in primary production are
usually related to the decrease in available soil water rather than the
intensity of erosion.
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The yield of rainfed croos
 

For traditional rainfed crops like millet, peanut, cowpea
(Voandzou subreranea). cotton, the yields 
ar. 
often very small. But one
fIndshat the two components, runoff and erosion, are equally responsible
in lowering fertility.

corollary, covering the culluvial deposits or the 


Erosion itself (the carrying off of soil), 
or its
formation of sandy
dunes, represents 
a usually very localized environmental deterioration, 

sometimes called desertification. 

on 

it continues to remain important, even
sandy soils because the peasants prefer to cultivate the dunal slopes.
The fertility lost through sheet erosion (the most deceptive) though,
or by 
sand pollution may be-underestimated.
brought by Besides the impact of salt
the wind on the crops is not understood.
from the saline or This salt comes
alkaline soils of the presahelian regions. 
Some

writers consider this kind of wind pollution important (Boroviskii, 1961;
Lyles and Schrandt, 1972). 
but the effects of 
runoff. ioiqpeadent of
element transfer, may be more important in the semi-arid regions.
it results a decrease n infiltratio in unfiooded soils From
and an increase

in the unbalance between the actual amount of water brought to the soil
and the 
losses through evapotranspiration, thus increasing environmental

aridity. 
 The existence of 
this water deficit
explain the decrease in yields. does not adequately
Rainfed agriculture in the Sahel regions
is determined by 
the amount rf rain as
rains (i.e.. those deter.:-,iog the much as by the length of the useful

and Franquin, 1967). 

length of the plant cycle) (Cocheme
An :.,tersections" method was
(1973t. suggested by Franquin
With this method three vegetation periods can be defined by

comparing the rain distribution curve with

2). the ETP and ETP/2 curve (Figure
Actually the comparison of 
the ETP
time, noc with the rainfall curve. bu 

curves should be established in
with a curve which represents the
water chat has actually seeped into the soil. 
One finds that water lost
through runoff, around 20 
 of the total for example (which seems a 
common enough figure), significantly displaces the curves of 
the water
balance in time in relation to the ETP and ETP/2 curves which remain
constant. 
 This results in 
a decrease not only in potential reserves in
the soil but also in the length of the active growth period. This period
has a decisive influence on the average yields of 
the harvests, even if 

its effect is relatively indirect. 
 It seems possible to me
that the to conclude
fight to control erosion must be
by i n c r e a si n g i n f i l t ra t i o n . based on controlling runoff
T h e ex a c t e ff e c t of e r o s i o n cn a g r i c u l t u r a l 
production has, though, been measured in certain experimental stations
in Upper Volta. The cottonseed yield in Upper Volta has 
been found to
be directly related to the intensity of the soil 
losses, but also to
the evolution of water available in the soils and to the percentage of
organic matter. 
Whether it is in traditional cultivation or in improved
cultivation (more demanding), 
it is water which remains the major 
factor
limiting fertility in semi-arid West Africa (Fauck. 1971) 
-- damage by
water erosion and wind erosion adding to the consequences of water lost
by runoff.
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CONTROL METHODS 

When the soil is completely bare, runoff may be multipLitd by 20 with

catastrophic soil losses. 
For cropped soil, C values are very variab;
goose's figures (1971), valid for the whole of West Africa, but basici
 

Wind erosion 

established in the Sudanian or Guinean regions, may be cited.
 

Methods of control are krown (USDA, 1958; Chepil and Woodruff. For bare soil, by definition C 1963) and the advantages and disadvantages of the various techniques
(Chepil and Moldenhauer, 1962) are data which can be extrapolated in 
prairie in good condition
 

C = 0.01
Africa where one must, however, emphasize the importance of sandy

materials coming from the wind in relation to 	 burned or overgrazed prairie
the situation found in 


C = 0.1the U.ited States. The basic idea ia to stop or 
limit the deterioration of 
the plant cover (by overgrazing especially), which is the 
 sorghum, millet-
basic cause of susceptibility to wind erosion. 	 0.4 - 0.9This is not a simple-
technical problem, but one with numerous 	 cottonsocio-economic and even 
 co.to.
political overtones (FAO, 1974; United Nations, 1975). Overgrazing
mainly results from the concentration of herds around permanent and 
peanut
 

semi-permanent water sources and its elimination assumes the adoption pe04u.
 
of a distribution policy for In every case erosion basically ependA on the percentage of soil
forage and wells which takes into:account 
 not covered by vegetation at the beginning of the monsoon rains.
both the people's customs and the potential- for primary production of
the different kinds f pasture 
land in space and also in time. The
effectiveness of reserved lands (Depierre and Gillet, 1971) should also 

The P factor
 
(1972) and
be mentioned, but it must be remembered that this 	

represents classic anti-erosion practices. Roose
involves techniques 
 Delwaulle (1973) determined the following vilues:which are difficult to employ in the Sahel. They show the power of vege-
tation taking over once again. 	 tie ridgin
Ever since normal rainfall has returned 
after the exceptional dryness in 1968-1973 hard seeds which had stayed in 

P C.2 - 0.1 
strip cropping
the soil for uany years germinated. A considerable plant cover has . - .1 

developed from this in the most arid regions. P - 0.3 - 0.1These areas, temporarily 
 straw mulching (10 t/ha)
abandoned by human and animal populations, were somewhat naturally 
 u00.01
preserved. Practically speaking it seems 	 P
possible to facilitate the 
 synthetic
regrowth of herbaceous vegetation by harrowing sandy-clayey sails with 
 mulching 
 - 0.5-less than a 10% slope, but the use of this technique is limited due to 	
0.z
 

economic constraints. 	 dry stone ridges, i
 y owing and fertilizer P - 0.1
These diverse results led the writers to make a limited choice 

among the various methods of controlling erosion -- building broad 

Runoff erosion 
delicate to use in the Sahel 1based terraces. Experience hassoci.sh wn that terracing techniques are
conomic environment and that the
 
terraces made are difficult to maintain.
The choice of control methods is inspired by the results discued In addition there are scarce]above. Daa supplied by various studies on soil use in the semi-ar d 
any crops profitable enough to compensate the cost of their constructic

regions of Africa (Dabi, Finally, the P factors1969) on the effects of mechanization an 	 are less than those found for the United States
tropical agriculture (Fauck, 1956; Fauck et 	 where P - 0.75
l., 1969) and those takeli for isohypse plowing. Taking 	this
from general studies of tropical regions (FAO, 1967; Hudson, 1971) 	 do not into account, the wri
recomend building terraces. 
 Delwaulle, however, demonstrated
belong here too. 	 the importance of simple techniqu.s using isohypse dry stone borders.
But this is not always possible.
 

Roose's (1971) determination of the values for the C factors
 
(plant 
cover and cultivation methods) and P (anti-erosive practices)
in the Wischmeier formula must be included. 
The C factor is the most 
 Soil tillage
important conditional factor. It varies 
as a functiu,, of the plant cover.
Setting the savanna on fire, for example, especially if it is late, very 
 Plowing and ridging have reduced erosion in most of the experimen
appreciably increases the runoff and the amount of solid material. 
 Harrowing, which breaks
especially for sandy and sandy-clayey soils (Charreau and Nicou, 1971)
the superficial crust, improves infiltration,
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On sandy-clayey soils 
in more humid regions, though, precautions need to
be taken practicing surface tillage (Charreau and Fauck, 1970) but if
they are taken, plowing distinctly increases the yields of
crops. rainfed
Delwaulle also found higher erosion during runoff occurring

after plowing in Upper Volta. 
The cultivation method, then. needs to be
adapted to the soil type, especially by plowing deeper and by choosing
a soil 
tillage method with minimal plowing under. 
 CIDR at Corum-Corum
(Upper Volta) used sub-soiling techniques which prnduced good results,
mainly for tree regeneration, and harrowing techniques which accelerated
the growth of the plant cover. 
Among techniques commonly used in other
arid regions in the world (USA, Australia) it is the least complex ones
and those allowing the best water infiltration thit 
are to be recommended. 

Also, these practices should be undertaken just before the first rains. 


Biologic methods 


These use 
plant action. 
The plant either protects the soil against
the impact of drops of rain (splash) or provides soil cohesion (roots
and contributions of organic matter), or mechanically stops runoff.
Roose's observations confirm the superiority of biologic methods over
mechanical methods 
(terracing). 
 Whenever it is possible the 
initiation
of vegetation must be 
facilitated which leads 
to establishing the import-
ance of early and dense sowing, spreading fertilizer, phytosanitary
control and finally the use of 
improved varieties with a rapid growth
rate. Stopping runoff will result in an 
improvement of the water balance
and, correlatively, in better vegetation, better erosion protection, and,
finally, higher yields. 
 The use of dead plant cover should also be
recommended, for example, if possible, 
a partial burying of millet and
sorghum straw. 
It should be noted though that cereal stems are often
used for domestic purposes (kitchen, fences, roofing) and they are
rapidly 
eaten by cattle or destroyed by termites. 
 These observations 

lead one to r commend the study 
of technical solutions adapted to
local socio-economic conditions. In the most Sahelian regions the the
millet crops are reserved for the dunal sandy soils, pasture 
land also
beir. soils with shallow glacis or 
clay. The erosion phenomena do not
have the same importanct for these 
two major soil categories and the
previously cited technical solutions must be chosen, taking into
account 
the whole natural and human environment 
as any modification of
the glacis could disturb the balance of the neighboring 

runoff on 

sectors. 
 This means that Sahel management must 
be done on the basis 

of ecological .ata (UNESCO-HAB, 1974). Practically speaking, we need 

to develop an integrated agriculurecatle-raisig system steming
from a basic principle, improvement of the seepag of runoff waters 

into the soils, at least 
into those which can accept them. 
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CONCLUSIONS
 

Our current knowledge of the Sahel soil erosion shows the agressiv
ness of 
the rains, tle Wiachmeier R coefficient varying from 250-500
which is comparable to the southeastern United States where the "isoeroden 
" onIy exceed 500 in certain areas. 
 Other studies, rhoi gh,
indicat 
 that this coefficient is much higher in Sudanian regions and
that it exceeds 
1,200 in the lower Ivory Cots,. The K coefficient vari
from 0.23-0.27 and the soil'& 
susceptibility to erosion is, then, aver&
This coefficient varies in the United States 
from 0.03 to 0.60.
 
imperfect understanding of the wind's erosive power and the X values
 

There are, however, many gaps in our knowledge. We only have an
have only been determined for 
some soil types. Besides the soil water
 

dynamic has only been the object of local or qualitative studies. 
However, it may be concluded that the principle basic to any anti-erosion
 
management must be the increase of infiltration into the soils. 
 The
techniques are knowns and the simplest are usually the-most effective.
To apply them, though, w 
must go beyond the limits of simple erosion
problems. An integrated management is needed which takes into account
the diversity of the environment resulting from the wide range of soil
types and geomorphologic situations. 
The Sahel represents very diverse
ecosystems which have 
one common dominant factor: aridity, and
fact: unstable balances. one


It would be dangerous to stop erosion by
causing the infiltration of all the runoff waters if that meant the
drying up of semi-permanent ponds whose existence determines the pastors
life and the nomadism. 
Besides, any anti-erosion method which does
take into account the local socio-economic context would .be doomed to
not
 

failure. 
 It could even result in a local aggravation of erosion danger,
not to mention the effects 
on health that could come 
from the dissemiuation of certain diseases 
transmitted by water (bilharziose etc.).
 
In fact, erosion is but one aspect of a many-sided breakdown in
 

balance. All its 
aspects must be considered. 
Breakdown in equilibrium
may not only be caused by human activity in relation to the population
inzrease but also comes 
from climatic risks. 
These risks are unforeseeable and unavoidable and the possibility of the return of periods of
exceptional dryness must be recognizad. 
 After these periods "normal"
rains will cause great erosion damage because of the degraded state of
plant cover. Any ecosystem development project mus, 
 then. provide
for these climatic risks, Use of the Wischmeier erosion prediction

equation (determined by the results expected from current studies) can
supply the basic data to orrectly define these managements within the
 
erosion risk is generally based on
framework of an integrated development, but the evaluation of the
years. the average climatic data over 20-25
To perfect the management it may be necessary not only to 
use
this "normal" mean, but also the theoretic values computed from data
 
taken during exceptional years.
 

http:0.23-0.27
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I * fINTRODCTIMi 

Soil erosion is intense in many areas of developing countries because of 
tative information is avaxiable about yet little quanti
erosive climatic conditions, rugged tarrain, and heavy land use,

the patterns of erosion. Thisan assessment ignorance limitsof the real ,aagnitude of erosion problems,
regions or the ranking of priorityfor -he most urgent soil cunservation progru.inee. Whenreservoir impoundment or other sites are chosen forwater resource development,
sediment a rapid assessmrt oftransport is usually made but very
long erough period to 

few such studies are continued for aSample the vagaries of weather and flow whitc characterits thehydrologic regimen if most developing countries, 
 The acc'uulatlion of information on
soil erosion and sediment yields in usually too meagre and too late for deruate.'design (Dunne and Ongwany, 1976). 

The situatien requires the training and supportsoientiete in develuping of a small numbernations who of fieldwill be concerned with field asseeaentand sediment transport. They of eroslonshould be able towhinh take advantage of hydralogic recordshave sometimes been accumulated for years and have lain unanalyced in the files
of water-resource agencies. 
Such scientists

networks of stations for the 

should also be capable of setting upcollection of data on erosion and sedimentationungauged areas, and of in hithertocarrying out field experiments onof soil erosion. The costsuch work would not be high, relative to tt5 value, but the success of the work
requires a commitment to field work and continuity of purpose which is frequ ,itly
lacking. 

In this paoer, I review come "ork on patterns of soil erosionto relatively Inexpcnsive in Yenya and refermethods of etudyinr erosion processesalso indicate some and patterns. It willlof the Kaps in our knowledge of soildevelopin, countries where physical and 
erosion, particulArly Inland use conditions differ from the more intensively studied, commernial agricultural region of developed countries.
 

field 
It is appropriate to stress from the outset, however, that the Ancumulntion of
easurqaents in not enouph. In developed countries, larme amountcof ,oney havs
been spent on monitorIne prnprammes nnd 
the data have l in unanslyned for lonc periods
of time. Developing countries cannot 
afford this warte, end
sat be encouraged to analycs data 

the field solentlet
 
as they accumulate. 
This part 
of the soieni.tflotraining in as important as instruction 
In fi,;Id methods.
 

NMthode of Olentifim.o npon ntpe 

There 
arc two bnnic approaches 
to th" 
study of erosion pntterne. The first
rate of sediment transport pant 

involves "AmpIinr, the 

at the outlot of some pointa ,Irainar banin. Thin 

on a river channelmethod io relatively cheep, and isto monitor it easyeol' loon rnteo from lnrre, reprsenteative mroanstations on a ,t-wrivers. by Installtng A(tigingliecouno tibe meeurement of medlmnt loss Is eels11 aloria point, however, it to not posoible to interpret much about the spatial pattern
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Of er)ston within tLe oat.ment. ilevertheleae, ndiment monitoring is the racnt id-cusud rethod of assessing soil erosion rates and many water.-oo-ce agencies colectsuspendot sediment record routinely, It is uuerul, therefore, to consider aethada c
extract l1 te camaxmum possible Information from such records. 

The second metted of quqAtiryini soil eroutoh invOlvec direct measurement 
soil removal by individual processes at 

of 
a numbor of doapling sites withinb asin. By strat tie dric location or plots, erosion pins, surveyed croes-Senstionngulliee, and river ofrchannels, it is possible 
to define the spatial patter-n of soilluas, and studyto tie local controls or erosion. If measurementted so on to sample ites are diatribm..a range of hilllopo gradient, soil types, land use, and conservation practices, for example, the effects or these variables on soil 
erosion can be
Iolated and ouantficid. This *,Ind ofr information is necessiary in the doosts, of15.,i-eeo and cerioerv-irton ot -tteues for deveolaing countries. 


menro of i tlloiv eroioc, procesou 
Yet 
 very few re.-sn

are presently bein 
 mode in 
these lando. Thereis a ned to onsoetire-, colin;tst in th ose countriss to uoe i'.etechniquonow available. 'lie -out that aeuneful field mothou are duscribed in another paper (&'=e1976 &), wr I,. tncitd,,9 a bibl lo rapny Of original sourceas. 

Doti of the anoroachto referred to above include eysteentto r.ontorinr.concoct Theof e vlronme.ckc initorto-,c I gainnf acceptaLnce and supoort
rence 
 ( U.N. Coo..o-on the butan Enviror,-nt, Stonkholm, 1972) end we can reasonaoLy look forw to an increaze of orosion measuremennto in doveloping countries in t"e nour f tut-.In orIer to Intcernret the 
resulto from eonitorin. networks, eawever,
necebsary to arry out it ins eually
sore controlled exourmcents 

cooditteos of hlisllope 


of erosion under different cotdi
,racient, land use, 
conservation o3ottice 
or other varianl.
of snteret. T-

3 most czrxeon type of controlled eiperim-ient involves meiring soil
lose from iall hillseio oloto 
ao, i61,1; uner natural or artificial rainfall (?acawar aid
"'ine, 1976o; Four.nier, 1967; Coel et 
 l Ir6d; Fudnon, 1971; 
 Vdufenaiab
 

at.1I, 15). Tee plotz can be subjec:ted to varous trentoent-, ouch as
vep-etatuon, trmpli g, or reeoval oftt.e -rowing; of various crops. They ^re useful for prevL.the Co~l erosion coniquences of 
a ran ;e of aneigenon options.
 

Each of tioe nproachea t• presently beio 
 used to 
study the pattern of soil
erosion in uny.
 

2. Sf %i*:;,r YIL.'s OF ::Ey.;-i RIflEY
 

lrinr tL.e Ierind 1If'5-46, euNpended cedt ent concentrations were measured bythe dot.-int., -rat ni, r.ethod at lar;oa number of river glugingsouth and .ntral Ir.vt stat inns throit-.out(te only rgions of the country which suvport perennitaL
tttrev.o). 
 AL Al ittoln-j, ttlt data were uilvquatO ror rnnn:tre.t inj- iteiment ratingcttt"o'rl. ']oilylt~er.n e re-.nrds from tie uneece 
with 

alono we r-., ,r,:el enin.oj,..ttostie nset-rnt rat in, curven to calr ilato asspended
bAlltin ci ot-dmt yteldo for ltr.%r:,,.covernr n wid. rnntee or elimate, topof-rophy, td land wee. A -a;, Of r1c,1
nrntti;d i uijimont yields won .on!:tricted fr(m thealtion). ;intlment yieeldc r'nre ft-om 8 19 

data (Dunne, ext in pr-.ir-
to 5;0 t/%rmn/vnr. TIn ra:tllti; of tInnot lnee stra, ten I,e, tend dir, ctly for oittmtottne pon-it iji roti.,of propn)-, r,.nurvoir altos. of o lera-.ttkonTincan also be uwod for an nnalyyu1 of tie ij

costrolt of lo:in leoltent yields. 

A reit 1ol i.tt-rtinnof tn. bean dlr.e*ei tnward eeeuetrlyin, general relatiors)i.tnaittate--stic.int-el
tot yit-ldI'O Doet,.lee, 1)7; -, 
nod -iteste (Lunen atutiltite, MiIi- Fuea-srriii17'l173). ?ir clit.otic parmt-ter P:te'-rAle Itledannual rainfill, is nvami
etther otitined 
rom tilrectmeattrrents or Calculated 
f.ine,-aannls rtofrr mit, tr erlprtture. ivon or 

4
t!e pjtbll iatlnnz liste! Wbove .'t,-% 

adi fi omit roottirustlt tI ertnet nrepn,.t 1.1c " c.1iseet y101i1 and W IIuann, -- n 1."*1 hi..',. tee -t cliate. 'l,.1"iIt , cnn- jlevtl tiit dirff rr,-e. in l:it i. r-.-ton.eant,
lslvi lte rot,+ It lnsottt 
 to del a- a .:ne, riu ut- reittt - ,. -.:or ;i" 

. 



1:o ienyan data oonfirmland Lse tie suggetlonIn the dominant variable which of Wilson, and orconrounde Douglasof sediment the *etablihient (1947) thatyield and climate. In Kenya, of general relationspartly Upon Olimate but there are 
&o in many athe countries,

important differences of land use 
land uee depends


in tech climatic 
ifrnt fln 

zone. 
sti ahciai

Tn Ficure I, meanaset-st man lnual "edirectnrnuai rotf. yield Per tui!t a c.'-.cal. The domInnt and area or catcet nt is plottedIn the Absence o 
use L-Ieach cstchuent carwe a dettilcJ 'I indicatest .nitatv, by45 • erolynie ofto tour cltacjs:
are thn 50 percent of the bain: 

c ompleti trt 056, the orese 
tre C
basin and nriculit" ena
the re,ainder under fore, 
Cayen forested; 
forcst
t.hehotin. and c cover nt
A fif± oasnuegirsr.j,a ?Ore then 50
lirely nat.o peorcentOt
ven with ouch Ccr-b fort, cortainedaIcoarse claeirfcnlon only two oets.of land use, however, a pattern is evident.The lnen in Fi,-ro I aneaprocicaternd very envelone for eceb setfew painte tall outside the O.'ronrtnte of tend 'acesymbols,do ret rrarte ta e rn or th spternnle of
t o t o a m te., 'e,,ni ei sn t co m l ' di r .fr-.Il a t "d i r r ~e i, 

. he enveloear i ne.-topo-re-,/, s 1 , e l ~ ftie da~re~, to oilic? therecorus, Mdor I,;efnd the quality of uominatesthe criglial data. a basin, tPe dai:Ation orThere are i'rAmatic dtm'erences
For 
 ftiem vatoe of of sediment yield between landff
lend .re typenecn vary 
use types.in the .t(re, dterencee in sediment yields ietweenoverhowever, that tin or'er of manxt' idoland une or ore.

with 
in not the only imnort-nt The iraph Ahow,heavy runolf nay have variable. AricuturaiSediment yields which are cthh eensfar greater thegerair :ands. the driest 

For ench Iand
yields se type, therewith annual1 nianofr. Ti'e is s general Increaae of sedimentreinfalls hIherand therefor ninon- yield: arewith associated withlreatertransport kinetir. ener..,y heavierof eroded aedrn,.nt for hillnlope erosion and 3tr"eucatepory ileoreanionyielded analysisthe foiluwine equations, all o 
for btasin; In each lind utawomb.hare CgIcant0.0t leveI At the 

E== t 
fled. yield n 00 3- 7-17 ihotr ' r 

],rore~ A .
foremot - 0.itfl, n-
SItCihe,yield fled. 0.0,2 sunor;"13
A, 1, ... 

41.7 
 . l 
S t.,,,tyld  0.019f inarr1ea-, r eSn.t 0.71, n .Sed. .1uld ,. 0.oo, ibnoft2 .4 r - 0ft7, A  7Thre ron..in .unnr- plott,! In fi,Tr. P.. 

AlthoiJr.ral;.rnn,,lta :otr t te4!re mnr. ayi "r,,, h n:,rn vellrtt orr,,hy (•ilr Coelyi7. n 
, t t" elm,,,n of -1o m. lyni, tierniei dat eAthoebyi , frorm 'I cntolrnnt. tru aj ,*titrn if' entorn ,lI-traleablr..itien, ,, ,ile'iune iiiit'irhanr, ".;eloeieenn pnoii,'. to Ovoid e,ItiI rewiltO, aru er 

rar tie ntl 
eln,) in Fir n . 

00 r I nnl i,n. tyul,forest .v r. surJdi'nt jfieldnereTin repnnrta hi, 1ri3 tie rvi'retiion ti'n uin, ;r tie co pl.iee.-int olyietd I rn, wit 0 A a o m dociiit ivnt.s lif lon rnptl in t witk r.t ede.|ilni,,, • or t ovrwisl, th inin turn Are loiu anir't:ne It. rz vrhnd i. 
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Fig. 2 
Coepmrloon or the rerennion linen computed for the rolatlonnhip between edimntb


yield and mean anual runoff for each land une type. ThsodLanhed line wan coomputed
by Dou~lan (1967) for forct catchiments In eaotern Luntrxlin 

Field obnervations and visual examination of the data eufra, el tht topojrraphlostoopnone iea atinlficant feotor affeting eodisr.rt yields. Vefmurennt of the
 
freuonoy di-tribjtJon of hilelopo anClon in &eah drainage bsnin 
 n n t feasible
with the reantirnes available for thin study, and a ejrrop.te wo-sure of teals eteepnoaohod to be uoed. £¢Lhun (19 .) showed that the reli',fCratio of a eatclrent (tsmozimun; rolief divided by the length of the main streaG) was positively correlated
 
with sediment Ions in Colorado.
 

The roller rast!awan lined with amas annual r-unoff in a el',vIeena Ulliplorogrnnion of 	 tho a ...dimnt yielda. T reuito wire I, ite-1 ...... ,
land une oatsmgvrien contained few pointo. itamoff proved 	 to beIn eac.hcaos, but only on erricultural land@ did relief ratio the dominert variableadd eir.nificently to 

. . t tho v ria in ecdlntnt yield. In the otter I ca be...., 
there an a positive relationohip between relief ratio ftr4s'-iis'nt yield
 

wh en r e l ie f r ntlo e n t e r e d the m u l ti p l e r egrces lon as a se -ond v a ria b l e, " nI It to
 
that the effect of topography would have teen demonstratei with a larcer


sample. The limited dnta alo ougteet that in a loeertthelo rultiple rer~evolon
equntion the exponent of rnlief ratio in.rcaoe In the aena or.Jir an tet for runoff. 
_vegetAtion cover beoormeesparcor.
_Isother wordo, tho e
ff,:t of hanin nteepnsnoCerreition on Ae-iir,rt yill In:r-r.ee mn theor oedir-ent yields 
for tve effaet of
 

aotohment Area by the method of lrune (1941) did not alter the ._-nerl fore of theresults, exnept by increnolne the sediment yielde. 
No bodlood data nr0 available for Kenya and so tVe yields riferred to above 

underentimnte 	the 
tnic coil lco. Field oboervatione auaoet that rdlol treeportI0 small in the volcanic uplanado,auher- coot of the erodei eedlc.-ntTio lorr rivers drAninn the 	 is fine g-rnin.d.!owlando of Eenntrn Venya roaseivo ,:-rnidarlbie--cnts 
of coar. ound from erooion of noile on n.hiots 
and rneienee. C--tt of thin starleIt
 
moves an 
bedload, but ito nontribution to the bneln odir,nt yield will not be known
until a proreos.oo of 
bedload tr-noport meaourements Is undertaken. 

IIILL3LOPE )EASUIINVITS OF l"'SOZI0i
In npnroely populated dry regionn, where stremn flow 10 rere, tl-re In little
 

likellhood that devolopin, notionsoan beer the 
 coot of rmnintnlnlr~ atreue pes ie( 

ntOl ne for tie purooo or ano,e. in, oedi'nt yildn. Ur.,lor tle , ccr.4llionn, moileronion nn be monitornd directly cn hillnlopie. Thin ca" b di,, by ln'.telllrg plnto

or notworks of eronion pine. Leopold et a) 
(l906) dc.eenntrnt--I ',o virOln tel.nitesfor mo..rlnr !-illnlopn.r.nion pronoov could be un-' to.for a omall rnng lond catchment. 	 otein a e.,iie-snt bmsRtA r.ajor problem With all field ,tV'odewhich Involve
 
inotalling oven elmple equipment, 
however, te its eunrptibility to theft or disturbuiaaso, 

Soll eroion rates crn also be avaluqtod by meoearlr.T ren.:nt inwsrlr.P ofurfne nrninnt 
come doteble reference. Judaceh (1n5C) obtmi.sl raten of mo!l 
Ite 

raAovnl from the depth of oxpoour of Ron" aiten. Fnce pots often.nrct...lorcli 
1how marks indicatingj the position of the soil surfAce at the tiMe of lnetellation. 
The difference between this height an-tthe preent cil surfas' dilded by the e" 
of the fence-line gives the coil erosion rate.
 

noet widenprend iniicatorn of iurfe-e lo-rirr In a-' nroen wh-rP *reIon
 
in Intonne Are 
nopooeci Ir- roots or rsunflnof roeni,,,dl roll rr';e-t-1 -1, r the 
onnopy of trso or kib n ashile the nurrn'nirg n-ll in lo-r (re Fil. )15 r tise
1reo or bush cnn hebngI by counting gru ti rings (,n -ny troplnl rp't- ran, In 

of the popular minonoeption thnt tropical snoJy plln te do not prv,lu anntitse
or i growth rinKs), the height of the mowed dlvid'd by te er- of the plant1ndlicaten the 	ftvere rate of surfa- lo-ring. In eca-
simplified drnmatinAlly if there in evldnne 
eseen the dotiln preble. ts 

that 
moil eronlon w e nen-liretn1 after 
& period of inten.ive oegotatlonsiering. The height of the root enpoatre or moundcan be measured imtply and quickly as shownmIn Figuare4.

eh
 

1 
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if . rroblamn of intnrproteticn arise with this iethoi, end 
a grat deal of oare
 

2 " "4 "" " iused ti:qro. A ,I,, trne npe. miatnt Ln found art il- tr-e-rin rhrenolcy 
.... '..k./ 
 astlablel.od, or tl. Banat of a,.clertna-eoniain ern.l i datel from aerial pt.eagre.,

" phy or other local Information. tiro,0th rlne can Is c'nited on e4-h Iraq for v"lob 
root copocurs re 
m an a d, bat this ren bi very ti e- nr.u,-Lrt. An alernative 

mathodiinvolves cutting down or corinE only 
a eec-?lsof trees 5nJ coflatruentinga rraptl.--,.-- - . -- ._' 
 jj_ Z'..'
".- uocd for menuurln the erosion rate can then bi ag4d... "Other 0 from its ete. dil".tar.
sources of uncertainty ariaes with this matod. Sone trees produoe
 

.Awfe ) g~'~J ~ ~ % their own m~oundby dceloptoE a wide banal flare or even by developing butite roots- abovo the ground eurfeco as they ?row. Thitoproblem c~n be avid sychoing
a
 .. .,. ;'cVr "'" "-" . which not" -' pece wlon dono have theoheroractnritire. Careful eo-innt ion or tra-, In' oites which are not undor~Clng intenes eroobon (ouch ae plat-sux' -~F e '-, --'., or hea'vily reestated. .-... 
 area) should sugg t th- root useful'tree epeoles to uss as an erosion indicator
 
... . .. ....... Z.. 
 in each region. We also compre plants with a rarge of ares to obe.. how the plant," .-t~-J "= .-. ,--.=.. its root, and the mound or root exposure develop as the tree or buch growe. 

Speoles, or at least individual tree, which reenerate from old Stumps or
 - .root 
stock should be %voided beuse the o.d is Or. l ikely to be relate-ito the ego of the older plant than to the new at-n. 7irr.-tto ortn build -oar.de arounitree, and thene m. t aioo be avoided. Rlecornition of ti-al probl e as not always 

- . eacy, opc ially If the mound is no lonp'r colonized and es been eroded. amol1-- a./"~- ~-* tormite mounds can uuly be recolmied by t..ar lancer texture A t .arnio: .- -. ... -. content then lerroundin eroded soil. The-/ also lack p.dortnii atra.tcres. p.ounds
produced by wind d.position alo ha.e a different ctru,.tare ni texture from tieFir.. 3 An eronlon mound protected by a tree canopy while the surrounding. land ourface surrounding eroded are, And can be recognized throuph cor+ful exaeination. Cile.rto towerod by erouton. Thle hei ht of this partioulnr mound I 60 cm oourceo of uncertainty are deocribed by inrdley (1967) and -i - L.,,arcie (190), whopioneered the method on Bristlecone pines in Utah and in the Whlie -qunteine of 
Cal ifornia. 

b) 
Wo incorporte meeasurements of tree-root exporuros into a ,_'ner.il
hlIelop4


brvey of topo-rnphy, ver.ttlnn cover And noitn, or der.crlbed by IAopol and ]>inn*I(191l). At interval. of 1)0 metero alonq th. hiliolope profile wo re .are te heightDEPTH OF EROSION MINIMUM LEVEL OF FORMERSOI SRA k \tof of the root expocuro or aornon wound unJer tie five or t-n n~nrect trce or b,iphesthe n-.eo beinr undSOIL SURFACE) in that ea. The proc.dure Illatrd In flanro 4 Isc'arrird oaito. opoulte aideo of ti-ctreeLEE :J~ / alone. Ie centnaur. Tie plunt ac also sead.P..RESENT SOIL Tho...... ....erso,...te for te 5-10 plantsi t, ......c ,,.,-ro....h site.."- /SURFACE 

data 
hioid (Dnce, 1976n, Figure IO) and therefore for cerot inp the total aa-cint or 
Boll lont . a ho fmpie 

( ) The can be used for mipping tt-o earl-,ition of erosion depth oionr it 

of illlopcn In eahtrepon. Tici en sIco .nele for-~4~\ SOIL tudying the effect of p7aaient on erosion, no alewri for a elngie a-oct/soil noeples~ ~In Figuire 6. leesaremento of this bind were uadJ to qua'utf. differeces In rates 

of noii lone on three roc~k/coil complcexe in Kejioido Diotrict.rea eland In a he-1vily a-a-nredsothern Xonyn. I have qantifid differen2es of coil na-acme rates 
on hilleiopon with differnF Lrrdicntc, soil typue..Rontint-neity of ve-etitionremoval In the Morelal. ......................... ............. ....... ... : , : . i ::' . .. 

area of northern Yicnya. The results are Iliuatratni In
... ...... .. .. ,,F . . 7 

Those field meanurcment nhow that the rote of soil erosion en even rentle
Fle- 4 Me.irlure~enti of cronion rates from tree root arpoiluren.apen~ioa he hol;ht of thn fa ner ground ourfaco to On ottnho trod gtrntiientn -in Vcnynn rnnolnalde In Ixtremily hir.h by copnricnn witih the r.ite,locntd by roeinli, the compiled by foun. (1969) for A vnrle- of r'r.lenntren fur niala-, ouch an the poarition of the bantl finre or the bounar-y throur.lat ti.e world. ('i-r tiebetween lnot 10-20 yearn, Poil ho bern loot At roted in lhe ranr.c of 0.1t- r.k bark and roct bark. Ihio nhould be done only after oxnnlirvn to 0.5 c /yr entreeo in • the Athl-iinpiti plain And f1.4 to 1.2 r.-4/r 2 in Iaorthern Kenya.roatlively uneroilcd alton. A c.rpenter'u level In then plncnd at the estimated 
i -ene vla,- are

leve of t, foraor land uurfaoe and It. hIlCht above the proont 
equvalnt to Yields of 1000 - Inl C0 t/kn /yr d.pen,lilnr en the balk denoity of theoeil surfeoo soil. It In lifficult to oopars theno vmla.~s dlreitle with i-oin n-dl.rnt yi.a4ad,Is menoured with a ruler because a portion of te soil sohiitopl fre hlllalrs como,, to rort In sct|a, 
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floodplains, and other etorage altos. The meanured sedlment yield per unit area for ..o a ta heren ts usually d ecl n e , the re fore , an th e lze . "" -.o f th e ba i ln ,:r .-,,eo . I kn owor no pubi Ishud Informnoton which Indicotes the rata 
!; ,.9 ' ' ' ' '

ot which. thin dnl Ino accirern
for arir regiona, but In moiotor 'gr icultural regiono of the United Staten, lhrure I 

.(1948), aner(19'5 ), and Rocl, ( - rqu?) have shown that oedie .ntyield per unit areais proportional to the .. nto.ment size raiaed . "1 . .'- to a power of approxim tely - 0.15 to " ,* * ,* .* ,., . t-0 .20. Utlinj, a value of -0 .'0 t lrotKe ynn rarng .elond ,-Ir er-nt y l rIii 

.- , i .J . .- "tI " wourld ho nplproxl-
2 - . - ..anly 150-2 100 t/Am ' 'I ._ .. -. . i ./.yr Pt Ion Irm'-noui of 9X)-l6?,IttAn'/.yonr atsvatoes are In tire aere range Me irv . Tirena um most of tire basin valuatefor the drier grazing laindssoil ero ,iontrere is extree . t "

T!: 
. k 0 .. .~ 

in . i r . 1,. end confirm the evidence that 4 
. 

This kind of simple snemcirt -~uld profitably be ma'e mrorewidely in the ;9I~i.
rapidly erodline regtoils of develirrng countries. " '$nnS~ 
tape, carpenter's level, "nd mile Two peoples withr only a handrr level,an rke an erooion curvy of one to two kilometers " iI ~- per day, !ord in doing so collect a greLnit deal oZ iniformat ion on eroeicc. rates 3 . i-4+" 
 /en",Ii-Y
advontsen ve r ins..tallingtheir controllingotr frntor&, plate to ..... tor coil The .....lI enidition to costinrglo...little, troot to.........to a
the method sretoome other 

y ield data immediately , rather th .anthe invertigator iaving to wa it three or more . -T"_ C'c 
a..o .eout int r .nn at flrtinati....wnich may dintort the 
pictu over a shortmeasre e t pe r od on a p l o t . Th i rd ly , t h e r e a r e n o in t a l l a t i o n e t o b e d iotu r b e d R n n,,,. ,'=
years to obtain usable data. ' r 14'or stolen. On the other hnd,Secorndlymo nitoringthe ofresniltirt; celernlto ionoil lon from ploto ofor Yrouionby ero..rateo . , ' r 4" ,
pies can yield more detailed Information , ouh ao the contrib tion of ra .ntorrse 
 '- .m. Iof var o ,,;aizeo. Plot sare part culanrly uceful where the rate of rossion In lo se " Z 
verdet, ito of the too metirods c..abe comrpleentary. 


;.t .1.o± .uL, ~ I-I

In addition to collecting information on soil loi;e 
 from illid-r, we need to

know F 8 Thepi. nrlinler oyo~en used for onratlng artificial raitanes on hillsidemore about the fate of the eroded uediment. Tiere no very little information plots in Yajiado District,on title topic even Yo,1yain reions where coil erooion he beronotudied intenoively rod

almost none for developing corintricit. Sedlimint is temlicsrortly trtorcd nt entry lonationis %a it eaves down a drtiurnre bait aifter lit lnitial rt-l-cr frm a i 
 is.
Srich Ior-atir inclode footl ees, unchirnrel led coal e, chrarnnelspund fI iplrins,Linkno ani- r cervoire. The amount of er-dimont accimlatit-j at nch of il-,o ltos
is Important from both mt economin point of view (rntr of fll l g of rerervoire and 
t,:k p -n) nmiai ecolorical point of view for thoe itortrcnte In tl.e nr itunD Couppl. en-I de:pth of walerOur I rnre of the fate holdingof erodedredln.ent delivered to townloiv lmportanti a nnfull flt rIpl.uitir." ofedimettt to uroruratarding U 

the effects of soil erocion, end could be remedied by a programmo of cimple, repeatod
topagrepnir, nurveys at sites wi ere the sedlent nccumulaten. 
Ct(RIOLlf PLOT k1 MI'-dil1iT-0 

20 40 60 
To provide quantitative information on the controe of null eronion en oInyan

r npelnrio, we hove begun a sot et ontrolled experimenta rnitng a portable prinkler
yirt r wih r.h rnrat n anrti f i i n l rainr o,trma ov r 5m i ?o p o t ( Figu r e 1) . 

1 
1)With thin rytit m a ittorm of, any, eti Io r's duration nrrI itm 'tri ty of 7cm/hr can beapplied to tplty on a rango of hillolope gratliento on wot or dry entoerlirt nndiltloto, 0with tie vrnne cover in various etatsi. With repented irrigntiono of a plot toslrulato a whola wet aeanon, we can grow .Jand cut green to varelnis never dnition.it 

lrt rnoff tnd soil loonr roes are monitored during tire storm, fnd a otSnpleof tireri .l on spnt.. 0. ..tn from .. ent are given In ll-irro 9. Tin eniito an be red i Eto nompnrn plots on tio bnion of infiltr-tliun capanity, total rinoff, or total noll
Ions. Fl.ire 10, for eneplenomplnron nll loon tree three coil veguttion nomplxesIn their typical condttlonsat the end of a dry season. These and similar results 0
will be den..ribed In a set of forthcoming pnpers. 0 20 40 60 

Time (mins) 
1 

Ig. 9 Ilydrographe of runoff snd toll lone from a 5m x 2m plot during an a tifiolalrailetorm. Storm duration was 
one hour %nd the intenslty was 6.9 cm/hr 
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The cont or much a prorraema would be small relative to its value, vilinhwao rcviewed
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No-Tillage Agriculture 
Ronald E. Phillips, Robert L. Blevins. Grant W. Thomas 

Wilbur W. Frye, Shirley H. Phillips 

For over 100 years, agriculture has re-
lied upon the moldboard plow and disk 
harrow to prepare soil to produce food. 
Without the moldboard plow and disk it 
would not have been possible to control 
weeds and to obtain the yields necessary 
to provide favorable economic returns 
from agriculture. Weeds are strong com-
petitors with food crops for water and 
plant nutrients, and it was not until plant
growth regulators were introduced in the 
late 1940's that attention was turned to 
no-tillage agriculture. From plant growth
regulators selective herbicides were de-
velopcd, and these increased the feasibil-
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ity of growing many different crops with-
out tilling the soil (1-3). 

In this article, we define conventional 
tillage as moldboard plowing followed by
disking one or more times. By this meth-
od one obtains a loose. friable secdbed in 
the surface 10centimeters ofsoil. We de-
fine the no-tillage system (4) as one in 
which the crop is planted either entirely
without tillage or with just sufficient till-
age to allow placoment and coverage of 
the seed with soil to allow it to germinate
and emerge. Usually no further cultiva-
!;;,n is done before harvesting. Weeds 
and other competing vegetation are con-
trolled by chemical herbicides. Soil 
amendments, such as lime ,ind fertilizer,are applied to the soil surface, 

In pasture management, chemicals areused as a substitute for tillage, herbicides 
being used to restrict growth and com-

O 0,. tt7,'¢O 05o0l, ttt.108 fl5 Copynght r 1MG AAAS 

petition of undesirable plants during the
establishment of the iewly seeded crop
or to supress growth of grasses and allow 
establishment of legumes. Row crop pro
duction with the no~tillage system is al
most always carried out by planting the 
crop into soil covered by a chemically
killed grass sod or with dead plant residues of a previous crop. For example, in 
continuous no-tillage corn Z,(i ,ys)
production, the soil surface at the timeof planting is covered with corn stalk 
residues of the previous corn crop. In

double-cropped soybeans, the soil at the 
time of planting is covered with residuesof a recently harvested small-grain crop
such as barley or wheat. 

The iand area used for row crops and 
forage crops grown by the no-tillage sys
tem has increased rapidly during the past
15 years. In 1974, the U.S. Department
of Agriculture (5) estimated that the
 
amount of cropland in the United States
 
under no-tillage cultivation was 2.23 mil
lion hectares, and that 62 million hec
tares or 45 percent of the total U.S. crop
land (6) will be under the no-tillage sys
tem by 200C. An estima.7ed 65 percent of 
the seven major annual crps (corn, soy
beans. sorghum, wheat, oats, barley, 
and rye) will be grown by the no-tillage 
system by the year 2000 and 78 percentby the year 2010 (.). In Kentucky there 
were 44.000. 160.400. and 220.000 haof no-tillage corn and soybeans grown 
in 1969. 1972, and-1978- Vspecively. 



We estimate that at least 65 percent mum required for maximum plant Triplett et al. (8) found that the no-tillageof the corn and soybeans in the Southern growth. system reduced soil erosion by as muchcorn belt will be grown with the no- A reduction in tillage generally re- as 50-fold.tillage system by the year 2000. 
Harrold and Edwards (1) in

quires an increase in the use of psti- Ohio compared soil erosion and runoffThe major advantages of the no-tillage cides. About 50 percent more pesticides on watersheds with poor management 

practices, improved management piac.. 
tices, and no-tillageSummary. The no-tillage cropping system, a combination of ancient and modern practices during asevere rainstorm in which 17.5 cm of rainagricultural practices, has been rapidly increasing in use. By the year 2000, as much fell in 7 hours. Corn was being grown inas 65 percent of the acreage of crops giown in the United States may be grown by the all three watersheds. Soil erosion lossesno-tillage practice. Soil erosion, the major source of pollutants in rural streams, is for this one rainstorm were 51.477,virtually eliminated when no-tillage agriculture is practiced. The no-tillage system re- 7,307, and 72 kilograms of soil per hectareduces the energy input into corn and soybean production by 7 and 18 percent, re- for the watersheds with poor managespectively, when compared to the conventional tillage system of moldboard plowing ment practices, improved managementfollowed by disking. In addition, crop yields are as high as or higher than those obtained practices, and no-tillage practices, rewith traditional tillage practices on large areas of agricultural land. spectively. The corresponding amounts 

of runoff were 11.0, 5.8, and 6.2 cm. re
spectively; and the slopes of the land forcropping system are as follows. (i) Soil are used for corn production by the no- the three watersheds were 6.6, 5.8,erosion caused by wind and water is and re- tillage method than by conventional till- 20.7 percent, respectively. Such a severeduced. (ii) The acreage of land that can age. Most pesticides used in the no-till- rainstorm is likely to occur only once inbe safely used for row crops is increased age production of corn and soybeans do 100 years, however. Harrold et al. (12)because such crops can be grown on not move appreciably in the environment measured soil erosion losses durir.F! 5sloping Find that would be subject to soil except by soil erosion. Because soil ero- years of more normal rainfall. Their reerosion by water under the conventional sion is greatly decreased by no-tillage ag- suIts from 5 years of continuous no-tilltillage system. (iii) Energy requirements riculture in comparison to conventional age corn production showed that erosionare reduced. (iv) The timing of plantirg tillage, one would expect less movement losses on a 9 percent slope during theand harvesting can be improved. Row of pesticides from the field. Tripletteral. growing season decreasedcrops on well-drained soils may be plant- from 1761 kg/(8) found that the transport of' herbicides ha on conventionally tilled watersheds toed and harvested under a wider range of (atrazine and simazine) in runoff water 27 kg/ha on no-tilled watersheds. I,soil moisture contents with the no-tillage was no greater from no-tilled fields thansystem some years, no soil was lost from eitherthan with conventional tillage. from conventionally tilled fields. Some conventional or no-,illage systems.(v) Soil water is used more efficiently by pesticides are degraded to harmless com- However, in 1964, soil loss from the conplants because of decreased water .' ap- ponents in thei soil in a shorter period of ventional tillage watecshed was 6477 ks/oration from the soil and increased water time under no-tillage than under conven- ha whereas or, y 134 kg/ha ', s lost frominfiltration into the soil. (vi) The invest- tional tillage (9) Thus, although more the no-tillage watershed. Averaue croment in machinery is reduced, pesticides are used for the no-tillage sys- (grain) yields during the 5-year periodThere are several disadvantages in the tem, it appears that the potential for pol- were 7091 and 7909 kg/ha for the coi,.no-tillage system. (i) The populations of lution is no greater, and may be less. ventional and no-tillage watersheds, Teinsects and disease-producing organisms than for conventional tillage (3. 9). spectively.and resulting crop damage may be higher Farmers in many areas of the world Langdale 't al. (13) in Georgia foundthan in the conventional tillage system are finding that the advantages of the no- that on land with a 6 percent slope,because of a more favorable habitat. The thetillage system far outweigh the disadvan- no-tillage system reduced soil loss fromnumber of rodents may also be in- tages. In this time of modem technology about 40 tons to about 0.2 ton per hec.creased, but these can be controlled with it is paradoxical that the no-tillage sys- tare when simulatedrodenticides. (ii) Greater management 

rain w.: lidded at :atem combines the use of modern chem- rate of 6.4 cmlhour for a periodability is required for success, since of 2
icals (selective herbicides) with the most hours. Studies of a tropical soil in Nigethere are fewer alternatives for correct- ancient method of introducing seed into ria showed that plots with slopes of 10 toing management errors than in conven- soil. Farmers in the mid-Atlantic and the 15 percent lost 7.3 tons of soil per hectional tillage systems. (iii) Because a southeastern United States are finding tare by erosion during a rainstorm of 4.2mulch is usually applied to the soil sur- that one or more of the advantages listed cm if they had been plowed and onlyface in the no-tillage system, soil temper- above are increasing the net profit of 0.001 ton if they were under the no-tillature may be decreased by as much as their farming operations as well as con- age system (14). In many regions wind6"C at a depth of 2.5 cm in the spring serving their most basic natural re- erosion is a problem. A comparison of(7) or until the plant canopy shades source, soil. wind erosion losses by Schmidt andan appreciable proportion of the land Triplett 15) showed that. per hectare, aarea. This lower temperature is a dis- conventionally planted field of corn lostadvantage when it delays spring plant- Soil Erosion 291 tons of soil whereas a no-tillage corning in areas such as the central and field lost 4.5 tons during one severe windnorthern United States. or where the soil Many studies indicate that no-tillage storm.temperature in the no-tilled soil is below agriculture reduces ioil erosion to almost In general, soil erosion increases asthe optimum temperature required for zero. McGregor tt al. (10) found that on the amount of tillage increases and demaximum plant growth. In the tropics, a high!y erodible soil in Mississippi ero- creases as amounts of residues or planthowever, the lower soil temperature can sion was reduced from 17.5 metric tons cover increase. By far the most acceptbe advantageous because the soil tem- per hectare to about 1.8 tons per hectare able and effective measure for control ofperatures are frequently above the opti- when the no-tillage system was us(:d; wind and water erosion is the mainte
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nance of surface residues (mulches). 
Certainly, no-tillage agriculture provides
conditions that favor soil conservation. 

Water Utilization by Crops 

are usually as high as or higher thanCrop yields from no-tillage agriculture 

yields from crops produced by conven-
tional tillage, especially on well to mod-
erately well-drained soils. Except for a 
few unusual situations, soil water con-
tent is almost always higher under the 
no-tillage system than under convention-
al tillage (12, 16-23). This is mainly be-
cause the presence ofa mulch on the sur-
face of the soil significantly reduces wa-
ter evaporation from the soil when the 
crop canopy does not cover the soil sur-
face. After a full crop canopy is attained, 
there is little or no difference in soil wa-
ter evaporation between the convention-
al tillage and no-tillage methods. For a 4- 
year period in central Kentucky the ?v-
erage of a Maury silt loam soil at depths 
of 0 to 15 cm during the corn growing 
season was 29.5 percent on a volume 
basis for the no-tillage system and 24.4 
percent for conventional tillage. This dif-
ference translates into 0.75 cm more wa-
ter being present in the surface 15 cm of 
soil under no tillage than in soil under 
conventional tillage during the growing 
season. This difference in soil water con
tent can often mean the difference be-
tween a good corn yield and a mediocre 
one. The average amounts of soil water 
transpired through a corn crop and the 
amounts of water lost by evaporation to 
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Fig. I. Response of corn to nitrogen fertiliza-
tion. The values are the average of eight loca-
tions in Kentucky. 

the atmosphere because of tillage during 
5 months of four growing seasons in cen-
tral Kentucky are shown in Table I. The 
data show that co'rn grown by the no-till-
age system transpired, on the average, 
6.5 cm more water than corn grown by 

he conventional tillage system. Like-
wise, soil under the no-tillage system lest 
15.0 cm less water to the atmosphere by 
evaporation than did soil under the con-
ventional tillage system. This improved 
efficiency of water use is important be-
cause food crops are not efficient users 
of water. Corn, for example, transpires a 
minimum of 500 kg of water for each 
kilogram of dry matter produced. 

Corn Yields 

A comparison of corn grain yields 
from well-drained soils in Kentucky is 
shown in Table 2. On poorly drained 
soils, we normally do not obtain as i6W 
yields of corn grown by the no-ti!!age 

a'ble I. Estimated soil water evaporation and transpiration by corn (Zea mavsl from no-tilledand conventionally tilled crops on Maury silt loam soil during the growing season. The values,
in centimeters, are averages for the growing seasons of 1970, 1971, 1972, and 1973. 

No tillage 

Month 


Trans- Evapo-
piration ration 

May 0. 2.1June 7.6 1.0 
July 12.4 0.3 
August 9.2 0.2 
September 1.5 0.5 

Total 30.7 4.1 

Conventional tillage 

Rain-Trans- Evapo- fallpiration ration 

0.0 6.3.0.0 6.3 9 
9.5 2.1 10.1 
7.2 1.4 4.1 
1.1 2.5 9.1 

24.2 19.1 50.9 

Table 2. Average corn grain yields from well-drained soils under the no-tillage and conventional 
tillage systems. 

Number 
testedSoil type of years 

Maury silt loam 8 
Crider silt loam 5 
Tilsit silt loam 5 
Allegheny silt loam 3 

Grain yields (kg/ha)
NoSitpoya CtheConventional 

tillage 

9,136 8.932 
9.886 8.318 
7.705 7.70: 

10.977 10.909 with phosphorus-J2 sow that more 

method as we do from conventional till
age. Similar results for well-drained 
compared to poorly drained soils were 
obtained in Ohio (2). In the northeastern 
and north central United States, the 
presence of a mulch consisting of crop 
residues on the soil surface results in a
higher soil water content and lower tern

in the seed zone at normal
planting t*:.- s. For these reasons, seed
ing must be delayed to a later than opti
mum planting date. In addition, nitrate
nitrogen present in the soil may be deni
trifled and lost from the soil. 

Research in Kentucky showed that 
when nitrogen fertilizer was applied to 
the soil the corn grain yield on well
drained soils was greater with the no-till
age system than with conventional till
age (see Fig. I). When no nitrogen ,erti
lizer was applied, corn grain yields were 
higher with conventional tillage than 
with the no-tillage system. However. ap
plication of 168 kg of nitrogen per hec
tare resulted in higher yields of corn with 
the no-tillage system than with conven
tional tillage; yields were equal when ni
trogen was applied at the rate of 84 kg/ 
ha. Results from Maryland were quite 
similar, as shown in Table 3. 

Efficiency of Frtilizer Use in 

Under the conventional tillage system, 
fertilizer and lime are mixed with the 
"plow layer" of the soil. which usually
extends from the surface to about 20 cm. 
Because there is little soil disturbance 
under the no-tillage system, it is neces
sary to apply fertilizers to the soil surface instead of mixing them with the soil.
 

Expetiments show that there is little or
 
no difference in potassium availability
 
whethjer the fertilizer is applied to the
 
soil surface or mixed in. In the case of
 
phosphorus, surface application has a 

slight advantage over either band placement or mixture of the fertilizer with the
 
soil. There appear to be two reasons for
 
this. First, with the no-tillage system the
 
soil just tinder the surface mulch remains
 
wetter than any other portion of the soil
 

during much of the growing season. In
creased water in the soil improves the 
diffusion rate of phosphorus to the roots, 
which proliferate in this zone. Second, 
application of phosphorus fertilizer to 
samesoilresultssurface effectively achieves theas "banding" the phos
phorus in the soil. That is. rather limited 

soil contact with the phosphorus ferli
lizer results in higher phosphorus solu
bility. Studies with fertilizers labeled 
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Table 3. Efficiency of different increments of 
nitrogn fertilizer, expressed as kilograms of 
grain per kilogram of nitrogen, on corn grown 
on well-1rained soils in Kentucky and Mary-
land. 

Yield of corn grain 
(kilograms per kilo-Nitrogen gram of nitrogen

fertilizati,,n 
per hectare No Conven-tional 

tillage tillage 

Kentucky 
Second 85 kg .6 22.2Seod8g9.6 3.0 

Marvland* 
First 90 kg 32.4 14.4 
Second 45 kg 34.8 3.0 
Third 45 kg 0.0 0.0 

See (281. 

phosphorus is available to plants when 
fertilizer is surface-applied. 

When nitrogen fertilizer was applied to 
the soil surface on well-drained soils in 
Kentucky and Maryland, :he amount of 
corn giain obtained per kilogram of nitro-
gen was much greater for the no-tillage 
system than for conventional tillage (see 
Table 3). However, when no nitrogen 
fertilizer is applied the yields of corn 
with the no-tillage system are lower than 
vith conventional tillage (Fig. I). Some 

experiments indicate that it is only at the 
higher rates of nitrogen application that 
both nitrogen use efficiency and corn 
yields favor no illage; this is believed to 
be because of the higher water content of 
the soil. However. recent experiments in 
Kentucky show that when nitrogen fer-
tilization is delayed until 30 days after 
planting, yields of crops under the no-till-
age and conventional system are equal. 

In the case of nitrogen fertilizers, there 
are three possible problems associated 
with nondisturbance of the soil. The first 

is that, because of accumulation of or-
ganic matter at the soil surface, denitrifi-
cation can occur when the soil contains 

an excess of water. This is one of the rea-
sons why no-tillage agriculture is not so 
successful on poorly drained soils as it is 
on well-drained land. The second problem is that leaching of nitrate occurs 
more readily under the no-tillage system 
both because there is less evaporation of 
water and because the channels through
which water and nitrate can move are 

undisturbed, promoting deeper penetra
tion into the soil. A third problem is that 
the native soil nitrogen has a lower min-
eralization rate in undisturbed compared 
with disturbed soils. The overall effect of 
these problems is that more nitrogen 
may be required for optimum yields of 
some crops grown under the no-tillage 
system. In Kentucky, we recommend 
that, per hectare, 28 kg more nitrogen 
fertilizer be applied for the production of 
corn under the no-tillage system than un-
der conventional tillage. Recent experi-
ments in Kentucky show that when 
nitrogen fertilization was delayed until 
30 days after planting, yields of corn at 
all nitrogen fertilization rates were as 
great or greater under no tillage than 
under conventional tillage. In Virginia, 
20 percent more nitrogen, phospho-
rus, and potassium fertilizers are recom-
mended for no-tillage corn to support 
the 20 percent higher yields expected 
from this system (24). 

Lime placement on the soil surface is 
effective because under the no-tillage 
system the soil surface is the zone most 

1rt Pesticides ate. 
Tractor 6% 

fuel
32% Fodother d 

5% 

Ftl 
mery 

a etl 
23% 

Fig. 2. Energy used in U.S. agriculture. The 
values given are percentages of total energy 
used in agriculture. [Courtesy of Americar,
Chemical Society (32)] 

likely to become acid. This isbecause of 
the nitrification that leaves residual acid
ity at the point of fertilizer placement 
and the lack of soil mixing that would di
lute the effects of such acidity Thus, 
lime applied to the soil surface contacts 
the acidity directly and no mixing is nec
essary. Work in both Virginia and Ken
tucky has demonstrated the effective
ness of this method in sustaining crop 
yields. 

Effect of Tillage on Energy Use 

The input of pesticides, feiailizers, 
fuels, and machinery has increased to 
tne point that agriculture is a very ener
gy-itependent industry. The total U.S. 
energy demand in 1978 was approximate
ly 19.57 x 10- kilocalories (25). Mos 
estimates place agriculture's share of 
energy used for the production of food 
at about 3 percent of the total U.S. ener
gy demand. Of this estimated 0.59 x l013 

Table 4. Comparison of energy consumption for the product of corn by conventional tillage and the no-tillage system. 

Management 
input 

or operation 

Rf 
efe 
ence 

Energy 
requirement 
per uniof 

input 
(kcal x 10-') 

Machinery. manufac- (9) 20.5/kg 
turing, and repair 

Fertilizer 
Nitrogen 

(29) 
13.9/kg (as N) 

Phosphorus 
Potassium 

Seed (30) 

1.8/kg (as PO,)
1.1/kg (as K:O)
4.0/kg 

Herbicides and 
i isecticides 

(29) 24.2/kg of active ingre-
dients 

Plow (moldboard) (30) 235/ha 
Disk 
Plant 
Apply herbicides 
Broadcast tertilizer 
Harvest (compicker) 
Dry grain 

(30) 
(30) 
(31) 
(30) 
(30) 
(29) 

.t2/ha 
83/ha 
17/ha 
18/ha 

128/ha 
0.15ikg 

Transport grain 
Total 

(29) 0.033/kg (3 km distance) 
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Energy required per 
hectare (kcal x 10-')

Assumption Conven
tional No 
tillage tillage 

11.6 kg/ha for conventional tillage; 9.5 kg/ha for no 237 195 
tillage (based on 240-ha farm) 

140 kg/ha 1946 1946 
70 kg/ha 126 126 
70 kg/ha 77 77 

15.9 kg/ha for conventional 18.2 kg/ha for no tillage 64 73 
2.3 kg active ingredient for conventiona 3.4 kg 56 82 

active ingredient for no tiliage 
235 

One time 82 
75-cm rows 83 83 

17 17 
18 18 

75-cm rows 128 128 
23 to 15 percent moisture (9000 kg/ha yield) 1350 1350 
9000 kg/ha yield 297 297 

4716 4392
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Table 5. Comparison of energy efficiency of nitrogen.ertilizer for the no-tillage and convention,al tillage systems of corn production in Kentucky. sion. The higher the amount of clay in aI soil, the higher the quantity of energy e-
Output and input Energy required per hectare (kcal xo-_ 10P) quired in tillage, especially in thdse oper-No 

cnertoa 
- ations involving soil movement such

tillage as 
Ailage plowing and disking. These factors favorthe no-tillage systemYield output* 11,171 over conventional 

Production input 

First85 kg of nitrogenfertilizerper hectare 507 tillage in energy savings, since the no-till
1.756Gain(+)orloss(-) 1457+9,415 age system requires fewer field opera+3,620 tions and practically no soil movement.Yield output Second 85 kg of nitrogenfertilizerper hectare 

Production input" 4,786 Less need for use of traditional erosion
1,424 131 control practices (contour farming,Gain (+) or loss (-) 1,1% con
3.362 tour strip-cropping, and terracing) and-1.065 a 

"3.73 x 10 kcal per kilogram of grain. 
much lower loss of plant nutrient sup

lizer. tlncludes energy 
Based on yield increase due torequired. to manufacture the nitrogen fertilizer, application of fertilizer to land 

plying capacity in the no-tillage systemincrease due to the second 85 kg of nitrogen fertilizer.and drying and transporting the grain to market. 
provide some immediate energy savings.3.73 x 101kcal per kilogram of grain. Based on yield 
Except for that small amount, the energy 

savings associated with better erosion 
kcal of energy used annually for food 

control will be largely deferred to futurefavor of no tillage, generations.production, 1427 x lOF as op- When erosion doesabout one-third large amounts of energy occur,is used in posed to 1735 x 10" are required tothe production phase, kcal/ha, or aboutand two.hirds is 31.4 liters restore the land to productivity (27).of diesel fuel equivalentused as input manufacturing per
!Fig. 2). The energy saved by using the no-tillhectare. Nitrogen fertilizer is not usuallyAbout 80 percent of the energy ised by age cropping system may seem

agriculture is from liquid petrol, im fuels 
used in soybean production since small 
soybean is 

the when it is expressed on a per-hectare
and natural gas. 

a legume. This accounts for basis, but it is relatively large whenthe greater percentageSteinhart and Steinhart (26) have de-
saving of energy viewed on a national scale. If 65 percentwith no-tillage soybeans compared to no-scribed the close connection between is a reasonable estimate for the percenttillage corn.farm output and the amount of energy in- age of corn ard soybeans thatThe greatest single energy input into will beput into the U.S. food system since 1920. grown under the no-tillage system by thecorn production is nitrogen fertilizer. InTheir data indicate, however, that the ef- year 2000 (5), then on the basis of the esgeneral, 100 toficiency ratio for farm output 

175 kg of nitrogen ferti-to energy timated 35 million hectares each of corninput has 
lizer per hectare are recommendeddeclined somewhat forin recent corn production depending 

and soybeans by that year, the potential
years, perhaps emphasizing the need for 

on the type annual savings of energy will be 14.9 xof soil and climatic conditions. In the ex-improved energy efficiency in agricul- ample shown 
10" kcal or 1.5 billion liters of diesel fuelture. in Table 4, nitrogen ferti- equivalent per year forlizer represents corn and soyalmost one-halfConventional tillage requires relative-

of the beans alone. Although such savings mayenergy required.ly large amounts of fuel, In most soils, nitrogenmuch of which have little effect on energyis the most important fertilizer element use on a na
tionalis used in plowing and disking to prepare scale, they may be significant forfor corn production, since it is more an individuala seedbed (Table 4). Since plowing, disk- farmer.likely to be a limiting factor than any othing, and some trips over the field with er plant nutrient. Table 5 shows that themachinery are eliminated with the no-till- energy output from increased grain yieldage system, a considerable quantity Disease and Insect Problemsof for eachfuel is saved with this method. However, plied, 

unit of nitrogen fertilizer apwhen comparedthe requirements to the energy in-for additional herbi- put associated with that uunit of nitrogen 
Some plant diseases, such as take-all


cides in no-tillage systems offset some of 
 fertilizer, in wheat, occur less frequently in no-tillis muchthese gains. The elimination of plowing 
greater for no-tillage age crops than in crops grown with conagriculture than for conventional tillage.and disking and reduction ventional tillage,in machinery and others, such as

manufacture brought about by the no-till-
Since the response to nitrogen fertilizer early anthracnose in corn, occur less fre

age system 
is greater with the no-tillage system (Fig.results in an annual energy I), quently in conventionally tilled crops.the energy efficiency valuessaving equivalent to about are also Some researchers have been concerned36.6 liters of greater.
diesel fuel per hectare. The extra pesti- about the possibility of no-tillage
The amount sysof energy requiredcides needed for the no-tillage system for tems permitting a buildup of a reservoirvarious field operations is affected byoffset about 2.65 liters of this saving. Ad- several factors that are not taken into ac-

of disease organisms on crop debris leftditional seed, which is usually recom- count on the soil surface as mulch. However,in Table 4. Match-upmended for no-tillage agriculture, offsets tween 
in size be- there are certain beneficial aspects rethe tractor, equipment. fields, andanother I liter per hectare. Thus, the en- jobs is an important factor. Size, shape, 

lated to the practice of no-tillage agricul
ergy saving for the no-tillage production topography, and type of soil can greatly 

ture that should not be overlooked. Con
of a hectare of corn is equivalent to influence the energy used in field opera-

servation of moisture and reduction inabout 33 liters of diesel soil compactionfuel annually tions. are factors thi* contrib-Small or irregularly shaped fieldscompared to conventional tillage. This is ute to the production of healthier plantsor fieldsabout 7 percent less per year for the no-
with irregular slopes require that are able to withstandmore time and more diseaseenergy with respecttillage system than for conventional till- equipment use, 

to and insect pressures. Thus the fact thatespecially whereage. For soybean production there is 
con- corn and sorghum succumb lessventional freabout an 18 percent saving of energy in 

tillage requires that contour quently to stalk rots under reduced tillfarming be practiced to control soil ero-
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stalk rots occur more f,-quendy in plants 
subjected to stress. B . ',oiding many of 
the stresses of tillage, plants may be able 
to withstand greater disease pressures. 
Regardless of the tillage system used, 
two practices appear to reduce losses 
due to disease. First is the use of varie-
ties or hybrids that are resistant to dis
ease, particularly in areas where crops 
are known to be subject to heavy disease 
pressures: second, and perhaps more im-
portant. is the practice of crop rotation, 
which benefits disease control in nearly 
all tillage systems.

Depending on the climate, the pres-

ence of mulch and crop residues on the 
surface of the soil can be advantageous
with respect to the control of destructive 
insects. In areas with large numbers of 
predators, such as in tropical zones, 
harmful insects are subject to biological
control. In areas where such control is 

not effective and the mulch serves as 
a habitat for harmful insect populations,
these may be adequately controlled by 
the soil insecticides used in conventional
tillage agriculture in the United States. 

Systemic insecticides provide adequate 
protection when they are banded in close 
pioximity to the seed. 

Multicropping with No-'illage 

Techniqu3 

The potential for multicropping may 

be the most important fur',jr in no-tillage 

agriculture. All the advantages of the no-
tillage system became more important 
with multicropping. These advantages 
include (i) reduced labor and costs; (ii) 
elimination of moisture loss associated 
with conventional tillage at planting 
time. ensuring stands of second and third 
crops under restricted rainfall patterns:

crop
(iii) production of more than one crop 

per year, which increases land use; (iv) 
further reduction of soil erosion; (v) 
maintenance of soil structure by elimina-
tion of plowing and land preparation: and 
(vi) time saved in planting the second 
and third crops when timeliness of plant-
ing is very important. 

With the no-tillage system, harvesting 
can be followed immediately by planting 
of the succeeding crop. thus reducing the 
time lag between crops. On well-drained 

soils, no-tillage crops can be planted 
over a wider range of soil moisture con-
ditions than can conventional tillage 
crops. and this further reduces the time 
before the next crop can be planted in 
the mullicropping sequence. The crops 
used for multicropping may include seed 
crons such as small grain, maize, soy-
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beans, grain sorghum, sunflower, flax, 
and others depending on climatic condi-
tions. 

The Worldwide Potential of No-Tillage 
Crop Production 

Factors that will govern the use of the 
no-tillage system throughout the world 
include (i) the erodible land that is used 
for crop production; (ii) soil drainage; 
(iii) :limate: (iv) availability and cost of 
fuel for agriculture; (v) labor supply; (vi)
potential for multicropping, wh!ch in 

turn depends on climate and markets; 
and (vii) development of technology and 
management skilla to the level needed 
for the adoption of no-tillage agriculture,

Research data obtained on the use of 
no-tillage and conventional tillage sys-
tems in tropical zones parallel those ob-
tained from research in the southern 
corn belt with respect to yield increase 
and reduction of erosion. The fragile 
soils of the tropics may offer greater op-portunity for the long-term advantages of 
the no-tillage system than any other soils 
in the world. 

Recent studies on the applicability of 
no-tillage techniques for a range of soils 

and crops in West Africa have been con-
ducted by the International Institute. of 

Tropical Agriculture in Nigeria. Lai (19) 
reported that corn, soybeans, and cow-
peas responded favorably under no-till-

age conditions and that soil erosion 

was adequately controlled. Tropical soils 
are characterized by thin surface layers 
and have a high erosion potential be-
cause they are exposed to heavy rain-
fall. Thus the kind and amount of tillage 
play a vital role in controlling erosion in 
the tropics. According to Lal (19), ad-vantages of the no-tillage system in tropi-

trpi-
cal environments include Ii) improved 

soil structure and soil porosity, (ii) ef-
fective erosion control, (iii) conservation 
of soil moisture in the soil surface. (iv) 
lowering of the daily maximum soil tem-
perature at the soil surface to a level 
more favorable for plant growth, (v) 
maintenance for soil organic matter, and 
(vi) 	improved water use efficiency. 

Results from South America and the 
Philippines and other parts of Asia also 
indicate that the no-tillage system will 

soon become more widely used in many 
parts of the world. Although :he system 
has been adopted primarily ny farmers 
practicing agriculture on a large scale, it 
is likely to find favor on small farms. The 
energy required to prepare soil for plant-
ing with the use of hand tools in most 
cases limits the total area of food crops 

that a family can grow. It has been 
demonstrated in Colombia that by careful 
application of herbicides by means of a 
small hand pump, maize can be grown 
satisfactoraly without tillage. 
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