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PREFACE

Environmental degradation is a global threat 1o the sustainability of
agriculture.  Accelerated soil crosion is a major human-induced  cause of
environmental degradation. Althcugh accelerated crosion has severely damaged
agricultinal lands for thousands of years in places such as the Mediterranean
region and China, most estimates of the extent and severity of the problem
appear 16 be based on anecdotes rather than on quantitative data,

Sustainable agriculture has long been a primary objective of the projects and
programs of the (1S, Ageney for International Development. A growing
realization thai environmental degradation now threatens the survivability of
an expanding population has lent increased urgency to efforts 1o assure the
sustainability of agricultwre. In response to that urgency, the AID Bureau for
Science and Tevhnology Office of Agriculture has undertaken several projects,
including the Techuology for Soil Moisture Management Project. As pant of
that project activity. a workshop on Soil Erosion and Sustainable Agriculuure
in Africa was held ai the nternational Center for Avid and Semiarid Land
Studies of Texas Tech University in Lubbock on July 25 and 26, 1988.
Participants in the workshop (see Tist at end of repovt) came from universitics
and government agencdies in the United Seates, France, and the United
Kingdom.

The objectives of the workshop were to assess the elfect of erosion on soil
productivity, identify research needs, and evalnate the tmpact of soil erosien
on sustainable agriculture. The working definition for sustainable agriculiure
was: maintenance of the productivity of the resource base while achieving an
cconomically profitable level of agricultural production.

We thank the workshop participants for theiv willingness to take time from
their busy schedules o provide guidance 1o the Agency for International
Development's continuing cfforts 1o assure that its projects contribute o
environmental ¢nservation. The frank and candid discussions demonstrated
that knowledgable scientists holding differing opinions can work together to
search for workable solutions to difficult problems. Workshop participants
recognized the need 10 take action without waiting {for more data and total
agreement.

H. E. Dregne, co-chiinnan
R. E. Meyer, co-chairman
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SUMMARY

Water and wind crosion have severely impaired
land productivity in many countries of the world.
Lrosion is a major threat to the sustainability of
agriculture, Water crosion has done the greatest
damage 1o long-term soil productivity;  wind
crosion is widely acknowledged as a hazard te
agricultural sustainability but data to confinn
thai opinion are scarce. Afvica’s problems with
crosion are particelarly significant because agri-
cultural  productivity is notably low on  that
continent.

Maps showing where erosion has reduced long-
term soil productivity in Africa are virtually non-
existent it the continental, national, or regiomal
scale. Such maps are needed o enable planners
and donor agencies 1o make wise decisions on the
dlocation of scarce resources. A limited number
of maps depicting the location of eroded lands in
small areas have been constructed. They are
inadequate to provide information on the severity
of the  erosion-productivity - problem  at  the
national  or regional  scale. Continental and
national crosion hazard maps have been prepared.
However, hazard frequently does not equate with
actual eroston, and hazard maps tell nothing of
the crosion-productivity relation,

In the absence of quantitatve data on  the
mpact o crosion on potential soil productivity,
recourse can be made to the information expe-
ricnced people have accumulated over the years,
There ts a wealth of knowledge among farmers,
pastoralists, extension  agents,  scientists,  and
conservationists, ‘The problem is to tap these
sources ina meaningful way. We  propose a
“structured informed opinion analysis™ system to
accomphish that task. The system combines group
dynamics and expert system approaches 1o trans-
late observations into reasonably accurate maps.

Quantitative studies on crosion and the ero-
sion-productivity relation are essential to provide

the data required to conduct effective sotl conser-
vation programs. We recommend short-term and
fong-term experiments on sites representative of
the major soils and agroccological regions. The
tests would  be  carried  out  at international
agricultural rescarch centers and other rescarch
stations, as well as on farmers” fields, Data are
especially Tacking on the occurrence and impact
ol wind erosion.

A logical sequence of actions to assess the
current status - of - crosion,  to understand  the
crosion-productivity relation, and 1o achieve ero-
sion control would be the following:

1. Conduct a rapid analysis  of available
research data and  carry out a0 structured
informed opinion analysis at the national
and regional level.

2. Initiate  crosion  and  crosion-productivity
short-term and long-term rescarch. ncluding
evaluation of the impact of 1echnological
packages to increase production, assessment
of the on-site and off-site cosis of crosion,
identification of soil properties important in
the crosion-productivity relation, and moni-
toring  crosion and  productivity - loss by
agroccological regions.

3. Develop appropriate soil conservation and
vicld-increasing practices and devise simple
methods 1o measure erosion losses.

1. Undertake studies to idenufy conetraints and
to improve acceptance of erosion contiol
practices by producers of subsistence and
commercial crops.

Utilization of the wealth of knowledge that
professionals and non-prolessionals have gained
througl. field experience can enable planners and
administrators o implement  effective  erosion
control programs designed to protect the crop-
producing capability of a nation.



INTRODUCTION

Agriculture is the engine of cconomic growtl,
for most developing countries. Agricultural pro-
ductivity must be sustained  and  inercased
cconomic growth is to be achieved. Cuarrent
production practices in many parts of the would
are not environmentally sound and are incompat-
ible with the sustainabilitv: of agriculture. Water
and wind crosion are the principal instraments ol
the long-lasting soil degradadaon that poses the
most serious thicat o environmental stability in
croplands. When erosion has reduced the rooting
depth and the avatlable water holding capacity of
a soil to a crineal level, there s no way that
natural regeneration can restore productivity in
less than hundreds or thousands of years. Tt s 100
late 1o practice conservation when the soil has
been eroded away o hedrock.

The Afvican contnent has become the focus of
donor ageney actvites i developing countries
because it has experienced  grear difficulty in
feeding 11s people, The contment faces a daunting
set of fundamental problems. Thice major prob-
lems e rapid  population  growth, enduring
cconomic stagnation and poverty, and declining
agricultural - productivity, Massive  lood  relief
programs must he undertaken every year some-
where in the sub-Saharan region. This is despite
the concluston by the and  Agricultare
Organization (IFAO) that the continent has the
natural resonree potental 10 support a popula-
tion of 12,9 billion at a Ingh level of inputs 10
agriculture, approximately 34 times the present
population (FAO, 1982). Unrealiste though the
theoretical population supporting capacity  may
be, 1t clearly imdicates that the continent can feed

Food

much  more then its present population  if
maximum  beneficial use  were made  of s
FESCUTCCS,

No reliable data are availible on the degree o
which croston has reduced soil productivity in
Africa. However, the informed opinion ol nuaer-
ous scientists s that uncontrolled  erosion  of
cuitivated and has severely impaired fand pro-
ductivity in countries such as Frhiopia, Lesotho,
Zimbabwe, and Tanzania. Water ceosion has done
the greatest damage: wind eroston 1s an uninea-
sured hazard but is widely believed 1o have an
adverse etfect on agricultaral production i the
dry regions (Brown and Wolf, 1981).

The U.S0 Ageney for Imernationai Develop-
ment cites soil eroston and sotl fertility dechine as
the most serious envivonmental and  cconomic
problems i Africa (AID, 1987). Soil erosion and
fertility loss are caused, principally, by extension
of cultivation inte marginal arcas and by 1uap-
propriate agricubiural practces. Inomost cases,
crostonn and fertility decline are closely  linked.
Globally, the situation is the same, with erosion
and overgrazing said to he ruiniag several million
hectares of agricultural kind  cach year (AID,
1088). The sertousness of the erosion problem is
cndoubted; nevertheless, definitive data on assess-
ment, prediction, and control are missing in most
developing countries.,

This report is a [first attempt to
techniques for assessing the severity ol erosion
and its impact on potental soil productivity and
the sustainability of agricultare, using Africa as
an example.

propose

ASSESSING EROSION AND PRODUCTIVITY

Yeliable data on erosion in Africa are restricted
to places where experimental plots have been
established on rescarch stations, Those are few in
number relitive 1o the variety of soils, Landscapes,
and agroccological zones e Alrica. Much less
dita ave availuble on the effear water and wind
croston have had on the short-term and long-term
productivity of the soil (Stocking, 1984). For the
purpose of this paper, fevtility loss is a short-term
effect since 11 is possible to reverse the loss by
applving  manure  and  commercial  fertitizers,
mtroducing  crop  rotations  which  include
legumes, or allowing the land 10 lie uncultivated
for several years. Long-term effects, in our view,
are changes in physical and chemical properties

no

that are, {or practical purposes, irreversible. The
principal changes of importance are soil losses
that materiatly reduce rooting deprh, significantly
lower the available water holding capacity and
the organic matter content, and induce chemical
toxicities 1n crops, It is the long-teim elfects that
are of primary concern when sustainability of
agricultuve is considered (Papendick et al., T985).
Long-tevm impacts of crosion may evolve over a
short or long time period. Their occurrence is
highly site specific.

Frosion hazuod maps have been made for the
northern hall of  Afrvica and for some  other
countries, Those maps show where soils, lands-
capes, and climate make the land susceptible to



water and wind erosion. Thzy do not show actual
crosion, and there usually is a marked difference
between the hazard and  the actual  crosion
condition, due mainly to differences in hivestock
and human population pressures and in land
management practices.

In the absence of good quantitarve
crosion and the reletion of ceroston 10
productivity, there is urgent need for a stmple
and rapid procedure for the indirect evaluation of
those conditions. Any such practical system will
be qualitative in character and subject to the
inaccuracies and uncertainties of qualitative ana-
lyses. Soil surveys do not crdinarily provide the
information needed to determine the occurrence
and severity of erosion, Special purpose erosion
maps are valuable for showing erosion conditions
at the time of the survey. Unfortunately, they are
not commonly prepared and they do not indicate
the impact erosion has had on soil productivity.
Additionally. the absence of field data on erosion
means that erosion surveys are, in fact, based
largely on the personal opinton of the surveyor
and the people the surveyor has consulted.

Conventional soil surveys can be used to assess
the vuinerability of soils to erosion under a
variety of land use conditions (Manrique, 1988).
Vulneiability  assessments can be helpful in
locating  soil arcas  where particular  attention
should be paid o the potential for erosion
damage 10 occur. Vulnerability, however, does
not cquate with occurrence, and it is actual
crosion that must be assessed 10 effective vemedial
measures are o be taken.

We propose to use the personal opinion of
experienced people to meet the need for a simple
and rapid method of assessing human-induced
crosion and the  erosion-productivity  relation.
There is a wealth of knowledge in Africa, as
clsewhere, by local people (farmers, ranchers,
extension agents, rescarch scientists, soil conser-
vation professionals, ete.) of the local or regional
status of crosion and the impact crosion has had
on soil productivity. They represent a largely
unused resource  that propose to tap. The
procedure for doing so is what we call “structured
informed opinion analysis.” s justification is
that it represents the best way we know to offset
the lack of quantitative data on a problem that
requires immediate attention. H we wait to collect
data by conventional means, there won't be any
soil left to protect. Data obtained  with  the
informed opinion approach can be used 1o
determine exactly where a problens exists and to

data on
sotl

we

give a good indication of its magnitude in terms
of land damage. That is the first essential step in
controlling environmental degradation.

Structured Informed Opinion Analysis

We want to make it clear that the use of
informed opinion to make assessments of erosion
and the crosion-soil  productivity relation  can
only be justified in the absence of factual data on
the phenomena. The  information  obtained
through a structured informed opinion analysis is
necessarily of a qualitative character. Accordingly,
it must be interpreted and used with caution.
Interaction among  the knowledgeable  persons
contributing to the analysis is essential if the
observations are to be screened and examined ina
manner that will inspire a reasonably adequate
level of confidence in the results. Despite the
cualitative nature of the informatton collected,
the structured  informed opinion analysis 1s a
valuable tool for drawing conclusions in a setting
where quantitative data are absent.

‘The objective of structured informed opinion
analysis is to transfer onto maps the qualitative
information and mental images knowledgeable
people have of erosion and the erosion productiv-
ity relation in a specified arca. Those maps are to
serve as the basis for calculating the areal extent
of damaged land, locating the places where
conservation practices are needed, and estimating
the costs and benefits of remedial measures. Maps
are a mcans of presenting a visual display of the
mental picture experts have of the geographic
distribution of erosion. Maps can be criticized and
changed until a concensus is achieved. Mental
Inages cannot,

The siructured  informed  opinion  analysis
approach can be used to construct. maps of
national, regional, district, or local erosion
severitv. Tts utility is greatest, however, at the
national, regional, and, perhaps, district level. At
the local level, such as in a village, the erosion
status of individual tracts of land should already
be common knowledge among agriculturalists.

National and regional maps are sources of
general information. They are useful to adminis-
trators, planners,  financial  managers, donor
agencies, and other non-spectalists who want to
know where crosion and productivityv problems
exist and the  severity  of their present  and
potential impact. They also can be used 1o
cducate the public on the threat posed or the
damage done by crosion. One good map is an
effective substitute for many long essays, with less



chance for misinterpretation. It is not enough 1o
say, for examnple, that 15 percent of the cultivated
land in Algeria has had its productivity reduced
by 25 percent, without producing a map showing
where the damage has been and is being dene.

The first step in this method of problem
analysis 1s 1o secuve all the ancillary information
that is available in the form of soil, vegetation,
geology, and 1opography maps for the local or
national region for which an assessment of the
crosion-productivisy relation is sought.  Along
with those maps and pertunent reports, whatever
data are available should be obtained on weather
records,  sediment o rivers and  streams,  and
results of experiments that have been conducted.
After these preces of mformation on natural
resources have been analyzed in an integrated
fashion, a comprehensive plan should be pre-
pared prior 1o convening meetings ol knowledge-
able people. The plan must mclude a digest ol
the  data analysis and,  very  importantly, a
classification system for the erosion status and the
croston-productivity  evaluaton.  The  laver s
essential for helping 1o asswe thar meeting
participants e using  the  smne  criterin for
assessing the amount and impact of crosion.

Principles of group dynamics and expert system
operation should be utilized 10 obtain a consensus
among  the meeting participants. . The  group
questioning must be carelully stmctured to assure
participation by all in the discussion, to focus
attention on the problem at hand, and o secure a
useful outcome. I would be possible to design an
“appropriate expert system that could be used by
individuals to answer the “if-then™ questions but
group interaction appeas 1o be needed as well as
individual responses.

The desired outcome of the deliberations of the
asroup of knowledgeable persons would be a brief
document and maps identifying and delimiting
the kind of erosion present (sheet, rill, gully), the
degree of damage that has oceurred, reasons for
crosion occurrence, productivity losses, prediction
of the cost of continued crosion and productivity
loss, appropriate erosion control practices, and
costs and benefits of conuol. The entire exercise
could be completed in a few months.

Erosion Data

Many experiments on vesearch  station  plots
have dealt with water erosion in a few agroceco-
logical zones of Africa, mainly in the humid and
subhumid regions. Thus far, no known published
reports have dealt with wind crosion. A few

experiments have been initated in recent years
but results have not been published yet. It seems
unlikely, but possible, that there is any signifi-
cant amount of scientific information on wind
crosion on agricultural lands hidden in someone’s
files. Obviously, then, colleciing data on wind
crosion and us effects needs 10 be done before it
will be possible 1o assess the severtty of  the
problem with even a modest degree of confidence,

Agroecological Zones

A useful way to organize agricultural  and
natural resowrce information is on the basts of
agroecological zones. AID  has  delincated  {ive
agroecological zones for the Alrican continent
south of the Sahanve, plus a sixth for Madagascar
and other Indicn Ocean astands (AID,  1987).
North Afvica, hrem Morocco 10 Egypt, constitutes
a seventh agroecological zone. Fach zone has a
similir range of rainfed  crops, climate, and,
zenerally, soils,

Agroccological zones  generated by the FAQ
Agroccological Zones Project (FAO, 1978) were
used to establish the AID zones of Figure 1 (AID,
1987). FAO has published agroccological zone
maps for Africa, Southeast Asia, Southwest Asia,
and Scuth and Central Amenica. The basic intent
of the FAO project was 10 construct a first
approximation of the current and potential use of
the developing  world's - Land  resources.  That
information base could then be employed for
planning future agricultural developments, Due
1o the absence of adequate quantitative data on
surface and  groundwater resources, the project
was confined to ramnfed agriculiare, only,

Fach agroccological zone provides the basis for
an assessment of the rainfed production potential
for the main crops of that zone. For Africa, the
crops  are  niller, sorghum, maize, soybeans,
Phascolns bean, cotton, sweet potato, cassava,
and  wheat. Length of growing pericd  (rainy
period  duration) is the first ertterion for the
agroecological zones, Soil is the second. Within
any one zone, there 1s a similar erosion hazard,
production  potenual, and  erosion-productivity
relation on similar soils. For example, in the Arid
and Semi-Avid Tropics (ASA) zone of Figure 1,
water s the limiting plant growth factor, sandy
soils are widespread, the dominant crops are
sorghum and millet, wind crosion is the domi-
nant eroston hazard, and the long-term productiv-
ity loss due o wind crosion scems to have been
low thrcughout the zone.
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Figuwe 1. Agroecological sones in Alrica. Adapted from AID (1987).

Erosion-Productivity Comparisons

Productivity losses due to accelerated eroston may
be short-term or long-term. From the viewpoint
of sustainable agriculture, both are important.
However, it is the long-term loss that represents a
permanent  limitation to the crop production
potential of the land and is what people mean
when they refer to soil erosion as a threat to the
survival of the human race.

Figure 2 illusirates three erosion-productivity
relations. In each case, no soil conservation
measures are practiced, no commercial fertilizers
are in use, and erosion is of the rill or sheet type,
not gully.

The first graph, Figure 2A, illustrates the
short-terin reversible loss in productivity asto-
ciated  with rapid crosion of deep soils on
moderate slopes in the humid tropics when
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Continuing culdvation of temperate forest, moderately deep
soil with unfavorable subsoil over bedrock (upper curve) and
shallow o1l over bedrock (lower curve), moderate o steep
slopes, high soil crodibility, high wainfall erosivity.
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shifting cultivation 1s pracuced in forested areas
using machinery to uproot trees prior to planting
the first crop. Frosion is high due to high rainfall
erostvities, sloping land, and badly disturbed
surface soils. The thin organic layer typical of the
humid tropics is raptdly removed, nutrient leach-
ing 1s high, and the soils are reduced to a low
level of productivity in three to four years
(Hauck, 1974). The land is then abandoned and
allowed 10 revert to native vegetation. Upon
abandonment, restoration of a vegetative cover is
rapid, crosion is halted, and fertility and the soil
organic layer are re-established in 15 to 25 years.
After the forest has been re-established, land will
be cultivated again for three or four years, leading
once more o soil exhaustion and  ultimate
abandonment. This sequence of cropping and
abandonment is capable of persisting indeflinitely
with little or no loss in permanent soil productiv-
ity. However, if land is cultivated before restora-
tion of the organic mater layer has occurred,

6

yields will suffer (Greenland, 1974). Increased
populations have caused a shortening of the
fallow period in many shifting culuvation sys-
tems, with a consequent lowering of yields in the
cropping years, The impact of the shortened
fallow period is illustrated in Figure 2A by the
lower yield curve during the third cultivation
period.

Soils fitting the model in Figure 2A are highly
vulnerable to a short-term loss of productivity,
primarily due to nutrient problems. Application
of fertilizers can scmetimes maintain yields at a
reasonably good level during the cultivation
period i weed and insect damage are minimal
(Ofori, 1974). Shifting cultivation systems with
short cropping periods and long fallow periods
are  widespread in the Subhumid Tropical
Uplands (HST), Huwnid Equatorial Lowlands
(HEL, and Humid Costal Lowlands (HCL) of
Figure 1. They also are extensive in southeast
Asia and the Amazon Basin of South America.

The second graph, Figure 2B, presents two
examples of situations where even high sheet
croston rates may have little impact on either
short-term or long-term productivity. Such condi-
tions exist only where soils are deep and have a
fairly uniform profile, with little difference
among surface soil, subsoil, and the underlying
parent material. - Wind-laid  soils  of medium
texture (loessial soils of China, the Soviet Union,
and the United States) or deep sandy soils (the
Sahel, western India, soutnern Great Plains) are
examples of this condition (Smiku, 1987). Loes-
sial sotls, especially, are also quite susceptible o
gully erosion but the effect of gullies is not
considered 1n Figure 2. Off-site erosion eflects are
likely to be high, causing river sedimentation,
[Mood damage, and reservoir storage capacity
reduction. Whatever loss in productivitv  may
occur 1s due primarily to reduction in surface
organic matter content and the consequent loss of
nutrient elements. Such losses can b reversed by
increasing the organic matter conteut and by
improving the nutrient status.

The third graph, Figure 2C, represents the
worst condition: permanent irreversible soil dam-
age. The destructive combiration is a shallow or
moderately deep soil over bedrock, moderate w0
steep slopes, high soil erodibility, and high
rainfall erosivity. The upper line in Figure 2C
represents a moderately  deep soil having  an
unfavorable subsoil. On that soil, erosion may
have only a modest effect unul a crideal soil
depth is reached, alter which further erosion



causes 4 more rapid decrease in productivity,
followed by a gradual decline (Onstad et al,
1985). The lower line represents a shallow soil
over bedrock. Erosion on that soil can rapidly
reduce the rooting zone to the point where the
water and nutient  supplying  power of the
remaining soil will support only severely reduced
crop growth, if any, under ordinary conditions.
These two kinds of soils are highly vulnerable to
long-term productivity loss due to sheei crosion.
They are the ones that need early protection
against crosion.

rreversibility of the productivity loss illustrated
in Figure 2C is what poses a threat 10 the abilily
ol the world's population to feed itsell. Trreversi-
ble soil degradation has occurred in countries
around the Mediterranean Sea as well as in the
hills of Central and South America, Africa, Asia,
Furope, North America, and Australia. The effect
has been masked, especially in Furope and the
United  States, by technological  advances,  the
availability of productive lowlands, and reforesta-
tion of the croded lands. Nevertheless, crosion is
irnevocably diminishing the global soil resource.
The developed countries can take care of them-

selves, at least for now, but the poor developing
countries facing population increases along with
soil degradation have much to be concerned
about.

While sheet erosion is the focus of attention in
Figure 2, gully crosion is much more destructive
since a deep gully canmot be cultivated, even
partially. Gullies are spectacular but sheet erosion
is the greater global threat. There are no gully
erosion models that serve the saime purpose that
sheet erosion models, such as the Univessal Soil
Loss Equaton, do.

An important matter about which there is little
experimental data is that of deciding when land
degracvion has become  so severe that lTand
should be abandoned. Shifting culuvators make
that decision regularly, based on experience. In
other cases, crosion may  become so - bad  that
cropping will be uncconomic even after a rest
period of 25 years. Severely eroded hills - the
southeastern United  States reached  that - point
many decades ago. They provide timber products
now and probably will never again be suitable for
row crop production (Trimble, 1974).

EROSION CONTROL

There appears to be considerable knowledge of
effective erosion  control  practices  in Africa
(Greenland  and  Lal, 1977). Soil  conservation
techmiques have been used successfully inevery
part of the continent by traditional agricultural-
ists for decades or even  centuries. Wiih the
introduction of intensified cash crop agriculture
by colomalists, crosion increased and was recog-
nized in the first half of the 20th centery as a
thream o the sustainability of agriculture. Laws
were enacted o force farmers to use reccommended
crosion control practces. Although many of the
practices were clfective, adoption by coercion
generated resistance. That resistance led to wides-
pread repudiation of conservation as a desirable
meastre  after  independence.  Recently,  the
obvious damage crosion has done and is doing

has led governments to intzoduce conservation
programs of their own.

The principles of erosion  control are  well
known. Their application. however, is site spe-
cific, and much organized and unorganized
research has identified effective practices. The key
to application of reccommended practices is the
attitude of the farmers. If they are convinced that
the new practices increase yields and do not
increase the risk of production, they will accept
them. I the required labor to construct terraces
and other structures does not bring increased
vields immediately or increases the risk, the
practices will not be adopted. Long-term benefits
are of little interest to people who live from
harvest to harvest.

RESEARCH NEEDS

The assessment and  prediction method  des-
cribed  previously is intended to - serve as an
emergency measure, Formulating an evaluation of
the magnitude and severity of soil erosion and the
relation of erosion to potential soil productivity
through use of a structured informed  opinion
analysis is unsatisfying. Data are needed to reduce

the uncertainity of the results of an assessment
and prediction exercise of this type.

Four kinds of actions are needed, in our
opinion, to obtain a better understanding of the
wind and water erosion situation in the develop-
ing countries of the world. First, there is a need
for long-term rescarch experiments to collect data



on runoff, erosion, occurrence and particle com-
position of dust storms, and crop yields over a
long enough period (at least 10 years) to be
representative o chimatic variations. Obviously,
the  expertments must be conducted  at well-
established research stations 1o help insure conu-
nuity. Among the cndidate rescareh stations are
those operated by the Consultative Group for
International Agricultaral Researeh centers such
as the Internadonal Insttate of Tropical Agricul-
e (ITA), the International Crops Research
Insttute for the Semi-And Tropies (ICRISAT),
the Intermational  Livestock  Center {for - Afrvica
(11.CA), and the Internavional Center for Agricul-
taral Rescarch in the Dry Areas (1CARDA). Data
on the occurrence ol dast storms  could  be
collected routinely at stations participating in the
World Mceteorological Organizatton (WMO) net-
work, Simple vistbility observations we adeqguate
to provide very useful  mformation.  Certain
siations could be equipped wih wind erosion
samplers 1o further expand the information base.
Scecond, numerous short-term  (3-vear) rescarch
tests on major soils and crops are needed in the
vartous agroccological zones, Those experiments
need not be heavily instrumented. Simple collec-
tion devices for captuning sediment and dust and
for measuring runoll from  protecied  piots at
rescarch stattons, wong  with measuring  crop
viclds, would be sulficient. A useful addition 1o
rescarch plots 1s to estimate the erosion status of
farmers” fields by qualitative eriteria such as those
described inothe URS.D.AC Soil Sarvey Manual,
then collect vields at harvest time from represen-
tative parts ol fields (Schertz e al., 1985). Where
posstble, multiple year tests should be run on the
same fields since the erosion-productivity relation
frequently varies with scasonal wemess or dry-
ness. Interpretation of short-term tests must be
done cautiously but the data obtatned can be
uscful 1 confirming or refuung the validity of
estimates. Furthermore, they are low-cost  tests
that are relatively casy to run when well designed.
Short-term  crosion-productivity  experiments on
rescarch stavions and in farmers” lields could be
the subject ol thesis research for NLS. degree
candidates at both national and overseas universi-
ties. This arrangement would it nicely into a
naming system that has students going overseas
for thetr degrees but doing then vesearch at home,
Successive students coald carry on what would
become  long-term  experiments. Where  erosion
experiments had been conducted years ago and
the site abandoned, students could investigate the

changes that bad occurred in the intervening
vears. Such studies could be quite instructive
about long-term tmpacts of erosion.

A third kind of data collection is {or wate:
crosion, only. 1t is the simplest of all and utlizes
a well-tested methodology, o device called the
Bernand-Parr Infiluometer (Bertrand and - Parr,
1961). While 1t was built to measuwre infiliation
m a one-meter square area anywhere in a field,
the device can eastiy be modiflied 1o captre
sediment in the runoff. The method is useful for
making  comparisons ol relauve  eroston  rates
among ditferent soils and land  treatments, and
for determining the magniade of internill ero-
ston. It does not duplicate standard erosion plot
data because ol the small distance of surface water
flow. It requires a vehicle capable of carying a
relatively small amount of water sufficient 1o
saturate the swrface of the one square meter of
sotl. Numerous tests can be conducted inoa few
days.

Betore any ol the field expertments are under-
taken, fairly intensive local soil mapping should
be done to assure that the sites are representative
of Targer weas and that the soils have been
characterized in salficient detail to enable them o
be futed into a classification system.

Wind ervoston ficld tests present a more difficult
problem than do water erosion tests. The prinei-
pal veason s that the wols 1o quantly wind
crosion were not even available unnal after 1983,
In recent years, development of measuring devices
has progressed o the poine that it is now possible
to evaluate the magnitude and extent of the
impact ol wind erosion on soils, crops, and the
environment. Obviously, 1 will be many years
before there will be a significant amount of
experimental data available from tests conducted
under different cropping and environmental con-
dittons. In the nieantime, quantitative measure-
ments of the number, frequency, intensity, and
duration  of dust storms and analysis of the
collected  particles 1o identify  the source and
composition of the eroded material would be
valuable in evaluating  the significance of the
problem.

Fourth, water and wind crosion models offer
great promise as means of providing reasonably
accurate ostimiates of soil crosion under a wide
range of climate, soil, aop, and topographic
differences. In the long run, reliable models are
absolutely essential to handle the many crosion
and productivity  variables ar a tolerable  cost.
Physically based models presently under develop-



ment, such as the ULS. Department of Agricul-
re's Water Erosion Prediction Project (WEPP)
and the Wind  Erosion  Prediction Model
(WEPM), should be a considetable improvement
over the Universal Seil Loss Equation (USLE)
ardd the Wind EFrosion Equation (WEQ). The
Latter models have worked well in the temperate
cones but there have been difficuliies in employ-
ing them in the wopics where rainfall evosivities,
crops, and soils differ markedly. The  same
handicap faces the SLEMSA (Soil Loss Fstima-
tion and Monitoring in Southern Africa) model
developed in Zimbabwe. Despite the minimum
amount of testing of SLEMSA, USLE, and WEQ
in the tropics, they may be useful o provide first
approximations of crosion severity. The USLE
can be quite useful in West Africa (Roose, 1976),

and elsewhere if its factors are modified to reflect
local cropping conditions. No other models have
been shown 1o be better, The modelling effort
should be closely associated with the long-term
data collection experiments mentioned previously.,

For estimating productivity  changes due 1o
crosion, the best available model may be the
Frosion-Productivity  Index  Calculator  (EPIC)
(Williams and Renard, 1985). EPIC is routinely
used in the periodic natural resource inventories
of the U.S. Department of Agriculture. While the
data requirements for running the model in its
full configuration are more than most developing
countries can supply, simplificavnons have been
devised recently that may give useful estimations
of the erosion-productivity aelation  in o places
where the data base is more limited.

EROSION RESEARCH PRIORITIES

Sustainable agriculture is impossible if uncon-
wolled erosion is allowed (o destroy the soil
resource upon which all agriculture depends. As
it is now, an abysmally small wuount of data has
been collected that directly relates 1o soil erosion
and  the assoctated reduction in potential soil
productivity. This is true of developed as well as
developing countries but the situation s much
more acute in developing countries where popu-
lation pressvres, poverty, and low agricultural
production present an immediate threat. Further-
more, what data ave available are usually hidden
away in some long-forgotien file.

In view ol the hazard soil crosion poses, we
propose the following vescarch priorities:

. Collate, analyze, synthesize, and  interpret
available rescarch  information e erosion
and sotl productivity.

2. Compile best available estimates of  the
extent and severity of soil crosion and soil
productivity loss.

3. Initate  long-tenin  experiments 10 assess
erosion-prodactivity relations and to evalu-
ate yicld-inereasing  technological  packages
for their productivity, sustainability, and

risks of environmental pollution at different
levels of inputs and on sites representative of
major soils and ccological regions.

4. Assess ccononic cost of soil crosion, on-site
and ofl-stte.

5. Establish test plots to monitor soil erosion
and productivity loss on sites representative
of major soils and ccological regions.

6. Conduct rescarch on velation of soil loss to
changes  in soil  properties  affecting  soil
productivity in  the semi-arid and  humid
opics.

7. Develop soil conservation and yicld-increas-
ing practices suitable for crosion control ii.
the semi-arid and humd tropics.

8. Develop low-cost methods for measuring soil
crosion,

Au important area of sociological research that
needs study s farmers’ pereeptions of erosion and
its impacts. For control to be achieved, farmers
must be convinced that there are benefits that will
accrue to them. If no such benefits ave apparent,
governments will have o induce the farmers,
through some kind of subsidy program, to carry
out the conservation practices.

OFF-SITE COSTS

There appears to be litde information on the
off-site costs of erosion in Africa. It seems likely
that the same off-site damages occuiving else-
where, such as water pollution, air pollution,
loss of reservoir capacity, increased flooding, and
flood plain  sedimentation, are  occurring  in
Africa. Off-site costs of both water and wind

erosion are several times greater than on-site costs
in the Untted States. The situation may or niay
not be stimilar in other countries.

The significance of high off-site costs, insofar
as erosion control measures are concerned, lies in
the importance of reducing erosion wherever it is
excessive, not just where cerosion adversely affects



crop production. Farmers usually will have litde
reason 1o reduce off-site damages unless  they
themselves receive some direct economic benefit,

Governments would need to bring about control
through the use of subsidies or the imposition of
penalties.

SUSTAINABLE AGRICULTURE

Many definitions  of , vustainable  agriculture
have been proposed. No one definttion satisfics
evervone but there probably is fair agreement that
sustainability must insure that food production
can be continued indefinitely without destroying
the natural resource or economic base which
supports it. For that to cach acre of
agricultural land must be used within its capabil-
ities and weated in accordance with its need for
protection and improvement (Troch et al., 1980).

Globally, soil cerosion unquestionably is the
dominant threat to sustainable agriculture, No
miracle of plant breeding can eliminate the need
for adequate available water and nutrient holding
capacity in soils used for rainfed cropping. Once
the rooting depth of a soil has been reduced
below a critical level, the long-term productivity
will be impaired for the foreseeable future.

Achieving sustainable agriculture in developing
countries experiencing significant erosion dam-
ages can be difficult. Rarely, if ever, would
financial and human resources be imunediately

oceur,

available to  undertake a comprehensive  soil
conservation program. Choices must be made, As
Figure 2 illustrates, continued crosion on soils of
low initial productivity would be expected to
reduce crop yields less than continued erosion on
soils of medium or high productivity, However, 1t
also is likely that the low productivity soils are
farmed by the poorest members of the rural
society, vith the least resources available to
control ernsion. On the other hand, the highly
productive soils  probebly are farmed by the
wealthier segment ol the population, with the
best ability to insiitute conservation  practices.
Fquity c.ills for helping the poor but efficiency
calls for protecting the good lands.

Anothe potential dilemma is whether public
funds should be expended on protecting  the
highly productive soils  from  possible  future
crosion as opposed 1o protecting already-eroded
lands from further degradation. 'Fhe first option
represents the most efficient use of scarce funds
but the second is more environmentally desirable.

DATA UTILIZATION

Much can be done expeditously and well to
assess and map the occurrence and severity of soil
crosion and its impact on soil productivity, for
regions and  nations, There is a pronounced
absence of quantitative data on the status of
crosion and the  erosion-productivity  relation.
However, there is a wealth of qualitative knowl-
cdge about the subject possessed by professionals
and laymen having ficld experience. The pro-
posed  structured  informed  opinion  analysis
represents a technigue  that utilizes  the  best
avatlable imformation construct crosion and
erosion-productivity maps rapidly. Planners and
managers need that information af they we 1o
make intelligent decisions on the allocation of
financial and human resources. Waiting decades
to acquire definitive quantitative data on  the
erosion problem is unacceptable in countries

o

facing serious land degradation: problems.  In
most cases, it is not necessary ¢ wait for more
quantitative data in order to initiate an effective
conservation  prograun, if such a program is
needed.

The informed ovinion analysis would identify
several categories of erosion. Among these catego-
ries would be the following: 1) crosion rates
tolerable, 2) erosion high but productivity loss
low, 8) crosion causing reversible productivity
loss, 1) crosion causing irreversible productivity
loss, and ) crosion damage low but threat to
productive lands high il crosion continues or
increases. Maps would show where the different
categories of crosion occurred. They would allow
conservation measnres 1o be targeted o places
where the cost/benefit ratio was most favorable.
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