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I. INIRODUCTION

EXFERT CONSULTATION ON S0IL CONIERVATION AND
MAWAGEMENT IN DEVELOPING COURTRIES

More than two=thirds of the world's population today asre living in the
developing world where agricultural productlon is net keeping paco with population
increaze. Increased food preoduction could be achieved by expansion of cultivable
areag, intenzifying production by introducing high yielding varieties and
introduction of new technology in mgricultural preoduction. The expansion of
cultivable areas however, offers the leasl molution to the problem as most of
the countries especislly in Asia bave litlle or ne room for expansion,

A major problem facing the areas already under cultivation,thus aggravating
the situation, is the seriousness of soil degradation and lese of soil fertility due
to indiscriminate misuse of agrioultural landas, forests and graming lands. Soil
conservation in the past was commonly equated with the mere prevenlion of erosion or
with the restoration of areas in which accoelersted erosion has already taken place,
The modern thinking however, assigns to so0il coneservation a more comprehensive and
more positive role, in that sustained improvement complemented by the preservation
of swvailable rescurces should Torm the central concept. Seil conservation is noi
merely o technical problem.

Several practises in agriculiure today have resulted in misuse and degradation
of previously fertile land. Tad cropping patterns, unsuitable cultivation bechnigues,
misuse of tractor power, improper cheice of implements and machines, the abuse of
natural pastures and forests, the exlension of cultivation to marginal and sub-marginal
landse, and faulty irrigation and drainage sysiems are mostly responszible for the
present situation.

In the attempt to solwve some of these problems, many mistakes have been made
resulting in failures and worsening of the situation in many developing countries.
The basic concept of 2 multi-disciplinary approach te the solutioa of the problems
has unfortunately been overlooked in most cases.

Detailed knmowledge of the nature and distribution of land in an apsa are
the basic pre—requisites of any conservation programme. In lLhis regard, land
inventories must be interpreied in practical ferms, significant to all olher aspects
of the environment and fo the basic requiremsents of all land—users and planners,

S0il conzervation must not be limited solely to agricultural and grazing lands,
Congervation of the forests is of egual importsnce as any misuse of such land will
result in erosion, sedimentation and seil degradation of the whole watershad,

Conservation educaiion and extensieon are areas where particular attention
must be directed in the developing countries. Many countries transfer wibhout
due con31ﬂeratlun tolucclp—ec?nomin Tactors, conservation education methods frem
cther environments with the pious hope aof solving their own problems,



The organirzational set-up is often uncoordinated with the general machinery
of other Government Departments, This has in many cases resulted in ineffective,
disorganized programmes which failed or even, in some cases, perpetuated the problem,
There are examples in many countries of expensive soil conservation structurea which
are not properly maintained and which result in a worsening of the situation. In
many of these countries, technigues need not always be complex. Such simple practices
as contouring and terracing, constructed with the farmera' own tools, may in the
aggregate, contribute as much as the more spectacular large scale development.

The purpose of this BExpert Consultation was to re-examine the whole question
of poll conservation and management in the developing countries, bearing in mind
soclo—economic aspects, administrative structures, technology and (inancial resources.
The discussions elucidated pertinent problems in the organization of =oil conservation
and management in these countries and posaible solutione were suggested.

FAD placed great importance on the meeting, the results of which may help
milliona to preserve and improve their matural resources and sustain them for a more
prosperous lifae.

It in against this background that the proceedings of the Expert Consultation
are published in the series of FAQ Scils Bulletins.



IT. RECOMA RN DATIONS OF THE WORKING CGRCUES

THTRODUCTION

i. Goil ercsion, and conseguently the need for concervation, is not confined to
land under arable use; it freguently affects grasing lands, and can be associated
with mining, road construction, forestry and other Kinds of land usa.

ii. Spil conservation refers not only o mechanieal protection measures but includes
all agpects of land use planning, dewvelopmant and management which contribute
to the maintenance and improvement of s0ll resources,

iii. So0il conservetion is sn interdisciplinary subject, which involves agronomy,
goil science, range manegement, forestry, ecology, hydrology, engineering,
geography, economics, scciology and other disciplines,

iv. Beil is a bagic resource, Tor the present and the future. As such, the value
of its conservation extends beyond that which can be expressed in monetary terms,

Ve The damage caused by severe soil erosion is freguently irreversible. It is
consequently desirable to take conservation measures fo prevent onset of eromion
rather than acting after it has ocommenced,

A, WORKING CROUP M REGEARCH, EDUCATICH AND EXTINSICH

MITDELINES G RESEARCH

As a general prinsiple it ia suggested that the contribution of FAD =hould he
directed tosards the coordination and dissemination of results and assistance to
individuzl eountries; and that individual countries and institutions should
concentrate on work related to their local or regional clirocumstances.

Certain. branches of research in acil erosion and conservation are well-astablirhad,
for example, experimental work on run-off pleots. We by no means sugegest that such
work should be diecontinued. It ie necessary in order to provide fundamental scientifie
data, without which applied studies canncot proceed; furthermore, there ig aleo a
demenstration value to work of this nature, Newvertheless, as work of thie kind
already takes place in many countries, it is desirable thet greater attention should
now be directed towards other types of work; inclwling the fellowing:

i. Field studies, including mapping, of the location, axtent and severity of erosion,
In addition, it will fregquentlyr oo necessary to collect the basio data required
for the preparation of such maps, preferably using standardized procedures,

ii. Case ptudies of erogion and ite causes, taking into account the effects of
gocial, cultupal and physical fzotors, land uwse and economic and instituticnal
fectors,

iii. TInvestigations of the effects of social and institutional factors in cansing
erciion or inhibiting conservation measures,

iv,. The adaptation of fechrigques of soil conservation to the physiecal, economic
and social conditions of partioular countries and Areas,
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Ve

vi,.

vii,

viii.

1x.

Studies of farming eystems and methods of land management (s.g. cover orup.,
minimun tillamge, agri-silviculture, agri—aquaculture} which are sonservatiocnal
and, at the came time, compatible with traditionsl land uee practices.

Attempts to gquantily the consequeonces of erceion in preductive and economic
terms, and hence to demonstrate the benefits to be derived from conservation.

Studies of different land use and managament praoticds in relation to tha

development of sound seil conservation metheds. Under this general head

are inoluded:

B Different methods of land clearance and' gilvioultural practices;

b. The conesegquences ol mechanization;

Cu The effacts of shelter belts and wind breaks:

d. The consequences for the soil of levels of intensity of use higher than
those to which it had formerly besn subjected (e.g. continuous arabls use,

grazing at high intensities),

Investigation of rates of ercsion on grasing lands, and relationships with
plant and animal productivity.

Studies of the off-cite effects of ercsion (evgs on stream flow regimes,
reservoir siltation),

UIDELINES O ENUCATTO

i.

ii.

1id,

iv,

vi.

rvil,

An approciation of epeil conservation should be introduced as an aspact of
Peoneral studier'" in eocondary and fertiary edvecation in the same way that
gtudents are made aware of their cultural heritage, their country's bhistory,
the principles of hygiene, etc.

The study of soil conservation ne a subject in its own right should be
introduced inte pecondary and tertiary ourricula, and soil conservation
topice should be introduced into other subjects at primary lewvel.

The status of soil conservation as & professional disclipline should be
encouraged by higher degreecs in Soil Conservation.

3ince thers is a grester reguirement for practiecal conservationists than for
conservation research workers, higher degree training should put more emphasis
on practical application of knowledps than on research.

The interdisciplinary nature of poil conservation education and training should
be recognized., It cannot be contnined entirely within a faculty of agriculture,
or forestry, or engincering.

In the came of higher dogrees which have a Gigﬂiﬂiéﬁnt resoarch component, the
resgearch should ecertainly be relevant to the student's own comwntry, and
preferably carried out there,

na of the most pressing needs is for more trained staff at technician lewvel,
i.08. the man who asturlly sete out the work in the field. Techniecal fellowships
to provide short—term practical {raining at this level would be useful. Since
the physical conditione vary from one country to another, training courees are
proeferably on—site training in the country concerned.



viiis, The panel recognises the difficulty which can arise when technicians or

technologists attend courses and then return to take up poaitions under
geniors who do not appreciate the training., Consegquently, there iz a

nead to ensure that in all so0il conmervation units the value of epecinal ized
training is rocognized ot all levels,

3. (AIIDELINES (8] EXTENSICH

i,

ii.

Bxtension seprvices snd soil conservation work

Recogniwing that the implementation of secil conservation programmes
requires epecial experiize covering many disciplines, and that this
expartize is not normally available within an extension service, the
recommendation of the Working Party on Institutional Organization is
reiterated, i.e. that it ie essential to have a maparate soll conservation
organization. #As a short term measure, until such a soil eonservation
organization ie established, it may be appropriate to form within the
extension service a snil coneervalion unit or department which is made
up of eperially trained persconnel. Howewer, in the long term, the s0il
coneervation operations of an extension service should be limited to
follow—-up, maintenance and simple soil conservation practices, with the
planning and desgign of soil conservation programmes handled by soil
conservation specialiste.

Extension programmes acoompany soil congervabion programmes

Since so0il nonservation programmes will not be effective without the under—
gtanding and willing cooperation of the land user, it is suggested that =n

extenzion service should inelude within its terms of reference the duty of

explaining to land users the need and purpose of each soll conservation




Ve

i.

ii.

iii.

ive.

Va

Vi,

wvii.

viii.

Biffective cxtension

The effectiveness of an exbtension crrvioo, or an extension worker, should

be measured by the extont to which the objective is achieved, The number of
visite made, or the number of lectures, demonstrations, handouts, may hava

no relation to the effectivencsn of the operation. In order that an extension
service muy operate efTectively it must be adequately staffed, so that it im
posaible for on effective contaot to he maintained lLetween the extension worker
and the farmers with whom he is denling. :

B. WORKING GROUP (R ORGANIZATIGMAL AND FINANCIAL ASPECTS

Thie to the rapidly progressive loss of land and water resources by erosion,
urgant astion is needed to take remedial messures in mest developing countries.

The present orpanizational and inctitutional set up in most developing
countries cannot cope with the increaging needs for land and water conservation
activities.

Bacause of the multifaceted nature of the problem, spesial organirzationse
should deal with the multidizeiplinary characster of eoil and water services,

To initiate effective action on this subject, a Soil Conservation Board at
a high, policy-maliing level should be established in developing countries,

In sountries where no related opganizations exist,; a secretariat should be
formed under the S0il Conservation Board and be composed of high level
technicians in the field of land, water, forestry and human resources., The
gecretariat chould be establisbeld for initiation and coordination of =aoil
ponservation activition.

In rountrics where some cervieern in soil and water exinot they should be
given the ptatus of a wnified serviec. #As a transitional step only, a Task
Force may be established,

The disciplines involved in such a unified Soil and Water Conservation
Service will be identified below and should be used aseording to the
agro—ccological zones as regquirad:

A Land evaluation
Ira boelome

e Goography

d. Hydrolomy

e. fAgronomy

f. Torestry

£ So0il and water conpervation

h. Eryrinecrineg

ia Saninl soienoc

Je Goil and water conservation planning
k. Comproabensive waterched management
1. frricultural produstion cconomins

e Coordinated orogpammes with research, educstion and ewlension,

Pulint

a, Definitions of the roguired policies o achieve some of the identified
poil and wynter eoncervation ponls mand he alenrly ctoted,

b Rerpuiitittan:  The peod Fop remedial action basoed on recoyminod natural
renouract Al environmental probloms:.



ix,

Ca Statement of poliey purposes that represent & coneensus among the
people involved in terms of what the policy should perform.
d. The poliey should establish general guidelines and define the directicna
for achieving the goals.
B Cuidelines on the Tollowing lines of action should be delineated:
= Polioy goals
- Flexibilities
- Implementaticn and innewvation
= Planning, research and evaluation
~ Peoples' participation :
- Prevention of fragmentation
-  Gomplementary of government roles
- Institutionalization of incentives
~ Gomprehenaiveness of approach
- Land tenure
Finances
a. PFinances should be in the general programme of govermment activities,
sarvices and budgeto.
b. In the framework of the development of this, serious consideration

should be given to allocate sufficient funde for incentives to farmers
for implementation of the field development programnes and assistance
projects, field operations and maintonance,

FAO's role in establishing and developing mulildisciplined soil conservation

programmes in developing counfries

=1

bi.

To makeo governments aware of the urgency and the need to institutionalize
the goil and water conservation progremmes,

To catalyse in influencing the poliocy-making bodies in government fo
take effective action in this respeoct.

To advise how to oreate the basis for such activities by adequate
legialation.

Such antions should be carried out in the framawork of Hegional Offines
by country representatives ﬂnd}br high level Headgquarters staff,

Argistance in formulation and implementation of field progroammes which
will ineclude on=the—job training.

Special attention should be paid to 4the planning and implementation of
comprehomeive watershed management on A emall sub-watershod scale in
reprecentative areas,



C.  WORKING CROUP ON PRACTIGAL AND TECHNICAL ASPROTS

Prantieal /teshniaal agpects in comnection with FAQ's
projects on zoil oconservetion

The discussions during the zessions of our n¥perf panel this weelk have
emphagized ihe great need for programmer of seil and water conmervation in developing
pountries. The working group makes the following peneral sugrestions to FAQ and to
governmental inslitutions ccoperaling in such progrommes:

= better intepration between disciplines and administrations invelved;

- preforence for amall, bish—-impact conservation projects with active
partivipation sand ol low-up by local decision-makers and farmers to
avold a collapae ol the project when the expatriates leoave;

- inereased responsibvilities from local government and less from donating
agencies., Il is of partieular importance that after losal staff are brained
they should continue to implement ihe programme and not be transferpred o
other duties;

= more effective ovalvation and follow=up of projects to utilize axirting
oeperience both within FAD and in the project aress. Tha avaluation
should inelwle socio-economie, ecclegioal, technological and orgsnizational
aspacts,

The working group atructured the disoussion in the following six steps of
project planning, execution and follow—up. It ie supposed that steps 2 and 3 are
prepared by a mission of consuldsnts to the country requesting ansistenec,  The
dosuments of steps 1, 2 and 3 shonld be sarafully stuilied by the etaff before
implementation.

1. - General problem identification: Regquest Tor sssistonce mede by A developing
aoun oy

The magnitule of the problem and scale of operation should be defined. In
the approach to seil conservation in dewveloping countries, the tentmical
HEpEG'l}FI- to come uvnider ~sonsideration should inelwie nratent ion n{‘-t,]-p Banviron=
ment and improvement of the conditions of life for the people involved, in
addition to the purely technical matiers on erosion contreel and improvement
of production.

ii, Analysis of exisling informstion

Loeal aml traditional sondibions in the project area: Tt is corentlial that
mopre altention Be given Lo Losal and traditional patierns and constrainks,
Folitical, siministrative, noclo—economie, demograpbinal, ennlosisal and
tectnolomical  conditions sbould be fully teken dinke account.  The nends for
furtler datn eollestion and praparation f'or evaluation of project inpac
shonld he definad,



iii.

iv,

Ve

Project formulation

In progronme formulation more consideration must be given to projects

lending to comprehensive programmes in the country, which must be followed-

up by MAQ, by the donating apgenny, and the local government,by technical
servioing on a programme baring  terefores, the artiele of agreement mast
inolude statement of intentions of the government, ite denisione on legislation
and ite comnitment on follow-vp after termination of the project., BSuch projecte
must emphasize proper biologiecal conservation and management in addition to
appropriate engineering technigues. Considering that seil conservation
ineludes aspects of soil and water management, it uwsually invelves high

capital and human skill inputs and it is felt that more emphasis be given

to approaches throuvgh plant and animal menagement for good land use in
developing countries.

Preparation and funding for evaluation of projéct impact during and after
execution should be included in the project formulation as well as necessary
eollection of further data, The educstional input of the project should be
plannaed and ineluded in the formulation,

Project implementation

Projects should be completed in appropriate time for good soil conservation
and management. During the implementation the projeci -should be divided into
phaces, each of which should demonstrate a tangible achievement. However,
attention must be paid to maintain the goodwill, motivation and support of
the local population. This would facilitate the follow-up and accepiance of
the programme. The implementation should create a capable, well-motivated,
multidiceiplinary national team to earry on the programme during and after
termination of FAQ inwvolvement,

Project evaluation

Repeated evaluations should be undertaken and used to correct, if required,
Planning and implementation. The project should be flexible encugh to allow
necessary modification.

Project follow-up

An effective follow-up is the most essential component for the successful
completion of the objectives of a programme. Follow-up should include
maintenance of soil conservation treatments, servieing, training and
extension, financed through a programme activity.



ITT. TECHNICAL PAPERS

A, Censervation Practices in Agriculture
Paper No. 1 SOTL CONSEHVATION FRACTICES AND FROGION CONTROL
IN INDIA — A CASE STUDY
by
DGy Das

Minietry of Apriculture and Irripgation
New Delhi, India

ABSTRACT

Erosion problems and conservation hazards through floeods and droughts have ocourred
frequently over the eeniuries, Their effect on the national economy has been more acute
in recent years. Owing to increasing buman and livestock populations, and other develop-
mental antivities, competition for the land has benome keen. By reviewing warious factors,
puchaa the land use distritution, hydrologicel and other ®oil group zones, floods, droughts
end existing delineations of the country for various conservation purposes, Indis has
been divided into ten compact Soil Conservation Regions. Considering the latest estimates
of different types of erosion prevalent in wvarious parts of the country, A composite =oil
erosion map has slso heen prepared.

The erosion problem has been exemined for various scil conservation regions in
conjunction with the flood and/or drought hazards, and critical socio-economic conditions.
Rainfall intensity and the erosion ratio of the s0il slong with elevation and total
rainfall have been collated and interpreted in order to study the soil conmervation practicesn
currently in vogue. Problems such as sheet erosion, gully and ravine erosion; torrent,
Btrcamfbhannel erosion; landslides and roadeide erosion; coastal erosion; ercsion due to
ghifting cultivation; and wind erosion are specifically discussed. BExperimental results
end field obeervations are nged to illustrate the extent of harzarde under different types
of erosion in verioue soil conservation regicons. Various practices now being advocated to
treat different types of erosion, national efforts to preserve the life of multi-purpose
reservoire and to solve the problem of ravinous areas through an integrated programme of
goil conservation on a watershed basim, are summarized,



2.1

2.2

hydrological soil group zones (Vandersypen et al, 1972),

SOIL, CONSERVATION PRACTICES AND EROSION CONTROL
I INDIA — A GASE STUDY

IHTRODUCTION

25il erosion in India has been severe for centuries, but its impact on regional
and national economy hes only been acutely felt during recent decades. The high rate
of population growth, both human (Anon, 1975) and livestock, (Anon, 1976 a), has
resulted in over exploitation of natural resources to meet the ever—increasing demand
for food, fodder and fuel. The increased competition on the eame lands for these
three essentiale im resulting in widespread damage to our forests, pastures and
wastelands as well as to fallow and agrieultural lands. Thus inereasing misuse of
natural resources poses one of the greatest threats to better land use menegement,
and the problem is compounded by competing demands from different sectors for
expanding development and industrial activities on eimilar types of land.

Erosion problems in India, therefore, cannot be seen in isolation from
natural calamities, viz, flood and drought, or without any reference to socio—
eqonomic conditions. fAn attempt has been made to present the ercosion problems mnd

the current efforte being made to solve them on the basis of broad soil conservation
regions,

BACKGROUND INFORMATION

Land Use Distribution

Erosion problems vary according to the land use practices., The distribution
of areas under various lsnd uees is given in Table 1. 0Out of the total geographical
area of 328 million ha, about 43.20% is cultivdted and 20.02% is forest. The vast
atretch of the Indo-Uangetic Flain, Deccan FPlateau and Rajasthan Desert have very
little forest. Thise poses not only an eoological and eroeion problem but aleo
aggravates the shortage of fuel and fodder. Barreh and wnecultivable wasteland
oonstitute 9.07%, cultivable waste 4.81%, fallow land 6.23% and permanent grassland
oocuples 3.9?% of the total area., The grasslands by and large are poor and over—
grazed and mo are the wastelands. Botb euffer from high erosion hazard.

Hydrologieal Scil Group Zones

Hydrological soil groups give the relative ability of a soil to produce
runoff and, therefore, to a considerable extent ite susceptibility to erosion.
These ratings heve been determined for a large number of Indian soil series
{Bali, Y.P., 1969) and based on them, India has been delineated into four

Areas having soils of',
"B" group constitute 53.60%, "D" 18,49%, "Cv 16,824 and "A" 11,090 only (Fig. 1).
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2.4

Flood Hazard

Floode visit India every year and cause untold misery to an average area
of 6.7 million ha, out of which 2.2 M ha are ocropped. The total affected arsa
is estimated to be 20 M ha. Annual estimated dammge due to floods has been put
at Bs, 1 260 million (One US § = Rs. 9.15) out of which 704 relates to agrioultural
crops (Anon, 1971a and 1974a). Areas affected by flood are shown in Fig, 2.

Drought Hazard

Like floods, the country experiences drought every year., About 3 million
people with their livestock migrate in search of new pastures (Mnon, 1973). This
migration hae often resulted in excessive grazing and the consequent destruection
of the protective vegetative ocover, leaving the soil bare to the erosive action
of both wind end water.

The role of drought in conservation land use management in India is very
great., About 75% of the cultivated land ie rainfed and produces 42% of the
country's foodgrain. It is estimated that even after all irrigation potential
iz achieved, at least 55% of the cultivated land will remsin rainfed (Anon, 1974b).
Vast siretohes of non-agricultural land in theee tracts have scanty rainfall and
are suited to grassland development and livestock farming, After reviewing many
definitione and claesifications, the climatic crop growth indices, limiting
rainfall amounte for different growth levels and expressed as a ratio of rainfall
to different evapotranspiration demands, have been used to delineate the country
into four drought classes, as shown in Fig. 3 (Das et al, 1974).

A comparison of Fig. 2 and 3 and a study of Table 2 reveale that intriguingly
the drought has not been a curse to arid and semi-arid (i.e. low rainfall) regions
alone., Many areas, in spite of fair annual rainfall, face drought right within
the main rainy season (George et al, 1973). Again, in spite of evergreen forest
and grasslands, many parte, e.g., the Nilgiris, are subject to regular droughts
{Shri Niwas et al, 1967; Das et al, 1971a).

SOIL CONSERVATION REGIONS

Many atftempte have been made to delineate a number of zones or regions and
eub-zonee of areas for the formulation of plans for development and utilization
of natural resources. FPhysiographically, India has been divided into four major
diviesions (Singh, 1971) and into six water resource regions .(Khoela, 1949), It has
aleo been divided into seven main hydrological zones with the problems caused by
sedimentation in the multipurpose reservoire to.the soil conservation programme
mainly in mind (Bali J.8. 1969). At the Soil Conservation Centre, Dehra Ihun,
considering major seil groups, vegetation classes, physiography, rainfall and
availability of irrigation, the country has been divided into twenty land
resource regions and 186 land resource areas (Cupta et al, 1970). Again, for
studying so0il ercsion with a distinet bias toward geology, the country has been
divided into five first order physiographic regions (Ahmad, 1973).

After reviewing all these existing delineations snd keeping in mind the
integrated approach for analysing soil erosion problems as well as for appreciating
the current erosion controel practises, the delineation made by Gupta et al, (1970)
has been regrouped into ten major Soil Conservation Regions as shown in Fig. 4.

The distribution of areas under various soil conservation regions along with

the annual rainfall and temperature ranges as well as available data on intensity
ratio (a measure of erosiveness of rain), and rilling hazard ratio (a measure

of erodibility of Buiq are presented in Table 2,
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4.
4.1

4.2

4.3

SOIL ERCGGTON

Paet Estimates

There Bocms to have been no coordinated attempt to document the incidence
of wvarious types of erosion and their extent and distribution throughout the
country. In the late Torties Faith et al, {Tgﬁﬁ} pubtmitted a brief report to thie
effect which urged consideration of the problems and their sclution on the basis
of natural units. Later on the Planning Commission (Anon, 1964) made a quick
estimate of agricultural land subject to erceion, while the Working Group on
Spil Conservation of the Fourth Flan (Anon, 19663 attenpted to estimate the
extent of erosion and otber conservation hazards on all typee of land. Bali
1974 outlined the distritution of areas under various conservation hazards with
gpecific stress on the erosion problem and sedimentation of multi-purpose

resarvoirs. According to hie estimats, a total of 175 million ha can be considered

susceptible to erosion. In ancther attempt, while giving the macro view of
land and water management problems in India, Vohra (1975) indicated that

140 million ha are seriously affected by water end wind erosion. Ahmed (1973)
gives some detailed estimates of areas subject to various types of erosion.

Extent of Different Types of Erosion

The National Commission on Agrienlture (1975b) provided the latest estimate
on the basiz of available information from various sources. Many parts of the
country are subject to more than one type of erosion. The extent of erosion has
been estimated as followe:

(Million ha)

Total Geogrephical area 325_
Total aresa gubject to seriocus water and wind

erosion 150
Area at critical stage of deterioration due

to erosion 69
Aren subject to wind erosion az
Area effected by gullies and raviaes, sbout 4
Area effected by shifting oultivation, about 3
Area under rainfed farming (non—paddys 70

Eroeion HHR

(n the basis of wvarions erosion maps prepared by Ahmad (1973) and with
the necessary modifications called for by the latest figures available, =
compoRite map of India showing the extent of wvaricus {types of ercsion is
pregented in Fig., 5. !

SHEET BROSION

Sheet erosion exists almost throughout the country. Areas subject to
ghoet as waell as pully ercsion and areas subject to notable sheet erosion only
are indinated specifically in Fig. 5. It has been estimated that about & GO0
million tonnes of soils are eroded every year from about 20 million ha of
oultivated lands; ahout 6.2 million tonnes of nutrients (2.5 of N, 1.5 million t
of P ond 2.2 million t of K] are oarried away., The nutrients lost in this way
are much greater than the gquantity that we are using at present (Swaminathan,
1973). The different rates of soil loss under various land uses in different
regions are given in a recent compilation (Tejwmni et al, 1975), and the figires
were obtained from ICAR research statione.
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Performance of Conservation Practicaes

The conservation treatments meant to reduce or prevent sheet erosion while
achieving the desired moisture conservation ﬁndfﬁr runoff disposal, range from
contour farming to bench terracing, The performance of different conservation
practices for controlling sheet erosion has been avaluated at a number of
research stations (Tejwani et al, 1975) and alsoc reviewed elsewhere (Daz, 1974).
To illustrate the relative effectiveness of a few practices, the results from
the Nilgiri hills in the southern red soil region are given. OUn these hill slopes,
that have lateritic soils, up and down cultivation of potato caused a soil loss
of 319 t/hafyear whereas nutrient losses were Rs 333/ba (at the market price of
1967). Simple contour cultivation reduced the so0il loss to 15 tfhaﬂyear and
nutrient losses to Re 130/ha. When the cultivation was on non-paddy benches the

soil loss was reduced to about 1+t/ha/year and the nutrient losses to Rs. 10/ha/year
(Raghunath et al. 1967). ;

Terracing is by far the most effective and widely practised field measure
for controlling or preventing ercsion in different soil conservation regions,
Terracing has also been adapted in different ways to meet varied physicographic and
climatic conditions. In a general way, it can be defined as a series of mechanical
barriers across the land slope to break the slope length and also to reduce the
slope degree wherever necessary. On the steeper hill slopes there are graded
(non-paddy) or levelled (paddy) benches constructed by restricted levelling and
with provision for disposal. The system also applies to lower #lopes where it
is developed by raising bunds and then achieving the levelling through puddling.
For rolling and flatter lands, with high rainfall, the gyetem means graded bunds
or banks (narrow base graded bunding) and for lands with scanty or erratic rainfall,
narrow base (level) terracing (contour bunding) is practised to conserve moisture
as well as reduce soil erosion. For better moisture conservation on larger areas
as well as for conirol of soil erosion, it was obeerved that land treatment between
the bunds, e.g. partial levelling (Saha and Patel, 1970) or cultivation along the
contour, offers better protection as well as moisture conditiohs Tor higher
production, For rolling lands and hill slopes with inadequate soil depth, graded
trenches or contour trenches are ueed for forestation or plantation crops like
tea or coffen. Field as well as experimental data show thatterracing controls
runoff, checks soil erosion, helps to improve moisture congeryation, groundwater
storage and crop yielde (Satpute, 1972; Das, 1974).

Treatments vary considerably from region to region, for instancg, the high
alopes of the Northern Himalayas are being put under good forest sover through

.afforestation and better forest nanagement.

5.1,1 Warrow hooe terracing {hundiqg}

The Indo-Cangetic alluvial plaing have an erosion intensity ratio value
of about 2, whereas the rilling tazard ratio varies from Y} to 7. A sizable
pert of the . region is lirhle to0 repuler flooding as well as moderate to
severe drought (Table 2, Fig. 2 and 1). The problem ie, therefore, one
of erosion control, dispossl of runoff and conservation of moisture.

Contour bunding, or narrow bsse ferracing on the contour, at a suitable
spacing and of a suitable cross gection, ie widely used to remove excesgive
runoff resulting from high intensity storms and surplussing arrangements
are made whercver necessary.



Fig, &

The eastern red soil region has an intensity ratic around 1.73, whereas
the rilling basard ratio ranges from 1.09 to 4.23. The region is subject to
almost Tecurrent moderate drought in epite of good rainfall (George et al, 1973).
The scuthern red soil region, on the other hand, has & similar intensity ratio
but senerally a low rilling hasard ratioc.” llowever, the regidn is by and large
subject to eevere drough hazards (Fig. 3 and Table 2), Contour bunding with a
surplussing arrangement often proves adequate., A typical contour bund crosse
section with a loose rubble wasteweir is shown in Fig. 6. Small tanka for
etoring and utilizing water for paddy cultivation on benches are also . i
oxtensively used.

Contour bunding (narrow base terrace on cnntour} with dreseed rubhble
waateweirs, in black soil region (sballow black soil)

The black soil region has a very high intensity ratio (2,36) and the
rilling hazard ratio ranges from 1.3 to 6,14, The north-east of the region
suffers from large droughte whereas the rest to severe cnes {'1‘able 2, Fig. 1).
The problem ie not only to conserve moisture, but also to remove exXcess
rainfall which cannot infiltrate due to low intake rates. The accumulation
of water on land causes damage to the etanding crope besides resulting in
mechanical failure of the bunds and other structures. In the northern part
of .this region, the removal of excese water facilitates & more flexible
rainy Beason crop and gives the possibkility of using the excess water to
grow a profitable winter crop. On the rest of this region, the rainfall is
low and erratic; this area remains fallow during the main reiny season
and thus subject to heavy erosion. Contour bunding has not been effective
in the region (Deaa, 1974).



The latest Tindings in the black eoil and the semi-arid southern red
soil region indicate that some sort of graded bunding {graded narrow base
terracing) with small ponds for storage and reuse of the runoff water for
agpured oultivation is more effective. Cultivation of oropa on broad ridges
and furrows seamz to hold promise for these reglons where etress is laid on
saving crop residues, proper tillage and water harvesting besides erosion
control {ﬁnon, 1974t and Kriehnamoorthy et al, 1974). The different types
of small ponds which could be used on existing farm holdings are being tried
presently at the All India Coordinated Dry Leand Research Centre as well as
the International Crop Research Institute for Semi-drid Regions. Some
possible changes in the design details for higher capacity-cost ratic have
been developed by Sharma and Kampan (1975).

Deaipn details for tunding

The spacing of the narrow base terraces can be more rationally
determined from the modified Stewart or Ootacsmind formula. It provides
more flexibility over space and time and involves easily determinable factors
ag compared to the adjusted empirieal formulae in use, The formulae ie:

Vertical Interval = V.I. = V28 ,nm
and Horizontal Interval = ?{J ;i
Tl
Where,
g = fverage slope percentage
n = IL.R.P.C.
I = Intensity Haoticon {defined at the Toot of Table 2]
R = Rilling hazard ratieo " " n no)
P Proportionate protection offered by evpporting conservation
practices
¢ = Proportionate protection offered by cropping management.

The formula is also applicable when trensching.

Concerning the cross-section, the design depends upon the emount of
excens rainfall and the depth of impounding desired upstream of the terrace,
In the case of graded tunding, it is the channel that ie more important
and the downstream bond iz a spoil bund. For the semi-arid southern red
gaile 0.2 lonpgitudinsl gradient was found to be effective, whereas for
the Northern Himalayan foothills the gradients of 0.4 and 0.6% were found
to be equally good (cited from Das, 1974).

There are different types of etructures; for removing excens
rainfall from bunded areas gome of the common ones are given in the
book, Soil Conservation in India (Rama Ras, 1272). They are:

prefabricated escapes

dreugedfkndrenand looee stone wasteweire with end pitching
ramp—cum—yeir

pipe outlels

ringwell and pipa outleis

channel weir

atone/brick mamonry low drops/rhutes

=] T e L O o=k
. = v = ® @

-



5¢1.3 Paddy and non-paddy bench terracing

In the Northern Himalayas, paddy crops are raised on bench terraces,
There are also traditicnal irrigation systems using the hill streams. In
the southern hills, namely, the Nilgirise, lying within the southern red soil
zone, a eystem of non-paddy benches has been developed (Lakshmipathy and
Naraysnswamy, 1956) see Fig. 7. These benches are provided with a
longitudinal gradient to drain inte cross disposal draine. The vertical
gpacing is determined by the depth of the cul svailable and from the
formila VI = 2 (T - 0.15) m, where T is the depth of productive soil
in meters; VI, computed as above, i2 again tested with the minimum
width vie—3-vis the land slopes and ease for farm operations (Lakshmipathy
and Warayanswamy, 1956). For effective runoff disposal as well as better
moisture conditions, these benches should not be longer than 100 m
(Das, 1974), whereas they can have a longitudinal gradient upto even 1% under
Nilgiri conditions (Kurian et al, 1975). In the Northern Himalayan regions,
non-paddy benches of the southern type are being introduced. However, due
to heavy rainfall, a more elaborate dieposal system is being provided.

On the steep Himalayan slopes, narrow benches are being constructed
to raize belts of orchard trees. Such benches are also recommended for
raising other plantation crops, and medicinal plants.

5.7.4 Developing low cost bench terrscing

Even though there is no substitute for bench terracing when growing
crops on hill slopes, it is expensive and initial erop yield is low due
to disturbance of the ftop soil. In order to obviate these disadvantages,
benches could be developed over years behind graded barriers of grass, or
earthen bunds or stone walle. 4 typical bench developed behind the
graded barrier of Tripsacum lexum is shown in Fig. 8. In Kerala, henchee
are developed by putting earthen bunde with doewvmstream pitching acroes
the land slope, whereas in the northern Himalayan region, as well as in
the low hills of the eastern red goil region, benches are developed by
building stone risers (Murthy, 1969).

Vepotative Stabilization of Conservation lMeasures

M1 bund channel sections as well as the riser face of benches are
gtabilized with prass, On locations subject to hot winds Pucalyptusz, and
Eulaliopeis binata pgrass or Ricinms communis are grown on bunds and they
provide an additional income over years besides serving as wind breaks
(8ingh and Srivastava, 1973:; Tejwani et al, 1975).

GULLY AND RAVINE EROSION

This ie posseibly ona of the most spectacular types of erosion. Havines annually
ravage 8 000 ha throughout the country where approximately 0.5% of the ravine
catobment area is being eroded. fnnual damage to the tablelands accownts for
He 40 millien (ﬁncn, 1972a). Gullies and ravines damage land, habitations, roads,
railwaye and other publie properties, thus adversely affecting rral economy
{(Anon, 1976h). A typical picture of gully erozion is shown in Fig. 9. They also
provide shelter to uvnsocial elemenis causing law and order problems. The ravines
are moetly found along the rivers of Jamuna, Chsmbal, Sabarmati, Mabi, Gumoti
and in the ocatchments of the Magurakehi, Fanpasabati in the eastern red =moil
region, Generally, ravines originate within a short distance of the river and



Fige. 7 Bench terracing {non—-padﬁy] in the southern red soil region of the
Nilgiri hille (photo P.X. Thomas)

Fig. B Developing non-paddy benches along the graded stripe of
Tripeacum laxem on the slopes of the Nilgiri hills



6.1

near or around the confluences of two chammel flowe. At e conservetive eetimate,
the country is losing a total output of 3 million tonnes of foodgrains annually
due to degradation of land through gullies and ravinag {Anun, 1972a),

Fig. 9 Severe gullying in the oatchment of the Mayurakehi
on highly erodible soils in eastern red soll region

]

Formation of (ullies and Ravines

Opinione vary on the causes leading to gully erosion and ravine formation.
The popular belief im that due to excemsive exploitation of the land by continuocus
deforestation, over grazing and faulty cultivation, gullies end ravines have
formed. Ahmad (1973), however, argues that in the areas where ravines are very
severe there has not been luxurious vegetetion in the recent past. The areas
subject to mevere gully erosion are loocated in western, central and eastern India
and along the foothille of the Himalayas. The difference in elevation of thenme
arsas ranges from nearsea level in the west to about 300 — 1 000 m in the sast
In the foothills of the Himaleyan region, gullies are being found at elevatiome



6.2

as high as 1 000 - 1 300 m. The type of soils, rainfall received and topographical
features are also considerably different in these major regions where gully and
ravines are Tound extensively., Table 2 revealsthat in the ravines in western India,
the intensity ratic is 2,16 whereas the rilling hasard ratic is between 3.46 and

5. The bulk of the ravines in Central India are in the Indo-Gangetic alluvial
region and have an intensity ratio of 2,04 and rilling hagard ratic for ravinous
ereas as high as 7. 4 part of the revine system in central India falls in the
black soil region as well a8 in the mixed red, black and yellow s0il region. In
the latter region, the rainfall intenaity ratio ism 1,83 whereas the rilling hasard
ratie ranges from 1.31 to 6.5. In the red soil region of eastern India, whera
ravines are very conspicucus, the intensity ratio is 1.73 and the rilling hazard
ratio is high, Amad (1973) contends that the incidence of gully and ravine

erosion is possibly due to geologic uplift. Roy and Mishra (196%), from their
field obmervations, conoluded that ravines are a function of depth of the river

and are invariably confined to the vicinity of rivers and tributaries, Oully

is a function of overland flow and therefore, of catchment characteristics alone,
whereas ravine is primarily a function of chamnel flow and its ingress into the
catohment. They hold the view that the ravines proceed from the river or tributaries
to the agricultural lands.

Treatment

Conmidering the complex physicgraphie background of the regions whers gully
and ravine erosion are prevalent and the involvement of sosio-sconomic aspects,
attempts have been made to take appropriste action to control this erosion as
well as to restore the land fto better land use management. The earlieat attempts
were made in the erstwhile Cwalior State in 1919, +there revenus concessions wera
granted to cultivators who would reclaim the ravines along the Chambal, (Rege and
Yagh Pal, 1973). In the post—independence years, the Government of Uttar Pradesh
and Madhya Fradesh took a number of pioneering steps to control and reclaim ravines
slong the Jamuna and Chambal (4non, 1971b; Rege and Yash Pal, 1973).

6.2,1 Central pilot projects

During the Fourth Plan, Filot Projects were atarted in the four
major States covering the ravinous aress of western and central India to
develope suitable technology for reclamation and control of ravines for
agriculiure and horticulture and for stabilizing deeper ravines. During
the Fifth Flan, the Pilot Prejects were extended to more locations to
cover the varied physiographic and climatic conditions= prevalent in the
catchments of different rivers and almso to test the feasibility of the
technology as well ae the viability of the economics of ravine control,
reclamation and the stabilization programme. The entire concept for
tackling this programme was outlined in the Report of the Working Group
on Ravine Reclamation (Anon, 1972); they examined alternatives, e,g.
putting the ravines under complete wvegetation and reclaiming them for
agricultural purpoees, and a combined programme on a definite watershed
basis. The conclusion wae that afforestation alone >r reclamation for
agricultural purpese alone could not solve the problem, It heeds to be
solved from the basie of a watershed and from the tablelande to the
confluencee of ravines forming a natural draindge system. As a result,
normal aonservation measures, e.g. terracing, bunding, etc. are being
provided on the tableland draining into the ravines. By btuilding
periphery bunds and drop structures at the gully hesads, the ingress of
the gullies into the tablelands ies being arrested while providing safe
ways to take away the runoff through the ravine aystem. Shallow ravines,
up to a depth of about 2 m are being reclaimed for apgriculiural and
horticultural purposes where irrigation could be provided and eash cropse
grovm (Fig. 10). Deeper ravines with steop sides are being stabilized
Tith tha}help of vegetation and engjnoering structures of wvarious types

Fige 11).



Fig. 10 Reelesmation of shallow ravinea
for agrionlture with field
irrigation channels along the
Chambal in the mixed black,
red end yellow moil repion
(ptoto Y.P, Bali)

Fig. 11 Ravines along the Chambal
River, near Kots, in the mixed
black, red and vellow poil
region. Deep tail gullies and
ravines are being pul under
afforestation (photo Y.P. Bali)

Fig. 12 Controlling erosion snd restoring gullied lands by creating small
ponde and developing paddy benches in the Mayurakehi catehment in
the eastern red soil region



Gl

In the gastern red soil region pullied areas are being reclaimed Ly
putting earthern checkdams in a series or singly to develop micro storage
ponds (Fig., 12). On the downstream side of the storage, paddy benches are
developed., Incidentally, this system ensures helding up most of the potential
gediment in a zone where souils have a rilling hazard ratic as high as 21,00,
The eystem improves the productive capability of the area and thus encourages
congiderable cooperation by the peopla.

Performance of Treatment

The effectiveness of various treatments is being tested at research stationa
ag well as on the Pilet Projects. The combined package of practices on the
watershed basis have, by and large, beon found effective. In the eastern ravines
engineering and biological measures inereased rain water retention by 53% (Singh
and Dayal cited from dnon, 19?An}, In western as well a8 central India the system
of treating ravine watersheds with a combination of biologisal and engineering
measurss s.g. raising fuel fodder plantstions, constructing peripheral bunds, drop
structures, etc. resulted in a reduction of the peak discharge as well as soil
loas over the years. More information about different types of siructures,
construction of bunds, selection of grasses and trees which have been found
suitable for the purpose, through experimentation at research stations, are
given in detail in an ICAR publication (Tejwani et al, 1975).

Regarding the economics of ravine reclamation, an evaluation report on the
U.P. showed that by reclaiming the ravine areas for agrisuliure, yield could be
increased by 169 (Anon, 1971b). The analyeie of the integrated project outlined in
another report (fnon, 1972a) indicated that the annual direct benefit from the
geven year plan for 330 000 ha would be at the rate of 11,2% on the investment.
This project would ereate employment opportunities to the tunae of 339 million man
days. The economic viability from the areas treated with grass, areas reclaimed
for agrieultural purposes and areas stabilized by afforestation, have aleo been
analysed at ICAR research stations., It wase observed that the investment in treating
gullies, including reclaiming the areas, could be recovered within a pericd of
2-10 years (Tejwani et al, 1975).

Ravines affect habitations, communications and the agricultural preductivity
of regions where mizable populations are located. Any improvement measures for
the area, even on the basis of watershed, therefore require +the closest invelvement
of the people, i.e., beneficiaries, for their maintenance and appropriate follow-up
actions not only in respect of apricultural lands, but also in respect of the
deep ravines which will be put under fusl-cum—fodder plantations. If the areas
are not treated with a view to providing appreciable economic returne to the
beneficiaries, any ireatment is likely to meet with ultimate failure. On the
other hand, Kammavar et al, 1975) obeerved that 3% of the initisl investment would
be required for maintenance and to stabilize the treatment measures during the
firet two years; in subsequent years it would be nominal, The cost of maintenance
oould easily be met from the sale of produce, such as grass, fire-wood, ete. from
the treated aren. Kesping this in mind, the National Commission on Agrioulture
recommended emphatically that the economic conditions should not be the sole basis
in the reclamation of ravine lands. Poverty ond the objective of ocurbing the
pativities of antisocial elements should receive due consideration. Bevine reclam—
ation an puch, nhould reocelve nalional priority and investment should not be
denied on ncecount of an unfavourable benefit cost ratie (Anon, 1976b).



TORRENT AND STHEAM CHANWEL EROSTON

Torrents

The problem of torrent erosion, in both the foothille of the northern

Himelayan and the nortl-eastern Himalaysn repgion, has been increasing., In the
former, the torrents are popularly known as 'ches' and the rate of their progress
gan be realiged from the deta given by Kalth ef al, (M948):

2
L2 - : ; i
13] ?ﬂ kmE for the Hoshiarpur distriect
1696 s 206 g £ Punjab 8l
1933 =2 000 km & ! i

The Netionsl Commission on Agriculture (1976b) observed that the devastation

by 'ehos' in the Punjab alone is over 2.5 millien ha. Similar information for the
north-eastern Himalavan region is not available.

Telad

Cauge and approach for treating torrents

The main cause of the problem is the high runoff down the hill
glopes with heavy silt loads that £i11 up the channel bede thereby reducing
their caparity to carry the runoff and sediment. In consequence, the flow -
ghifte from the original course, The process is repeated many times until
vast etretches of Tertile land are oriss—croesed by courses swamped with
coarge Bediments and detritus. The 'shos' bresk up babitations, affect
pommunicationg, agriculture, recharge of shallow wells and other social
amenities.

The golution, lies in regulating the quantum of runoff coming down
the hill slopes and the accompanying silt losd (Pathak, 1975), Treatments
mist therefore cover measures in the catchment to moderate the runoff pesk
and wolume and to reduce the soil erosion and conseguent silt losd. The
main package of mmeliorative practices include afforestation and prassland
development with trenching across the land slope and growing agricultural
and horticultural ecrops on terreced lands, As far as the main torrent
ie concerned, remsdies are:

i, control of grazing and deforestation;

ii. protection of banke from erosion by providing marginal bunds at a
reagonable distance from the edge; for sections subject to sericus
erosion, 'riprap' or loose retaining walls can be used;

iii. construction of rivetments, spurs and jetties to confine the flow
and proteet the bank from secouring. Training walls, made of
flexible semi-permanent materials, cen also be used in a double
line, parallel to the banke, to facilitate settling of esili and
growth of vegetation;

ive construstion of temporary or permanent etructures in sections where
the gradient is steep, to facilitate siltation and thereby stabilize
the grades. Fig. 13 illustrates some control measures.

Certain plante are suited to torrent nontrol echemes, particularly the
outeprouting types which grow profusely near stream hods, e.g. Salix species,
Vitex nugundo, Populus species, Arundo donax, Ipomea cornea, Jatropha ourcas,

Termisetum purpureum (Napier) ete. A series of checkdams made of free logs,
buttresred hy permanent checkdsme At wide epacing, can be used to oontrol
torrents rushing dovm eteep slopes. The torrent banks can be protected by
planting water—loving vegetation (Singh et al, 1974; Tejwani et al, 1975).
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Fig. 13 Torrent control by rivetments, with shell structures supplemented
by contour planting of Salix in the Hampanga catchment of the
northern Himalayan region.

Stream Channel Erosion

In the Indo-CGangetic alluwvial and Assam Valley regions, the problem of
gtream erosion is serious;a olassic example ie the ape—old case of the flooding
and shifting course of the river Kosi. In the process of tuilding up inland deltas,
the Kosi has shifTted over 167 km from east to west dupring the pericd from 1738 to
1964 (fnon, 1971%). The cause of this shift has been attributed to the enormous
load of sand which the river is unable to transport and unloasde into the main
drainage channel. In 1941, Mr. C.C. Inglis, Director of the Central Irrigation
and Hydrodynamin Research Station, identified the build up of the sub-mountainous
delta, by the excess charge of sand brought from the hills, as the main cause of
thie shift. In subseguent years, attempts were made to confine the river course
by econetructing embankments. It has been observed that though the river is being
kept confined within the flood embankments, its nature eof shifting its course has
not changed at all. TFormation of new 'chos' is going on within the embanlments
and the river configuration changes every year after the floods (Anen, 1976d).
The same story applies to stream bank erosion due to the heavy sediment load
of the rivers draining into the Assem Valley.

The National Commiseion on Agriculture has also recorded the problem of
riverine lands. Heavy sediment leoads carried by rivers through steep slopes
regult-in meandering and serious bonk erosion; this is especially so with rivers
originating in the Himalayas. The Teessta in the north—eastern Himalayan region,
narries possibly the world's largest sediment load of about 98,20 ha m/100 km</yr
{Cupta, 1975). 1In the Indo-Gangetic alluvial and Assam Valley region, fertile
areas with flourishing crops, orohards, towna and cities are often dastroyed.
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These lande are known by various names in different parts of India, such aa,
'khadar' in northern India, 'diara' in central India and 'ghar' in eastern India.
The egtimated riverine lend is asbout 2.4 million ha in the Indo-Gangetic alluvial
region alone, Such problem lands also exist along the 8-10 km wide stream bed of
the Sutlej which was confined by raising embankments during 1962-65, as well as in
the wide bed of the Beas. Such lands, commonly known as 'rac', are aleo sizable
in a number of bigger torrents. In order to utilize these wastelands profitably,
the first necessity is to provide adequate protection from flooding during the
high flow years. After this, soil conservation treatments could be applied to
improve conditions gradually for better land use management. There has not been
much concerted sctivity in this respect yet.

Torrent and Stream Erosion in relation to Flood Control

The problem of 'chos', stream ercsion and riverine lande needs to be viewed
in sonjunction with the problem of floods. From Fig. 2, it will be clear that the
regions subject to regular flood havoc are the Indo-Gangetie alluvial, Assam Valley
snd Gangetic delta. The damage done is largely due to the sediment brought down,
from the hills., It is, therefore, necessary that the plan for controlling 'chos!
and other stream erosion should form an integral component of flood control
programmes, The current attempis to control floods by protection structures
dowmstream need to be supplemented by long—term catchment treatment measures.

The expensive flood control structures on the Koei river have not yet been
suncessful in preventing shifting of the river course and formation of deltas
which now threaten the very protection embaniments (Anon, 1976d).

Banerjee and Lal (1972) reviewsd the problems of flood and sedimentation
of four major river eystems, i.e., north-western rivers, Ganga, Brahamputra and
the peninsular rivers. Considering the amount spent on floed protection and
the flood damage over the years, it can be observed that, while flood protection
activity inoreases, lesses due to floods paradoxieally also increase, Such ie
the cage even in a developed country like the USA, It also clearly shows that
structures downstream alone are not sufficient for the conditions obtaining.
While acknowledging the important role of structural means, Banerjee and Lal
(1972) eaid that the following measures should also be taken: i) improvement
of the capacity of channels to carry floods end improvement of drainagn
generally; ii) raising of low lying villages, and iii) soil eonservation work

in ecatchments.

There is a school which shares the view that high floods cannot be
aontrolled or moderated by cetobment freatment as the coinecidence of the
fastors causing floods are beyond human contrel. There is no denying the fact
that wrong land use, e.7., large—scale felling of treee or excessive grazing
at higher altitudes, and unscientific cultivation of hill slopes, contributes
huge amounte of silt from the watershed. Afforestation on steep glopes and
convaraion of steep cultivated lands into benchea in the Nilgiris (Region 9,
Fig..dj have, however, incressed the annual bagin retention capacity of the
satchment by about 28 om (Raghmnath et al, 1970; Das et al, 1975). In the
northern Himalayan region, at Chandigarh, runoff from degraded watershed was
reduced by 34.2% by treatment with earihen dobris basina, pondage banks,
staggared contour trenches and afforestation (Pﬂtnﬁik et al, Trom fnon. 1974).
Another packago of conservation measures in a watershed redused the sediment
production rate from B0 t/ha/year over a decade (mumbla, 1976). At Dehra Dun
in the same region, roplacement of scrub forest by Eusalyptus resulied in a
30 and 779 reduntion in water yield and peal respectively, while narrow base
terracing {rontour hunding) reduned runoff peak by A0S (Mnthur et al, and
Ram Baby et al, from Anon., 1974).



A1l this demonstirates that the saturation of watersheds requires a far
greater input of conservation measures, including small hydrologic structures
if peak floods are to be moderated, even when they are large scale. Therefore,
it may be said that by treatment in catbhments, {loods due to a 100 years' ;
rainfall event could possibly be moderated to the scale of 70 or 50 years. But
there are no data available to prove or disprove this,

LANDSLIDES AND ROADSIDE BEROGION
Landelides

Landslides snd slips are a serious problem ocourring extensively in the
north-eastern and northern Himalayan region., They generally represent a dowmward
mass movemsnt of earth and boulders and include soil ereep, flowslides and land
slips. Landeslides cause disruption of communiecation lines and transport,
dislecation of public utilities, loes of land and buildings, siltation of
reservoirs, eto. and loass of life.

Oeology coupled with high rainfall is the primary causze of Indian land
glides. There are many causes but two common physical ones are: instability of
glope and insdeguacy of drainage in the sliding mass. However, the degree of
hazard ie accelerated through deforestation, overgrazing and other human activities,
e,g, road building and mining materials from hill slopes. The various types of
land slides snd their sauses have been briefly described by Tejweni et al, (1975).

B.1.1 Treatment

A catohment-based operational project at Dehra Dun in the northern
Himalaysn region showed that land slides need to be controlled on the
basiz of a well defined watershed, and treatment to the sloping areas
as well as water courses needs to be provided in stages. Protecting
the watershed against biotie damapge by a closure is often a neceasity.

To prevent toe cutting along the water course, retaining walls are
constructed. To facilitate the growth of wegetation, slopes are bhroken
by contour wattling, preferably with plant species that can be
vegetatively propapated. These temporary supports coupled with protection
apainet biotic interference provide conditions conducive to a natural
succession. The steeper slopes are broken by stone retzining walle. 1In
gome of the eliding faces, where moisture becomes coritical in the posi-
monsoon sesson, the straw mulching tied with thin wires helps in the
establishment of vegetation. DBesides stabilizing the earth faces, it ie
essential to stabilize the small ds well as big water coursee in the
watershed. The erosive gradients of the main water courses are rectified
by a series of oheckdams and their banks are protected from scouring by
bnilding jetties and spurs. Small ones are treated with a series of

log or crib checkdams or checks of live material, e.g. Napier, at close
intervals (Fig. 14).

8,1.2 Selention and establisbment of vepetation

Flont speciea should be selected which have a deep root system
that will penetrate and bind the profiles together. Vegetation with
ghallow roots which ie good for cover protection e.g. 'Kudzu' (Pueraria
hirsuta), is not suitable in such sites. Futhermore, 'Kudzu' is
agsressive and emothers other typoes-of vegetation which regquire some
yeers to esteblish themselves, When planting Napier or other vegetation
that can be vegetatively propagated, it is more effective to plant it
slanting, thereby ensuring greater sprouting for better anchering on
the soil mass.



Fig. 14 Btabilizing torrents on
hill =lopes subject to
landslides by a series of
log and wire—crated (gabion)
checkdams, mulehing end
afforestation at Debra Dun,
northern Himelayan region

Structure types and selestion

Fegarding the material for check dams, spurs, etno., a lot of
experience has been gained. Field observations of the rigid structures,
innluding RCC ones constructed aleng hill roads, hawve shown that often
thay do not perform satisfectorily, mainly dvoe to seepage of water that
penerates heavy pressure and nltimately causes their failure. Also in
the ncase of checkdams along the main water couree, mite conditions may
be poor and & proper foundation ie difficult fto achieve; in such
locations rigid struectvres do not sueceed either. In addition, the
sonumulated sediment behind the chenkdams permits large senle seepags
and the removel of the seepame water from behind the cheeledam iz an
abaclute neneasity. TFlexible structures, e.g. wire—orated checkdams or
retaining walls, or checkdams made of gobione endure better. They can
toke differential sinking, stend localized bulging due to pressure of
debris or water and permit the escape of accumulated water from bebind
the structure. Furthermore, if a mabion ie broken or damsped, it nsn be
repaired without reconstruction of the entire structure. The gabions and
sunh struclures are made on site by semi-skilled lsbourers themselves
(Gupta snd Dmlal, 1967). These structures are also becoming popular along
mountain roads and are commenly known as 'seusepe! structure [(Fig. 15).
For rmaller waler aounrses, abeckdems made of wooden logs or loose stones
or slabs nan alro achieve the eeme rosulis,
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Fig., 15 BSiabilising steep hill sleopes with series of 'sausage' wire—crated

boulder reteining wells in the Teesta satshment (Sikkim) in the
north—esstern Himaloyven repgion

In the entire concept of treating land =lides or slips the key
fectors are: 1) treating the catehment area and the water courses togethar;
ii) using vepetation and engineering strustres in combination: and
iii) preferring flexible structures to rigid strustures and a system of
emall ones to a smingle large one.

Roadeside Erasion

Erogion along the road or reilway lines is a regular phenaomeron as the
alignments cut asross the natural physiography and thus disturb the balance
(Fig. 16), The stabilization of & road or railway embankment takes some years
and with the construction of extensive road systems in the plains =& well as in
mountainous areas, the problem bhas become more acute, In the northern and
eastern Himalaysn regpion, eroeion along the cut and filled faces of roads is
extensive. The inadequacy of cross drainage stmectures often results in
defective drainage of water and as A result roadeide gullies are formed, which
not only threaten the stability of the roads but also set in motion the chain

of severs aerosion in adjoining good cultivated lands, which ultimately necessitates
expensive remedial treatment fFig. T )

Erogion aleong railway lines is also considerable, It differs from place
to place depending upon the amount of rainfall and type of soil. Common measures
to check such erosion are turfing, piteching, retaining walle and even terracing
the slopes of the fill sention. To check erosion by mesndering rivers which
threaten the railway lines, protection is provided in the form of puide bunde with
piteched slopes, toe guards of 'sausage' siructure or concrete blocks, epura and
revetments. Among the local items, bamboo screens, bamboo bundles and triangular
permeable screens of bamboo are used with great suecocess. To prevent ercsion along
cut fanes oatoh—water drains, deep boulder drains, oross bunds, eto. are used
(Palit and Xapoor, 1975).



Fige 17

Cullying along the road due to inadequate cross—drainage and
ptabilizntion, e.g. clesuring, drop structures, earth bunds,
afforestation, in the Mayurakabi catchment, eastern red soil
rogion
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9.1

9.2

EROSION DUE TO SHIPTING CULTIVATIGN

Shifting cultivation or '"jhuming' is practised mainly in the north eastern
Himalayan region and marginally on other non-Himalayan hille (Fig. 5). The
practice, evolved over centuries, incorporates a mixed land uese patternm appropriaste
to the physiographic remoteness and lack of communibation. This remoteness haa
forced the people to adopt & system that is self-contained and invelwes the minimum
number of items. The problem of 'jhuming' has engaged the attention of various
agenoies for quite a few decades; the National Commission on Agrioulture (19760)
cites about 19 references and though these reports differ on many points, there is
apreement that improvement in land use management in the areas subject to this
practice is urgently neaded. The latest estimate by Mise Wadia (1975) indicates
that about 2,7 million ha are affected Ly shifting eultivation in the north-
eastern Himalayan region alone (including non-Himalayan hill ranges) and tha
average area cultivated by a family is 0.92 ha.

To meet the exigencies of collestive security and to adjust individual
needs and responsibilities vis—a—vis commnity onea, the system seems to have
served the people of the area remarkably well, The gquestion does arise as to
why it has become urgent to review the effectiveness of this system, which has
not only evolved in India under certain conditions, but also in many parts of
the world with similar conditions.

Degradation Hazards

Opinions differ on the associated hazards of soil degradation and consequent
gediment and flood havoc eaused by the practice of 'jhuming' on hill slopes. Some
people hold the view that shifting cultivation, whieh does not involwve ploughing
and other intensive agricultural operations, does not disturb the soil prestly.

It is true that there are no gystematio studies availeble to illustrate the
eediment hazards from the areas subject to shifting cultivation. In the past
when the 'jhuming' eyele was long, about 20-30 years, it is possible that there
wag no appreciable degradation of land or ecology; but the cyele has now hecome
as short as 1-3 years which does not permit any natural recuperation by the land,
However, from Table 2 it can be seen that the area receives between 1 500 -

2 500 mm of rainfall and the slopes are, by and large, steep. The area is also
subject to heavyy lendelides, accelerated by an intensive road development
programma,. Floods with a heavy eilt load create havoc almost annually in the
Apsam Valley.

To set aside any doubts, data from the Machkund catchment (No. 6 in Fig. 18)
cén be cited; it is cloee to the eastern coast and covers slopes in the eastern
Ohat. The entire area is populated by tribes who have practised shifting culti-
vation (locally oalled 'podu') for centuries.. Since the Centrally Sponsored
Scheme for Soil Conservation was launched in the Machkund catehment during the
Third Five Year Plan, about 40% of the eritically oroded areas have been ireated
up to 1975-76, and as a recult, the siltation has fallen from 3.38 to
2.51 ha m/100 km2/yr (Table 3). In addition, it can be concluded from field
observation that areas subject to shifting oultivation become depleted of hetter
flora and fauna over the succeeding cycles,

Treatment

To tackle thim problem, Dhebar's Commiseion (oited from Anon, 1976c),
suggestad that a coordinated approach be teken to provide omployment opportunities
in forestry, agrioulture, animal buebandry and industry for at lemst 300 daye in
8 year, Thie needs to be examined within the background of multipliecity of
vocationa and the rising aspirations of the people of the area to adopt better
vooAtiona and s higher standard of living with the opening of the erea by &



Table 3 SEDDMENT FRODUCTIG RAIES VIS-A-VIS SOIL CONSERVATION WORKS IN A FEW SELECTED
RIVER VALLEY PROJECT CATCHMIENTS :

No. Reservoir Catehment SBaediment, Production Hate

Catchment area ha m/100 kme/yr
1 000 ha Assumed Original Reduced
(Yoar) (Year)

56 87 000 Total

1, Ehekra 37 160 (within 4.28 8.38 6.14
India)

2, HMaithon DVC 521 1.62 15.45 13.10

3., Panchet DVC 5a1 247 13.32 10,30

4. HMachkund 195 3.57 3.38 2.51

modern commmnication system and the introduction of currency. Therefore, it
mist be carefully aomzidersd whether the wame family, who may want to send
gome if its members for education and other vocaliona, will be in a position

to cultivate or manage larger areas with the labeour available without substantial

support from improved inputs, such as irrigation, fertilizer, betier seeds and
appropriate toole, implements and machinery. This infegrated development is
being tried on & pilot seale in the north eastern Himalaysn region where a
family is being provided with a heectare of irrigated land and another hectars
of dry land with additional support for raising profitable forest, hortienliure
or other plantation srops. To improve the ability of families to manage these
enhanced areas, demonstrations are being given on the use of appropriate tools,
implements and machinery. Ceonsidering the lewvel of present development, big

tractors or equipment cannot be introduced in these areas to bring asbout an agri-
cultural revolution within a short time: the process has to be gradual and in stages.

To begin with, the large number. of indigenous tools should be studied and,

if found suitable, their designs improved. The storage bin, similar fo that
which has proved useful in the Punjab, wimnowing and threshing machines may be
of immediate use.

Unlegs the !jhumias' or shifting cultivators cen be weaned from the
practice by a profitable alternative vocation suiting their socio—cultural
background, the problem cennot be solved. And if this goal cannot be achiewved,

the direct objective of redusing erosion and consequent sedimentation accompanied

by heavy floods cannot he fulfilled either.
10, SOIL CONSERVATION IN THE CATCHMENT OF RIVER VALLEY PROJECTS

India has been uilding up her irrigation and hydro-electric potential
steadily over the years. These projects are mostly multipurpose. The sites of
the reservoirs are the gift of nature and therefors not profuse in numbers. The
projects provide water for irrigating the dovmstream areas and thereby inorease
agrienltural production. The stored water ie also used to generate electricity

for developing industries and intensifying agriculture. Tt is, therefore, eszential

that the reservoir eapacity crosted should bs preserved as long as possible.
Even though allowance has been mede for unavoidasble sediment flowing with the
water, the rate of sedimentation in most of the reserveoirs has been very high;
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g Tew of examples can be seen in Table 3. The sediment production rates of some
of the multipurpose reservoirs at present rangs from 2.5 to 18 ha m 100 km? Sy
{Cupta, TQ?E%; he aleo draws attention to the higher silt load of Himalayan rivers
than non—Himal ayan ones.,

Effeni of SGedimentation

Tha aooelerated sedimentation of the reservoirs has, in many cases, already
afferted the irpigation potential creatod, For example, in ¥iramsagar ressrvoir
the present capooity of the reservoir is 330 millicn m3, apainst the initiel
808 million md, With this loss of caparity, there is not enough water available
to irrigate the designed command arez of 110 000 ha Tfor growing sugarcans snd
paddy. The lack of supply of sugarcane has already threatened the functioning
of sugar fastories including that of the Dedban Sugar Factory, the largest in
soull east Asia (Sube Rao, 1974)., Turthermore, sediment coming from the ocatchment
ig dograding it at a fast rate, thus reducing the all-round productiviiy.

Watershed Approach

The problem of preserving the reservoirs i8 combined with improving
productivity in the catchment aresa ond preserving the existing productivity
of the command ares, lealiming a complex nalure of the problem, a scheme wad
launshed during the Third Five Year Flzn to treat s few of the catchments in
tre river valley projects. To date, this scheme is operating in 30 =uch eateobmente
[ e, 15), whinl ecover an srea of about 79 ba cach and almost all types of
eracicn snd conservation problems are present in these catchmenis. Decanse of
oovious financial noneiraints and lack of technical personnel, it is impowsseible
to treat all areas immedistely snd,indeed, it may net be necessary to treat all
of them to prevent considerable asedimentation of the reservoirs and degradation
of ihe ratohment. & prierity survey is being conducted by the All-India Soil and
Land Use Survey of the Oovernment of India 4o ascertain the critical nress of
deprndation in these aatchments, The methodology developed iakes into coneide—
ration the erodibility of soils, topography, vegetation, channel eystem, status
of erosion, eropiveness of the climate as well a2s the prowimity of the watershed
to the reservolr or main fributaries draining into the regervoir (Bali and Karale,
1972}, From the area surveyerd so far in verious catohments, it appears that
about 15% of the land can be considered as highly critical and shoenld e ftreated
immediately. Sueh areas are being identified as small watersheds having a national
traatable area renging from 2 000 to 4 000 ha,

The macre plans are drawn up first on the basis of eub-natehment /sub-basins
and then more deteiled miere plans sre prepared for small walersheds or sube
waterahedn within the sub-catebment/mib—basin, although, the actual implementation
of works should proceed from the minro level, i.e. on the hasis of wahnrnredf
sub—watersheds, This helps ntilize the avsilable resources to the maximum, and
anoommodates inevitable chanmes osourring while planning detaile or even while
implementing the plan.

Implementation of the Propgraming

During the Fifth Flan, about 240 euch watersheds are receiving saturation
treetment, i.e, romedinl meapures for all bypes of land end ssszociated dreinage
eystems. The measurcs for fresting agricultural land comprise bunding, bench
terracing and gracoed waterweyd end sometimes ponds, non—agricultural lands are
provided with closures for restristing grazing, afforeststion and grassland
development, Cullies and etream bank erosion are treated with structures,
periphery bunds and vegetative measures. In extremely degreded land, contour
dyking and ditching is done to improve soil snd moisture conservation, also
enclocuren are beilt for repensration of grass and shrubs.  Sediment trap basins
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10.4

1.

1.1

on upstream watersheds are constructed to hold sediment, reclaim badly ercded land
and improve the all round meisture sondition (Fig. 19); they also moderate floods
and recharge groundwater (Blhumbla, 1976). 'hese small ponds help in reclaiming
downstream land feor paddy cultivetion and can be used for irrigation too; they
also provide conditions conduecive to the growth of better trees and other
vegetation (Fig, 207,

The effectiveness of the scheme is reviewed from time to time and in a
number of cases where it haz heen in operation for a congiderable time there is
an indisation that sediment production retes are falling in spite of the fact
that tle areas treated were not very large (Das.and Kaul, 1976); this is also
evident from Table 3, However, the pace of the conservation programme neede to
be accaelerated considerably in order to reduce sedimentation ratea below tha
permigsible ones guickly, thus increasing the useful life of the reservoirs.

Catchment Area Authority

It has been well esteblished that, whatever the type of erosion or conser—
vation hazard, the source arema ag well as the affected problem area must be
treated together. Thus, irrespective of the type of erosion, the planning and
implementation has to be on the basis of & natural wnit, i.e. a watershed or
catchment. The solution does not only cover protection and stabilization, but
aleso ite continuing effectiveness through appropriate maintenance and follow-up
practices. This is possible when the benefliciaries are involved intimately in
managing the treated land by a judicious land use plan which gives sizable direct
and indirect benefits (Bhumbla, 1976).

Considering this vital need, catchment area development authorities are
being constituted for different catechments in different States embarking on
developmental activities in an integrated manner on a catchment basis.

COASTAL EROSIC

India has a ecastline of 5 70O lm, along the east and west {Eingh, 1971)
where sea and wind erosion cause problems in certain places, especially during
the monsoon. The various stretches subject to erosion are shown in Fig. 5. The
problem is acute in the north of the easti coast and the southern portion of the west.
Littoral drift rt about 1 million tonnes has been observed to be north—east during
the south—west monscon, and south-west during the north—east monsoon at about
0.25 million tornes; this leaves a net northern drift of 0.75 million tonnusf&eﬂr'
Thie infermation relates to Pondicherry only [Dnivasinﬁamnny, 19?5}. The area
affected is roughly between 50 and 60 thousand km2 (Anon, 1976b).

Treatmont

About 50 years ago, rench engineers, Tor the firet time, built 2 vertical
ponstal wall to salfepuard the territory in Pondicherry, but even two decades ago,
the sea in Pondiecberry was aboul 400 m from its present position. Over the years,
the following messvres have been ielen to check the problem of sea snd wind eroaion
along the coasi:

" 1. oreation of protective sen walls whereeaver essential;

2+ plontations of casvarinn on the smuly feresheres, buttressed Ty
inlond plontations of o bowmet, eucalypius and coconnt.

The Notionsl Commizsion on Agpiaovifors {19Tﬁ} recommended a4 similar tecinigque.



In certain pockets along the west coast, fortile lands ere inundated Iy Be@
water; special attention should be paid to the prevention of salt water incursion
throuzh appropriates drainoge and proper follow=up and maintensnce works to enable
tha growing of profitable crops. A composite treatment for these lands has yet
to be evolved.

12. WIND EROEICH

A very sizable portion of India comprising semi-arid and arid regions ie
subject to varying degrees of wind erosion; the area is shown in Fig., 5 and it
inecludes the desert of Rajasthan, the Runn of Kutch, coastal areas in the south
snd contiguous areas of Rajasthen and Cujarat. It also extends deep into the
Indo-Gangetic alluvial, black soil and southern red soil regions. In the early
19508, it was estimated that the desert had been encroaching upon adjoining lands
in Uttar Pradesh and Haryana at the rate of 0.8 km/year and that for the last
50 years the encroachment was estimated to be 13 000 ha, There may be differences
of opinion regarding the marching of the desert, but the damage done by blowing
sand-laden winds to the adjoining lands cannot be ignored. The great Indian
desert in reality dees not fulfil the usual idea of a desert — a great stretch of
sand, a tract entirely devoid of streams with few rocks and a large number of sand
hills, The Indian desert contains a substantial number of flora; its population,
though thin compared to many parts of India, is considerable and it has large
herds of camel, sheep, goats, etc. (Blanford cited from Misra 1967). The air
over this region contains a quantity of precipitable moisture comparable with
that of many other lecations in the ecountry with a legs severe enviromment. Tt
could therefore, be said that, apart from the continuous interaction of meteoro-
logical, geclogical end hydrological changes over the centuries, for which evidence
is available, the desert condition has definitely been accentuated by the astivities
of man, The arid land of Gujarat, particularly the Rumn of Kutch, on the other hand,
has the twin probleme of excess salt and an acute shortage of fresh water.

The diepersion ratio for desert soils ranges from 33 to 83 and that for Kutch
is 65 (Table 25, which indicates their high erodibility.

12.1 Approach to the problem

Congidering the inherent limitation of precipitation and high temperature,
it may not be possible to develop the greater part of the region to the extent that
it can provide a sirzable area of intensive agriculture, in spite of the fact that
the Rajasthan Canal scheme is bringing a total change in environment to a portion
of the desert. For the rest of the area, in the future, the solution needs to be
based on principles applied to arid zone development. Any programme planning
should take the following into congideration: :

i. resources in the great Indian desert area must be managed under arid
and semi-arid condition and not under the extrems limitation of
desert conditiong;

ii. a livestock—oum-agricultural economy prevailed in the region for agen
and still, in spite of the advancement of technology, will hold the
key for any sustained sclution; therefore, grassland or pasture
development will play a very important role;

iii. the delicate environmental balance needs to be restored and ways and
means found to prevent frequent disturbamee of thie delicate balance,



12.2

Treatment

An integrated desert development technology ie being developed by the Central
Arid Zone Research Institute at Jodhpur to tackle the problem. The main thrust is
on stabilization of sand dunes, afforestation, raising of wind breaks and shelterbelts,
and contour bundes and stubble muleh farming., Work on development of water harvesting
techniques ie also in progrese. Among the plants becoming effective in the Rajasthan
desert and adjoining areas are Acacia tortilis (Kaul, 1970), Eucaluptug species,
Acacia nilotica, Dalbergia sissoo and grasses like Cenchrus ciliaris, C. setigerus
Lasiurue sindicus and Dichenthium annulatum (Bhimaya et al, 1960).

The technique of stabilizing shifting sand dunes by afforestation consists
oft (i) protection against biotic interference, (ii) treatment of sand dunes by
fixing materiale in parallel stripe or chees board design using local shrub materisls
and starting from the crest down to the hesl of the dune to protect seedlings from
exposure or burial, and (iii) afforestation of such treated dunes by direct seeding
and planting (Kaul, 1970).

flong the coast in the southern red ecil region, there are the problems of
coagtal sand dunes and considerable wind erosion. Here, sand dune fixation and
provision of wind breaks are the common practioces. The species usually used are
Prosopis juliflora, Azadirachia melia, Acacia nilotica, Casuarina equisetifolia,
Jatropha species, etc. (Sivasundaram, 1967/.
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INTROINCTION

Many of the relationships betwsen traditional lend use and soil erosion ars,
a8 generalisations, widely known. There can be few students who, on being required
to write upon the topiec, would not instantly produce the statement that methods of
Bhifting cultivation, if contimied unchenged under incressing population preasurs,
will lead to soil degradation and ultimately erosion; or that pastorsl nomsdism,
with grazing lend communally owned, is nowadays almost invariably accompanied by i
vegetation degeneration and often aleo erosion. Equally well recdgniged is the role
of ineecure ifenancy in removing the incentive for soil improvement and conservation.
Yet these statements, whilst they may be over—generaliszed, are nonetheless very true
and indeed are some of the most important things that can be said upon the sub ject.

In contrast with generalizations, case studies are comparatively few and mostly

‘descriptive. Many contain accounts, maps and often mpectacular photographs of the

nature of the erosion. Only few include messurements of ite rate on actual farmed
lands, as opposed to exparimental plota (Rapp et aly 1972, is a noteworthy exception).
But few go into depth about the technological, economic amd institutional conditions
that have led to the onset amd contimiance of the erosion. In part, the gap betwean
natural and social scientiste may be held responsible for this deficiency, in part

the political sensitivity of studies of such a type.

50 in approaching this review, one encounters on the one hand, a body of
received truthe, over-generalized but fundamentally correct; and on the other, a lack
of case studies which encompass the whole range of the problem for it ie indeed
broad, starting from the technical aspects of eromion resistance, extending through
land management practices amnd sconomics, and reaching into gquestions of land temire
and ultimately politica,

Two terms in the title call for intarpretation. Under "traditional" I include
not only long—established practices that continue relatively unaltered but also the
modifications of them brought sbout by population pressure snd other modern changes.
"Land use"™ is taken to include both technology, e.g. cropping systems, and social or
institutional aspects, notably land termure. To do otherwise would be neither reslistic
in the former case nor useful in the latter. Two common forme of land termre in the
developing world are excluded as not traditional: plantations and state farms. Forms
of collective land ownership found in socialist countries are, however, included, for
they are a modern adeptation of traditional land 'use amnd some explicitly incorporate’
features of early types of comminal responsibility.

" TRADITIONAL LAND USE

Types of land use can be olassified by a wide range of criteria; +these are
listed, for example, in the methods for description of a land utilization type as set
out in the FAO Framework for land evaluastion (FAO, 1976) and in the International
Geographical Union Typology of world agriculture (Kostrowicki, 1974). Given the
restriction to traditional uses in developing countries, certain features are common
to all or most of the types: small farms (or, in commnal holdings, low land per
capita), low incomes, a low degree of mechanization and, often, of commercialization.




Two criterie are of greatest importance in relation to soil erosion: technology
of use, ard land tenure. Under technology of use are included types of crops or other
produce together with land use intensity; under land temure, all traditional and
legal institutions which contrel rights to the use of land, the provision of inputs
to it, and the benefits from ite production. Tablea 1 and 2 show uses clasaified -
saparately by thess two criteria.

In the classification by technology (Table 1), anmial cropping includes both
cereal and root-bssed systems, usually the former in the mavannas and the latter in
the forest gone. These are subdivided according to intensity of cultivation, ueing
the limiting values of Ruthenburg (1971). Semi-permanent and permanent cultivation
systems may includs supplementary livestock; a class of mized crop-livestock farming
ig ineluded to cover systems in which livestock is an essential component, a.g.
smallholder dairying in upland Kenya. Since plantations are by definition excluded,
perennial cropping refere to cultivation of peremmiale by smallholders, usually in
aBEopiation with subsistence crops (e.gz. 0il palm/cocoa with yams/sorghum/plantains
in West Africa, rubber with rice in Malaysia). Systems dominated by swamp rice
cultivation are for comvenience grouped under irrigated agriculture: a further claes
of emallholder irrigation covers areas such as the mixed cropping based on wheat in
the Punjab. Both classes of irrigated agriculture contain, howevar, their own
mechaniems for prevention of ercsion and will not be further considered. Pastoeralism
ig divided into the "most traditionsl" form of total nomadism, and the nowadays more
common semi-nomadism in which at least part of the family remains static for part of
the year and there is supplementary cultivation. Where pastorslism becomes fully
gadentary, and cultivetion an essential component, we reach by a differsnt route the
mixed crop-livestock farming listed under anmual cropping. Pastoraliem could be
further subdivided gecording to intensity of stocking, as hectares per livestock unit.

In relation to later discuseion of erosion, it is relevant to mske some comments
on how the actusl situation today differe from the stereotypes of older textbocks.
Firet, shifting cultivation is fast giving place to semi-permanent sand permanent
cultivation. Thie change took place long ago in the Deccan of India and hae occurred
in this century in many parts of Africa. I belisve that much of the 36 million squaras
kilometres of land recently listed as under shifting cultivation (Fa0, 1974, pp. iii,1)
hag an R factor over 30 percent, and no amall part is under gquasi-permanent ecultivation.
I now teach students thst the "normal" form of agriculture in the ssvenna zone is
permanent anmial ecropping, and that in many countries shifting cultivstion is a rare
survivsl, deserving to be listed as a tourist ecuricsity! A second commant is that
the "textbook" view that cultivating peoples do not own cattle, and vice versa, is
wrong: not only in India but commonly in Africa the cultivators, or at least the
elightly better off among them, poesese cattle, oftien herded commnslly. Thirdly,

a Btgte of semi—nomadism to sedentary crop-livestock farming is stesdily replacing
(if not without opposition!) the 'wandering nomad'; the Fulani of West Africa provide
exgmples of gll steps in the transition.

Table 2 shows traditional land use classified by form of land temire. The
primery division is into private ownership, tenancy end comminal ownership (plus the
"non traditional" state ownership). The main form of private ownarship is the family
farm (also called owner—occupier and peasant smallholder). The latifundia, or large
estate worked by tenmants, is characterietic of Latin America and s0 given its Spanish
ngme; it is "traditiomnal"™ by virtue of four cenfuries' starnding. Tenancy is divided
according to whether landlords receive a fixed cash rent, a period of labour (as
commonly on latifundia) or a shars of the crop. Under comminal ownership, common land
raferg to land which mey be nominally held by the state but which in practice is open
to a wide range of users and the responsibility of none. Village ownership refers to
the system often found in Afriea in which ownership is wested in the chief, headman °F
village council, and thie authority allocates rights of use to imdividusls. Collec=-
tive ownership refers to village—based systems inveolving communal working of the land,
which are the standard form of tenure in comminist countries and occasionally found,
aE owner—-cooperatives, elesewhere.



Table 1, CLASSIFICATICH OF LAWD USE IN DEVELOPING COUNTRIES DY TECINOLOGY OF USE

Non-traditional types in brackets., R = years cultivated f&eara in the
oultivation~fallow oycle, expressed &8 a percentage (Ruthenburg, 1971)

ANNUAL CROPFING SHIFTING CULTIVATTON R £330
SEMI-FPERMANENT CULTIVATION R 30-70
PERMANENT CULTIVATION ' R »70
MIXED CROP-LIVESTOCK FARMING

PERENNIAL CROPPING ASSOCIATED WITH SUBSISTENCE CROPS
{(COMMERCI AL MONDCULTURE)

IRRIGATED AGRICULTURE SWAMP RICE CULTIVATION
OTHER SMALLHOLDER IRRIGATION

PASTORALTSM WOMADISM
SEMI-NOMADISM
(rRANCHING)

Table 2. Clagsification of land termure in developing couniries
Non-traditional types in brackets.

PRIVATE OWNERSHIP FAMILY FARM
LATIFUNDIA (ESTATE)
{PLANTATION)

TEN ARCY, CASH RENT

LABOUR TENANCY
SHARE CROPPING
COMMUNAL OWRERSHIF COMMON LAND
VILLAGE LAND
COLLECTIVE
(STATE OWNERSHIP) {STATE FARM)



Many of the stereotypes, such ss the indebted share—cropper or the insecure
tenant, are regrettably still true, notwithstanding efferts of governments to change
thems Two comments on the standard picture may, however, be made. PFirst, it is
widely found that the village ownership syetem is giving place to a situation
approaching freehold, the change being associated with the transition from shifting
to permanent cultivation. The "right to cultivete" nowadays often covers the mame
plot of land throughout a lifetime, and ie retained on transfers through marriage and
inheritance. There is de facto security of temire, the main difference from freehold
being absence of the right to sell land. Secondly, the frequent assoccistion of thie
Bame syetem with grazing land held and used comminally by the village may be noted,
for it has important conseguences for erosion.

The mimber of combinations of technology and tenure is considerably less than
the theoretical 72 possible by combining Tables 1 and 2, since many types of techno-
logy are linked with systems of tanure. Moreover, where arese as a whols are heing
considered, as opposed to individual farms, private ownership is nearly alwaye mixed
with tenancy. Some examples of combinations are given in the discussion of erosion below.

RELEVANT ASPECTS OF S0IL EROSION

A8 a basis for relating erosion to land use, it can be noted firat, that
gerogion is frequently preceded by degradation, of soil, vegetation or both; secondly,
thet erosion may be contimwous, causing damage over a period of years (often sheet
erosion), or catastrophic (often gullying); and thirdly, that we are concernesd both
with the prevention of erosion and with remedial measures where it has already
occurred. Given this basis, soms aspecte which should be taken into account when
studying a given land use system in relation to ercsion may be expressed as a Bequence
of guestions:

a, Fact finding Is there catastropic erosion taking place? Is there continuous
arosion, at rates believed to constitute a danger of soil degradation? If so, i
adequate action being taken to prevent it7

If the snewers to either of the first iwo gquestion® above are yes, and to the third
no, then an erosion hazard exists. If there ie found to be no serious aerosion, the
area concerned is "cleared".

b. Recognition. Is the existence of an erosion hazerd, and the need for actioen,
recognized: (a) by farmers, or other land users? (b) by government?

If recognized by government but not by land users, then a campaign of education
of users is called for. If not recognized (or not admitted) by government, then
other than by representations there is little hope of progress. If both users
and government accept there im a problem, then an erosion hazard is recognized.

a. FReasons for inaction. If an erosion hazard existe and ie recognized, but there
is presently no or insufficient action taken to control it, what are the reasons?
These mey include, in wvarying proportions, the following:




i. Lask of technical knowledge. If this is the main reason, it is a simple one
on which to act, calling for technical essistance. It ie almest invariably
the case nowadays that appropriate and sufficient technical measures for
control of any kind of ercsion are known.

ii. Lack of finance. Where this is the main reason the solution is again straight-
forward, lying in financial aid for conservation measures, to farmers or
government organizations. In this respect a difficulty may be to justify
investment of scarce capital in ercsion control, rather than in development
measures which show more immediate returns,

iii. Astion ie not in the perceived interests of users. In developing countries
userse frequently treat land resources on & short-term basis, sometimes by
force of neceseity. If it is indeed in the best interests of the present
land users, say over 10-20 years, to check erosion, then an education,/
publicity programme may help. In addition, however, there will almost
certainly need to be action at government level.

iv. Institutional block. This refers to matters discussee above, whereby for
reascne associsted with tenancy, communal ownership, or other institutional
or social factors, responsibility for care of sBoil resources liess with
different individuals or groupe than those who derive immediate benefit from
their productivity. This may often be associated with reason no. 3. It
im likely to prove the hardest reason on which to act, sinece land reform
and/or legislation may be needed,

LAND USE AND EROSION: SOME EXAMPLES

A fow examples may be taken, combining the techmology of land use with land
tenure and commenting on their relation to erosion. These are type—situations rather
than case studies.

Semi~parmanent cultivetion of annusl crops under communal village ownership,

with supplementary livestock prazed on village ‘common land. This is a widespreasd
situation in tropical Africa. Former shifting eultivation hes given place under
populetion pressure to semi-permanent cultivation (and in many aress parmanent
cultivation also). Soil degradation, especially loas of organic matter, is probably
widespread (although there is & serious lack of information on this). Over large
areas, simple management measures such as contour ridging heve to-date been sufficient




to prevent catastrophic eresion. Thers ie certsinly sheet srosion, although we do

not yet know whether it is at rales which ocught to be regarded as serious. Severe
erosion is localized, where population pressure has combinéd with soil of high erosion
sugsceptibility. Examples ars the severe sheet erosion in northern Ghana (Adu, 1972)
and gullying in eastern Nigeria (Floyd, 1965). Overstocking has usually led to pasture
degradation on valley grasing land, and this has in places led to gullying. In central
Malawi, valley-floor (dambo) gullies have formed over the past 15 years.

Reppona for this state of affaire are s combination of perception, economics
gnd institutional aspects. Soil degradation and contingnus sheet erosion are not
recognized. Where savera, the short—term need for the anmial harvest compels contimied
cultivation without resting the lamnd. Absence of physicsl conservation works is in
part through lack of knowledge, in part economic. The erosion of common graszing land
proceeds because it is in no individual's interests to check it, and social pressures
inhibit joint village action.

Permanent cultivation of gnmal crops as a share—cropping tenant. This
situation iz common in the Indian subcontinent. Soil degradation is widespread,
probably accompanied by sheet erosion. Catastrophic eromion is somstimes prevented by
lasbour—intengive physical works, i.e. hand-=built terraces. Erosion may often contimie
with 1ittle attempt to check it, however, with cultivation reaching right to the banks
of active gullies.

Reasons for the lack of remedial action are well known. The landlord does not
wish to spend apparently unproductive capital on a small part of his holding (if,
indeed, he is aware of the erosion at alll). The tenant lacks finance, cannot spare
the labour from the short-term need of next year's harvest, and above all has no
incentive Bince improvements will not benefit him.

Letifundia, based on extensive ranching, coupled with cultivation of annual
crops by labour tensnis. Overstocking is not a problem, since it is in the intereats
of ownerg to use the land extensively. Tenants lack security of temure, and have no
incentive to prevent erosion where their plote prove to be susceptible. {It may he
added that erosion on minifundias, or smallholdings, is not unrelated to the land
prassure brought about by the high proportion of land in large estetes; severe
erosion in the Andean region of Venezuela ie an example.)

Permanent eultivation on collective farma. This form of termure, which can
apply to a rmumber of the technologicel clasees, is included in a short list of
examples on the grounds that it covers a substantial part of the developing world.

I am almost totally without information, however, on the ocourrence of erosion and
measures taken to control it. Eroded and abandoned land is widespread in China, but
thie i a legacy of the past. In theory, the institutional means necessary to prevent
or control erosion appear to be present, e.g. a8 communal labour guided by the village
authority. It may woell be that through human failinge, practice sometimes differs
from theory! The fact that the systems frequently include individual plots as well

28 the communal farm may have consequences. y

Nomadic or semi-nomadic pastoraliem on common land. Thie last exampls, largely
found in Africsd, illustrates in extreme form two common features. TFirst, it is a
method of land use formerly in equilibrium with the environment, but which with
modern population increass has led to widespread vegetation degredation and frequently
algo eromion - e.g. Bheet and pully erosion of imner valley eides in the savanna
gone, wind erosion in the semi-desert region. Secondly, it exemplifies the situation
in which it is not in the interests of any individual owner of livestock to improve
the situation by restricting his herd, but indeed the reversa. Where cattle—owning
paoples mingle with cultivators, as the Fulani and Hauea of northern Nigeria and
ad jacent countries, the institutional and sceial difficulties of erosion control
bacome particularly complex.




SOME LINES OF RESEARCH

Tirectione of research directly or indirectly related {to the
relationship of ercsion with traditional land use include the following:

-— Field studies, including mapping, of the exient and severity of erceion and the
oonditions, both physical and human, with which it is associated. A sound
goeographical basis of this nature is an essential first stags.

— Detailed case studiss of erosion, with a foocus on the economic end inetitutional
mspects of ite past origin and present position.

prm— Research inte rates of continuous sheet erosgion, under permenent and semi-
permanent oultivation., Rates of loss of the order of 0.5-1.0 mmfyear, equivalent
to 7-15 tfhactare/}ear, are commonly gquoted as "acceptable" or “tolerable",
tut the geomorphological and pedological basis for this assumption is
guestionable. We do not yet know whether erosion at such rates will lead to
irreversible soil degradation, and if it does, whether such effects are
likely to be experienced after periocds of the order of 10, 20, 50 or 100 years.

e ReBearch into the extent to which scil organic matter levels have been
lowered under permenent and semi-permanent cultivation, and the degree of
structural deterioration or other adverse effects associated with this
lowering (Young, 1974, pp.-115=121}.

_— Studies of the losges, of production and in economic terms, from ercsion, and
hence guantification of the benefits to be derived from conservation.

——— Research into methods of land use that are intensive, coneervatiomal, and at
the same time compatible with traditional practices, e.g. minimum tillage
(Lat, 1974a, 1974b), the INEAC corrider system (Jurion and Henry, 1969),
grass buffer strips (Rocse and Bertrand, 1971).

—_— Studies of the effectiveness of different mevhods of controlling erosion,
e.g. legislation (Christy, 1971), extension services, loans.

CONCLUSIONS

Few generalizations on this esubject are possible, for each local case ie likely
to possese epecial features. It can be e~id, firet, that whilst some formsz of
traditional land use are conegervational, cothere poseess features which, unless
modified, are likely to lead under population preasure towards erosion. Unimproved
ghifting cultivation and uncontrolled nomadic graszing are examples. Secondly, whilst
tenancy as such is not inherently conducive towards soil degrsdation and erosion,
certain forme of it are; in general, the less secure the tenure, the more is
there encouragpoment towards eoil exploitation,

Since the above siatements belong to the widely kmown truthes referred to at
the start of this review, it may be more useful to end on a methodological note. In
any eituation in which erosion is found, one of {the answers 1o the questions given
earlier i® the "wrong" one, That is to say, erosion has not been recognized; the
technicnl knowledge or the finance necessary for ite control are lacking; achtion
to contrel it is not in the interests, real or perceived, of users of land; or there
i eome inetitutional reason why such action is not taken, Having firet determined
where erosion ie ocourring, we should ask why — where, along the line from perception
to action, is the will or the means for its prevention lacking?
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FaEér Ho, 3 LANT CLASSIFICATION

1.

by

G.M. Higgine

THTROTUCTION

Land clasgification is an extremely controversial subject due mainly to the
complexity of the problem, the mulititude of disciplines involved and the lack of
definition and resultant misuse of termineclogy. The twe words "land" and "olassi-
fication" are an ambiguous pair. Land classifiers of all kinde think they lmow
what the term "land classification" means; 1t is the work that they do. Unfortu-
nately many of them undertake different kinde of work and so land classificatiom
becomes all things 4o many men. Definition ie therefore of great importance.

IEFINITIONS

. Both words in the title of thies paper need to be defined namely - "olassi-
fication” and "land". The first, olassification, is the easier of the two to
define: the placement of individuals together into mutually exclusive groups defi-
ned in terme of one or more attributes of the individual. The attributes may be
morphelogical (e.g. shape, colour, chemical composition) or functional (e.g.
productivity, suitability, erodability). While many phenomena are individuated in
nature (e.g. animals, plants) land ie a contimous body and for the purposes of
classification muet, at least in imagination, be divided into individuale. Thus
for a morphological classification there may be red land and brown land, or steep
land and flat land. Examples of a functional interpretation are goodland and bad-
land or erodable land and non—erodable land.

The definition of land ie not such a simple matter and has been the subject
of many learned discussions and dissertations. The prodigeous Oxford Dictionary
defines land aps

- the solid portion of the earth's surface,

- the ground or soil, especially as having a particular use or
particular properties,

- a part of the earth's surface marked off by natural or political
boundaries. '

These definitione allow too wide and ill defined a concept for detailed-
congideration. The definition of land as agreed at the Wageningen meeting on land
evaluation (19?2], ig considered appropriate for land claessgification purposes
namely, a delineated area of the sarth's surface: its characteristics embrace all
reasonably etable, or predictably cyclic, attributes of the biosphere vertically
above and below this area including those of the atmosphere, the soil and under-
lying peology, the hydrology, the plant and animal populations and the results
of past and preeent human activity, to the extent that these attributes exert a sig-
nificant influence on present and future uses of the land by man.



Land therefora invelves:
- climate
= geology
- geomorphology
- soil
- vegetation
- populations and their ef_fectn.
3. KINDS OF CLASSIFICATION
A land claspification can emphagize any of the above attributes of land or
their combination, according to the purpose of the classification. Zonneveld (1972)

presents the following diagramatic comparison of heligtio and single attribute sur-
vays to arrive at a land resources olassification, (eimplified from original).

A Holietic survay
cultural
conei—
Atmosphere————>Climate— deraztions
s
. Vegetation——— Vegetation T:,rpem,;h\?; LAND Ls‘,LND
LAND i’r}:zto q______-—';- Land form —— Land form wpi:ﬁ Iszggtr—w} CLASS
88 NG+ S0il — > Soil type—
=z T e e Hydro-regime
Rock ————»Hock type
obeparvation and w1 3
— photo-interpretaiion clagsification 3 |& e_i.ralua,tion %1
B. Single attribute survey {&xa.mpla: Soil survey)
cultural
Atmosphers congi—
Vegetation derations
Landform l
b4 LAND
LAWD Fhotao > -
: S0IL S0TL TYFE OLASS

I

imags ; 4
' s Hatarj .
Rock ——
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Young [19?4} lists the following as subjects for classification of landas

Agriculture
i cultivation of a specified crop or crops, annual or perennial

ii. irrigated agricultare
ili. arable farming
iv, grazing, of unimproved or improved pastures.

Forestry

i logging of natural forests
ii. forest plantations

Water resources

i. groundwater and surface water
ii. resources for irrigation

Mining

Engineari QEEE

1. transpurtatibn purpopes in general

ii. building foundations
iii. urban uee

Recreation

Wildlife conservation (flora and fauna)

1

Speclial purposes-

i. military purposes
ii. local government administration (e.g. assessment for taxation)

Multiple purposes

To this list may be added many far-reaching subjects such as agricultural

adjustment, investment potential and envirommental protection.

SCALES OF CLASSIFICATION

In addition to the different kinds of classification described, it is also

necessary to recognise at least three different scale intensities in land classifi-
cation activities, namely: .

Ba

b

Ca

scales smaller than 11250 000 comprising eaxploratory classifications

soales between 1150 000 and 1:250 000 comprieing reconnailssance classifica-
tione, and

acales less than 1150 000 comprising detailed olassification.

Vink (1975) has well illustrated scale concepts in land classification with

the following table.



Table 1 SCALE CONCEPTS IN LAND CLASSIFICATION
Survey phass Publishing Pilot Plamning Decision to be
gcale of maps projects stage taken
Formulating
targets
Preliminary invesii~-| Skeich maps Stock-taking Choice of survey
gatione for opera- and re-formi~ |agencies;order lat
tional outline budged lgting of get of airphotos
: targete ;
Overall inventory of | 111 Q00 Q00 maps Drafting of Choice of disciplined
natural and human 11 250 000 plan alternative and members 1st team
resources, indication (sample areas action programs
of alternative lewvel| + areas Plan pilot
posa. and of priority 1: 50 000) projectse
sxecution |First outline |[Cheoice of preferable
of dev. plan developmente and of
£ priority areas!
Semi—detailed survey | 1z 100 000 execution choices of survey
of selected areas 13 250 000 digciplines and
members 2nd team:
order 2nd set of air-
photonj
Designing of Choice of first
plane 18t priority development
priority dev. arsag
areas
Detailed surveys of 11 50 000 to |evalu- Second evalua— | Confirmation of plans;
confirmed develop- 1+ 5 00O ation tion pileot choice of agencies for
ment areast Techni- projects: Imple—implementation and
cal design of pro- mentation of execution; choice of
jeots, financial contimed 3rd survey team and
entimates projects

:

technical designing
team. '

The question of the scale of the classification ie =0 important that it
is coneiderad beneficial to repeat the following table showing different soil sur-
vey clasaification scales as agreed betwean FAO and IBRD.
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EBXAMPLES OF LAND CLASSTFICATION

In selecting examples, an attempt is made to differentiate betwesn mﬂrﬁhnlo;
gical and functional classificationse and to illustrate both at various scales.

. Morphological

0f the morpholeogical classifications one of the most comprehensive on a
global basis, ia the World Atlas of Agriculture, produced by the Instituto Geographi-
co de Agostini - Novara, under the aegis of the International Asscclation of Agricul-
tural Beonomiots [1969). In the foreword to this work Professor Giuseppe Madiei
states - "the disparity and uneweness of previoue material {prasant land uaej makes
it diffieult, perhaps impossible, to compare situations betwsen country and country
and to detect common lines of development and tranaformation in agrioulfural reality".
Herein, it is sugpgested, lies the purpose of the clasgification - to unify data pre-—
sentation and compare country situatione and detect common lines of development.
Sixteen main categories of land are recognized namely: arable, rice, grass, coffee,
tea, agave, spice, fruit and orchard, sugarcane, market gardens, rubber, woods and
forest, forests and jungles, rough grazing, reindeer, graring, and non-agricultural.
Mapping is at the scale of 1;2% million or 1:5 million for all countries except
Africa and there ere accompanying texte for all regions except Africa.

The Atlas of Physical, Economic and Social Resources of the Lower Mekong
Basin prepared under the direction of USAID by the Engineering Agency for Resource
Inventories and the TVA for the UN Economic Commission for Asia and the Far East
(1968) contains a good example of a regional present land use classification. Siz-—
teen divisions of present land use are again employed (from 1:50 000 base material)
in the claspification, rice lande being additionally classified inte floating, single
cropping, double cropping and upland. The main categories classified and mapped are
settlements, tree and perennial crops, cropland continual and rotational cropping,
un-improved grazing, ten kinde of woodlands swamps and marshes and unproductive land.
It is of interest to note that the additional detaill on rice cultivation and the
clagsificaion was based on an old Internaticomal Geographic Unionfland uge Byetem.

An example of a morphological classification at a more detailed country
level, ias the Landforms, Boile and Fresent Land Use Survey of the Indus Plaine in
then West Pakistan by the Resource BSurvey Divieion of the Photographic Survey Gor-
poration of Toronto, Canada for the Columbo Plan Organization {1955}. In the back-
ground to the report there appears the following statement — "officiale and scientiets
in (West) Pakistan have long felt the need for a broad appraisal of the location,
extent and characteristics of agricultural rescurces which would provide a firm
foundation for formulating comprehensive policies and plans for agricultural develop-
ment, for framing more detailed surveys and investigatione and for plamning and
assigning priorities to irrigation and reclamation schemes. The object of this
particular classification therefors was to provide the foundation on which to plan.
This is borne out by H.G. Doin of McGill in his foreword fto the report wherein he
ptates "no cumilation of discontinuous detailed reporte, no matter how acourate and
how exhaustive they ars for their particular areas, can replace an inventery of a
large area even though of necessity generalized. A broad picture of the whole
agricultural economy is necessary for wise country plaming."

In the 401 page report and 77 accompanying maps, the present land use is
clagsified in 9 main classes (settlement and non agric. land, horticulture, tree and
parennial crope, cropland, improved pormanent pasture, unimproved grazing, woodland,
awamp and marsh and unused land) with a total of 12 subclasses. Taking the crop-
land class alone the subclasses ueed were: perennially oanal irrigated, seasonally
canal irrigsted, seasconally flooded, torrent watered, dry cropped and well irri-—
gated, The scale of mapping was 1:253,440.



The thres examples cited are emminently professional pieces of work and well
illustrate the need for the classifier to fit a local system to an existing and well
recognized overall Framework. Without such control it is impossible to collate
results. The IQJ Typology of World Agriculture and the USGS Circular &1 are good
examples of such Frameworks for present land use (moqphulugical} olaseification.

b Functional

It is probably true to say that every country in the world has a functional
land resources claspification, of one kind or another, as a plamning tocl to assees
the potential for agricultural development. Many reviews have been made of the
different systeme employed, including Olson (Land Classifications) Search,
Agriculture No.4, published by New York State College of Agriculiure, 1974; FAQ
(Approaches to Land Classification), Soile Bulletin No. 22, 1974; Stewart (Land
Evaluation), Papers of CSIRD Symposium, 1968 and FAO (Land Evaluation in Burope)
goils Bulletin 29, 1975.

A few exmnples, at consscuiively larger scalse of various syetems are oited.

At a global scale one of the most eimple and recent ie that made by the
PSAC (U5 President's Science Advisory Committee) in 1967 and quoted by Meadows
{1974) in "Dynamics of Growth in a Finite World". That Committee classified the
land of the world as followe:

Land suitable for cultivation 3.2 billion hectares

(potential arable land) ;

Non areble land with grazing potential 3.6 " "

Fon arable land with no grazing potential 6.3 i "
Total 13.1 billion hectarss

The clapsification is functional, i.e. it concerns behaviour, in thie case
predicted suitability.

An example of a regional functional land classification ie contained in the
previouely referred to Mekong Basin Atlas. In asddition to the present land use
claggification, the study includes s land potential claseification, wherein the
land is claseified as follows:

i.  Areas with a capability of high yields per ha with the application of
inteneive management practicen.

ii, . Areas with a capability of moderate yield per ha (most areas require
normal conservation practices) with the application of intensive
management practices.

1idi, Areas_prBdOminantly suitable for the production of foresis - production
capacity only adequate to produce good stands of timber.

iv. Land net sulted for any other use.

At the detailed level there are a very wide range of classifications to con-
slder one of the most widely used is that of the Soil Conservation Service of the
USDA called "land capability classification" and described by Klingebiel and Mont-
gomery in the U.5. Govt. Frinter Office, Agric. Handbook No. 210. Tha clas;ifj-
catiom 18 based on detailed Boil surveys of 1:20 000 scale or larger and groudq .
801l mapping unite primarily on the basis of their capability to groduca commﬂﬁ
cult;vatad orope and pasture plants, without deterioration, over a long periud

of time., The capability units used have similar potentiale and limitations apnd are
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designated by a symbol such as III ¢-2. The lower case letter designates subclasses
that have the same kind of limitation and the arabic letter indicates the capability
unit which require similar management practices. Classes I-IV are generally con-—
sidered to be land suited to cultivation and other uses; classes ¥ - VIII are limi-
ted in use. Pertinent among the assumptims are the faet that the clapgification is
meant for detailed surveys, for moderately high levels of management and is based on -

removal of non parmanent limitations. A generalized summary of claes characteristics
ie given in Table 3.

A somewhat similar methodology, with modified criteria, has been formulated
for the Philippines and the main criteria for classification in this system ars pre-
sented in Table 4.

Table 4 ORITERIA FOR ARABLE LAND CLASSES IN PHILIPPINGS .
Arable
Glass Slope paroent Erosion Depth ~
(not steeper than) Class

(not mors than)

A 3 1. Less than 25% topsoil Very deep
lost; some rills may (more than 150 cm)
be prasent

B 8 2. 25-75% topesoil lost; | Desp
emall gullies may be (100-150 em)
presant

c 15 4. All topeoil loet; land | 50-100 om

truncated by gullies

o 25 4. All topsoil loety
land truncated by
gullies

from Hndson, 1971

Non arable

It is Buggested that the éystems cited have a number of basic features,
name ly:

a. the more mevere the limitation the lower the class

b grazing, pasiure and woodland are not considered for the soils with
few limitations ’

C. optimum economic use is not considered although implied
d. the socioc—economic context of the area is not considered

B the use is very broadly defined,
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THANSFRRABILITY

The question of transferability of different classifications, to a specific
area under investigation, is always a worrying question in rescurce surveyors' thoughts
at the beginning and during the course of a survey and indeed sometimes after com-
pletion of a survey. GSome survayors/classifiers automatically apply the system with
which they are wost familiar, albeit that it was originally fesigned for different
environment conditions. There are undoubtedly some advantagss in using an existing
claggification. Firetly the classifier is aware of the methodology, assumptions and
criteria of the syetem and confines hie data collection to those land attributes which
are eessential to the classification and does nol waste inputs in collecting urnnece-
ssary data. Becondly, and equally important, having previocusly used the sygtem, he
has customers who are used to presentation of the results in the "standard" format.
4 good example of this is the World Bank's requirement Tor the use of the UZBR's land
clagsification system for irrigation in aseessing the feasibility of irrigation pro-
jecta. Is such an approach, i.e. transfer of an existing eystem, with or without
modifications, always the ideal one.
It ie suggested that it is not. An example of recent work by FAQ in Central
Java illustrates this premise.

The project had, a5 one of its main objectives the demonstration and evaluation
of the benefits of conservation techniques in several repregentative subwatersheds
suftering from very sericus erosion. The population density in the areas was excep—
tienally high (815 persons per square kilometer) and the terrain was flat to hilly
with s0ils developed from wolecanic tuff, alluvium from the tuff and limestone. Intense
food crop cultivation and exploitation of land for expert crops had resulted in the
clearing of most hillsides, Average per capita innome was exoeptionally low
and the average size of holding less than 0.4 ha per family (4.5 persons). The rate
of erosion on non treated cultivatied steep land has been caloulated as up to 4 cm
per ydar.

For various reasons, a detailed soil/land inventory was not carried out but
a generalized soil map of the whole watershed, plus data on slope classes, permits
reconstruction of the following simplified hypothetical soil and land inventory of
a representative area (Table 5). Soils are named in accordance with the local classi-
fication used in the generslized scil map.

Table 5 HYPFOTHETICAL S0IL AND LAND INVENTORY
— — - -
Happlng Solls M 58 8 y Depth Elevation Pgrceut
Unit {percent)| (o) of area
1. |Andoeols Volcanic i6 - 30 |more than |[.abowve 750m 10
[nurmal phase} ash 50
2. Andogols Volcanic more Lhan|less than above T50m 20
{ateep phase) [ash 30 50
3. Litheosola Mixed 16 = 30 less than all 5
{normal phasa) 10 elevations
d. Lithesola Mixed more than|less than all 30
{sieep phase) 30 10 elevations
5 Mediterranean |Lime- 16 — 30 |more than | below 750m 5
(normal phase) |stone 50
gtony
B Mediterrancan |[Lime-= more than|leas than below T50m 20
{steep phase, |stone a0 50 .
stony)
Ta Alluvial Alluvium less than|more than | below 750m 5
{normal phase) b 100
8. Alluvial _iﬂ.lluvium less thin|more than below 750m -
{flooded phage] 5 100 4




Applitation of the two described detmiled classification systems, to the above
inventory, results in the following Land Capability Azsepemente for the representative area.

Table & HYPOTHETICAL LAND CLASSIFICATICH

Percent of Aren
USDA Fhilippines
T Byetem System
Spils that can be cultivated safely with
ordinary good farming practices,
i,e. Class 1/4 5 5
Spils that can be cultiveted with easily
applied practices, i.e. IL/B 5 5
S0ils that nan be used regularly provided
they are given the proper treatment,
i.e. Class III/C o 0
Soile that may be sultivated cccasionally
if hendled with care, i.e, Class IV/D 10 20
S0ils that should be used for pasture
or forestry i.e. Class V/L #] 0
Soile that should bhe used for grazing or
forestry repable of produrcing forage
ar woodland if properly managed
i.e. Class VI/N 5 T0
Soile trhat should be used for woodland
if reinfall ias adequate, otherwisze for
groazing i.e. Class ‘I.FII;"N 45 ' 45
Soils that should be used for wildlife, o
reacreation, =g famered ot nte . :
i,e, Class VIIT/X or Y J




In summary thess two particular classifications, if applied, would give the
following “"recommendations!t,

USDA *Philippines
Arable Land 20 30
Non-arable Land 50
TO
Non-sgricultural Land 30

Such mction for the Central Java area is simply not practical. If the landf
projeot area had been in Central Sulawesi the classification might have been applicable,
However, to take some three—quarters of the total lend area out of arable cultivation
would result in at least famine in Central Java. Other solutions and actione aras
necesaary and indeed have been found and implemented.

The following are the economic results of bench terracing on various lands
in the project area.

Teble 7  PROVISICONAL PROFITABILITY CRITERIA OF BENCH TERRACING FOR

DRYLAND CULTIVATION CENTRAL JAVA

Land above 1 000 m

; gresid 3
Benefit - cost ratio Y at 12 parcent interest rate

Slope 0 - 5 percent| 5 - 30 percent 30 - 50 percent
Soil Depth
75 = 100 am 12.5 6.1 2.8
50 = 73 em T4 3.5 1.7
25 - 50 em 2.4 5] 0.6

fverages (all depths)
Total labour (m/d per ha) 280 934 1 862

Total cost (R /ha) 91 245 223 020 ‘ 415 275

lf Computed by dividing the total present wvalue of project costs into
the total present walue of project benefits.

The figures show that, within the socio—economic context of the area,
it iz indeed practical and profitable to bench {ferrace certain lands of more
than 30 percent slope. MAccordingly, for a land classification in Central Java,
the criteria for classification must take this fact well into account.

This fact in no way detracts from the correctness, or implies any
eriticiem of the two detailed classification systems previously described.
It does however emphasize the fact that their eriterion, like those of most
sysiems, are most applicable to the arems that they were designed to classify and
do not automatically have general application.
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A COMNON METHODOLOGY

Iz there & universally applicable system for land classification?
If the meaning of aystem implies establishment of universally applicable oriteria -
the answer must surely be no. There is however & methodology whose principles, it
is believed, can be applied to a very wide range of oircumetances. The methodology
has been developsd by two multidisciplinary groups, one in Wageningen and one in FAO,
over the past six years and the firset version of the methodology ham been published,
entitled "A Framework for Land Eyaluation". FAD (1973). Publication of an improved
version ig anticipated in 19??ulf

In the proposed methodology land eveluation is defined as the process of
gollating end interpreting basic inventories of soil, vegetation, climate and other
azpests of land in order to identify and make a comparison of promising land-use
elternatives in terms applicable toc the objectivas of the evaluation. In summary a

multidisciplinary approach is recommended and basic to the concept is recognition

of the fact that land evaluation is meaningful only in relation to a clearly defined
nae, Tha framework reacommends qualitative and gquantitative classificationse of land

for well defined land utilization types under unimproved and improved conditions,

by suitability orders, classes, subclasses and units. A single stage (physical and

socio—economic studies together) approach or a two stage (physical studies followed

by Booio-economic studieaﬁﬂis allowed for. The framework iz intended to provide

an ocutline of principles snd terminology within which local systems of land evalua-

tion may be formulated.

Copies of the new publication will be availeble shortly &nd it is not the
object of the present paper 10 go inte details of the proposed methodology. However
it is believed that the & basiec principles of the Framework are pertinent to the
eubject of the consultation.

The six principles are:

a) Land suitability assessment is only meaningful with respect to specified
kinds of use. This principle embodies recognition of the faect that
different kinds of land use have different regquirements. A=z an example,
an alluvial fleoodplain with impeded drainage might be highly suitable
for rice cultivation but not suitable for many forms of agriculture nor
for forestry.

The concept of land suitability is only meaningful in terms of specific
kinds of land use, each with their own regquirements, e.g. for scil
moisture, rooting depth ete. The gualities of each type of land, such
as moisture availability or liability to floeoding, are compared with
the regquirements of each use, Thus the land itself and the land use
are equally fundamental to land switability evaluation.

b) Evaluation regquires a comparison of the bensfits obtained and the inputs
" neesded on different types of land., Land in itself, without inputs, rarely
_ if ever possesses productive potential; aven the ceollection of wild

fruite reguires labour, whilst the use of natural wilderness Tor nature
conservation regquires measures for ite protection. Suitability for each
use is assessed by comparing the reguired inputs, such as labour, ferti-
lizers or road construction, with the goods produced or other benefits
obtained.

1f Framowork Tor land Mraluation, SGeile Bulletin 12,

1977 FAD Rome,



o) A multidisciplinary approach is refquired. In particular, suitability
svaluation always incorporates economic considerations to a greater or
lesger extent., In gualitative evaluation, economics may be employed
in general terms only, without calculation of costs and returns. In a
quantitative avaluation the comparisen of benefits and inputs in economic
terms plays a major part in the determination of suitability. Ii follows
that a team carrying out an evaluation require a range of specialists.
These will usually include natural scientiste (e.g.) geomorphologists,
aoil surveyors, ecologists), specialists in the technology of the forms
of land uee under consideration (e.g. agronomists, foresters, irrigation
engineers, experts in livestock management}, eaonomiste and sociologists.
There may need to be some combining of these funciions for practical
reasons, but the principle of multidiseciplinary activity, encompassing
studies of land, land use, social aspectie and economice, remains.

d)} Evaluation is made in terms relevant to the physical economic and social
gontext of the area concerned. BSuch factors as the regional climate,
levels of living of the population, availability and cost of labour, need
for employment, the local or export markets, systems of land tenure which
are socially and politically acceptable, and availability of capital, form
the context within which evaluation takes place. It would, for example he
unrealistic to say that land was suitable for non-mechanized rice cultivation,
requiring large amounts of low—cost labour, in a country with high labour
costs. The assumptions underlying evaluation will differ from one country
to another, and to some extent between different areas of the same country.
Meny of these factors are often implicitly assumed; +to avoid misunderstanding,
and to assist in comparisons between different areas, such assumpticns
ghould be explicitly stated.

&) Suitability refers to use on a sustained basis. The aspect of environmental
degradation is taken into sccount when assessing guitability. There might,
for example be forms of land use which appeared to be highly profitable in
the short run but were likely 4o lead to seil eresion, progrezsive pasture
degradation, or adverse changes in river regimes downstream. Such conse—
quences would outweizh the short—term profitability, and cause the land o
be claased as not suitable for such purposes. This principle by no means
requires that the environment should be preserved in 2 completely unaltered
etate. JAgriculture normally invelves clearance of any natural wegetation
present and normally seoil fertility under arable cropping ie higher or
lower, depending on management, bul rarely at the same level as under thae
original vegetation., What ia required.is that for any proposed form of land
use, the prohable consequences Tor the environment should be assessed as
ascurately as possible and such assessments taken into consideration in
determining suitability. .

f) Evaluation involves gomparison of more than a single kind of use.
This comparison could be for example, between agriculture and forestry,
between two or more different farming systems, or between individual
erops. Often it will include comparing the existing uses with possible
changes, either to new kinds of use or modifications to the existing uses.
Ooccasionally a proposed form of use will be compared with non-use, i.e.
leaving the land in its unaltered state, tut the principle of compariscon
remaing. FEwvaluation ies only reliable 1f benefits and inputs from any
given kind of use can be compared with &t least one, and usually several
different, alternatives. If only one use is considered there is the
danger that, whilst the land may indeed be suitable for that use, soma
other and more beneficial use may be ignored.

It is suggested that if the principles and methodology of the Framework had
been 2pplied to & glassification of the project area, the results of a classification
in Central Java for upland scils might have looked as in Table [,



Table B HYPOTHETICAL POTENTIAL SUTTATILITY CLASSIFICATICN FOR VARIOUS LUT'S

; more than |less than| less than wore than| less than
Land Utilization : 20 -om 50 om - 10 om 50 om 50 om
Type normal steep |normal sstesp |normal normal
phasa phase phase phase phase phasge
Pine/Albizzia/Elephant 54 5, 8, 5, 5, S,
gress/cattle (3) rehabi- .
litation, hand labour; {2.4) (1.7} (1.2) (2.4) {1.9)
30 year eycla :
EucalyptuafE@ePhanﬁ grass/ 52 SE 32 82 52 EE
cattle/rehabilitation, hand
labour, 40 year cycle, {2.0) {1.3) (1.1) (1.5) | = (1.0)
Acacia suriculiformie =] 3 5, . 2] ] 3
plantation, hand labour, 2 ) 2 2 2 2
10 yeare cycle : {1.8) {1.2) (1.5} (1.8) (1.4)
Bench terracing rehabi- '51 51 SE ok ST 52
litation, hand labour
with fertilizer, culti- (8.0) (2.2) (1.2)  (0.8)] (5.5) (1.4)
vation of maize, Borghum
and groundnute.
81- Buitable Sp- Marginally Suitable; KE= Not Suitable

{Benefit-cost ratioe)

In terms of arable land, this would "allow™ arable cultivation of some 35 percent
of the arez if the 5. oriteria of suitability were used, or 60 percent of the
area if the 3, criteria of suitability were used. These figures are in marked contrast
te those epaloulated previouely from the other classification systems, even omitiing
the alluvial lands.

COHGLAUSICNS

There 18 an exceptionally wide range of land classifications that are not
comparable because of differencesin the methodologies, criteria and assumpiions used,
Seldom can an existing land claseification successfully be used in an environment
markedly different to the area for which it was designed. Use of existing frameworks
is recommended in formulating both morphological and functional land classifications to
meet specific area reguirements, so that results can be cecllated with other formulatiom=.
For functional clessificatione the use of the Framework for Land Evaluation is recommended
to ensure that important socio-economio facteors are well taken into account in claegi-
fying land for optimal sgriculiural use.
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Paper No. 4 S0IL CONSERVATION AS A PFROTECTIVE MEASURE
AGAINET SALINIZATION

by

F.I. Massoud
Technical Officer, Land Heclamstion and Development
Land and Water Development Divieion

1e THE WIDER SCOFE OF S0IL CONSERVATION

The historical concept of seoil conservation ie exclusively related to the
eroelon prooesses, their physical effecte on land, vegetation and agriculture, and
the consequent ecenomic, eocial and human welfare aspects of the erosion problem
{Hennett, 1939). The early American esoil conservationists recognized eromion as
the major cause for rendering sroded soils unproductive mnd they plemded for the
preservation of the most preciocus natural resource, the soil {(McDonald, 1941).

The concept of soil oconservation, nowadays, hae been expanded to means
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de

SELECTION OF THE SUITABLE SOIL

The right selection of soils for agricultural development ie the very
fundamental conservation measure, not only for the natural land resource but also
for the oapital investment, In the conservation farm plan, given by Reese (1966)
as the first soil and water conservation practice,the essentiality of a detailed
goil survey was stressed in order to use the land according to its capabilities
and to treat it according to ite need for continued production. Conservation of
newly developed lands from salinization should start as early as the stage of
project planning and site seleotion. It ie a normal practice, under arid and semi-
arid climates, to examine at the time of surveying those land qualities and soil
characteristics pertinent to salinity, sodicity and waterlogging, and to make a
preferential selection of the site considering the absence of these problems or
the ease with which they can be treated. i

The eelection of the soil should be based not only on ite present but
aleo on ite future condition (Maletie & Hutchings, 1967). The standard soil survey,
when guided by certain prognostic principles, becomes an important conservation tool
that provides early warning againet future salinity problems (Massoud, in press).
The principle of prediction accounts for the possible changes in the salt balance
when the soil is brought under cultivation, especially if irrigated. BEmphasis
should also be placed on these changeable characteristice arising from water and
land development. Furthermore, it may happen that salinization and sodication are
not present within the normal depth of soil surveying or the boundaries of the
project but the soil becomes salt affected later on. As a precaution principle,
it is necessary to extend the investigations to deeper substirata and conaider the
land characteristics of the area outsids the project boundaries and the future
development.

MONITORING OF SALINITY

The fregquent checking on the so0il characteristics affecting ite productivity
is a proper exercise that provides an early warning against soil degradation.
Monitoring in this sense oan be considered ms a protective measure and, therefore,
ite role as one of the conservation tools should not be underestimated. Various
#oil and hydrological surveys, field investigmtions and laboratory analyses are
usually undertaken to diagnose soil salinity and when they are used for monitoring,
with a predictive objective, they beocome useful prognostic metheds, Although the
basio surveys and investigations provide the esesential data on the soil, water,
orops, climats, management and other parameters affecting the salinization process,
monitoring is quite often oconcerned with the following most effeoctive faoctors and
changing propertiesat

soily aalinity, salt composition, ESP, pH
water: quantitites, salinity and salt composition of influent
and effluent waters
goil-water: depth to water table, infiltration rate and hydreulie
anonductivity
* plimates parameters affecting evapotranspiration, rainfall

erops and management: orop performance and yield, agronomic practioces
and salt leaching.
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Monitoring of salinity by the roubtine spurvey and laborstory snalyees is a
tediouws and oostly exercise. The development of the in situ 4 - slecirods soil
conductivity technigque has overcomse these dilfliculties ERhnados, 1976 ). Similerly,
the use of remoie sensing techniques, if proved 1o be applicable to diapgnozis and
monitoring of salt affected soila, will cause a breakthrough in the time scale
end extent of coverage since it is possible to monitor in an 18 dey cycle an area
of about 5.6 million ha (9.5 ¥ 9.5 inch Frame} with the Barth Technology Research
Batellite,

WATER MANACGEMERT PRACTICES

The salinity of the s0il is lergely dependent on its moisture regime. Water
doss not only add salte to the soil but zlso helps in moving them away from the
rogtzone and it is the balance btelween the added and the removed guantitiss that
determine the trend fowards salinization or desslinisation of the soil, Adoption
of good water wmanagement practices can assure & Tavourable salt balance and con-
servation of the soil productivity. The main conservation tools in thie regard
may e presented uwnder the following headinss.

Irrig&tiun

Except under dry farming, irrigation water in the arid and semi-azrid areas
is one of the main contributors 1o the soil moisture regime. The guality, amount,
frequency and method of application affect the seliniiy etatus in the seil. Twven
Where a relutlvelj good quality water (200 ppm) is applied at the normal rate of
10 Q0% m f%aj}ear a salt load of about 2 tonsjha might precipitate in the seil
upon drying. fortunately, a great pertion of this guantity can be leached from
the rootzone with the proper management practices. Anticipation in advance of the
protlems that may arise from using irrigation water of unfavourable quality will
help use alternative msasures to reduce the risk of moil salinization. 4As & guids,
& wWeter may have no provlem, increasing problem and severe problem as to ite
grlinity il the ED is €0, 75, 0,75 - 3,0 and?» 3,0 mmhojhm, reapactively {ﬂyers &
Westoot, 1976).

The gquantity of irrigation water varies with the kind of crops, its stage
and season of growth and the abundance or scarcity of the water itself. Gensrally,
watering dilutes the salt concentration and if applied in excess of that needed %o
replenish the soil reservolir to ite field capaciiy water wsually leaches ealts
from the rootzone, in & well drained soil, On the contrary, if weter is thinly
spread over large areas salinization will mest probably ccour. As a precantionary
measurs, water abundance, although advantageous, should be properly managod to
keep & favourable balance betwsen the salt contant in the rootrone, the depth teo
waler table and the groundwater salinity. In case of wailer shortage, the use of
irrigation methods capable of distributing lower quantities with higher efliciencies,
sprinkler and drip irrigation, should be encournged. Otherwise, the irrigated ares
hes 1o be limited and efficiently wetted. -

The fragquency of irrvipgation affects the salt balance betwoen iwo irrigations.
The longer the interval, the drier the moil and the higher the ealt conceniration
will be. 5o, where salinization is probable more [requent irrigation, if teoch-
nically mnd economically feamible, can reduce the effect of moisture siress on
the crop.
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The various metheods of irrigation; being different in the rate of water
application, the uniformity of moisture distribution and the wetted area of the
soil surface, will affect differently the salt regime of the soil. In flood or
spate irrigation salts tend 1o move awey from the rontzpna. In basin or horder
irrigation, where water ie spread to cover & ceriein surface area of the field,
the amount of salts removed is more dependent oh the quantity of water and ite
uniformity of distribution. A® a precautionary messure against salinization, the
irrigation system should be designed to provide a uniform moisture disiribution
through land shaping and adjusting the surface slope, eize of water stream and
length of run.

Although furrow irrigetion provides a better control of moisture distribution
and percolation losses, salts may accumulate on top of the ridges between furrows.
It is possible to evercome this problem by changing the places of the furrows,
alternating furrow irrigation with border or basin irrigation, changing the bed
ghapes and planting site. Sprinkling has the advantage over the above menticned
mathods, of distributing low norms of water uniformly over the field. Moreover,
water will move under unsaturated condition and thus be more affective in leaching
salts (Nielsen gt al, 1965}. Trickle irrigation has the same adventages as sprink-
ling, especially if the lines are closely spaced. However, salts tend to con- .
centrate midway between plants and at the wetiing front beiwsen the lines of drip
emitters (Bernstein & Frannois, 19?5}. In absence of sufficient rainfall to leach
the accumulated salts, trickle irrigation has to be supplemented by sprinkling or
other surface irrigation methods to reduce salt accumulation in the unoultivated
portions of the field.

Leaching of salis

Leaching is the most effective procese by which salt affected soils are
restored to normal and the salinity of the cultivated soil is kept under contrel,
The efficiency of this procese depends on the guality and guantity of the water
uged in leaching, the ease with which it percolates throupgh the soil, and the
removal of the leached salts in the drainage stream or their acoumulation beyond
the acotive rootzone. The use of poor gquality water for irrigation entails the
application of higher leaching regquirements. HealiZing the dual effect of leaching,
namely soil desalinization and increasing the salt load of the groundwater or re-
turn flows, the recent trend is to minimize the leaching requirements (Bernstein &
Francois, 1973; BRhoades, 19?4). In this case, the lesaching requirements pre-—
viously recommended by the USSL staff, Agricultural Handbook No. 60 (1954), oan
ba reduced to one-=fourth and consequently the crop tolerance limits be increased
d-fold, The applicability of the minimum leaching regquirements to contrel seil
galinization needs efficient management of irrigation and drainage systems to
keep the salts pushed downward and to minimize the upward water flux, otherwise
the risk of salinization will be higher whenever the irrigation or drainage system
EORDE WIOng. ; ’

[

A less risky as well ap a less conservative approach which seems to be more
gponvenient and effective in contrelling salinization is that proposed by Rhoades
(1974), where the leaching requirement (LR) takes into account the average salinity
of the rootzone (EC.) at a given permiseible reduction in crop yield, the salinity
of irrigation water fEGiH} and that of drainage water (ECg,) as given:

EGiw
LR =

SEC, -~ ECyy



Deta are svaileble on the relation beiween the permissible reduction in crep yield,
soil malinity, irrigation, water salinity and the lesching requirements [Ayers &
Westoot, 19765. Such inforpation can be considered ss a guide to better conserva—
tion of irrigated soll agninst salinization,

Leashing of salis {rom reinfed agricultural soile depends in the firet place
on intensity, duration and freguency of precipitation. In the arid and semi-arid
regions, other conzervation measures have to be taken to encourage the relatively
limited rainfall to penstrate into the soil and induse leaching, It may be fessi-
ble to sount upon rainfell for leaching il the maximum rains fell in a defined
peeson with sufficient amcunis as is the sase under & Mediterranean olimete. Other—
wine, the availability of a zupplemeniary system of irrigation, which is alweys
an advantage, will help in salt leaching.

ﬂrainﬂge

durface drainage was recogniged by the early conservationists as & means of
getting rid of excess water on the spil surfmce, runcff, and controlling srosion
if the drainage channels were properly losatsd. fAp & conservation meazsure against
selinizetion, subsurfree drainage plays an essential role in oarrying away the
expeas waters percolating through the soily, reducing the water 4able level and
minimizing ite fluctuation sbove & critical level., The drainage water has usually
a higher salt content than that of irrigation and if measures are not taken to
digcharge it awsy from the rootsone the rising watertable becomes a continucus
aource of scluble salts and induces s0il salinization.

In order that a drainage eystem fulfills its objectives, it should be
depigned properly o account for discharging the percolated water in excess of
the evapotranspiration requirement (inefTicient irrigation losses, leaching,
seepage, rain storma), taking into consideration the rooting depth of the major
orops in the rotation, the rate of capillary rise, salinity of the groundwater, and
it has to be economically justified. The meost imporiant factor in efficient
drainsge is the maintenance of the wateritable depth below the critical lewvel,
Kovda (1973) relates this oritical depth to ths salt content of the groundwater
in the arid zone and sreas provided with irrigstion and drainage as, respsctively,
being 2 - 2.% m when the salt concentration iz 70 — 15 gfl, and 1 = 1.5 m for a
less mineralized groundwater, 1 = 2 g/l. This critical depth also varies with the
transmitting properties of the so0il and may be considered for a maxipum upward flux
of 0.1 em/day as ranging from 79-100, 175-200, and 90-120 em for loam, fine sandy
loam and sandy soils, respsctively (Van Sohilfemarde, 19767

When drainags water is nol of poor quality it can be mixed with river water
to supplement the limited water resources downsiresm. Hevertheless, the water
quality of irrigation return flow has o be carefully monitored in order not to
pollute the water downstreanm and caude zeoil salinization. Mixing of poor and good
qualily waters should be cconomically justilied, considering the expecied increase
in orop produstion snd the changes in the soil characteristics. Under ihe cirown—
gtances of a limited fresh water supply, drainage water may be usced to leach and
reclaim =221t alfected soils. .

Drainape is often required where the danger of seepage exista, This has to
be watched in case ol land terracing eor levelling lor conservation practices, An
interceptor drain can save vast areas at a lower level from salinization.
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ACRONCMIC AND S0IL MAWAGEMENT FRACTICES

When the soil conservation principles call for using the land acoording to
its needs for a continued production one has to think in terme of improving the
soll, protecting it from deterioration, and if these are not deemed possible, of
how to live with the problems and aveid or minimize their harmful effects. Soms
of the following practices are conservation tools that seem to be concerned more
with the lstter objective, Others are followed for reasons less related to
alinity contirol but they way indirectly cause soll salinization and therefore
they have to be practiced teking inte consideration their eide effects.

Crop selection and rotation

The difference between plants in their relative tolerance to =salinity pro—
vides the land user with a wide cheice 4o select the most sultable ocrops for a
given moil salinity and even with a&n advanced knowledge of the expeoted yield
under this condition. Data on crop tolerance to salinity are available (USSL
staff, 1954; Ayers & Westocot, 1976; Maas & Hoffman, in presa} and they have to be
used as & guide keeping in mind the various factors influencing the crop tolerance.
These factors inolude the olimate, plant species, varieties and stage of growth,
and cultural conditions. Moreover, the sconomic valus of the ecrop has to be con-
gidered incombtination with its tolerance. Orowing & sensitive orop on a moderately
galine soil will not give ite optimum yield as that of a moderately tolerant ons,
but it may happen that even with the permissible reduction in yield of the formes
its net return will be higher than that from the latter.

fAs & general rule, the relative yield Y} of a given orop at any given
palinity [DGE} was found by Maas and Hoffman (in presej to follow the equation:

Y = 100 (BC. =EC, )

ECo = By

where ECqgg is the salinity thresheold wvalue (BCy where Y = 100) and EC, +the salinity
at zero yield (EC, where ¥ = 0).

The gquantitative salt tolerance rating for a wide range of orope based on
their figures is given in a tabulated form in the Annex. According to the avail-
able deta the relationship betwoen crop salt tolerance and the range of ECgy at
75% mnd 50% relative yields may be summarized as follows:

Crop salt tolerance rating By at a relative crop yield of
Sensitive £ 3 mmho fom 3 - mmho /cm
Moderately sensitive i-6 " 6- 9 . n
Moderately tolerant 6 -9 " 9 - 15 i
Tolerant 9 ~15 LU 15 - 21 i

Since plants do not differ only in their tolerance to salinity but also in
their water requirements, season of growth, rooting depth and moisture extraction
patterns, and cultural reguirements, it is to be expected that the seoil charac-—
teristics will be affected differently under various orops. The selection of the
right crop rotation is a puccessful conesrvation tool that improves the physioal,
chemical and nutritienal gqualities of the soil. The land user, therefore, can
reduce the salinity hasards by including whenever possible crops like rice, beTeeem
and those requiring frequent irrigation to help leach out salts.
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5.3

5e4 .

Plenting

Adjustment in planting techniques can modify the effeoct of salinity on
crops, =apecially during the germination mnd seedling growth stages. Furrow row
crops will withstand salinity better when planted in the irrigation furrow where
crusting is not a problem, on the side of a sloping bed, near the edges of &
double-row bed, on top of a single-row bed, in decreasing order of effest, In-
oreaging the d&pth of irrigation water in the furrow and continuing irrigation
until the wetting front has moved past the seed row on sloping beds are recom-
mended practices for ealinity conirol around the seeds, Broadcasting or drilling
of sceds on flat fields when followed by & heavy irrigation ie aleo practifed to
overcome salinity effecis on germinmiion. Increasing the rate of seeding, mw &

_ precautionary measure, is also practised in salt affected scila.

Land levelling and tillage

Land levelling is an essential operation to prepare land for irrigation by
surface methods. It is also practised in combination with other measures for
rainfed egriculiure to reduce aurface runoff and erosion. Where salinity may de—
velop, ihe depth of soil as well as the micro-relief after levelling have to be
carefully considered. Shallow profiles may lead to secondary salinization and
therefore require more efficient water management. Changes in the micro—relief
in the order of less than 30 cm result in incressing salt content on the raised
spote and better leaching in the dips. Repeated land shaping before cropping will
help to eliminate these variations and their effect become leos obvious,

Tillage is one of the mechanical operations that serves numerous purposes
including those of seed bed preparation and improvement of soil permeability.
Since water infiltrates into and percolates through a tilled soil at & faster
rate than in non-disturbed one, tillage will help salt leaching as well me water
storage which is rather importent in rainfed agriculture. However, repeated
tillage to the same depth, especially in heavy textured soils and at sbove adequate
moisture content aggravated by using heavy machinery, can create & dense plough—
layer that causes temporary waterlogging followed by salinization. Veriatione in
depth of ploughing and subsoiling are practices to avoid or alleviate tha formation
of this layer.

Ploughing can be done by various implements that not only affect differently
the soil bulk deneity and aggregate stability but also the distribution and mixing
of salts., Improving permeability and enhancing salt removal can be mchieved by
chigel and mould-beard ploughe more effectively than by a disc harrow, Deep-plough-
ing implements would turn a salty layer and bring it up oloser to the surface and
therefore such operation has to be carefully ihvestigated betore procesding on a
full scale,

In areas susceptible to erosion, whether by wind or water, tillage oparations
have to be carried out with minimum disturbance to the soil surface or pulverization
of the soil ageregates., The advaniages and riske of tillapge have to be carefully
welghed and evaluated,

Fallowing and mulching

The land may be left fallow for some time where availability of irrigation
water becomes a limiting facter for crop production, or under dry farming to pre-
serve the soil water for a subsequent crop., A fallow land is more liable to
salinization than a cultivated one since the oultural operations, especially
irrigation, will tend %o reduc® or reverse the process. When fallowing is practised,



factors affecting soil salinization such as depth and quality of groundwater,
atmospheric evaporative demand, tranemitting properties of the soil, length and
frequenoy of fallowing, and measures takon to ocheck water and salt movement upward
ghould be carefully assessed.

The danger of fallowing becomes greater the shallower the depth to water—
table will be. Theoretically, evaporation from a dry surface of a fine sandy loam
soil would proceed at a rate of about 8, 31 and 1 mm/day if the water table is kept
at 90, 120 and 180 om respectively (Gardner & Fireman, 1958), The effect will be °
augmented with increasing the salinity of the groundwater and the evaporativity of
the atmosphere., Summer fallow should be avoided under these conditions or other-
wise carefully managed. OSurface mulching and grouping irrigated and fallow areas
separately and arranging them in such & way to reduce unnecessary oiroculation and
rise of groundwater are precautions againset salinization during fallew pericda.

Mulching, &s more frequently practised to conserve soil moisture under dry
farming, would be a useful practice for reducing surface soll salinization. Surfaoce
tillage, maintenance or surface application of crop residues and placemsnt of gravel
are among mulching practices. The effectiveness of mulching in cheoking salinization
depende on the factors affecting the procesees as given above and on the right muloh-
ing techniques. Sinoe mulohing ie also related to wind erosion control, practices
such as minimum or zero tillage as a measure for conserving water and controlling
eropion should be carefully assessed where the threat of salinization existm.

CONCLUDING REMARKS

Soil conservation is thought of by moat planners and land users in terms of
aoll ercsion and ite control. Recently, other forms of land degradation, including
saliniity, have been considered by conservationists and International Organizations
interested in environmental studies. However, the majority of land users in de-—
veloping oountries are not completely aware of the role certain coneervation toolse
and management practices can play in safeguarding their soile againet saliniszation,
It is the responaibility of national institutions through the extension service
media to encourage the farmers to apply practices as those given in the paper.

Adopting the concept of living with the salinity problem, if measures are
not available to combat it, as a conservation principle may bve the only way to a
continued crop production and, therefore, the related practices should not be
underestimated.

Salinity may be a side effect of certain conmervation measures and cultural
practices, which may be irus for other degradation forme. Consequently, soil con-
servation has to be practised in an integrated manner taking into consideration
other factors affecting land productivity,
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ANNEX

Halt tolerance of orops

(adapted from Maas & Hoffman, in prese)

CROP

Telerance rating

EGe (mmhofcm}; range at a
relative crop yield of

5% 50%

Grain crops

maize, rice
wheat
barley

Sugar, Fibre & 0il
Seed Crops

Fugar cane
sugar best

flax

cotton
peanut[gruunﬂnut}
soybean

Forage Crop-Legumes

cowpea, clover (ladi-
no, red, strawberry),
broadbean, oommon
vatech, alfalfa,

eesgbania

berseem clover,
birdefoot trefoil

Forage crops —
EZ&BEEE

meadow foxtail,
lovegrass, maize

moderately sensitive
moderately tolerant
tolerant

moderately tolerant
tolerant

moderately sensitive
tolerant

senaitive

moderately sensitive

moderately sensitive

moderately tolerant

moderately sensitive

orchard grass, harding

grass, TYe grass,
barley, fescue, (tall
Barmuda grass

Fbrggg orops —
EEEBEGE

wildrye, beardless,
wheatgreass, fairway

Budangrass, wheat-
grass (orested),
wheatgrass (tall)

)

moderately tolerant

moderately tolerant

tolerant

5 - 10
10 - 15

6 - 10. g =18
10 - 15 15 - 21

10 - 15 15 - 21

5 - 10

10 - 15

9-15

9-15

15 - 21




oont.

Vaegetable arope

bean

peppar, lettuce
oucumber, oabbags,
tomato,

broeccoli, spinach

Roct crops

onion, carrot
reddieh potsto
garden heet

Fruit & Nut Crops

strawbterry, apricot,
blackberry, boysenberry,
pesch, almond, plum
grapefruit, orange,
grape

date

Htuer crops lacking
gsufficiant data for guant

sensltive

moderately sensitive

P

genzitive
moderately sensitive
moderately tolerant

seneitive

moderately sensitive

moderately tolerant
to tolerant

itative rating

apple, avocadn, lemon,
okra, raspberry

lentgrass, millet
(foxtail), FRhodesgrass,
timothy

bromegrass, canarygrass
(seed), olive, safflowar,
gorghum,

wheatgrass (slender)

wildrye (Altai)
wildrye (Russian)

egensitive

moderately sensitive

muderatel} tolerant

tolerant

€3 -
i-6

6 = 10

WO

| wn
—
L |
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2.1

N AGRICULTURAL LANDS

by
H. Gi1

JENERAL REMARKS

Waterahed managament deale with all lands within the boundaries of a drainage basin.

It ie not only concerned with the agricultural lande st present under cultivation,

tut also with forest, renge-lands, arcas destroyed by ercsion, and others thet

oan serve &g protection areas only. Furthermore, in comprehensive watershed management,
speoial attention will bhe given to climaie, hydrﬂlﬂgy and the ecologiﬂal balance of

a given watershed.

The importances of these latier subjects and their influence on the inherent oapabilities
of the agrioultural lands, their physical improvement and the retuwrn of high and
sustained yields cannot bes sufficiently stressad. Most domage by erosion of
agricultural uplandes and other damage *o lowlands ig created by disturbing the
acological balance of the drainage basin, destruction of its protective plant ocover

of trees and grasses, misuse of land not fit for cultivation and wrong agri-technical
methods.

Man im the beneficiary and the destroyer of his own environment and its production
capaoity. The population explesion, the need to produce more and the lack of meana

to even maintain yields by adequate inputs, traditional restraints; lack of adequate
extenaion and many other reasons, have coreated s vicious oiroleof population increase
and diminishing resources. The result is a rapidly 1ncrunsing group of sub—subsistence
farmers in developing countriaen,

This paper will restrict iteslf to the role of moil coneervation on agricultural land
within the overall and integrated approach of comprehensive watershed develcopment and
management. But, a® mentioned abova, no real and complete sclutions can be expacted

to stop deterioration of eagricultural lands and to rebuild their produetivity without
attention to all other aspeocts and componenta of comprehensive watershed development

Plﬂns a

COHSTRATNTS
Human factorse

The human slemsnt is probably the most serious limiting factor in carrying out
improvements on agricultural lande. Pressure on the land by a rapidly increasing
rural population has been the cause for moet of man's destructive activitiew. Ths
nesd to produce mors and the constantly decreaming oultivated area per household have
cansed ths conversion of marginal arsas into cultiveted flelds. The result is soce—
lerated ercsion on the stesep hilleides which should not have besn cultivated at all,

Many of the present bad lande wera in tha past such areas converted into agrioultural
lands,

It 18 however even mors difficult to prevent further deterioration on rapidly
eroding lend etill under oultivation. Sometimes, this will be practically impoesible
without oomplets retirement from oultivation of such arems. To do o, faced with
the hunger for land of an increasing rural population, may seem unrealistic., It ha=s



however not haen sufficiently realized by farmers and governments, thet there may be

no other sclution, Expansion soil conservation practices on marginal lands ocould - at
the beet — only postpone the unavoidable deatruction of asuch landa, In faot, it would
only prolong +the agony of the poor farmer without solving the problem. These realities
should be faced and the necesszary steps bhe taken. It may be resettlement in other
areas wherse arable land cculd etill be reclaimed, or the absorption of the surplus
manpower into othear industries or segments of the ecomomy. Otherwise the results

will be famine, starvation and wviclence. Hungry people-have nothing to lose and

mey be driven to deeperate aciionsa.

There are many aspects of human behaviour which may play their part in the
reaction of the farming commmnities towards the requirements of proper soil conser—
vation activities in a watershed and in agricultural lands, such as: customs,
traditional constraints, social set-up within the family and the village, and others.

A1l this will have to be conBidered in carrying out soil and water conser—
vation within the Tramework of comprehensive watershed development. It would be
futile to embark on these activities without the full cooperation of the farming
communitises and the individual farmers.

Phyeical and local constraints

A very closa and interdependant relaticnship exists between all phases of
comprehensive watershed development. Seil conservation activities on agricultural
lands alone can only be partly effective. It is however & major component and
an important tool for improvemente and of direct benefit to the farming population.
Proteoting and preserving the limited resources of arable land certainly deserve
special attention. However, without the complementary works in other sections of
the watershed development plan, it may sometimes only give temporary relief, e.g.
the hydrology of a watershed will depend on the conditions of all its lands. The
agrioultural sector will probably be only a minor factor in the overall water
regions of a drainage area. This will be especially important where climatio
conditions are such, that irrigation is required for full preoduction and irriga-
tion water has to be supplied from local sources, The same applies to the
drainage conditions of the bottom lands which are in most cases the areas of
highest preoduction. Hereditary lawe and fragmentation of the land may sometimes
prevent eny physical work for the conservation of the small and sgattered plots
of individual farmere and whole commnities. The selection of soil conservation
measures will depend to a large degree on land coneclidation, cooparation between
farmere and other aspects which will be different in each locality. It is
important to investigate and fully comprehend thesze prerequisites, to prevent
a patchwork approach which will lead to certain failure.

SOIL EROSICN N AGRTICULTURAL LANDS

M1 sloping agricultural lande are exposed to erosion if not properly managed
and protected, Depending on soil-texture and struocture, the grade of erosion will
differ from place to place on different slopes and under different levels of
management, The climatio conditions, guch as rainfgll distribution and intensities
will pley & decisive role on the ahove subjects and on the eteps to be taken to
repalr and prevent damage. g

Exact figures on the megnitude of srosion ocan be obtained from experimental
plote, but even without research it is not difficult to detect ercsion and estimate
its meverity — however without exect gquantitative figures. For the trained eyes it
will be easy to obeerve Bplash - sheet — and rill ercsion, which are often disregarded
as the dangerous start of scil degradation &and erosion which in faot they are. It
i® certainly esasy to obeerve gully erceion, This 18 however already the last and
moet destructive face of water erosion. Conaervation practices should always start
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_in the earliest etagas,

- Wind erosion is diffioult to measure by any means but it is a wery obyious
phenomenon which can be essily detected by the trained cbeerver.

There are other aspects of soill conssrvation on arables lowland which are not
direoctly oconnected with erosion controli raising watertables, alkalinity etec. All
these subjeots have to be considered in a comprehensive watershed development plan,

SOIL CONSERVATION W ACRICULTURAL LANDS

General observations

Soil conservation has a wide eoope, much beyond the generally accepted
standards of physical works for erosion control. It is in fact a comprehensive
epproach to soil and farm management in which all so-called soil conservation
practices contribute only a part fo the overall target of maintaining and improving
soil fertility, to the improved relatiomship between soil water and plant and to
higher sustained yields. It is the most important segment of re-establishing and
maintaining the ecological balance between man and nature,

Mechanical means for erosion control should be considered as supplementary
measuras for scil conservation on arable land and should be applied only if and
when the physical conditions - slope, soil texture; rain distribution, intensity eto.-
are such that good farm management alone is insufficient to prevent eroeion. But,
even under thesa conditions, soil fertility, maintained or established by good farm
management should always be considered as the first slope in s0il conservation on
arable land, There is a tendency in moet countries to divorce soil conservation
and farm - (s0il) - management from conservation practices. Consequently, expensive
phyeical worke are carried out without any regard to the integrated spproach which
could save large investments and in all cases will produce the highest benefit to
the farmer. There certainly arises the question of institutional set-up and the
place of so0il conservation in relation to other services, moet of them with a much
longer tradition of existence to the rural population. In integrated watershed
management these problems have to be solved before embarking on such works, The
neogessary co—ordination amd cooperation between related services have to be a
"sine qua non" for any such activity. Under the conditions prevailing in most
counfries, where different organizations deal with single subjects, it may however
be difficult and sometimes even impossible to establish this essential integration.
Soil conservation starts andendswith good soil and farm management., One without the
others will certainly fail in the end. (ood scils and dense plantoover may requirs
only simple conservation methods (e.g. contour cultivation) on certain soils and
under moderate topographic and climatic conditions. The same area may require much
more intensive works under poor farm management and on degraded soils.

doil conservation on arable land in the framework of watershed management may
egtablish valuable guidelines by demonstrating the essentisl multidisciplinary
raquireme=nts of so0il conservation.

301l conservation

4.2.1, Land use

Agricultural lands contribute in general a much higher percentage of sroded
material thanths€r area percentage of the total area in & watershed. This is

- due to the conetant oultivation of such lands and the exposure to the forces
of run—off water and wind without a protective plantcover during certain
periods of land preparation, planting and after harvest. Furthermore,
guocessful orop husbandry demands oocasional or parmanent weeding and
cultivation of row-crops, under such conditions erosion will be acoelarated
compared with uncultivated lands of the sams type and topography.



In watershed management all parts of the drainage basin will be ireated, but
apecial attention has to be paid to the agricultural lands, due fo the above
conditione. Furthermore agricultural lands provide the rural population with
most of the available labour.

In general, the area of ocultivated land may vary between 15-40% of the total
area of a watershed, 25-30% will probably be the average figure. Even this
peroentage has been reached by the conversion ©f forest and grassland on
steep slopes and shallow soils which should not have been converted at all.

Shifting cultivation which was practiped during many generations and which
was well adjusted to a sparse — sometimes semi nomadic—population, became
gradually permanent. BEven the improved systems of this practice, such as
"Paungya! cultivation, have lost their value, due to the ever shorter oycle
between cultivation and forest. In some countries efforts are still made
to introduce or improve the above system which may give some temporary
relief. It seems however that the time has come to abandon any hope thet
permanent solutions can be found to a system which worked well 160 years ago
but is not adjustable to the changed eircumstances of today. Watershed
management is supposed to give long-term sclutions. Consequently it is
suggested to exclude this metheod of soil sonservation from comprehensive
wetershed management except in very special cases of sufficient land
regerves of high capabilities.

It has been pointed out that good soil management is the fast and foremost
gtep in soil conservation on agricultural land. This implicates that only
land which can be properly managed should be under cultivation. #n exast
land use oapability survey is consequently the basis for any decision in
regard to agricultural lands which are at present cultivated and should

be retired, lands which are used for other purposes it eould be converted
to arable land and the so0il conservation measures to be applied on all
oultivated lands.

4.2.2. Coordination of soil conservation on agricultural land with the
watershed management plan

In the framework of comprehensive watershed management, soil conservation
measures on agricultural land have to be incorporated into the integrated
development plan of a watershed. The lowlands and the bottomlands of the
side valleys consist mostly of medium or large sized blocks of oultivated
lend., Plans for improvements will be relatively easy to prepare and to
implement.

fne of the main problems will be fragmentation of ownership. Seoil conser—
vation practices will have to be employed without the posslbility to consider
the irregular boundaries of the small plete of individual farmers. Cooperation
of a whole village community or & number of villages is required to make

aoil conservation activities possible.

On the uplands the conditions will be different. If large upland tracts are
oultivated, the same approach as on lowlands has to be applied. In many

pases however the plote will be small, scattered over and intersected by side
areas of unoultivated land. Land consolidation under such conditions will

ba muoh more difficult. The minimum regquirement for such areas would hbe

an -’ agreement between farmers to carry out seil conservation improvements
without regard to the boundaries of the individual owners. This is &
difficult underiaking but it should be already spelled out that the

treatment of each individual plot would be ineffective and that no patohwork
improvement would be carried out.



4.2.3.

Practically in all cases and on all lands occoperstion of the village communities
is essential. The farmers on the lowlande have to realize that the activities

on the uplands fortheir farmers are of benefit to themsslves. Without "give

and take™ no realistic solutions to the joint problems can be found., Upland
farmers aleso have to reslize how watershed management on the uplande, surrounding
their arable land, will be of benefit to them. Both segments of the rural
population in & watershed have to fully cooperate i all improvements, which

will not only raise their standard of living but will also improve their

general living conditions and enviromment. Without such cocperation wetershed
managemant cannot suwoceed,

Grouping of soil conservation activities as related to comprehensive watsrshed
managemant

Tt is not intended to go into details on each soil conservation practioe
which may be applied under different soil and topographic conditions,.
However, considering the requirements of ocomprehensive development,

two main groups of soil conservation praciices on arable land and their
part in en integrated development plan can be defined. In different
climatic zones, on different soils and slopes and under varying sccial

end economio conditions, the importanoce of each component in a group will
change. In a general paper only passing indications can be given to these
gubjects.

Uplands

A major divieion should be made hetween uplands and lowlandes. Upland
soils will be derived in most cases from the parent rock and very often
be of medium te light texture, They will bave an undulating to steep
topography. They will be exposed to all kinds of water ercsion and to
the abrasive and selective forces of winde. There will be a constant
downhill movement of soil particles. Internal and surface drainags
will be good and waterlogging will ocour only under specific olircums-
tences, Airdrainage will be good and soil will generally be'warmer"
than lowland secils., Infiltration rate will be high, absorption capacity
however will be often limited. MNost ocrops, annual and perennial, could
be successfully produced on uplands, except crops which need special
conditions such as paddy rice. With proper management upland soils can
produce excellent yielda. :

In practice, the yields of upland crope in developing countries are
howsver far below the minimum to be expeotsd, Most of the staple food

iz produced on the lowlende, especially where irrigation has to be
applied, which is much easier on lowlands, Flood border) irrigation

by gravity is mostly used and the more sophisticated metheds of irriga-
tion (sprinkler — drip irrigation) are practically non existant, Murrow
irrigation can be efficiently used on uplands, provided the necesasary
levelling is carried out. Sprinkler and drip irrigation are well adapted
to uplands. In most cases upland irrigation will requira a pumplift and
for sprinkler and dry irrigation additional pressure ie necessary.

Tt is regrattable that in most countries little attention has been paid
to ressarch, extension and the supply of fertilizer, plant proteotion
material end revolving funds for uplands. Governmente and farmers

have not reslized the high potential of uplands. The upland farmers
ara therefore the poorest farmers in most developing countries.



Uplands will require very special attention in watershed menagement.
(Jovernment services should be equal to the facilities provided to
lowland cropg. This is essential for the production of acceptableyields,

S0il conservation measures depend to & large degrse on these latter
government policies. Sometimes considerable investments have to be
made to prevent Turther degradation of uplands. It may be beyond the
farmers' ability to carry out all necessary improvements by his own
labour and resources. Furthermore, all conservation activities of
the upland farmer will be of benefit to the lowlands by reducing
floods, sedimentation ete, This will also be of benefit to the urban
population and the financial burden should also be borne by them.

Eroeion ig generally eevere on cultivated uplantds and a wvariety of
practices can be applied to prevent ercsion and o restore and improve
productivity. Large scale farming on genile slopes will be =eldom

found in developing countries. Consequently, bread base terraces, strip
cropping and similar practices will not be practical. On small plots
and gentle slopes comfour cultivation, contour ridges and grass stirips
may be more feasible, cooperaiion between individual farmers will be
essential especially for the surplus water disposal systems, such as
waterways intercepbion ond diversion ditches and for irrigation facilities.
Land consolidation according to a well designed conservation plan will
certainly be of the utmost impertance.

On steeper slopes, where the above simple conservation practices will
be insufficient to stop erosion, bench terracing will probably be the
most effective practice. Here again, land consolidation will be an
important factor.

Well laid—out bench terraces even on slopes of up to 35% can prevent
erosion, increase water infiltration and should be considered as the
most important practice in develeping countries. Generally slopes of
up to 25% should be the limit for beneh terracing for rotation crops.

On steecper slopes plantatione on small contour benches and a permanent
cover grop on the slopes would be safer and no losses of land by terrace
rizers would ooour,

Effective soil conservation on agricultural uplends is most important.
These lando are a major sourceof ercosion, run—fleods and siltation.
Abowe all these lands provide the livellhood for a large segment of
the farming population.

Lowlands

Lowlands are the alluyial plains and the bottomlands of the small
tributaries in a watershed. In most developing couniries they are
uged mainly for the production of the staple food. Soil conservation
works in these aroas will ba of a different nature to that on uplands.
Eromion control practices will be necessary only in limited locations.

The water regime, land use and crop production will depend to a large
degree on the condition of the upperparta of the watershed and the

goil sonzervation activities carried out on all uplands—cultivated

and not cultivated, Under climatic conditions which require supplementary
irrigation, the watersupnly from local sources will depend on the
oondition of the drainage basin. Consequently the cropping pattern

on lowlands may undergo remarkable changes with the change of conditions
in a waterahed: ite degradation and misuse or its improvement.
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COACLUSIONS

HWater storage, prevention of flasl floods and sedimentation in the drainage
eystem, recharge of groundwabter resources, springs, riverflow and many
other benefits which will normally serve the lowland farmer, will be

the resulis of integrated watershed management - e,g. conservation of the
natural rescurces of a drainege basin.

It would be unwise 1o start soil oconservation activities on the lowlands
without having done so first on the uplands. This is & simple faot, easy
to understend. It is surprising that it is 81ill o often disregarded.

The main soil and water conservation practices on lowlands will be concerned
with maintaining and improving soil fertility by good farm management,

This will include =- in the case of irrigstion — proper levelling and
application of water, prevention of alkalinity and creation of swampy
conditions.

Under dry-land farming the main objective will be good =s0il and farm
management .

There may be need for improvements or for the repair of damages already
dene, This may include surface and subsurface drainage, intercepiion and
diversion ditches, river—training and others. All these works will be
affective 1f watershed management has been implemented on the uplanda,
Otherwise conditions will return in a short time as they were bafore
implementation of the above worka. #As on uplands, land consolidation

and prevention of new fragmentation and cooperation between individuals

and wvillages are indispensable for planning, implementation and maintenance.

Watershed management is a multidiscipline activity. It ecan be simply expresped
as the establishment and maintenance of the ecological balance and the equilibrium

between man

doil

and his environment.

congervation on agricultural land is an integral and highly important

part in this undertaking.
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INTROTUCTION

Erosion cen be a serious problem in tropical seils, partioularly if the
management practices are not related to the high olimatic eromivity, and high
detachability of some tropical soils resulting in surface sealing snd low infil-
tration rates. Permissible limits of soil erosion for some of the shallow tropioal
soile are considerably lower than for deep temparate eoile with favourabls reoting
aharacterigtioe of the sub—noil horizon,.

Coneiderable axperimental dete available from tropical regions indicete that
for areas with annual erosivity index exceeding 400 foot—ton per acre, soil loss of
ag mueh ag 100 tfﬁafﬁnnum nan oocur ayven oh gentle slopes of 3 4o 5 percent. The
enriohment ratio of the eroded sediments being 2 to 10 for nutrient elemente suoh
an oprpanic matter, nitrogen, phoephorus and exchangeable cations, soil ercsion aan
raault in a rapid decline in the productivity of & minority of tropiecal soile. Crop
yialde from eroded soils are genorally below the economic level of produstion even
with hesvy doses of commercinl fertilizer. In short, there ie no economical
enbetitute for sdequote soil and water conservation measures adopted right from
the hegining of land olearing and development.

A majority of the tropical farme, particularly those in south—east Asia and
in tropicel Africs, are below 5 hectares. Commonly recommended practices of
terracing, contour farming with adequately designed and properly maintained water
ways and cut draine, are neither economically feasible nor practicelly applieable
under the sogclo-economic and financial resources of the small farmers. What are
tharafore suitable alternatives in terms of soil and water conservation memsures?

The objective of thie roport ie to describe the applicability of cover orops
and muleh farming technigques for tropicel soil and water management.

S0IL MANAGEMENT FOR EROSION COWTROL

The natural vegetation cover on tropical soile maintains a hydrologincal
balance in which the surface runoff component of theé hydrological cycle ies minimum,.
If arable cropa are substituted for the forest cover without disturbing this
bydrological balance, the problem of erosion would be nonexistent or minimal. This
oan he ashieved through the application of residue mulches on soil purface. Crop
renidue scts as an energy dissipator which abeorbe the raindrop impasct and prevents
dispersal of the soil apgpregates, The infiltration.rate of the soil is maintained
at o high level under muleh beomuss:

i. gtructural porosity of the scil is maintained, there is no surface
peal ing and orust Tormation,

ii. macro-pores open to tha soil surfece remain intact and functional in
transmitting water through the soil,

iii. btieological activity of soil faune is maintained st a level egquivalent
to that under natural vegetation. This motivity provides additional
poreR Tor woter aondustion.
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The potentinl inTiltration rate of mest of these moile is high, =nd =an be
maintained with even amall guantitiss of plant remidus mulohes. The mulch factor
for an alfisol under & eimilated rainfall i shown in Mg, 1, For an half=hour storm,
the runoff 1z 50, 20 and only 5 percent of the unmulebed treatment, respectively for
muloh rate of 1, 2 and 3 t/ha.  For an hour etorm of the same intensity, the runoft
loBmen were 95, 25, 15, 10 and 5 ton/ha. Similar results were obtained for the
gadiments transported in the runoff. Field obeervations made on emall runoff plots
an well as on watersheds have confirmed these laboratory Tindings (Lal, 1976).

Theugh mulehing is An elffective arosion praveniive tectniogue, it may he
Aiffinult $o use for large areas under apable or row ocrop Tfarming. One of the
prantical means of obtaining muelch is through the vee of no=tillage systems with
appropriate herbioider to control weeds. A large number of Tield scale and plot
gtudies al 1ITA have shown that orop yields st least equivalent to that of conven—
tional ploughing ran be obtained by thie technigque without sdditional erozion aontend
measurea (Lal, 1976}, :

Thias teclmigue, however, ecan only be used Tor some crops with epenisl packoge
produntion inecluding seeding technigue, weed control, guantity and method of placement
of fertilirer and insecticides, and proper cropping systems and rotatione to ensure
that there is an adeguate guantity of crop residue on the poil surface.

HOLE OF COVER CROPS

To he very efTective, special requirements Tor the no—tillage system are:
adequate amounts of crop residue, required weed control, a minimal dependenca on
herbicides, bnilt—in rotational sequences, and cropping sysieme to eradicate insects,
other pesle and pathogens, Lack of adequate guantities of plent residues on the
Boil surfzce oan result in degradation of soil structure {Fig. 2]. flor example; the
infiltration rate of soil in 2 plot under no-tillage system and from which crop
residues had lbeen deliberately removed declined progreasively over a period of 4
years., The inflltration capanity in 3 hours wamr 145, 110, 75 and 75 em for 1972,
1973, 1974 and 1975 respeatively. The egquilibrium inTiltration rates were corres—
pondingly low as well, Soms of the rhizomatous weedse are resistant to paraguat and
tend to pereist in no—tillage plote over a perind of time,

Realamation or improvemente in s0il structure of eroded land is another
important aspect of land management whirh needs to be included in the management
ayatem, ™Milding up of the struntural profile and organic matter content of the
gurfance horizon of the eroded plot nan be done through the use of Bome nover craps
over a period of time (Lal et al, 1971).

Maintenance of soll structure, weed control, adequate orop residue and other
requirements of the no-tillage ayetem can be met through rotations invelving suitable
cover aropd. A flow disgram of such A menagemeni systems is shown in Fig. 3.

OROF PERFORMANCTE AND COVER CROPS

The results of performanca of varioue food erops planted through a serden
of 8od spenies are shown in Table 1, 1% is encouraging to note that orops sunh an
malze, nowpes, plgeon pess, eoybesns And even ocaseava pan be planted and sueccessfully
grown in suppressed mpod with no-tillage syetem of eoil mansgement. There are
Bignifinant differenn=s in orop yleld e InTluenced by the nature of cover crop
grown.  In general nrops grown in sod of leguminous creepers such asp Siylosanthes
grecilie, Cerntronema pubescens and Pueparia phasecloides yielded betfer than the
other, Theee Legominous cover opops are esny Lo erbablish, provide a quick ground
aover, oan be BaRlly suppresred by eltber chemical op mechanical means and theip
stemA in the residve rre nol very woody and thue provide a manageable cover fo seed
through, In addition, the pield of erope plonted Lheoungl these cover crope Are at
laaat equal to that wnder nonventional nyntem.
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Mowing the cover Ccrop
+ Half the dose of paraguat
+ Half the fertilizer dose

FPARAQUAT

Year |V Year |

ARABLE CROPS

COVER CROPS

T —— S

R
ARABLE CROPS ecommended dose

ARABLE CROPS

Year |l

Year |l

PARAQUAT

+
NG Recommended dose

FERTILIZER

FOUR YEAR ROTATION FOR ARABLE CROPS
Rotation | . Maize followed by cowpeas, maize—soybeans, maize inter or relay planted with

cassava, cover crop

Rotation |l : Maize— cowpeas or soybeans, pigeon peas-sorghum,or inter planted with
¢assava, cover crop



Tablo 1

GRAIN YIELD (t/ha) AS AFFECTED BY VARIOUS SOD SPECIES 1974

(After Lal, Wilson and Okigbo, 1977)

CROPPING SERUINCES

¥aine~Gowpeas Cowpea-Maize | Pigeon peas—Soybeans  Cassava
(a) First Seasson Maize Gowpea Figeon pea
Paniocum 3.13 0.37 1.19 &
Sefaria 5.77 0.49 0.86 -
Erachiaria R17 O.76 1,27 -
Melinis 5,18 0.63 1.19 =
Gentrosema 5.79 0.76 1,23 "
Pueraria 4. 77 0. 684 1.12 -
Glycine 5.05 0.65 1.04 -
Stylosanthes 5,17 0,61 1.17 -
Floughed 487 0.50 1,00 -~
L3D (.05) 2,21 0.05 0.20 -
{t) Second Season  Cowpea Maize Soybear Capsava
Panieum 0.672 1.69 .50 .50
Sataria 0. 71 2.97 0,91 T.90
PBrachiaria 1.04 3,00 1,14 17.349
Melinis 0.587 3.43 0.77 18,85
Centrosema 0. 76 3.73 0.75 15.01
Pueraria 0,79 3,44 0.50 19.49
Flycine 0. 71 3.02 0.93 14.12
Stylosanthes a,67 3.1 0.9 19,03
Floughed 0.43 2,06 0.51 " 8.05
LsD {.05) 0.06 0.53 0.23 2,53
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The potentialities of some legumes being grown as live mulch (i.e. living cover)
through which crops such as maize, rice, cowpeas, and soybeans are drilled without
cultivation or killing of the legumes are receiving preliminary evaluation at IITA,
Under such conditions the legume may sontribute some nitrogen to the soil and with
the applications of adequate amounts of phosphorus and potassium and reduced levels
of nitrogen, maize planted through Desmodium triflorum gave 2,18 tfﬁa as compared
to 2,23 tjha on ordinary maize stover residue mulch and rine gave 4,12 t/ha on live
milrh as compared to 3,41 tfhn on rice straw muleh (Wijewardene, 1976).  Preliminary
ohaervatione indieate that water requirements of both the legume live mulch and the
companion non-legume crop may be different and perbaps higher than under sole crop
conditions.

ROLE OF SOME PROMISING COVER CROPS IN SOIL AND WATER CONSERVATION IN THE TROPICS

Dover crops have long been used in seil conservation and in so0il fertility
maintenance as green manures. Cover crops especially leguminous species have the
following advantages in iropical agriculture (Bunting & Milsum 1928; Whyte & Trumble
19+3; Wingley 1979; Webster and Wilson 1966):

1 Comtrol of soil erosion by affording effective cover of the soil and minimizing
the pounding action of the rain;

s reduce the undesirable effects of heat or sunshine by reducing temperature
flurntunations;

0. ensura that adequate levels of organic matter are maintained;

d. improve 80il structure, aeration and texture while reducing leaching, and
encouraging more infiltration and water holding capacity than on bare soil;

8. deep rooted aover ocrope are able to bring to the surface mineral nutrients
whinoh beasome availsable to the orop;

. leguminous covar crops may significantly contribute nitrogen teo the soil;
Es may compete effectively with or surpress obnoxious weeds;
h. gometimes control plant diseases and pests,

Disadvantages of nover crops inelude (a) competition with msseciated crops
for water and mutrients, (t) sometimes harbouring pests and diseases although some
may also supress nemalodes, and (¢) climbing of vigorous twiners on permanent
cropg and often damaging the orop by obstructing translocation,

Leguminaus cropa that have been found suitable am cover crops in plantations
and in a0il ronservation inelude Calopoponium mummoides, Oentrosema pubescens,
Indipofera spinata, Pusraria phaseoloides, bylosanthes grasilis, Dolichos hooed
Glyrine javanica,ete. (Bunting & Nilsum, 1920 Crowder, T1970<71; Whyte & Trumble
1956, Wingley, 1969; Webster & Wilson 19675 Williams 1967 and Puraglove, 1969),
Many of these tropinal rcover srops have aleo been Tound te be switable Torage crops
alone or in mixtures with legumes (Mellroy, 1969 Hrigley, 1969).

Widespread use heas been made of cover crope in tree eraop plantation culture.
At TITA studies are currently devoted to the uvee of cover erops in sero or minimum
tillage technigue of arable crop produstion.  This involves the use of cover crops
in one to two year fallows after which they are killed with herbicidesa ond srable
aropR Fuch as maine, ~assava, soyheans, acwpeas and nignon peas are sown through
the dead reaidne by land, hand operated drills or mechanical planters. Alternati-
vely, the cover crop may be moved or killed along the rows in which the rrops are



planted, Another method involves the use of selected covers as living or live mulech
through which crope are planted with hand operated or mechanical planters without
killing all the legume and only by disturbing the moil and/or killing the legume cover
along the rows. Oover crope which have heen used as fallow crope and killed with
herbicides in zerc tillage studies at IITA ineclude Centrosema pubescens, Pueraria
phaseoloides, Stylosanthes gracilis, Psophocarpus palupiriz, Stizolobium deeringisnun
and some grasses such as Brachiaria ruziziengis, Cynodon nlemphuensis and Paspalum
notatum. Leguminous coverswhich have been used in preliminary live mulch experiments
are Arachis prostrata and Desmodium triflorum while Indigofera spicata has shown some
promiea,

4 brief deseription of these legumes based on studies reported by various
authore (Bunting and Milsum, 1928; Hutchineon, Dalmiel and Keay, 1958; Hewitt, 1969;
Wrigley, 1969; Whyte Nilsson-Lessner and Trumble, 1953) ie glven below.

Arachis prostrata

A prostrate dwarf perennial with glabrous trifoliclate leaves, yellow flowers,
and rhizomatous long oreeping stems very much resembling the cultivated groundnut.
When properly established it effectively suppresses weed growth and is somewhat
adapted to acid soile but is only slightly drought reeistant. It roote along the
etem especially at the nodes and is propagated by stem cuttings. Arachis prostrata
ie a native of South America but has been introduced into many parts of the tropies.
At IITA preliminary studies indicate that it is a potential live mulch legume which
has been compatibly grown with maize, cowpeas and rice. Whyte, Nilsson-Lesener and
Trumble (1953) report that it is also a goeod forage legume which grows well in
mixturee with Paapalum notatum.

Centrosema pubescens

A vigorous or aggressive trailing or ereeping perennial legume which forme good
ground cover but has a tendency of twining and eclimbing on erect shrubs, trees or
poste with which it may be in contact. The stems and trifolioclate leaves are softly
pubescent, stipules are minute, flowers mauve in colour with purple lines or white
with purple markings and pode are up to 6 em long with 10 — 15 seeds which are brownigh
with dark green mottles,

Centrosema i drought resistant, grows well on a range of scils especially in well
drained soils under wet conditions but does not stand prolonged flooding or swampy
conditions. It is also somewhat tolerant to acid soils. Centrosema is easily
eftablished by seed at the rate of 3-4 kg per hectare. There are about 35 000 seeds

per kilo of Centrosema seed. For good and uwniform germination, mechanical or acid
searification is necessary. Centrosema is difficult to mow but re—generates easily,

At TITA it has been found to he a suitable cover crop in minimum or zero tillage in
which the lepgume ie killed with paragquat after 1-2 years and prior to erop establishment,

Desmodium triflorum

A emall prostrate much-branched oreeper forming dense mats., The prostrate
more or less pilose stems with trifolialate finely appressed leaves which are pilosae
beneath, and about 1 em long form very good ground cover. The purple or pink flowers
are borne 1-3 terminally or in the axils of stipulate pinnately trifoliclate leaves,
Pods are 5 seeded and indented on one mide, Sometimes it constitutes a weed in lawns
and is adapted to dry and wet well-drained soils of the tropies. '

Demodium has been used am a cover crop in rubber plantations in Malaya wherae
it was reported to persist even in old rubber plantations. Tt has aleo been reported
to produce good fodder in hot climates (Whyte, Nilsson-Lesener and Trumble 19531),

At IITA it has been used successfully as live mulch and grows compatibly with maizs,



cowpeas and rice under optimum il moisture conditions. Although it seede well,
harvesting is difficult and germination is poor. It is easily established vegeta—
tively by stem cuttings but it does not effectively. compete with many of the
vigorous more robust weeds such as Talinum triangulare except after 3 to 4 weedings
following transaplanting.

Indipofera spicata (Trailing indigo)

4 prostrate creeping perennial herb with woody dder stems which spread
horizontally close to the ground and develop tiny roots along the older stems.
The stems and pinnately compound leaves consist of leaflets less than 3 cm long
and somewhat glabrous., The flowers are orange red in colour and pods are borne
in exillary epikes each with over 40 pods each bearing 8-15 seecds. Indigofera
spicata is pantropic and adapted to a wide range of well drained highly weathered
anid goile in areas of 1 250-2 500 mm annual rainfall, It is reasonably drought
resistant and resunes growth with the onset of the rains. Although it is known
to be toxic to stock, some cultivars are grown for forage.

Indigofera spicata seeds profusely and is easily propagated by seed. When planted
at distances of 0.5 to 1 m apart it provides a good cover within 4-6 months. GSeed
rate iz 1-7 kilos per heatars with each kilo of seed containing up to 500 GO0 seeds,

At IITA evaluation of Indigofera spicata for live muleh has just been
initiated. It appears to be suitable for cover crop to be killed with herbicide
for minimum or zero tillage production of arable crops.

Peuraria phasecloides

. A prostrate vigorous trailing and twining perennial herb forming a dense mat
The stems which may attain lengths of up to 6~7 m and leaves are densely pubesocent.
The trofoliclate lesves may be up to 13.5 m long and 6 om wide, TFlowers are in
ranemes and are mauve in colour. Pode are narrow and smooth producing small seeds
100 000 of which weigh about a kilo.

Peuraria is adapted to a wide range of soils but does not do well in dry
sandy soils., It is tolerant to so0il acidity and can also tolerate slight water-
logging. It performs best in areas of over 1 250 mm annual rainfall. It does not
seed heavily and seeds are difficult to harvest but it can be grown by stem cuttings
(Bunting and Milsum, 1928), Tt has been axtensively used as a cover crop in planta-
tions all over the tropics snd as a forage legume. Peuraria has been found useful
in minimum tillesze =8 a mulsh after killing with herbicide at IITA. As live mulch
killed with herbinides along the rows Peuparia uesually climbe and strangles the
assoriated orop as has also been obeserved with Psophosarpus palustris, Centrosema
pubescene and Stizolobium deeringianum,

Baophocarpus palustris

This is a vigorous prostrate or twining perennial very much resembling the
cultivated winged bean, It readily forms a thick cover.’ The leaves are trifulia-
late .ond both leaves and stems are glabrous. Peophocarpus does not root along the
gtemz, The flowers are blue in colour. Tts seeds are large and covered with velvety
hairs. - They do not germinate readily without searification. Regeneratlon takes
placa resdily by mesns of dormant seeds or tnberous root-stocks. After germination
it forms & thick cover faster than any other legume tried at IITA,

At TITA, Psophocarpus has proved to be good in minimum tillage plantings of maize,
nowpea, Boybesn, and cassava,but where it is only partially killed by moving and for
herbinide application or used as live muleh, it hac a major disadvantage of olimbing
end almont strangling the crop.



Stylosanthes gracilis

fn erect wvigorous shrubby perennial popular pasture legume rarely exceeding
1.5 metres high, It is adapted to a wide range of conditions and is tolerant to
aeid poorly drained soil. Stylosanthes ie slow to establish bot is persistant,
drought resistant and performs well in areas of wet and dry tropics with rainfall
ranging from 200 - 2500 mn per annum. The leaves and stems of Stylo are pubescent,
the stems tend to get woody with age and root at the nodes, Wrigley (1959) reports
Style to be tolerant to hormone herbicides. Flowering in Style in Southern Nigeria
ie restricted to about three months in the year and the seeds mature unevenly and
ehatter if not prompily harvested., Seced rate of Siylo is about 0.8 to 1.6 kg per
heotare with 1 kg of sead containing 3=4 million seeds. Omece planted, Style reseeds
itgelf after removal of the cover mechanically or by burning.

Stylosanthes forms good cover alone or with some grasses., In minimum
tillage a cover of Stylo totally killed with paraguat supported good crops of
maize, pigeon pea, soybeans and cassava. The thickness of Style cover renders it
somewhat unsuitable for use as live malah,

Styzolobivm deepringianum (Mucuna pruriens var, utilie)- Velvet bean

A viporous somewhat semiperennial olimbing or twining legume with large trifo—
liate leaves consisting of large ovate leaflets, The white to dark purple flowers
are in long pendant clusters, Pods are offten covered with dense white or grey hairs
with each pod 5=15 nm long bearing 3-0 seeds which are edible.

Velvet bean is adapted to most eoeils and is extensively used as s green manure
and oover arop. It is easily established by seeds which are difficult to bharvest.
It bas been used as a cover arop in minimum tillage work at TITA with pood results
tut it is not as good in this regard as either Pueraria or CentroSema,

Non-leguminous Covers

At IITA, a number of graminaceous cover crops wera compared with legumes either
by killing with paragquat and sowm with test crops or trested only along the row and
used sz live mulch, The grasses tried ineluded Brachiaria ruziziensis, Melinis
minutii'lora, Gynodon plemluensis and Paspalum t‘l-i]vt.'ji.urﬂ. MNone of Lhese wers suitable
as live mulch =nd as cover crops for minimam ti]lﬁgé'bunausp af their pereistenne
and tendency to compete seriously with crops planted through them. It requires more
than one herbicide (e.ﬁ. faragquat) treatment or spesial herbicides to ncmﬁletelv
kill them prior to establishment of arable orops. )

Efforts are now directed towards evalvation of more legpumes species and two
ETARSes {Paspilyﬂ notatum and Axonopus compressfus) as cover crope for live muleh in
garo tillage multivation,

Interplanting of Grain Legumes with Food crops

Cultivars of the cowpen {Fiﬁﬂa unﬁpinulatu}, Lima heans and Vigna radiata
var aurewd and othber legumes are sometimes interplanted with non—legmes and both
are harvested for food. Lepuomes may be relay planted with the non-legumes which
are harvected firet and the legumes companion orops may Berve A8 cover orops andfor
green manure cropé. Trials at University of Ife farm, Ihadan, showed that aowpea,
grean gram, lima beans, soybeans, velvet bean, salopo and stylo intercropped with
maize reduvced maize yielde as compared to maine grown alone (Crowder, 1970=71).
Qlimbers cansed up to 507 rediotion in maize yield, When cowpea, gresn gram and
nalopo wera planted on same rows with maize, no effest on yield of maize or legume
wark observed. Intercropping of legumes with maire ineressed grain yields during
Ard end Ath ~ropping seasons of two crops of maise por year ag compared to




unfartilized plots. Grain yields of legumes were considerably bigher when they were
grown alona as compared to intercropping in whinh the legumes compete for water (except
in forest areas with sufficient rainfall), light and nutrients. On the intercropping of
oreeping legumes and non-=legumes with starehy staples such a8 maize and cassava - a
widespread practice in traditional eropping systems of tropical Afriea —the legume or
non-1legume cover serves the purpose of conserving soils as well as source of food.
Unfortunately, research on such eropping systems i8 only beginning to receive the
deserved attention.

CONCLUSTIONS

Mulehing is an important element in minimum or zero tillage Tarming which promises
to effectively minimise erosion, loae of organic matter and soil fertility and improve
goil structure and water infiltration thereby enbancing continuous cultivation in the
humid tropics with much reduced or without periods of fallow. Verv small quantities of
mulch have pronouced effects in the reductionofsurface runoff and erosion. However the
availability eof sufficient amountis of organic residues on the s0il surface, under hot
humid conditions,with its high decomposition rates, may constitute a major constraint in
the suncesaful use of minimum or zero tillage technigues in the humid tropiecs. The
use of leguminous cover crops which are killed with herbicides one or two yeara after
establishment as muleh in sero tillapge oultivation of maire, camssava, cowpea, Boybeans
and pigron peas hak proved suscessful in reducing erosion, conserving moisture and
maintaining adeguate levels of organic matter while giving as pood or better yields
than conventional tillage. The vee of some creeping legumes as live mulch alse holds
some promiee and its potentialities are being evaluwated at ITTA., Much remains to be
done in (a2) evaluation and selection of leguminous covers as sources of dead muleh in
minimum tillages (b) selection of epecies and evaluation of low growing leguminous or
other apecies of covers as live mulch which can grow compatibly with selected crons;
{c} development of s0il and crop management technigques associated with the use of cover
crops in minimum or zero tillage; (d) determination of the frequencies and minimum
periods of cover crop fallows for different soils, topographic situations and ecological
goned in the tropicas (e] selection of epecies and development of legume cover arop
management systems that enhance the full realization of nitrogen fixing potentialities
of legumes in minimum $illage cultivation in the tropics; (f) study of the economice
of different cover crop and zero tilléﬂefrotatinnfﬁanagehﬁnt oystems for the production
of important crops of the tropics; (z) development of low input equipment, herbicide or
other treatments for use by small farmers in the zero tillage planting; and (h) explore
the possibilities of using leguminous forage cover crops alone or in mixtures in
rotations involving alternate husbandry in mixed farming eystems for the humid tropies,



REFERENCES

Bunting, B, and Milsum, J.M. Cover crope and manures. Malayan Agrieultural Journal
1928 XvI(7): 256-283,

ﬂrtrw?}ar, L.V. Forage and fodder erope in farming syetems, IITA, Ibadan.
1970/71

Hewitt, DB.H. et al. MNodern agriculture for tropical scheols. Kuala Lumpur, Oxford
1964 University Press,

Hutohineon, J., Dalziel, J,.,M, and Keay, R.W. Flora of West Tropical Africa, 2nd

1958 Edition Wol. 1 Part 2. London Crown Agents for Overseas Government and
Adminietration. :

Lal, H. BScil erosion problems on sn Alfisol in Westernm Nigeria and their contrel. IITA
1976 Monograph V.1,

Lal, R. HNo-tillape effects on s0il properties and ecrop response in Western WNigeria.
1976b Soil Soi. Soc. Amer. Proo. 40(5). .

Lal, R., Wilson, (.F. and Okigho, B.N. TRole of cover srope in reclamation of severly
1977a eroded lends. FExpl. Agric. (in press).

Lal, R., Wilson, G.F. and Okigho, B.N, No=till farming after varioue gresses and
1977b leguminous cover cropa on a tropical soil. Agron, J, (in press),

Mollroy, RedJs An introduction to tropical gresslend busbeandry. Odford University
1964 Press, London.

Webster, C.C. and Wilpon, P.N. Agriculture in the tropics. Lomgmans, Oreen and Co. London,
1966 _ :

Whyte, R.0., Nilsson-Lessner, G, ond Trumble, H.C. Legumes in agriculture. FAD, Rome.
1953

HWrigley, @. Tropical sgriculture: The development of production. Faber and Faber, London,
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INTRODUCTICN

S0il erosion is intense in many areas of developing countries because of
erceive climatic conditions, rugged terrain, and heavy land use, yet little guanti-
tative information is awvailable about the patterme of ercsion. This ignorance limits
an aseessment of the real magnitude of ercsion problems, or the ranking of priority
regione for the most urgent soil conservation programmes, When mites are chosen for
regervoir impoundment or other water rescurce development, a rapid assesement of
sediment traneport is usually made but very few such studies are continued for a
long enough period to sample the vagaries of weather and flow which characterize the
hydrelogic regimes of most developing countries, The accumulation of information on
gcil erosion and sediment yields is usually too meagre and too late for adequate !
design (Dunne and Ongweny, 1976).- 77

The situation regquires the training and support of a small number of field
scientists in developing nations who will be concerned with field assessment of eresion
and sediment transport. They should be able to teke advantage of hydrologic records
which have sometimes been accumulated for years and have lain unanalysed in the files
of water-resource agencies. Such scientistse should alse be capable of setting up
networks of stations for the collection of data on ercsion and sedimentation in hitherto
ungauged areas, and of carrying out field experiments on soil ercsion. The cost
of such work would not be high, relative to its walue, but the success of the work
requires a commitment %o field work and continuity of purpose which is frequently
lacking.

In this paper, I review Bome work on patterns of soil erosion in Kenya and refaer
to relatively inexpensive methods of studying erosion processes and patterms., It will
aleo indicate some of the gaps in our knowledge of soil eromsion, particularly in
developing countries where physical and land use conditions differ from the more inten-
gively studied, commercial agricultural region of developed countries,

It is appropriate to stress from the outset, however, that the accumulation of
field measurements is not enough., In developed countries, larse amountsof money have
been epent on monitoring programmes and the data have lain unanalysed for long periods
of time. Developing countries cennot afford this waste, and the field soientist
muat ba encolraged to analyse data as they accumulate, This part of the scilentifio
training ie as important as instructiom in field methods. j

Methode of Quantifying Erosion Rates

There arg two basic approaches 4o the stuwdy of erosion patterns. The firet
involves sampling the rate of sediment transport past some point on a river channel
at the outlet of a drainage basin. This method ie relatively cheap, and it is easy

to monitor soil less rates from large, representative areas by installing gauging
etatione on a few rivera. Because the measurement of sediment leoes is made at a
Bingle point, however, it 18 not poseible to interpret much about the spatial pattern
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of ercsion within the catehment. Nevertheleass, sediment monitoring ie the moet widely
used method of assessing soil erosion rates and many water-resource agencies collect
suspended sediment records routinely. It is useful, therefore, to consider methods of
extracting the maximum possible information froem such records.

The sesond method of gquantifying soil erosion invglves direct measurement of
goil removal by individual processes at a number of sampling sites within the drainage
basin. By Birategic location of plote, erosion ping, surveyed cross-sections of
gullies apnd river channele, it is possible to define the apatial pattern of aoil
loss, and to study the local controls of erosion. If measurement sites are distribu-
ted so a8 to sample a range of hillslope gradient, soil types, land u2e, and conaser—
vation practices, for example, the effects of these variables on apil ercseion can be
isolated and quantified. This kind of information is necessary in the design of
land—use and conservation strategies Tor developing countries. Yet wvery few measure-—
ments of hillelepe erosion procosses are presently being made in these lands. There
ia a need to encourage scientistis in these countries to use the technigues that are
now available. The most useful field methods are described in another paper {Dunne,
1976 a), which includes a bibliography of original sources,

Both of the approaches referred to above include systematic monitoring. The
goncept of environmental monitoring is gaining acceptance and support ( U.N. Confe-
rence on the Human Environment, Stockholm, 1972) and we can reasonably look forward
to an inecrease of erosion measurements in developing countries in the near future.

In order to interpret the results from monitoring networks, however, it is ueually
necessary to carry out some controlled experiments of erosion under different condi-
conditions of hillslope gradient, land use, conservation practice or other variables

of interest. The most common type of controlled experiment involves measuring soil
lose from small hillside plots under natural or artificial rainfall (Battawar and

Rag, 14969 Dunne, 1976b; Fournier, 1967; Coel et al, 1%58; Hudeon, 1971; Vasudevaish
et al, 1955}. The plots can be subjected to various treatments, such as removal of
vegetation, trampling, or the growing of wvariocus crops. They are useful for previewing
the sB0il ereosion conseguences of a range of management options.

Each of these approaches is presently being used to study the pattern of soil
erogion in Kenya.

SEDIMENT YIELDS OF KENYAN RIVERS

Inring the period 1948-68, suspended sediment concentrations were measured hy
the depth-integrating method at a large number of river gauging statione throughout
south and central Kenya (the only regions of the country which support perennial
Btreamsj At B3 stations, the data were adequate for constructing sediment rating
aUrves. 'Da115 discharge records from the same stations wara then used in sonjunciion
with the sediment rating curves 4o caleculate suspended sediment yields for drainage
basins covering a wide range of nlimate, tepography, and land use. A map of mean
annual suspended sediment yields was constructed from the data (Dunne, ms in prepar-

ation). Sediment yields range from § 4o 19 520 4 fem? fyear. The results of this

national survey can be used directly for est1m1t1ng potentinl rates of sedimentation
of proposed reserveir sites. They can also be used for an analysis of the major
controls of basin sediment yields,.

A great deal of attention has been direcled toward quantifying general relation-
ships between basin cediment yield and elimate (Langbein and Schumm, 1958; Fournier,
1960; Douglas, 1957; Wilson, 1973). The climatic parameter gencrally used is mean
annual rainfall, either obtained from direct measurements or calculated from mean
annual runoff and air temperaturc. Each of the publications listed above proposes
a different reationship between sediment yield and climate. Wilson, who analysed the
moot comprehensive set of data, concluded that differences in eclimatic regime and

land use make it impossible to define a eingle rule relating sediment yield te rainfall
or runaff.



The Kenyan data confirm the suggestion of Wileon, and of Douglas (1967) that
land use 15 the dominant variable which confounde the establishment of general relations
of sediment yield and climate. In Kenya, as in many other countries, land use depends
partly upon climate but there are important differences of land use in each climatic
ZONS

In Figure 1, mean annval sediment yield per unit area of catchment is plotted
againat mean annual runoff. The dominant land use in each catechment is indicated by
a symbol., In the absence of & detailed guantitative analysis of land use, the
classification was confined to four classest oompletely forested; forest covering
more than 50 percent of the basin; segriculture covering more than 50 percent of the
bazin and the remainder under forest, and graszing covering more than 50 percent of
the basin. A fifth oclase, lightly grazed scrub forest, contained only two basins.
Even with such a ooarse classification of land use, however, a pattern is evident.

The lines in Figure 1 are approximate enveleopes for each set of land use symbols,
and very few points fall outside the appropriate region of the graph. The envelopes
do not separate the symbols completely hecause of differences in the ruggedness of
topography, the degree 4o which the major land use dominates a basin, the duration of
recorde, and the guality of the original data.

There are dramatic differences of sediment yisld between land use types.
For a fixed value of runoff in the figure, differences in sedimant yields between
land use types can vary over two orders of magnitude or more. The graph shows,
however, that land use is not the only important wariable. Agricultural catchments
with heavy runoff may havé sediment yields which are far greater than the driest
grazsing lands.

Far each land ose type, there iz a general increase of sediment
yields with annual runoff. The higher runoff yields are associated with heavier
rainfalls and therefore with greater kinetic energy for hillslope ercsion and stream
transport of ercded sediment. Regression analysie for basins in each land use
category yielded the following equations, all of which are significant at the
Q.05 level: '

Toreet Sed. yield = 2.67 Runoff”'3% 1 - 0,08, n e 4
Foreet > Asriculture  Sed. yield = 0.042 Hunoff1'15 re0,75 n= 10

Agriculture S Forest  Sed. vield = 0,038 rmnoff1'41
2.74

0,73y nw= 219
0.8, n= 7

L ]
n

Grazing dominani ded., yield = 0,007 Runoff

The regressions are plotted in Fipure 2, .

Althengh only four forested basins were available for this analysiz, the
resultn are slmoct exactly the sesme over the range of the date as those from a
pimilar analysis of sediment yields from 27 catehments in eastern Australia made
by Douglas (1957). The Australian catchments were "selected to avoid as mich
human disturbance as posmible", His results are shown in Figure 2,

For the other land uee types, sediment rields are higher than under the complete
fureatlcover. The exponenta in the regression equations mbove also show that sediment
rield inereases with Tunoff leas rapiily in regions with a forest cover than in )
cultivated lands, which in turn are lees seneitive than rengnlanda,
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Fiold observations and visual examination of the data suggested that topogrephic
stespnens is & significant factor affecting sediment ylelds. Measurement of the
frequenoy distritution of hillelope angles in each drainags basin was not feasible
with the resources available for this study, and a surrogate measure of basin steepnaes
had to be used. Schumm (1955) showed that the reliefsratic of a ocatchment (its
maximum relief divided by the length of the main stream) was pomsitively correlated
with sediment less in Colorado. ;

The relief ratio was used with mean annual runoff in a stepwise multiple
regrezgion of the Kenyan sediment yields., The resulte were limited because most
land use categories contained few pointe, HRunoff proved to be the dominant wvariable
in each case, but only on agricultural lands did relief ratio add significantly to
the explanation of the variance in sediment yield. - In the other land use olasses,
however, thers was a positive relationship between relief ratio and sediment yield
when relief ratic entered the muliiple regresgion as a seoond variable, and it ie
S Eﬂlyhibﬂﬁ the effect of fooc ﬁuhv quld_hgug hee ﬁemnpﬂtrﬂiﬂq1yi+h_jﬁgpmnﬂr

B 51]:?5_@ -t e ﬁ.&}ﬁﬁ#ﬁég&t-fﬁaé BrTOREFL % i Falfiple irdensenion
neqyaiihﬁuﬁha ﬁzpoﬁéntraf Trelief ratic Thuroas the: Bama“ﬁﬁﬂﬁrwas HET £ar Jpunoff;
In ‘obher Words,. the. éffint bf. bagin ‘steapriess”on “gedikient’ yield” increadss as £ho"
' vegetation nover becomes sparser. Correction of sediment yields for the éffect of
catochment area by the method of Brume (1948) did not alter the general form of the
resulte, except by inereasing the sediment yielda. '

No bedload data are available for Kenya and so the yields refarred to above
underestimate the true scil lose. Fleld cbeervations suggest that bedload transport
iz small in the volecanic uplands, where most of the eroded sediment is fine grained.
The larger rivers draining the lowlands of Fastern Kenya receive considerable amounts
of coarse sand from erosion of soils on schiste and gneismes, Some of this material
moves as hedlead, but its contributien to the basin sediment yield will not be known
until & programme of bedload transport measurements is undertaken.

HILISLOPE MEASUREMENTS OF EROSION

In sparsely populated dry regions, where stream flow is rare, there is little
likelihood that developing nations can bear the cost of maintaining stream gauging
atatione for the purpose of assessing sediment yields. Under these conditione, =oil
arcsion can be monitored directly on hillslopes. This can be dona by installing plots
or networks of eroeien pins. Leopold et al, {(1956) demonstrated how various techniques
for measuring hillelope ercaion precesses could be used to obtain a sediment budget
for a small rangeland catchment. A major problem with all field methods which involwve
installing even simple equipment, however, is its susceptibility to theft or disturbance.

Seil ercosion rates can alec be evaluated by measuring recent lowering of the
surface against some dateable reference. Judson (1968) obtamined rates of soil
removal from the depth of exposure of Roman archaeological sites, Fence poste often
show marks indicating the positien of the @eil surface at the time of installation.
- Tha difference betwsen this height and the present soil surface divided by the age
of the fence-line gives the moil erosion rate.

The moet widespread indicators of surface lowering in some areas where erozion
is intense are exposed tree roote or mounds of residual soil protected unde the
canopy of .trees or bushes while the Burrounding soil is lowered %Bea Fig. 3). If the
iree or bush can be aged by counting growth rings (as many tropical species can, in
apite of the popular mieconception that tropical woody plants do not produce annual
or seascnal growth rings), the height of the mound divided by the age of the plant
indicates the average rate of surface lowering. In some areas the dating problem is
simplifiad dramatically if there is evidence that soil erosion was accelerated after

a pariod of intensive vegetation dearing. The height of the root expusure or mound
oan be measurad gimply and gquickly as shown in Figure 4.

L



Fig. 2

An erosion mound protected by & ftree canopy while the surrounding land surface

iz lowered by erosion, The height of this particular mound is 60 om

b)

DEPTH OF EROSION

MINIMUM LEVEL OF FORMER
SOIL SURFACE

PRESENT SOIL

Fip. 4

Meamurenents of erosion raten from iree rool exposurez., On muitable tres
wpacien the heipht of the forwer pround ocurface in located Wy cxamining the
tree for signs such as the positien of the Bbasal [Mlare or the boundary between
trunk bark and root bark. Thino should be done owly alter cxamining: trees in
relatively unercoded sifes., A carpenter's level in then placed at the estimated
level of the Tormer land surfrce and ite heipght above the presont coil murface
ig meamured with s ruler



Problems of interpretation arise with this method, and a great deal of care
should be taken to check for potential problems in each region before the method im
used there. A dateable tree species must be found and the tree-ring chronology
established, or the onaet of accelerated erosion must.be dated from aerial photogra-
phy or other local information., Crowth rings can be counted on each tree for which
root expoBures are measured, but this can be very time—nonsuming. An alternative
methed invelwves cutting down or coring only a sample of trees and constructing a graph
of trunk diameter verszus age for each species and region (see Figure 5). Each tree
used for measuring the erosion rate can then be aged from itz stem diameter.

Other sources of uncertainty arise with this method. BSoms trees produne

their own mound by developing & wide basal flare or even by developing buttress roots
above the ground eurfase as they grow. This problem can be avoided by choosing a
species which does not have thesecharacteristics., 0Oareful examination of trees in
sites which are not undergoing intense erosion (such as plateaux or heavily vegetated
areas} should suggest tha most useful tree species to use as an erosion indicator

in each region, We also compare plants with a range of ages to observe how the plant,
its root, and the mound or root exposure develop as the tres or bush grows.

Species, or at least individual trees, which regenerate from old stumps or
root stocks should be avoided because the mound is more likely to be related to the
age of the older plant than to the new stem. Termites often btuild mounds around
trees and these must alsc be avoided. Recognition of this problem is not always
easy, especially if the mound is no longer colonized and has heen eroded. Small
termite mounds can usually be recognized by their looser texture and higher organic
content than surrounding eroded soils, They alse lack pedogenins structures. Mounds
produced by wind deposition also have a different structure and texture from the
surrounding eroded area, and can be recegnised through cereful examination. Cther
sources of uncertainty are described by Fardley (1967) and by Lamarche (1968), who
pioneered the method on Bristlecone pines in Utah and in the White Mountains of
California,

We incorporate measurements of tree—root exposures into a general hillelope
gurvey of topogrephy, vegetation cover and soils, as deseribed by Laopold and Thnmne
(19?1%, A interwvals of 100 meters along the hillslope profile we measure the height
of the root exposure or erosion mound under the Tive or ten nearest trees or bushes
of the species being used in that area. The procedure illustrated in Figure 4 is
carried out on oppozite sides of the tree along the contour. The plant is also aged
The average erosion rate for the 5-10 plants is then computed for each site. -

The data cen be used for mapping the variation of erosion depth along a
hilleide (Dunne, 1976a, Figure 10) and therefore for computing the total amount of
goil loet from a sample of hillelopes in each region. They can aleo be used for
astudying the effect of gradient on erosion, as shown for a single rock/soil complex
in Figure 6. Measurements ol this kind were used to gquantify differences in rates
of s0il loss on three rock/soil complexes in Kajiado District, a heavily grazed
rangeland in southern Kenya. I have gquantified differences of soil erosion rates
on hillslopss with differing gradients, soil types, and intensity of wvegetation
removal in the Maralal area of northern Kenya, The results are illustrated in
Figars 7.

These fiald measurements show that the rate of soil erosion on even gentle
gradients in Kenyan rangelands is extremely high by comparison with the rates
compiled by Young {1969} for a variety of regions throughout the world. Over the
last 10-20 years, soil has been lost at rates in the range of 0.1 to 0.5 em/yr on
the Athi=Kapiti plain and 0.4 te 1.2 nmﬁtr in Nerthern Kenya. These values are
equivalent to yields of 1000 = 18 Q00 +/km f}r depending on the bulk density of the
goil, It ie difficult to compare these values directly with basin sediment yields,
beoange & portion of the soll mobilized from hilleides comes to rest in swales,
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floocdplaine, and other storage sites. The measured sediment yield per unit area for
catchments usually declines, therefore, as the size of the basin increases. I know
of no published information which indicates the rate at which thie decline cocurs

for arid regions, but in moister agricultural regione of the United States, Bruna
(1948), Maner(1958), and Roehl (1962) have shown that sediment yield per unit area

is proportional to the catchment size raised to a power of approximately - 0.15 to
=0.20. Using a valug of -0.20 the Kenysn rangeland sediment yields would e approxi-

mately 150-2 700 t/km?/yr at 100 km® and of 90-1 620 t/km”/yesr at 2 000 km®, These

values are in the same range as most of the basin values for the drier grasing lends
in Figure 1, and confirm the evidence that soil erosion there ie extreme,

This kind of simple measurement could profitably be made more widely in the
rapidly ercding regions of developing countries. Two people with only a hand level,
tape, carpenter's level, and rule ocan make an erosion survey of one to iwo kilometers
per day, and in doing so collect a great deal of information on erosion rates and
their controlling factors, In addition to costing little, the method has some other
advantages over installing plots to monitor =oil loss. The tree-root measurements
yield dats immediately, rather than the investigator having to wait three or more
yeara to obtain usable data. Secondly the resulting caleulations of erosion rate
average out inter-annual fluctuations which may distort the picture over a short
measurement pericd on a plot. Thirdly, there are no installationsg to be disturbed
or stolen. On the other hand, monitoring of soil loes from plots or by erosion
pine can yield more detailed information, =such as the contribution of rainstorms
of various sizes. Floteg are particularly useful where the rate of erosion iz less
than the high walues shown above, or where trees and bushes are rare. In other
words, uge of the two methoeds can be complementary. ‘

In addition to collecting information on scil loss from hilleides we need to
know more about the fate of the ercded sediment. There is very 1ittle information
on thig topic even in regions where soil ercsion has been studied intensively and
almost none for developing countries. Sediment is temporarily stored &t many loca-—
tions as it moves down & drainage basin after itse initial release from a hillside.
Such locatioens inelude footslopes, unchannelled swales, channele and floodplains,
lakes and reservoirz. The amount of sediment ascumulating at each of these sites
ia important from hoth an economic point of view (rﬂtea of filling of reservoirs and
stock ponda} and an ececlogical point of view for those interested in the mutrient
gupply and depth of water holding sediment delivered to swales and fleoodplains,

Cur ignorance of tha fate of eroded sediment iz important to a full understanding of
the effects of soil erosion, and could be remedied by a programme of simple, repeated
topographic surveys at sites where the sediment accumulates,

r

CRTROLLED PLOT EXPERIMENTS

To provide guantitative information on the controls of soil erosion on Kenyan
rangelands, we have begun a set of controlled experiments using a portable sprinkler
system which generates artificial rainstorms over a 5m by 2m plot (see Figure ).
With this system a storm of, say, one heur's duration and intemnsity of ?cmfhr can he
applied to plots on & range of hillelope gradients on wet or dry antecedent conditions,
with the grass cover in various states. With repeated irrigations of a plet to
gimulate & whole wet season, we can grow and cut prass to various cover densities,

But runoff and soil loss ratea are monitored during the storm, and a sample
of the resnlte from one experiment are given in Figure 9. The results can be used
to ocompare plote on the bamis of infiliration capacity, total runoff, or total soil
loss. Figure 10, for example,nompores soil lose from three soil vegetation compléxes
in their typical conditione at the end of a dry season. These and similar results
will be desoribed in a get of forthocoming papera.



Fig. 8 The sprinkler system used for generating artificial rainstorms on hillside
plots in Kajiado Distriet, Kenya
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Fig, 9 Hydrographs of runoff and soil loss from a 5m x 2m plot during an artificial
rainatorm. BStorm duration was one hour and the intensity was 6.9 am‘fhr
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Fig, 10  Total soil loss in a one~hour rainstorm on dry conditions from plots in
their usual condition at the end of a dry season. The crosses repressnt
vertisolic clay soils on volcanic rocks with a ground cover averaging 65 —
85%; the circles represent sandy clay loams on schists with a ground nover
of about 10%, and the triangles indicate sandy clay loams with covers of
0 - T% developed on volcanic rocks - '
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SUMMARY

The purpose of the present paper is to indicate the range of approaches
available for studying soil erceion in developing countries. Most of the techniques
are simple and can be carried out by a small team of field sclentiste in each country.
The cost of such a programme would be small relative to its walue, which was reviewed
at the beginning of thie paper. There are many gap2 in owr knowledge of the magnitude,
distribution, and contreole of aoil erosion in the tropilos. We do not kriow a great
deal about the degree {0 which various conservation techniques presently reduce soil
loss. In view of the present concern sbout "desertification" and the many pessimistio
raviews of the status of eroded lande in some developing sountries, it would be
worthwhile 4o collect some quantitative information to form an objective basis for
decision making about soil conservation.
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SOIL EROSION AND RESERVOIR SEDIMENTATION — CASE STUDIES IN TANZANT 4

by

#nders Rapp
Department of Fhysical Geography, University of Lund

i

INTRODUCTION

S0il erosion and ecil conservation have long been major issues in a number of
tropical aress, not least in Tanzania. Mouch of the debate on these issues has been
carried on with only superficial specific information on the types of processes at
work, their relative importance and their rates of operation. The main purpose of
our project was teo obiain reliable information on the types, extent and contemporary
rates of soil erosion and reservoir medimentation in Tanszania, Tt was hoped that
such information might form a more rational basis for future schemes of soil and
water coneervation in critieal areas in Tanzania and other countries with similap
esological conditions,

The Dar es Salaam/Uppsala Universities Soil Erosion Research Proiect (DUSER
Project) was carried out during the period 1968-1972,

It resulted from cooperation between the Department of Physical Geography of
the University of Uppsala, Sweden, and the Department of Geography, the Bureau of
Resource Assessment and Land Use Planning (BRALUF), and the Department of Agrioul-
tural Chemiatry of the University of Dar es Salaam, Tanzania.

The main sponsor of the DUSER Project was the Bank of Sweden, 3tockholm. The
University of Dar es Salasam provided funde through BRALUP, Other valuable sssistance
wae provided by the Tanzania Ministry of Water Development and Power and the Ministr
of Agriculture and Cooperatives. The Swedish International Development Agency {EIDAS
made grante fowards the coste of aerial survey and part of the costs of publishing,

A first step toward rational and eecologically gound land use, in Africa or
elsewhers, is to make an inventory of the types and extent of present degradation
of vegetation and soil and to monitor the changes. Thie i8 true with regard 4o both
traditional and meshanized or "modernized" forme of land use. A second step is
interdisciplinary ecological research and training for better land use,

In order to study types of soil erosion, monitor present ratea of erosmion and
determine the consequences of erosion, it is neceassary to carry out continuous studies

of water and sediment flew in natural watersheds. This ie called the "ecatchment approach"

or "watershed appreach”. BSuch studies must be performed in a wariety of environments,
So far, only a few guantitative catchment stndies of this kind have been performed

in developing countries, Examples of such studies are those undertaken by Dormann
Likens and Eaton (1) in New England, Douglas (2) in Malaysia, and Rapp et al (3,45

in Tanzania. Some aspects of the latter studies will be presented below.

‘801L"EROSICH AND ITS EFFECTS

The most common forms of soil erceion are caused by running water or by wind,
or by & combination of these two. Both water erosion and wind erosion are particularly
effective in climates where long-lasting dry sessons weaken the vegetation cover and.
the aoil is exposed to later attack by intensive rainstorms or dust storms. Vegetation



cover is the best general proteotion against the washing away of soil particles by
runoff or the blowing away of soil as dust., A dense grass oover can in this respeoct
be as efficient as a forest cover in protecting the soil (5). Fire and overgrazing
contribute very much to the erosion hazard in African semi-arid areas by exposing
the s0il to the assault of water and wind as well as to the heat of direct sunlight,
reducting the biological motivity in the near-surface zona of the soil.

Tropical and subtropical semi-arid areas are thue, in general, zones of great
potential erceion hazard, due to the combinatioh of ‘eparse vegetation at the end of
the dry season and periodically very intense rainstorme or dust gtorms. Other
environments with potentially great erosion hazards are mountaine., Many mountain
areas in Africa have been subjected to a high degree of exploitation by man, with
deforestation, burning, ocultivation of eteep slopes,soil erosion by elope wash,
landeliding and other forms of degradation.

Also in the lowland, humid tropies soil degradation by erosion im a serious
problem, which has been empheized recently by, e.g., Greenland and Lal (1975) (6).

Erosion causes losses of productive topsoil, organic matter, nutrients and
water, Up to 50 percent of the annual rainfall scan be lost from eroded slopes due
to decreased infiltration and high surface runoff. The downstream effects of
this are increasing floodpeaks with higher sediment loasds from denuded source
areas of riveras. The inereaging sediment loads result in fasterfilling of
reservoirs and thus shorten the useful life of these reservoirs.

FORMS OF EROSION

The water erosion on a naked,soil ~covered slope increases with intensity of
rainfall, elope pgradient, length of slope, surface runcff, and erodibility of the
soil, Splash erosion, caused by the direct impact of water drops on the soil,
affects the entire slope, from the crest to the wvalley botton. The splash makes
the Tine secil particles start moving. It aleo oreates a wet erust on the soil;
amall eplasted particles of soil enter and seal the surface pores, thus deoreasing
the infiltration rate of the water into the soil and incressing the surface runoff.

Sheet erosion is the washing away of a thin surface layer of eoil., Rill
erogion causes erosion furrows of several om in depth, OGully erosion creates
furrows of more than one meter in depth. ALl these forms of erosion can be
oreated by temporarily high surface runoff. River srosion, either by bank cutting
or bed scouring, does not come under the heading of soil erosion (interfluvial erosion),
but is nevertheless of very great importance and is eclesely linked with soil
erogion. ;

On hillslopes of some steepness, landslide erosion may ocour, generally as a
sudden movement of soil and weathered rock, creating a slide scar, Some landslide
masees that begin with a sliding movement change into viscous flows ae they move
down the slope. Such flowing masses of loose material nomposed of soil or rock
debris-are called debris flows or mudflows (7).

The common forms of eplash, sheet and rill erosion ce&n be studied in erosion
plota of a few meters in dimension or even in a laboratory. The larger forme of
erogion auch as gullies, lendslides and debris flows have to be studied mainly in
natural catecbhments, due to their leas fregquent orcurrence and large size, Water
erogion and slides have downotream effects on sediment transport and deposition.
Thus a catchment basin is a useful unit for studies of the erosion/sedimentation
ByEtem.



4.

FROGICON AND SEDIMENTATION IN FIVE CATCHMENTS IN SEMI-ARID TANZANTA

Man-made and natural lakes act as sediment trape and etore part of the material
eroded and transported by running wataer from the catchment. In semi-arid areas,
gtreams flow only occasionally and the Tlow of water and sediment is difficult to
measura. However, the sediment trapped and deposited on the bottom of a reservoir
oan be measured and analysed and can thus reveal the history of sedimentation #ince
the time of the dam construction. It can also tell the history of erosion in the
oatchment, although only in a gensralized way, as muoh of the material eroded
from the slopes of the catchment is temporarily deposited upstream of the reservoir,
e.g. some parts are deposited at the base of the eroded sloph, other portions on the
floodplaine and still otheras on .the riverbeds. But some material reaches the reservolr
and is deposited in a delta or as fine—grained botioem sediment on the lake floor bsyond
the delta. Soma of the fine-—grained suspended material is earried out of the reservoir
Ty the flow.

Sediment surveys of silting reservoirs can be used to forecast how fast the
hasing will be filled up and made useless,

The sediment-survey approach was used in studies of five small reservoirs and
catchments, four in the Dodoma area (4) of central Tanzsnia snd another near Arusha in
northern Tanzania (8). The Dodoma area is & semi-arid plain with scattered hills of
granites and gneisses, so—called ineselbergs (Figure 1), The soils are red and sandy
on the gently sloping plains (= pediment slopes), and black, cracking clays on the
flood-plains, The annual rainfall is less than 600 mm, The dry season is about
7-8 months long, lasting from May until December.

Kieongo catchment near Arusha is underlain by young velcanic rocke. The soils
are dark, silty-sandy and derived from weathered volcanic lavas or ashes. The annual
rainfall is about 800 mm and the dry season normally lasts 5-6 monthe. Some data on
the five reservoirs and catchments are given in Table 1. All catohments are under
intense land use and are much overgraszed by cattls. Oultivation and collecting of
firewood aleo contribute to arosion.

The sedimentation rate in each of the reservoire was determined by repeated
surveying of crosg-profiles. Inventories of the ercaion features in the catchments
were made by means of air photo interpretation and field checking (Pigure 2).

Reinsplash and sheet wash are probably the most important types of erosion in
the area that wae studied. Oullies appear in distinct zones on the upper pediment
s8lopes near the foot of the inselbergs in the Dodoma catchments. In the Kisongo area
the gulliee are out along cattle tracke near the main drainage lines of the catohment.
No new areas of gullying oould be traced by comparison with old air photographe in
the Dodoma catohments but extension of some single gullies had oocurred since the
sarly 1950s. : ‘

The resarvoira have very high rates of sedimentation. Three of them, Ikowa,
Matumbulu end Kisongo, have very short expected total lives of 25-30 years and still
shorthar economie lives., The expected total 1life of a reservoir is the pericd from
the construction of the dam to the time when the whole atorage volume im filled with
sediment. The economic life of & reservoir ie the peried during which the economic
advantages of using the reservoir outweigh the investment ocosts; the reservoir's
eponomin life ueually ende when sediment fille 50-7% percent of the total storage
voluma, The annual eediment yields corresponding to the sedimentation in the surveyed
resarvoira vary from 200 to T30 m3ﬂkm2 per year ?mean values for longest period of
available datrg. In addition, large volumes of sediment have been deposited upstream
of the reservoirse as thin, sandy sheets on lower pediments, as sand fane along stream
ohannels and as silty-clayey layers on mbuga floodplains, the latter occurring
partioularly in the Ikowa oatohment (Figure 1). :
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Location map of reservoir eitea, Dodoma area, Tanzania., Key: 1. Bedrook hills of
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I = Dodoma, Dar = Dar ea Salaam, black rectangle marke area covered by main map

Calel- Annual Sofl Expected
menl  Aaliel  sediment denudniion tolal
Table 1 aren  telie  yiold rale® flie af
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1. Tkowa G40 750 135 0.7 154783 0 years
[2. Matum-
il 181 25rd 4 T 0Tl 196271 3 yoara
. Mzalatu az 183041 406 41 194471 110 yaars
. Imagi 1.8 12216 &M P 1930—T1 190 yrars
. Kisonpa a3 22587 4 .40 196071 5 yoars
2 mnrngnrq 19 159098/6.8 280 28 195670 no resareelr
3 nias
Mglnga ) 133482 13 500 4 1970-02-23  no resaryo

* Dala on denudalion rales are based on reservalr sediment survays

[Mos 1—5], sampling of suspended load In sireams [No. 8] . and lotal

volume of landsllde scars resulling from ohe ralnstorm of two hours

durallon [Mo. 7]. Mo, T la the only case based on volumes ol ercslon .
Boars Henge 11 1s not direcily comparable io the other casea which

are bagsed on sedimant deposis or sediment load [n streamas. Rellel

ralio Is maximum rellel of calchment in meters, divided by length of
catchment o Kilometers. Econemle e of sliting resarvelrs 1s shorler

than expected fotal lile unill 109 parceal filling

LB 1
Soil denudation rates in seven catchment basins in Tanzania, Nos, 1-5 ars catohments
with resesrvoire in semi-arid areae. Noe.6-7 are catchmente in the Uluguru mountains
with high precipitation and no reservoirs .
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Map of land use, erosion and sedimentation, Matumbulu catchment,
Tanzania, Based on air photographs from 1960 and field checking
during 1969-71. Note the zones of ercosion and deposition:
gullied upper pedimente with intense sheet wash, cultivated
lower pediments, stream channels with three sand fans and
regervolr with heavy sedimentation. Map by G Christisnsson,
Area of Figure 3 indicated by frame.
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be investizated. :
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Fig. 4 Relation of mean anmal sediment yield to drainage area for
five catchment basine in Tanzania (open circles) and 73
catohments in eastern Wyoming (closed circlea); +the latter
after Schumm and Hadley [11}. Decrease of opecific sediment
vield with increaping catchment area is evident in both
groupa'but ig legn marked in Tanzanian caseb.
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The reservoir Bediment&@§on %urresponds to & so0il denudation rate of 0,2-0.73mm
par year., Sediment yield in m~/km“ has been tronsformed into values of soil denudatis
rate under the assumption that the dry bulk demsity of eediments as well as soils
is 1,5 gjﬁm3. 4 vulk density close to 1.0 is characteristic for topscils of the area,
8o the topsoil denudation figures may be more relevant if 50 percent is added to the
values given in Table 1. MNost of the reservoir floors have been surveyed when they
have been dry, with compacted but eracked clayey sediment (4).

Table 1 and Figure 4 summarize data from the five catehments at Dodoma and
Kisongo.

The figures for specific sediment yielde decrease with inereasing drainage
area, due to sedimentation in the catehment (Figure 4). Therafore, sediment yields
from small catchment basine (a few km® in area) veflect most closely the erosion
in the catchment.

WATERSHED MANAGRMENT TO COMBAT RESERVOIR SEDIMERSTATION

Controlling erosion and inecreasing the life of the researveirs are mainly
questions of better management of grass and other vegetation in the catchments and
protections of harvested fields apainst splash and sheet erosion., Deduction of
stock numbers, of overgrazing and of excessive burning of gress and mulch is
necezgary in order to combat erosion and lengthen the useful life of the reservoirs.

The type of sediment which fills a reservoir is of great importance for ite continued
use after is has silted up. A reserveir which is filled with sandy or coarser sediments
ean used for groundwater in the future. The potential should be further investigated.

Reservoir surveys to document the rate and type of medimentation and to
eptablish the remaining life of reservoirs should be undertaken as standard practice
for all existing and planned reservoirs in semi-arid areas, Reservoir maps and
profiles ghould be made and sedimentation pege established to make later comparisons
poasible.

In addition to the reservoir surveys, mapping and monitoring of erosion in
the catchment should be performed to define areas and rates of sediment production.

DEMORFESTED MOUNT ATH SmF’FS

The Ulugnru Mountaine in Tanzania were selected for the study of an area
repreeenting deforested mountain slopes with intensive cultivation. In one of
the study catchments, a three-year sampling and analysis of suepended sediment load
in the Morogoro River wae carried out (3). The catchment area is 19.1 kmZ, The
elevation ranges from 550 m at the stream gauge, to 1450 m at the rainfall recorder,
where a montane rainforest reserve begins, to 2100 m altitude on narrow mountain
ridges in a rainforest zone (Figure 5). The annual precipitation is about 900 mm at
530 m altitude and 2 400 mm at 1450m altitude, The scils are sandy loams, weathered
from the local btasement bedrock of gneisses and granulites.

Mnother study catchment in the Uluguru is the Mgeta Valley, which ie similar
to the Merogore catchment in geology, landforms, climate, vegetation, soils, population
deneity and land use in general. On 23 February 1970, this valley wae hit by an
intenee rainstorm during which 100 mm of rain fell in two hours. It triggered more
than 1000 landslides and mudflows and caused serious damage o human life and property,
inoluding crops and land (9). %

These and other catchment studies in the Uluguru Mountaine showed the impor—
tance of three kinds of ercsion hazard {Figure 5].
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Threa maps showing three major fypes of
erodien on deforesled and cullivaled slopes In Lrap-
lzal mouniains, as represenled by the Uluguru Moun-
tains In Tanzania.

Map I, Annval “averpge'’ slopewash 1966—1470 from
cultivaled slapes caused a sall loss of 7500 Ic.ns.-'g.-ear,
measured as suspended toad In lhe Morogoro River
13

Map I In Aprll 1273, a large landsllde within same
walershed area as shown on Map 1, started al A,
left 36 000 fons mudilow al B, plus unknown saedi-
ment load beyond C. [t blacked the waler inlake
of the lown of Morogoro, slled up the waler plpes
ind damaged the water supply for waeohka (5.

Map llI. & largae numhber af amall landslides Irlggerad
by a heavy rainstorm ol 100 mm on February 23, 1970,
Slidey Indicated by T-symbols, & lew landslides that
geeuffed In the Terest reserve, and the mare Than 800
thal eccurred on deforested slopes below fhe farest
seservn bovndary [8), moved 400 000 tons of soll and
regolith Info slreams.

Annual soll losses by slope wash from  culllvated
slapes nra high. Profectlon measures: grass barrlers,
lerr: glng, cover crops, mulchling [Map 1).

At infarvnls of one or a few decades, maxlmum
‘pdases are causad by extroma ralnalerms and numerous
amall landalides. Prolection measures: planiing ol
faresl belta In gritical zones (below rldge crests,
Jhove roads, near slream aldes) (Map (11},

3t Inforvals ol several decades, single, lnrge land-
sildes al 100090 lons occur, Profeclion mainly by
awaraneat of landslide danger In walershod,

231d. Feb. 1970 bl
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1. ©Sheet and rill erosion oecurring every year on cultivated slopes, although highly
variable in severity, depending on the intensity of Jthe individusl rainstorma,

Terraning, grass barriers, cover erops, mlch cover on bare spil and reduced burning
of vegetetion are simple but el fective methods of protecting apgainst these kinde of
arosion,

2, HNumerous small debris slides snd medflows triggered by extremely intensive
rainstorms with a periodicity of several years or decades (9).

Planting of shelter belte of forest in nritical zones, to stabilize the moil and
regolith with tree roots, i8 reacommended for protection agninat this kind of hazard,

3. Bingle, large landelides, many meters deep. These are rare in time and space as
compared to category 7, bul can have far-reaching destructive effects through streem
sedimentation (The Palu example) (10).

Az such deep landslides can probably not be avoided, even by tree planting, there
must be an awarencss of the potential destruntive forae of large landslides, and
this mist he taken into sccount in water supply managsment.

CONCIABIONS

S0il erosion by running water is a growing problem in many countries in
Africa, due to inereasing pressure on marginal lands for grazing, cropping or wood
collection. PFrosion has very marked effecte on the flow of water and sediment in
gtreams, Thus nrosionfﬁedimentation systemd have fto be studied together in natural
catchment basine, wnder different environmentnl conditions and different types of
lend use, to elarify the mechanisms and rates of active processes, Such atudies or
"eatchment diagmoses" provide a sound basis for reclamation plans, as these have to
be adapted to the local ecologinal and social conditione te be successful.

Every lend and water development scheme should be combined with eritircal
evaluation of its impact on the environment and on man. It is necessary to obmerve
aritically the reantions of the environment to exploitation, and to draw conclueions
for better land use from these observations. Relisble reference deta maps, photogTaphs,
descriptions muet be obtained for land and water development projecte, so that it is
possible to compare the sitnation before, during and after implementation of a plan,

By '‘means of repealed comparisons or monitoring, initial mistakes can be recognized
and corrected.
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B. Forestry: Watershed Manarement and Soil Conservation

Paper No, 9 CONSERVATION OF UPLAND WILDLANDS,
FOR_DOWNSREAM AOGRICULIURE

by
v
SIH. Eunkle and B.A.. Hmh&rik

ABSTRACT

Thie paper describes in broad terms the objectives of matural resource
conservation and restoration for non-agricultural uplands, partioularly from
the viewpoint of protecting downstream interests, The function of forests
in moderating runoff is disoussed. A number of common conservation measures
are briefly desoribed, inoluding measures for forest roads and for logging,
the concept of restoration through afforestation, the use of buffer strips
‘along streams, techniques of vegetation modification and combined mechanical /
blological methods for the restoration of eroded slopes. The role of the
vegetative ocover in the water balance is illustrated by examples.

1/ S.H. Kunkle and D.A. Harcharik, FAO Forest Resources Division, Rome.



1. IRTRODUCTION

The upper parts of many river basins congigl of foreste, grazing areas, brushy zones
and other non-cultivated lands, often in steep terraif, which we refer to collectively as
"wildlands". These upper catchments are not only the ar€as where rivers find their origin
but also typically the zones where the most precipitation falls. Thus, upstream wildlands
are the source of the bulk of available water in many drainagé basins. For thie reasom, it
is logical that agricultural development efforts, such as irrigation schemes, should con-
cern themselves with upstream conservation, inecluding the wildlands,

This paper describes natural resources conservation and restoratior in non-agricul-
tural uplands, particularly from the viewpoint of protecting downstream interests. An
attempt iz made to describe some of the main physical and biological processes which are
involved, for esxample, the function of forests in moderating surface runoff. Secondly, the
paper summarizes the procedures practised by foresters and other wildland managera. It ie
recognized that if lands are properly classified as to their most suitable use, most steep
areas will be best used as forest land, whereas many of the more fertile, flatter areas
would be put to agricultural use. In this paper, wo concentrate on the steeper elopes.

2. LAND USE UPSTREAM - IMPACTS DOWNSTREAM

2.1 Fvidence of Land Use Effecte on Streams

There are ample field examples which illustrate how land use practices in wildland
catchments affect land development downstream, both positively and negatiwvely. To take one
case, an irrigation projeot which recently constructed concrete canals in a Caribbean
country was inundated with nearly a metre of sediment only a year after the construction.
The sediment was deposited by torrential flows from watersheds upstream, where shifting
cultivation and the farming of steep hillsides are causing severe erosion.)/ In a similar
exanple in central Africa, a concrete reservoir was constructed +o serve as water supply
for a town of about 5 000. Four years after construction, the reservoir was already half
filled with sediment and losing its usgfulness. In this case, heavy grazing above the
reservoir caused most of the aruaion.l?

The importance of upetream areas is likewise underscorod by sediment problems in
rivers. In the estuary of the HRiver FPlate at Buencs Aires, silt dredging for shipping
coste about $10 000 000 per year. Mineralogical studies by the Authority for Water and
Power show that some B0 percent of this 100 000 Q00 tone a year of eediment comes from one
heavily grazed sub-basin, the Bermejo River. This small mountain region is only a wvery
minor area of the whole drainage basin (4 percent) but contributes 80 percent of the sedi-
ment problem. A government commission has been set up to tackle this problem of land use
(Pereira, 1973).

One may find eimilar types of land use problems on a much larger scale in Asia.
Sterling (1976) gives a description of floods in the Himalaya region, summarizing the
impressione shared by many natural resource specialists that downetream flooding is highly
ralated to upstream land uee impacts, such as deforestation. HRegarding the cost of floods
to the region, Sterling writes, "until 1970, the average cost (speaking of floods in India)
was roughly $120 million a year. From then through 1973 the average leaped, with a record

cof 3750 million in 1974",

Such field examples are commen, although not well documented, but these scattered
referencea give an indication of the importance of upstream conservation for the protection
of downstream developments, especially reservoirs. In all cases, upstream actions -

1/ The two examples ecited are based on personal observations in the field
h}" 3.H. Kunkle.



ehifting chltiVation, over—-grazing, de-forestation, uncontrolled road building, wildfires,
ete, — were the main cause of downstream river problems.

.

2.2 Summary of the Main Downstream Fffects of Land Use

The hydrological response or streamflow of & basin ie the most obvious index of the
adverss effects of land use, The streamflow likewiee will reflect good land management
practices upatream, including protection or restoration measures.

The adverse sffects of upland erosion may be summarized under four principal cate-
gories of problems (as seen from "downstream").

a, siltation (main problems: reservoir silting; degradation of water gquality);

b. torrential conditions (main problems: . famm field losses along streams;
villaga destruction; bedload impactse; river channel cutting);

¢. higher peak streamflows (problems: flooding; greater tractive forces,
meaning more bedload transport);

d. less infiltration, hence less baseflow (problem: tendency for streams to
dry up earlier or be lower during the dry season).

These four categories of problems are summarized in the schematic graph of Figure 1,
An individual basin will not necessarily demonetrate all four types of problemz, although
often they ocour together.

AFTER EROSION IMPACT

STREAM
DISCHARGE
1] jJ.I'IrE 2o

BEFORE EROSION IMPACT

TIME - — -

Fig. 1 Schematieo illustration of the principal effects of erosion of an
upstream catchment on the hydrological regime, taking a hypothetical
hydrograph of storm runoff from a basin "before" and "after®
BEVETre BTOH10N.



Monetary wvalues can be attached to the two hatched areas "A" and "B" of Figure 1 for
cﬂstfhenefit comparison, for example: Tbenefits of the land - exploitation (value of the
timber harvested) ve total costs of the downstream floods. From a restoration viewpoint,
the approach would be: Dbenefits of halting siltation or other damages (e.g. saving the cost
of river dredging) vs costs of alleviating the problem through afforestation or other
reptoration work. Ta take a current example, a 20-year programme of upetream watershed
protection and management on the Loukkos Watershed, Morocco, is aimed at reducing land de-
gradation by 10 percent every 5 years. It ie calculated that, in terms of the dam under
conatruction, this would extend the dam's sediment storage capacity from 37 to 65 yeare
(Comité National Marocain, MAE, 1976). The monetary benefit of an extra 28 years of reser—
voir uge would be the amount which one could justify epending for conservation. Profits
resulting from the coneervation (e.g. wood production) also could be included as "secondary
benefite".

3 ROLE OF FORESTE 1IN REDUCING FLOCDS AWD SEDIMENT

For steep topography, a forest cover is often an excellent protection for streamflow,
bacause of the following reasons:

i. infiltration and percolation are typically much higher under a forest cowver
than if the same catchment is used for agriculfural crope {see Table 1};
therefore, more water enters into the ground, and less flowse overland;

ii, forest soils typically develop a higher detention storage capacity than do
goils of famed Tields, largely due to root development; this provides
extra storage for Tlood water protection;

iii. in general, trees tap and transpire water from deeper in the soil, which
also provides storage space for protection against floods;

jv, during storme forest canopies and their fleoor litter can tfap up.-to 20 mm
of precipitation by interception (according to field research), again
holding back some of the runoff; ;

Ve because of the above processes, forests generally provide a good opportunity
for groundwater recharge, which may improve dry season flow conditions
downstream. (The actual amount of groundwater recharge, however, also
depends on transpiration losses, as discussed later,)

In other words, a forest cover maintains storage space which moderates the runoff
pattern., This is why protection of existing forests or afforestation of degraded upper
catchments can be important in terms of water resource development and flood protection.
Many field investigations have been carried out on the above processes (Sepper and Lull,
1967: Pereira, 1973 and others).



Tahle 1 IMFILTRATION RATES FOR FOHEST AND AGRICULTURAL LAND
(after Molchanov, 1963)
9011 porosities are similar, varying from 43 to 53 percent

Land use Age Infiltration rate mm/min
Oak forest 26 11.4
(o] 12.5
180 T.0
Ash forest 18 20.7
36 22.9
65 16.8
Meadow 6.0
Flough Land 1.2
Pasture 0.3
Forest felling area T.6

It must be remembered that the above listed hydrological benefits are greatest for
g natural mature forest. When a forest plantation is first established, it resembles an
agricultural field in terms of its hydrological rosponse, especinlly if soils have been
ploughed or disturbed when removing a previcus gtand of mature trees. As the forest
plantation develops, the benefite which it provides vis-A—vis hydrology will come clomer
to resembling that of the natural foreet.

To cite an example of the mainly beneficial effects of oreatation, planting
100 000 trees (mainly Eines% on severely eroded sites in a TVAL area reduced the pesk
rates of streamflow (m3/sec) from the catchments by an impressive 90 percent, with the
gediment reduced by 96 percent. However, the total volume of runoff (i.e. mi} was reduced
by about one-half; therefore, the flood and sediment protection benefits were not without
a trade—off in terms of the total water yield. In thie case, the reduction of peak flowe
and sediment were more important than the lose in water wvolume, since the "loes" ceme
largaly from the high Tlood peaks.

Another example of afforestation effects is shown in Table 2, where the runoff and
pedimentation from abandoned farm fielde and poor deciduous forests are compared fo those

from areas afforested with pines.

lf Tennessaes Valley Authority, southeastern U.5.A.



Table 2 AVERAGE ANNUAL RUNOFF AND SEDIMENT FROM THREE VEQEPATIVE COVER TYPES
IN NOATHERN MISSISSIPPI

(1956-60 studies by Ursio, 1963)

Vagatative Runoff
Cover Type
Loees Loese and Boil lose
soils coastal 1/ {kg, ovendry,
plain soils per hectare

SRR YoM RGN A

Abandoned fields 28 i) 198

Depleted hardwoods 13 7 280

Pine plantations 5 0.5 a9

(Pinuse taeda L.)

lf average of 2 catchments.

4. WILDLAND CONSERVATION AND MANACGEMENT

Gonsidering the beneficial role of upland vegetation, especially forests, for regu-
lating streamflow, it would be esasy to conclude that one of the primary causea of downstream
problems is wvegetation destruction upstream and that therefore we need only to 1nava upper
catchments as protection forests. In many cases this is precisely the answer, but in most
countries the need for timber resources and the pressures for land use in general are much
too great to allow large zones of upstream land to go un-used.  We therefore need practical
managenent guidelines for making proper use of wildland watersheds while at the same time
protecting downeiream interests. It ie2 nol an easy task. Wildlands are often steep,
marginally productive and - as opposed to good agricultural fields - can attract only
modest investments. Therefore, many of the well-kmown options awvailable to agronomists,
such as bench terraces, are generally not relevant. The fact that wery large areas usually
are involved also sgpreads the efforte thin,

We shall review some conservation measures and guidelines which are useful for
menaging or restoring degraded wildlands., Development of sound guidelines demands an
understanding of certain hydrological or biological functions or processes. The runoff
process is particularly important, since conservation in wildlande is largely aimed at
controlling overland {low,

4.1 Planning Road Conetruction

One of the*initial probleme which plagues many wildlands is the opening of the area
to ready access through road construction. The risk of erosion is high when new roads are
conastructed in wildland areas. These access routes can easily be the main ercosion source,
especially if ill-designed or '"no design" roade are bull-dozed into hillsides, as is often
done by poorly supervised logging operations. This brief section only highlights a few of
‘the more important questions regarding road construction; for further details on the subject
an FAQ paper by Megahan (1976) is in preparation.

Planning ie the most essentianl point. Hoads should be well-planned beforehand so
that a minimum area of the watershed is disturbed. There are also several specific rules
of thumb for avoiding eroesion which are based on natural terrain features, geological



factors and the engineering methods — all which need to be taken into account in the con-
struction. The essential objectives of proper road construction, in brief, ars to aveid

concentrating surface runoff and to by-pass risky esites (e.g. slide prone areas) when
gelecting the road placement.

Drainage is another major point. If roads are not drained, they concentrate runoff
and can become "inetant gullies", The simple drainage devices shown in Figure 2 can prevent
this problem by spreading overland flow out rather than letting it concentrate.
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Pig. 2 Top left: & simple open-top culwvert or cross-drain. Top right: crosa-drain

locatione aspaced along a logging reoad., Bottom: & very simple tull-dozer or
hand-made cross ditch for ronds which have little traffic (from FAQ report by
Mepgahan; 1976, in press).



d4.2 Timber Harvesting

Careleas timber harvesting practices can lead to severe sediment problems. For
example, in one logging study, turbidity in the stream below a clear-cut area reached
56 000 parte per million, compared to only 5 ppm in adjacent unlogged streams (Hornbeck,
1968). Turbidity is an optical index of suspended sediment; However, if logging is done
in conjunction with suitable conservation measures, the sediment yields will not be appra-
ciahly higher from logged catchments than from undisturbed aress.

The engineering method for legging in particular is important, and the hydrological
principles involved are not unrelated to those for road construction - i.e. mainly to avoid
rigky sites and the concentration of runoff and to minimize so0il disturbance. For example,
ag gketched in Figure 2, uphill logging by cables avoids concentrating runeff. The skid
trails of downhill tractor logging on steep terrain, on the other hand, concentrates runeff,
reaulting in a much higher erosion riek. It ie critical that any temporary tractor trailse
ba immediately broken up by cross—drains after use, to divert runoff (as in bottom, Figure 2).
If downhill fractor logeing is used, there are devices which 1ift the loge to reduce the
ploughing effect of log skidding.

CABLE LOGGING % TRACTOR LOGOING

{uphill
pa
palling) (downhill
DOWNHILL skidding)
jé DIRECTION D
dr

Fig. 3 GSimple sketch of uphill cable logging and downhill tractor logging
on steep lands, illustrating how tractor skidding makes trails to
concentrate the surface runoff.

Even with cable logging there are major differences in erosion impacts, depending on
the method ueed. In one example, a small-mize, truck-mounted cable skidder (60 m cable)
disturbed 25-30 percent of a catchment with the temporary reads it needed, whereas larger
cable systems which could reach out several hundred metres for logs disturbed only about
5 percent of their catchments with road construction (Megahan, FAQ, 1976). Experiments with
helicopter and balloon logging are interesting from a conservation viewpoint, but it seems
unlikely that these methods will become common,

Another important consideration which deserves mention in connection with timber
harvesting ie the choice of silvicultural system. Where one objective is to keep erosion
at a minimum, clearcutting is the least desirable silvicultural gyatem because it removes
mest of the protective tree cover and results in the heaviest soil disturbance. Other
gilvicultural systems which harvest fewer trees over a paericd of years oreate leze of an
erogion hazard. Farly and abundant natural regeneration is also desirable becanse it
reduces the period of high erosion risk.

4.3  "Buffer Strips" and Protection Zones

"Buffer strips" or "filter strips" are ribbons of trees or other vegetation which
ara left undisturbed along stream chamnels (or lakes) as a protection against erosion and
sedimentation during logging,



A review of the phenomenon of surface runcff helps to explain the value of buffer
strips. In many forest lands - as oppoaed to open fields — surface runoff is rather rars,
at least on upper slopes. During a storm only a small part of a catchment, basically along
the channels, yields surface runoff, while on upper szlopes high infiltration ocours. For
thia reasen, the areas most sensitive to erosion in foreated lands are likely to be the
streambank zones, while the upper slopes are more stable, Some landslides along stroams
goour, however, even in virgin Torests.

If we clear the foreat, there is very likely to be a sharp increase in eurface run-
offy which can lead to erosion and sediment movement. The implicationa for leaving ancut
buffer sirips are obvious. Firat, they protect the sensitive slream channel environs and,
gsecondly, they act as a filter for any scediment coming from upslope. The eteeper the slopes
ad jacent to the channels, the wider the buffer strips must be, The field puidelines of
Table 3 give an indication of the size of buffer strips needed.

Table 2 RECOMMEN DED HORTZONTAL WIDTH I¥ METRES OF DUFFER STRIFS ALONC STREAMS
(From Balmer et al, 1976), showing distance on each stream side,
between the channel and the upper edge of the btuffer strip

Percent Slope

Eraosion hazard of

the strip's soil % &l s a0 40 20 49
Slight ] 17 24 32 39 47 54
Moderate 12 23 30 g2 5 61 T1
Severso 15 27 39 51 63 75 BT

It is apparent from the above discuasion of runoff that large size clear—-cuts are
more diaturbing than emsller openinga. We also know from erosion prediction equations,
that the longer the slope along which runoff flows, the greater the erosion potential,
It is preferable, therefore, to clear—cut in small blocks, in alternate years.

arid regions, stripa of trees along streams may be undesirable because of their high water
consumption. But typically in upper, forested catchments the ercsion protection walue of
the tuffer strips far outweighs any water loss disadvantages.

dad Pire Control and FPire as a Tool

Mires, usually uncontrolled, are a familiar occurrence in wildlands and a major
cauge of erosion and gediment. The influence of fires on streamflow ie well known. Flood
peaks may be several hundred times higher after wildfires sweep through a basin (according
to research by Kramnes and Rice, 1963, and others). After fires, movement of sediment and
debrig is greatly inereased. Wildfire prevention and control therefore is an important
part of conservalion.

One posaible management tool Tor some vepetation types is "controlled" or "prescribed"
burning, which consista of deliberately and periodically burning vegetation at a desired
time, in part to avoid the build-up of fuels which can lead to much more damaging wildfires,
Burning the understory of most pine forests, for example, will reduce fire hazard.

Controlled burning at relatively low intensities is used for other managerial benefite
ag well. In pine foreste it reduces the invasion of undesirable, shade=tolerant tree species.



It also appeals to land managers attempting to favour one type of vegetative cover over
another, for example, grass instead of brush,

Caution must be exercised, however, as not all vegetation types lend themselves to
this technique. Also if poorly timed and irrationally applied, especially to steep slopes,
controlled burning may increase, instead of decrease, erosion.

£l

5a RESTORATION OF STEEP ERODED UPLANDS THROUGH AFFORESTATION

5.1 The Effectiveness of Afforestation

On uplands already denudsd by wildfires, shifting cultivation, poor logging prac-
tices or heavy grazing, restoration is a conservation priority. Mechanical structures, such
a8 check dams and small terraces, are useful but are normally only temporary control
mengures to aid in revegetating eroded wildlands, The best overall means of providing
permanent erosion conirol on wildlands is by eptablighing and maintaining a dense vegeta-
tion cover over the entire catchment., Long-term conservation work, therefore, usually
involves biological measures, such as afforestation or range improvement - which may be
done complementary to mechanical measures.

Vegetation on wildlands, whether trees, grass or various dense brush, is effective
for erosion control largely because it: '

i provides a protective canopy as well as a mat of litter for protection
against "splash" erosion by rain (especially critical in intense tropical
rainfalls); :

ii. physically binds the soil with roote; in scme cases the roois may anchor
the moil mass to the parent material, which may reduce creep or land
slides (important in steeper sones of wildlandas);

iii. provides galleries of decayed roots in the seil, to facilitate rapid
infiltration (important for flood contrel, tut also to reduce surface
runoff);

iv. increases the water absorbing capacity of the soil, by adding organic
matter.

Some plants are much more effective than others for erosion control work, In this
gection, we shall mainly review the objectives and procedures of afforestation, while
recognizing that it is but one of several possible erosion conirol measures. It should
be underscored that afforestation is not a panacea for erosion problems on degraded lands.
When the time required to establish a vegetative cover is an important consideration,
herbaceous plants, such as grasses, graine and clovers, are preferred because they provide
a quick cover and have the added advantages of being relatively cheap and easy to egtablieh,
Fven merial sowing is poseible. Aleo, severely degraded, barren "moonscapes”, too poor
for agriculture, may also be too poor to grow trees.  In euch cases, establishing grasses
or simply letting native vegetation return naturally may make more sense than afforestation
and, in fact, may be preferable from the viewpoint of immediate erosion control., Nonetheless,
ae A well-established tree cover affordes the most effective overall protection and usually
allows for eventual economic return through the production of wood products, afforeastation
should be considered as a possibility for many eroded areas, at leaet at a second stage.

5.2 Selecting Tree Species for the®Job

The choice of one or more species of tree(e) for erosion control is based largely
on the specific climatic and moil conditions of the planting site, using species and
provenances which are most adaptable. MWorphological traits are also important. For most
treo species, especially those which are wide ranging, selection of the correct provenance
im as important as selecting the species itself. For example, important differences in



growth, adaptability and morphology have been proven for different provenances of Bucalyptus
camaldulensis, Pinus caribaea, Pinus sylvestris, Pinus taeda and many other tree species.

The following factore should be sought in selecting a tree species for erosion -
controlt

- pgood survival and fast growth on impoverished sites;
- ability to cast a large smount of litter and form a’dense crown;
- oase of establishment and need for little maintenance;

- deep and widespreading root system.

In addition, provieion of some degree of economic return is usually sought. In most
cases, therefore, it is desirable to select forest trees with the best combined erceion
control /wood production benefit. Usually a compromise must be made in this request.

The final decision as %o which species and provenance to use for wide-scale planting
would ideally be made on the basis of results from comparative, replicated trials. Whers
such results are not generally available, interim decisions must be taken based on the
limited information available. Where suitable local tree species occur, they are usually
the safest choice, until trials prove otherwise. Certain tree species are of interest to
the forester from a wood production viewpoint btut are much lese appealing in terme of con-
gervation. For example, teak trees do little to retard surface runoff, according to some
obeervers, because their flat leaf litter tends to "coat" the ground surface (personal
communication, Wheeler, FAD, 1976). Pinus taeda, on the other hand, is known to be both a
productive timber species in southeastern USA and highly effeciive in controlling eroeion.
Mixed plantations of two or more epacies may provide better ercsion control, but they are
usually less appealing to forestera from a wood production and management viewpoint than are
monospecific etands,

5.3 Flanting Approaches

In regions where rainfall ie sufficiently abundant or well distribtuted to support
at least a moderate ground cover, planting site preparation requires only a minimal effort
sufficient %o ensure that the introduced trees can grow without excessive competition from
gurrounding grass, weeds or other plante. But in cases where the natural vegetation ie
gparge or non-existent because of low rainfall, water and soil retaining etructures may
need to be constructed, to improve moisture conditions or to prevent surface flow from
causing erosion. Mechanical measures which are commonly employed in combination with tree
planting include terracing, various typee of contour ditches or steps {also called gradoni
or catastripa), tied-ridges, wicker work fences and a mumber of gully control methods.

There are two basic problems invelving these mechanical measures in respect to af-
foreatation: (i) the investment, e.g. for terracing, may be excessive in respect to the
modest returns one can expect from wood production; and (ii) the probable lack of main-
tenence of structures in wildlands can destroy their effectiveness. Usually in wildlands
mechanical measures are best concentrated on critical sites - along roade, on landslide
areas, in major active gullies, etc.

Various disking, ploughing and other site preparation methods also have heen used
for afforesstation work., Caution ie required, however, since these technigques on steep
alopes can lead to eromion., The protection guidelines used in reference to site preparation
in the southeastern U.5.A. are shown in Table 4.



Table 4 MAXIMIN ERCOMAIENDLD S0IL EXPOSURE DURING MECHAWICAL SITE PREPARATTCH
from U.5, Forest Service Timber Manual, Southeastern Region, 19?3
as discussed in Balmer et al, 1976

Maximum Recommended Soil Exposurs (%)
During Mechanical S5ite Freparation
Slope Fragile Soils Stable Soils

4] 75 100
5 50 5
10 35 50
15 25 40
20 10 30
25 8 25
30 5 20
35 10
40 5

Though direct seeding i® an importent meana of sowing graeses, it ise generally not
affective for establishing trees on eroded areas; seedling stock and cuttings are generally
more successful, In mild climates, many tree species may be bare-root planted, tut more
often the harsh conditiong of eroded sites require that tree meedlings should be raised in
containers in the forest mursery.

The most importent areas to vegetate for ercaion control are those zones where
gurface runoff is more frequent, that is, near streams or temporary waler—waye and on
gteep slopes. Planting spacings in such areas should be cleser than on aites where runoff
ig less. The main objectives should be early tree crown closure and heavy litter build-
up. The distance between trees can be adjusted to the degree of erosion, with spacings
as close a8 1 x 1 m and cocasionally closer on the most critical areas, such as gully
bottome. Wider spacings of 2 x 2 m and more are used on less actively eroding areas,

Where little or no esite preparation ig required or where planting is not restricted
by any set arrangement, such as terraces or comtour ditches, the planter is free to select
each planting epot. He should seck those especially fertile spots, for example:

— areaa of topeoil or other loocge material ElDthEd from the rime and
banks of the gullies and

-~ daposits of soil or sediment behind clumps of vegetation or other natural
barriers, or other sites Tavourable for the emall trees.

Whers top soil ie completely lost, on very steep slopes or other areas where no
natural sediment-collecting barriers can be found, small brush sediment catches or "dams"
may be conatructed to collect sediment and retain moisture for the trees. These brush
catchea are mads from brush piled meross the water course to a height of 30-40 cm. They
are not, however, suitable on flate and slopes that have eroded uwniformly down to parent
rock material. Here it ie advisable to fill planting holes with top seil if available
nearby., Placing a layer of mulch around the seedling is desirable as it protects it
againet further erosion and helps to maintaln a high soil meisture content.



S VEGETATION CONVERSION AWD WATER YIELDS

There are numerous possibilitiee to change or manage the type of vegetative cover
on wildlands, These actions musi be carried out with some caution from an erosion and flood
control viewpoint, For exampls, in a study in Californis, stesp catchmenis were converted
from essentially small tress and brush cover to a cover of shallow-rooted graes and herba-
ceous vegetation (Murphy, 1976). Orazing was carefully controlled. The runoff was increased
by an average of 50 percent bacauses the high transpiration of the trees was stopped. (The
tree roots reached to 20 metres)., After removel of the trees, however, land-slides, msoil
gresp and mudflow began to ocour in one catchment and sedimentation increased from 400 {pre-
treatment) to 4 000 tons per year (poet trestment) ... 10 times! In brief, the example
shows that sdvantages - in this case better grazing and continued streamflow - must be
weighed againat the disadvantages, namely an enormous increase in eediment and higher peak
flowa,

More draetic conversion, from dense forest to grass, can be even more hazardous.
Increased erosion and landslides mre often asscociated with such vegetation conversions,
according to Rice (1976, in press).

Whether one tres gpeciea consumes more wate:s than another is a gquestion often
raised, Wicht (1949) concluded from studies in southern Africa that plantations of exotic
troes did not consume more water than indigencous epecies, Other estudies, however, indicate
differences., TFor example, Bailly et al (1974), working in a rainfall area of about 2 DGUmmf
year in Madagascar writes, "without a doubt an old Bucalyptus forest consumes 100-200 mm
of water more per year than 2 natural, maturs forest' [in the basine where his research was
carried out}. Likewise, 15 years of research in southeastern U.3.A. show about 20 percent
streanflow reductions when hardwoods are converted to pine plantationc (Ureic, 1974). It
ig important to note that these examples are in situations where precipitation is fairly
atundant. One aleo must underline that results of such studies are still rare in the tropics
and that the scattered resulis are not entirely consistent. There is still much to learn
on this topic. A number of factors are involved, but many of the differences betwsen
mpecies can be attributed to differences in reooting depth, total biomase production and
efficiency of water ume,

Within an area where forests are manapged, there also are a number of silvicultural
techniques to increase total water ylelds while protecting streams against sedimentation.
For example, in the mountains of Colerado (U.3.A.), experiments were carried out with sirip
elearcuis with the intention of increasing water yield from the catchment., The cutting
pattern consisted of alternate clear cut etrips of different widthse, 1, 2, 3 and 6 chains
{one chain = about 20 m), rumning normal to the contours; 40 percent of the area was cleared
in these strips. Hesults of after-cutiing are shown in Table 5. The greatest increase in
water yield {right hand column) was immediately after cutting (1956). As the trees grew
back, the water yield gaine began fo decrease.



Table 5 RESULDTS OF 1'00F, CREEK TREATMINT EXFERIMENT
(from section 2, Jeffrey, In Oray 1970)

Years Predicted Yieldlf Actual Yield Aotual Yield Minus
" Fredicted Yield
(tha “gain”}

(om) (om) cm )

1956 29 40 11

1957 50 56 9

1958 29 34 5

1959 27 35 8

1950 o8 38 10

1961 22 28 5

1962 4 49 2

1943 14 18 il

Data: HRocky Mountain Foreéet and Range DExperiment Statiom, U.3. Forest Service.

lf based on pre-treatment data for the basin; figures here converted from
inches and rounded to closest centimetre.

T. TORRENT AND CGULLY CONTROL

A torrent is a natural channel or waterway with:
i. a small catchment;
ii. a steep channel gradient;
iii. a high fluctuation of runoff, after storms or esnowmelt; and
iv. &« high bedload transport with sedimention (Hattinger, FAO, 19?5}.

Torrents are a well-kmown problem in the Alpa and Japan and a familiar phenomenon
in Asian and Latin American mountaina. The main correction technicques are check dams and
use of streambank protection measures. The check dane, built pcrogs etresms in a 8tair-—
atep meries, serve to stabilize the channele end halt bed erosion by cellscting debrie in
the dame, thereby reducing the stream gradient and tractive forces. Another important
feature of the dams is their support of the toe of steep slopea, to help halt mass hill-
glope movement downhill. )

The most knowledge on torrent control has been developed largely in the Alps (for
geological reasons, the particular problem is much lese common in North America). Torrent
control is most effective if accompanied by biological measures of srosion control and land
uss improvements in the basin above the structurea, Once torrents begin, structure werk
will likely be essential. Torremt work, as normally carried out in the Alps, demande a
proper angineafing design and can be quite expensive. Honetheless, FAD torrent control
work in Nepal has made use of labour—intensive approaches, using rock on hand ({personal
communication, 0, Tautscher, Nepal).

S8imilar to torrents im the much more frequently cccurring problem of gullies.
Heavy grazing can cause thie problem, Often a combined biological/structural approach is
usad to control gullies,



The types of check dame includa:
B. loose rock check dams;
b. wire-hound loose rock check dams;

G. single-fence check dams {a wire fence, across the gully, supports the
rock from the downetream side);

d. gabion check dams (made of prefabricated wire cages, filled with rock)j and
8. Thrush or log check dama,.

These and other structures are described by Heede (1976) and by his chapter in the
FAO publication "Conservation Cuide" (1976)}. In many developing countries, types (a) and
(1) or (o) will be of greatest interest in wildland areas, because of their simple require-
ments for materials. It ie important that the check dams be designed to handle the peak
flows — and +o not be eroded. This desigh aleo involves proper spacing along the channel.
Where rocke are not abundant, brush or log check dams may be used.

Where an effective vegetation cover will grow, gradients of gullies may be con-
trolled by establishing plants, without mechanical siructures, in cases after re-shaping.
An ideal plant cover for a gully should be dense, low in height and have a dense and deep
root system., Typically in steeper, wildland areas some combination of mechanical and
vegetative treatment is required.

B, WIND EROSION CONTROL

Wind erosion ie not necessarily an upstream problem although we might point
briefly to iwo "services" in this subject where foresters are able to offer their agri-
oultural colleagues assistance: (i) shelterbelt establishment and (ii) sand dune
gtabilization. ;

In several countries, especially U.3.8,R., U.S.A., Demmark and Israesl, the
experience with shelterbelts has been well guantified in terms of the benefits to field
srops. The shelterbelts cut field evaporation and reduce wind damages. Unfortunately,
we have rather limited experience with the use of shelterbelts in developing couniries.
Sand dune stabilization, on the other hand, is a rather well-known and effective art in
North Africa and Iran, among other areas. The normal approach is to consiruct emall
' checker-hoard palissades or "micro-windbreaks" of dry materials so that trees, shrubs
or gragsses can be planted. Some surprisingly good results have been achigved. Eucalypius
gomphocephala trees in Libya, for example, are now over 20 years old and have produced some
specimens over 50 cn diameter (Forest Resources Diviasion, 1974).

9. CONCLUSIONS

From the foregoing discuseion it should be evident that a number of technigues are
available to land managers when developing and restoring upland catchmenis. These techniques
can be tailored to provide downstream benefits - particularly through the reduction of
erogion effecte and the regulation of streamflow. Nonethelesa, there are a number of areas
where we need more technical information., For.exasmple, what species of trees are best for
erosion control, for shelterbelte and other conservation uses? Which species waste the
least water? We hawve 1ittls information on these types of questions in most developing
countries, but instead extrapolate techniques, not always with success,

But by and large, the problems today are less of a technical nature and more a
matter of narrownese of approach on the part of land managers. Too often wildland manage-
ment for a single objective or a "deminani use" has prevailed. Instead, conservation of
upland areas ghould be planned as an integral and important part of the overall land -use
planning for an entire basin., A logical first step ie to conduct a land suitability



svaluation for a given bamin which ie geared to answer a number of major questions, for
examplet Which areas can safely be placed under permanent cultivation? Which areas are
better claseified am foreet or grasing lande? Where are the degraded sites in need of
restoration? Which are the most actively eroding sites requiring immediate and special
protective measures?

It is not enough, however, to define the fields of play and then to pursue
separate and unrelated policies. Agriculturists and land and water resource developers
muet more and more cest their eyes upward, while foresters will need to look far below,
beyond the forests. Water resources development aschemes,for example, should routinely
inelude planning for upeiream conservation. 9To build a dam with appropriate investment
in upetream protection is good economice in the long run, yet 'far too often this aspoct
of water resources development has received inadequate attention. In this reapsct, we
need better knowledge of the ways to guantify and demonsirate the sconomic benefit of
conservation., As conservationists, we have so far failed to present our case in econo-
mically convincing terms.

Where upland forests exist, their management should be tied clogely to the
interests of downstream water users, fully recognizing that harvesting practices and other
activities are reflected in dovmetream effects. E

In summary, upstream conservation should be part of the overall plan for the
water, agricultural and other developments within a river basin and its sub-catchments.
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Paper No. 10 EXANPLES OF SOIL_AND WATER CONSERVATION
PRACTICES IN NORTH AFRICAN COUNTRIES
ALGERTA, MOROCCO AND TUNISIA
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ABSTRACT

This paper describes the principal erosion problems in Mgeria, Morccco and
Tunisia and the approaches applied to thﬂir_rggolution a8 reviewed in case studies




1a INTROICTION

Throughout history, erosien of soil from sloping land during periods of intense
rainfall has been a problem of North African agriculture, and conservation measures have
been known and practised for centuries. Erosion of soll by wind has also been, and still
isy a problem in some parts of the region. Erceion by water has become much more severs,
particularly since power equipment was introduced for farming and made it poseible to bring
large areas of hitherto uncultivated lands on hilleides into cultivation. In arid and gemi-
arid areag this is resulting in a considerable loss of lands and threatens whole areas with
desertification. Many scil conservation projects have been launched and large sumas of
money have been invested to carry out conservation work., In this report, we shall consider
some of the region's scil erosion problems and discuss the approaches applied to their
regplution.

2. EROSICN

Anyone who has ever been caught in a heavy rainstorm in North Afrieca has witnessed
some of the fregquent, spectacular disasters caused each year by water ercsion. Highways
and railroads are damaged; low lands are flooded; streams and wadis are filled with muddy
water. Part of this water accumulates in reserveirs or is transported to lakes or the gea.
Since most of the rainwater has not been percolated into storage during the rainy season
but has runeff, an aridification process develops, even in the sub-humid arsas.

During the dry period, one can witness the havoc caused by high speed winds, The
most epectacular phenomena in the dry areas are the blowing sand dunes, which not only
encroach ente productive land and rangelands, tut also engulf irrigated ocases and threater
villages and human habitations. The following is a brief review of the magnitude of wind
and water erosion in North Africa and some of the techniques used to controel it.

241 Water Ercsion

Eromion by water is by far the most serious phenomenon in the three countries. Thig_
is a result of the easily erodible, sedimentary parent rock, the steep slopes, high rainfall
intensities and the destruction of the vegetative cover. The most important aspect is that
the proportion of land with steep slopes is the highest in the humid and sub-humid zones
of the region, where rainfall ig greater than 400 mm. The Rif region in Northern Morocco
ig a typical example: 50% of the land has slopes of more than 50%; soils are predeminantly
clayey and the annual rainfall is 900 mm. In Algeria, areas stretching from the Saharian
Atlas mountains to the Mediterranean Sea invariably teceive high intensities of rainfall
several times per year, wlth a mean value of 47 mm per 24 hours, which is about one to two
times the threshold valus for erosion. In Tunisia, the areas most badly affected by water
ercelon are situated in the higher rainfall areas of the north where wheat, the main crop,
ip produced.

Inherent in these countries is a long history of land exploitation and a marked
inerease of human population, which together are the direct caumes of much of the disappear-
ance of the vegetative cover. In Tunisia, the degradation of the natural vegetation has
proceeded at a higher rate than in Algeria and Moroceo. In 60 years, the Tunisian forest
has loet cne—third of its surface, not to mention the degradation of the two-thirds that
gtill exist. Today the forested area comprises only 3.2% of ths total area of this country,
while in Algeria and Morocoo it is aﬂﬁ and T1ﬁ regpectively.

Awarengss of the necessity for soil and water gonservation was originally generated
by the tremendous loss of agricultural areas and the rapid siltation of reservoirs. The
reservoirs conatitute the major mource of water supply for domestic, industrial and agri-
cultural uaes,



There Was & nesd to assese the eroslon hazard, not only to better appraise ita
magnitude but to design appropriate conservation programmes. In Tunisia and Morocoe thie
has led to intensive ptudies of the basic erceion process and erosion intensities on many
watersheds. 4s a first step, qualitative erosion maps wers drawn up, Studies undervay
are directed at qd%ntifying the various processes of eroeion, in order to select the typs
of anti-ercsive treatment most sulted to a particular site.

2.2 Hind Eroseion

Erosion by wind also is common in the region and is further aggravated by the fact
that strong winde blow from both the north and ths socuth. BSeutherly winds are particularly
harmful, as they have high speeds which allow them to mobilize and transport subetantial
quantities of fine surface soil elements from the arid and semi-arid areas in the south.

In Algeria, wind erosion le especially & major problem along the coastal region on the
plateau and in the steppe zones. In Morocoo strong winds blowing from the Atlantic Ocean
have inhibited the development of many agricultural crope. In Tunieia, wind erosion ie a
very serious hazard throughout the country.

The most important factors of land use which contribute to wind erosion ars:
i) ecultivation of unsuitable land; (ii) use of power equipment (disc) for soil preparationj
1i11) overgrazing and (iv) stubble and vegetation burning.

2.3 Desertification

Desertification, as discussed in this paper, refers to the decline of seoil producti-
vity as a result of unwise land use practices under the marginal ¢limatic and edaphic con-
ditions prevailing in the southern parts of the region.

In Tunisia, it is estimated that 18 000 hectares of potentially productive land are
lost to the desert each year. Although simildr data are not available in Algeria and
Moroocco, the areas of land lost are no doubt equally impressive.

3. S0IL COMSERVATION METHODS AGAINST WATER EROSION

The methods of controlling erczsion caused by water commonly used in the region
can be divided into three broad categories: reforestationi proper tillage practices;
and the use of mechanical structures whieh control the velocity and volume of flowing water.

3.1 Reforestation

Many watersheds in North Africa lack a good vegetative cover. Efforts to re-sastablish
a vegetative cover have been fooumed mainly on forest tree planting. The objectives pursued
ware not only to combat eroslon but also to meet the local demands for firewood, charcoal,
poles and timber. There have been many reforestation projects, covering the whole range of
soil, climate and vegetation types.

The lack of precise information on suitable apecies and reforestation practices has
led to the extrapolation of afforestatlon resulte from one country to another. The extremely
interesting results of Bucalyptus gomphocephala and E. camaldulensis plantations in the
Mamora in Moroceco, for example, have generated considerable enthusiam for large-scals use
of these species under a variety of moil and climatic conditions. However, these species
ware not successful when firet introduced in Tunisia. These early poor results underscored
the need to carry out investigations on euitable species and to find most appropriate
techniques for afforestation.

But reforestation am it was practised did not provide the protection needed. The
areas reforested were genarally very limited; in addition there were numerous failures in
many plantations. Where the natural maquis vegetation was removed for tha purpose of
planting trees, erosion increased.



Because of these technical difficulties, the high cost of raferestation for erosion
control and the low productivity of the trees, it has been accepted that reforestation
should not be viswed as & "cure-all" solution for erocsion, but should be used only for
selected sites and often in conjunction with mechanical or other measures.

3.2 Tillage Practices

Tillage prauiiués used for controlling erceion by water on arable land includet
(1) contour ploughing, (ii) crop rotation; (i1i) mulching; and (iv) strip cultivation.

Contour ploughing is one of the early practices which has been recommended for all
lands with a slope equal to or exceeding 2%. This practice involves ploughing on the contour,
making a deep furrow every 10to 40 metres. When this is done, there is normally a signi-
ficant decrease in soll erosion. Although highly efficient and economically sound, thie
technique has often been neglected and cases of ploughing up and down the slopes still
abound, Algeria, Morocco and Tunisia have enacted legislation, organized campaigng and
issued numercus publications to promote contour ploughing.

Crop rotation is known as a practical method to improve soll fertility and,
consequently, teo increase goil resistance to erosion. Orain fallow is the common practice.
In the wet zone the ratio grainffallow is around 4. The grain cropas mostly used are soft
and hard wheat. In marginal lands this ratio is reversed and the main grain crop is barley.

The sc—called 18 months bare fallow has been a common practice in Tunisia {0 increase
goil moigture. This invelves ploughing of the land during a given summer, followed by two
other ploughings — in the spring and the next summer. The area is then ready for sgeeding
in the fall. However, this technigque has resulted in a congiderable increase in soil
erceion and has been recently discontinued.

At present, the tendency is to use a short fallow period and to replace the fallow
with a forage crop consisting usually of a mixture of legumes and grains (viﬁciauhvena?.

Mulching is a technique which has been used primarily to reduce sheet ercsion. After
the grain crep is harvested, the land ie loosely ploughed and the stubble left. The astanding
etubble serves to dissipate the energy of the torrential autumn raine and to provide a
rugged surface to keep the soil in place. With increasing animal pressure and the intro—
duction of the practice of stubble graszing, thie technigue has unfortunately been discontinued,

Strip eropping ie applied in areas where contour ploughing has been judged insuffi-
cient to control erosion. The type of strip cropping mostly practised ie a strip of grain
alternating with a strip left fallow or planted to a summer orop. Usually strips are 20 to
30 metres in width, with a deep furrow dug in the middle, The furrows are intended both to
materialize the strips and to store rainwater. But while one basic requirement of strip
cropping ie the exclusion of grazing, this condition is not usually met and as a result
this methed is not highly efficient.

The above are but a few of the tillage methods which are known but only sporadically
practised in North African countries. These methods are notable for their easy implementae
tion, thelr efficiency in controlling erceion and the low cost involved in their execution.
It is unfortunate that these useful techniques are not used on a wider scale in the three
countriea.

3.3 Mechanical Structures

There are several types of mechanical measures which have been used for erosion
control in the region. These measures include bench terraces, emall walls, and terraces.



Banch terrases are constructed along the contour of a hillside and designed for in-
tensive cropping. The basic concept was first initiated by the Romane and found widespread
application throughout the entire Mediterranean region. When bench terraces are constructad,
the slope is modified and this results in a decrease of moil erosion. Erosion, however,
is not completely prevented, as run—off still flows down the splope. Because of their high
sost, construction of bench terraces is at present largely confined to heavily populated,
mountainous areas.

Small walls of loose stone installed aleng the alope are designed to break the
velocity of run-off water and to arrest the =ilt loads which accompany run-off. As the
depth of silt deposit rises, new stones are added to raise the height of the wall, which
ultimately leads to the formation of a lewvsl terrace. As in the case of the level terrace,
srosion is only reduced, not complstely stopped. In bare and stony mountainous areas, =
slight modification of this structure, consisting of a simple arrangement of horizontal rows
of stone along the contour, was found highly efficlent for improving range lands.

Smaller terraces ("banquettes" in French) are the most recent type of mechanical
gtructure which has been used intensively throughout the entire region. A terrace is
basically a channel and a ridge constructed along the contour of the hillside and designed
to etore run-off (retention terrace) before it attains erosive speeds or to divert run-off
(diversion terrace) to natural waterways.

The theoretical ceoncept of diversion terraces, based largely on U3 soil conservation
techniques, was studied by Saccardy in Algeria (Saccardy 1950). The design of such
gtructures was based on the following assumptionst (1) a rainfall intensity inferior or
equal to 3 mm/min; (ii) a run-off coefficient inferior to 1; (iii) a relatively dry soil;
{(iv) increasing infiltration rate with decreasing slope.

The vertical interval (H) between two succeeding terraces is determined by the slope
using the following formulaa

g3
. w= = 260+ 10 for slo 1 5% : ; :
i F ol o npebois where: H = vertical interval in metre

2
11, %& = &4 for slope greater than 25%

F = slope in percent

Both formulae are used in Algeria and Morocco. In Tunieia, Bugeat developed a
almilar equation for all types of slopes in which H= 2.2 + 8 P.

For the construction of terraces, specification tablea were drawn up assuming a
rainfall intensity of 3 mm/min and a apeed of flow in the channel varying betwsen 0.65 m/
gecond and 0,80 m/second.

Depending on the slope and the envieaged orops, the cross-section varies from a
simple normal profile to a broad base profile (Figure 1)+ Planting of forest, fruit and
forage trees im done on the edge of the terrace while grain.or forage crops are cultivated
in the inter—terrace area.

But the construction of terrmces as practised in these countries is not usually
in conformity with the basio techniocal requirement governing the function of thase
structures in relation to decoreasing soil erosion. While, for instance, one basic require-
ment is to avold clayey soils, such a requirement was seldom observed., Casea of retention
terraces which are mostly constructed on this type of soil are notoriocus. Sometimes the
nead to build thess structures is not dictated by an apparent erosion problem but decided
for social reasons requiring creation of job opportunities. In other instances there was
g laok of a better tecnigue which could replace the terrace,
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2-3 m

2. Terrace with a normal profile (French: "banquette & profil nermal)

b. Terrace with inclined upward slope {French: "banguette 3 talus coupé)

¢. Terrace with a broad base profile (French: "panguette & simple courbure")

Fig. ! Types of terraces



Investigationsin Morocco have raised questions on Sacoardy's hypothesie on which
the design of terraces ip based (Heusch, 1970), Diversion terraces which channelize the
run—off water into waterways were found to increase the rate of flow and to decrease the
time of concentration. It does not seem, all factors considered, that the efficiency of
thome structures was carefully studied before their wide-spread application.

Hetention terraces have resulted in an incrsase of pressure on the retention site
which was accompanied by landslides and generated gully erosion. In the Pre-Rif region in
Morococo, about 60% of the retention terraces have been destroyed, A0% of these by gully
formation and overflow, while 60% were sliced down as a result of pressure increase
(Robert, 1970). In this area it was found that retention terraces were not only inefficient
but also harmful. In Algeria, the construction of terraces over 20% of the Fodda Watershed
did not Tesult in any decrease of erosion. In Tunieia, where such siructures have been used
intensively, it was found that in most cases the rate of erosion had increased. On the
¢layey =oils the cases of failure were numerous.

3.4 Physical Structures to Control Erosion on Streams

These structures consist mainly of checkdams, which are constructed in waterways
originating on steep slopes. Their purpose is to reduce the velocity of the water and to
arrest the silt which comes with run-off. Both loose and masonry dams are used. When these
structures are garefully designed and constructed they result in a great reduction of erosion.
They have not, however, received sufficient attentlon in so0il conservation projects.

Intengive erosion studies in Moroocco have shown that the major sources of sediment
were not the bagin per se ( where terraces were constructed), but the waterways and stream-
banks which were enlarging at an alarming rate as a result of inappropriate land use in the
basin. The present tendency is toward a better consideration of channel areas. In Tunisia,
this has led to the investigation of suitable biological measures.

&a THE INTEGRATED APPROACH

Until recently the above, purely technieal, measures for controlling soll erosion were
congidered in imolation and no attempt had been made to integrate them properly into a
coherent watershed management programme. There have been some dramatic changes in watershed
management policies of a positive nature, although in terms of implementation nothing has
yet been done. The soil conservation programmes are to focus on the definition of new
systems of land use better adapted to the real soil capabilities and geared to improving the
soonomic conditions of the watershed population and solving the ecological problems. In
Tunisia, the programme takes the form of an "integrated approach”, where the basic principle
ig to replace "harmful activities" with "non-harmful" activities. This includes the replace-
ment of wheat eropping on high slopes with permanent pasture, the planting of fruit trees
on favourable soile, creation of fodder resecrves, treatment of degraded lands and waterways,
ocreation of new forage resources outside the watershed, increasing the agricultural pro-
ductivity downstream, regrouping the watershed population into new communities with a social
infrastructura and agriculture possibilities, Such an Integrated approach, although atirac—
tive, is encountering several difficultiest (i) difficulties in changing the land use
gystem; (ii) the time needed for tree planting to be economical; éiii] the difficulty of
stabilizing the animal population; (iv) land tenure problems and (v) the need for more
competence than that generally required for the construction of physical structures and tres
planting, It will take a lot of time and cost a lot of money before such integrated programmes
can be efficliently implemented. The present tendency is to focus on small-scale projects
ecarefully selested ameng a large spectrum of priorities, implemented in close cooperation
with the local people. The Darro preject in Morococco and the Ouarra and Zeroud projects in
Tunieia are typilcal examples.



5. MEASURES TO CONTROL WIND ERQSION

Thesse measures include shelterbelts, which reduce wind speed en farmlandm, and
vegetative devices, to stabilize sand duneas.

Control of wind speed, through the establishment of a vegetative or physical barrier,
has been known and practised throughout the region, although in terms of implementation of
a rational network of shelterbelt systems, little has been achieved. Nonetheless, timely
actions were undertaken in three countries, foocucsed esamentially on the protection of small
groves of fruit trees (ocitrus, in particular). This involved the establishment of a system
of shelterbelts. These shelterbelts were usually very dense. In Tunisia they are suffering
aevers insect attacks.

A more recent effort in southern Tunisia was the experimental shelterbelt project
installed on 200 hectares of farmland and designed to slow down the dessicating summer wind
blowing off the Sahara. A second objective i to produce rural wood supplies. Two types
of shelterbelts were tested: (1) perimeter windbreak which consisted of two interior rows
of "fast" growing eucalypts (E. brockwayi, E. salmonophloia , B. occidentalis) flanked on
gach side by two slow-growing eucalypts (B, torquata, E. campaspe, L. oleo=za, E. salubris,
E. sargentii) which were in furn flanked by two rows of slow-growing acacias; (2) an interior
windbreak which consisted of a single row of poplars spaced approximately 4 metres apart.
Although the shelterbelt design and the species employed were not the best for such multiple
use purposes, the feasibility of developing tural wood supplies was demonetrated.

To the south of the Atlantic coast of Morocco, some 200 000 ha have been treated by
planting E. gomphocephala in the form of isolated blocks in small farm holdings. The result
is a half-wooded landscape which apparently has resulted in a significant decrease of wind
epeed. Planting was carried out by the farmera themselves, who realized an economic return
by selling Bucalyptus logs for making fish boxes.

Examples of shelterbelts on pasture lands are very rare. In the central part of
Tunisia a few hundred hectares have been protected with a network of shelterbelts and this
has resulted in a significant increase of forage production. Similar work was carried out
on 900 ha of the Doukhoulas rangeland in Morocco, which generated considerable enthusiasm
by pastoral {ribee in view of the interesting results cobtained.

For sand dune stabilization, the technology evelved in the three countries is based
on the conventional methed where hedges of dead shrubs are established in & checkerboard
pattern and the space between the hedged plots is covered with a vegetative mulch. Later
the plote are planted with conifercus trees (Pinus pinaster, Pinua pinea} or Acacia specles
(coastal dunesl. Where the object of stabilization of continental dunes is to provide
protection to oases, human dwellings and roads, sand dune barriers or artificial hedges of
palm branches are erescted every 200 4o 300 m. As the dune barriers rise and cover the branch
hedges, new branches are added to raise the height of the dunes. In areas where palm
branches are not abundant, corrugated asbesto-cement sheets are used. These are also raised
as the dunes rise., OHher techniques for sand dune stabilization involwving the use of chemi-
cal emileione {petrulaum by-products, rubber emulsione, lignin materials) have been tried
throughout the countries with a varying degree of success:; In general, the traditional
method appears to be the most reliable one, but it is labour-intensive and requires consi-
derable quantities of dead material. In Tunisia, nylon nets have been used experimentally
to stabilize Junes in the Doug region. The area in between the dunes is planted with
drought-reeistant epecies.




8. MEASURES TO COMBAT DESERTIFICATION

Desertification is a hazard whose potential has only recently been comprehended.
Early efforte focused on carrying out small-scale activities such as tree planting,
ereation of fedder reserves and sand dune stabilization., In Algeria a selution was sought
through the oreation of a "green belt" in the southerp part of the country. This green
belt with a length of over 1 000 km and a width of 10-15 km was intended to arrest the
northward advance of the Sahara.

' L}
| Another approach considered throughout the three countries is rational

management of the lands threatened by desertification. Planned actions are the improvement
of range land and livestock production. Most efforts are directed toward the development
of technical information for the implementation of these programmes. Important projects
are the integrated project in the Wilaya of 3alda in Algeria, the management of rangelands
in the pre-Saharian zone in Morocco and the Oklat Marteba project in scuthern Tunisia.

Ts CONCLUSIONS

Soil congervation practices in North Africa have been focused mainly on corrective
mechanical measures, which in most cases have been insufficient or not suitably adapted
to counter erosion problems. Despite the fact that the three countries discussed in thia
paper have launched large soil conservation projects, much still remains to be learned,
both in terms of bagic scientific facts as well as consideration of the plant species which
may be used for the restoration of eroded sites. No one seemsz to have an intimate knowledge
of the successional capacity of the native plant cover which can be used to rehabilitate
degraded land. There is only scant knowledge of the effectivensss of different plant covers,
goil preparation methods, engineering techniques or combinations thereof for controlling
erogion. Terraces are not a cure-all for every degraded watershed, particularly on bad-
lands and clayey soils. Biological measures need greater consideration. The economice
of the various congervation measures are in need of much better quantification. The socio—
economic framework that has given rise to destructive land use in the countries has not been
fully taken inte account.

As regards wind erosion, existing knowledge is based on studies and research mostly
carried out outside the region. Because such studies have not been replicated and their
results confirmed, wide gaps exist in our current knowledge. ’

Inne control efforte to date have largely been on the basis of 4rial and error
experiences at a few locationz within the countries. Not much is known about the plant-
sand-water relationships and other physioclogical questions. Little information iz available
on hydrolegy and groundwater vis-d~vie dune afforestation. Would thirty—year old planta~
tione on dunes begin to "mine" all the capillary water and groundwater and then begin to
die off?

This lack of knowledge is not simply an academic concern. There are soil conserva-
tion and dune afforestation schemes in these countries dating back thirty years, some
pucceeding and others failing, but without explanation of why. While the present trend is
toward better management of the natural resources, there are no guidelines of an integrated
nature which can be used to asgsurs the long-range success of land management programmes now
under way. Only when we better comprehend erosion problems and their processes will we be
in a position to provide practical field guidelines and the technical training for sultable
land protection and management.
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Paper No, 11 S0IL AND WATER CONSERVATION AS AN AID TO RANGE MANAGEMENT

by

James Naylor
Flant Production and Proteoction Diviaion
FPAD, Home

The UNDP/FAQ Rangeland Conservation and Davelopment Project was a multi-
disciplinary effort using experts in soil and water conservation engineering, agronomy
and range in order to "investigate all means of reversing the trend of steady
deterioration of the productivity of the rangelands and coordinating programmes
and activities, which will result in the best use of the vegetation, livestook and
water resources", Short term objectives of the project, in the north, were "to
have emphasie on £0il and water conservation measures", 1/ :

Northern Somalia oonsists of a long, relatively narrow (200 kilometers) strip
of land facing northward toward the Oulf of Aden, with its back toward the Fthiopian
highlands. The upland plateau which extends into Somalia from Ethiopia is a gently
undulating upland of deep, redish, loamy soils partially derived from alluvium and
partially derived from residual material. Occasiocnally, especially in the west,
the sharp peaks of partially buried mountains extend above the seil surface. The
plateau extends northward to a fault zone which forms a narrow, rocky, mountainous
belt, This belt of mountains ends abruptly at a north facing block escarpment which
rises some one thousand meters above the sandy coastal plain. This plain slopes
gently from the foot of the escarpment into the Oulf of Aden.

The area of highest average annual precipitation is the mountainous belt just
south of the escarpment, which receives a mean annual rainfall between 650 and 750 mm.,
Thie area of highest precipitation ieemall, there is little soil on the steep slopes,
and little of the precipitation ie retained where it falls; +therefors the belt has
a small productive potential for livestock.

The area of second highest mean annual precipitation, 400 - 650 mm is the
plateau area between the mountains and the Ethiopian boundary, and extending
westward from Hargeysa to Borama, an area of good soils and high production. From
Hargeysa the mean annual precipitation decreases eastward both on the plateau and
on the ccastal plain until & mean annual precipitation of only 50 = 150 mm is
received on the eastern coastal plain.

The moet prominent physiognomic feature of the vegetation is overuse by
livestock. Otherwise the vegetation is open savanna with evergreen Commiphora and
Balanites trees and shrubs within the mountainous belt; deciduous, thorn-tree eavanna
on the upland platesu; and on the sandy plain thére is an fAcacis shrub and low
evergreen Balanites obeularus tree savanna with coarse bunch grasses.

It ia seen that the entire area of northern Somalia falls within what must be
classified arid land. The humidity is, however, generally quite high, 60-70 percent
which reduces the evaporation and transpiration stress and makes early morning dew
a common phonomencn.

1/ Project Document number soM/72/003/E/01/12, 11 June 1974



The people of northern Somalia are traditionally livestock owning, herding
people who have specialized in sheep, goats and camels., These animale can he
independsnt of water for one and two weeks and thus the people could in the past
move over & relatively large area with their livestock. This mokility plus a low
rete of population inerease in both people and 1ivestoeck was an adequate management
practice. The inecrease in technology and the resulting increase in population growth
rates, in both people and livestock, coupled with the loss of land for other useas
has cauged the traditional management practices to break dowvn, and as yet no formal
menagemsnt system has been substituted for the traditional practices, The results
have been overuse of &ll of the rangelands,

The effects of overuse by livestook is reflected throughout northern Somalia
in the ercding soils, the areas of erosion badlande, and the areas of bare soil,
Such badly eroded areas may take up as much as 20% of the total range area,

It was these unhealthy symptoms which stimulated the Government to request
aid and the result was the Rangeland Conservation and Development project.

In response to the stated short—term objectives of the project, the project
personnel in the North chose several sites for development. This development
included water conservation bunds for ponding water in order to increase available
e0il moisture. The improved moisture conditions will inoreaze fodder production on
the site. The structures also decrease soil loss due to water erofion, Some of
the sites required construction of dams and canals that will divert spate water
from a stream course into the modified area. M other sites it was only necessary
to slow and spread the runoff water from the adjoining hills., For either method




411 previous reporte, publications and documents ralating to the projeot mres
should e cbiained and made available to the international personnel of the new
projects. This is fo ensure that all possible climatioc, edaphic and hydrological
data are gtulied so that engineering-hydrological designe and field lay—outs of
any phyeical structures are adequate for the environment,

In order for projects of this kind to be valuable and effective, moil and
water conservation measures muet be combined with adegquate control of pecple and
livestock in order that the range and watershed may be improved. Any improvement .
in range condition requires proper range manegement. Proper range mansgement
requires the agreement and cocoperatien of the livestock owners who are using the
range. '

There iz now & combination of several conditions which can make it poseible
to settle the nomadic people of northern Somalia and thereby make it possible to
control the livestook and manage the range. One of these conditions is the ability
to bave these improved soil and water conservetion sites. Another condition is
the dasire of the Government and the people to have the transhumant population
pattled. '

The Government wants to settle the people =o that they may be governed., The
transhumant people wish to settle becauss they have no real legal rights nowy they
are losing their best lande to other uses and other people; +the people wish to
have their ohildren attend schoels; +the people wish to have access {to medioszl
attention and medicinss; +hey wish to be near water and trading areas. The
livestock owners are well aware of the deteriorating condition of the rangs.

One way to settle the people ias to organize them into ranch cooperatives.

Three types of cooperatives are needed to provide for the different conditione in
northern Somslia. One type of ccoperative is the stock raising acoperative where
members are pagtoral or nomadic people. A second type 18 the town or villagn
oooperative whose members will bhe the livestock owners who live in the villages

and townes and whoee livestock forage in and arcund these urban areas., A third fype
is a holding ground cooperative whose members are traders who Ty the exportable
“animale from the livestook raising people and sell to markets across the Gulf of
Aoen, *

M1 three types of cooperatives will be centred around one or more soil and
water coneervation sites where the relatively high yield of forage will be harvested
‘for drought reserve feoed, supplemental feed and, in the case of the stock raising
ranch cooperatives settlement eites, family gardens for the people. Each of the
80il and water conservation sites will be surrounded by or adjacent to, sufficient
rangeland to support the range animals, plus an additional ameunt of range
pufficient to allow one fourth of the renge to be unused. The rangeland will
be divided into four unite, each of which will receiwve two years consecutive rest
out of each eight year oyole., There exizts good evidence that this {ype of
management is sufficient to change the deteriorating condition of the rangeland
into an improving condition through restoration of healtby root systems and vigour
to the forage plants.



The work of developing the soil end water conservation mites and the additional

stock water improvements will be done by the ccoperative members largely with
hand lahour.

Thie project has organized seven cooperatives congisting of 322 families.
There are six more cooperatives (494 families) awaiting Government final approval
(2 law is being considered), We have more than 100 applications from other groups,
There is now support for these cooperatives from the nomadic and semi- pomadic

people and from the Government at the local level. Continuing technical help is
urgently needed.
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GRASSLAND MANAGEMENT IN RELATION TO S0IL CONSERVATION
AND ERDSTON CONTROL IN DEVELOPING COUNTRIES

by
+ Ty Tonesoo lf

FOREWORD

It i unanimously recognized that the eromion problem ie more aoute in arid
end semi-arid zones than in the temperate and tropical beoause of climatie, meoil,
land use and other conditions, and the lower average amount of ground cover in the
arid snvironment tende to aggravats the situation, Many of the developing uauntries
are located entirely or partially in the arid and semi-srid zones.

In other respects, it ie also recognized that the rangeland aress — which
provide the principal feed resource for livestock production - cover the largest
part of the arid zone. Nevertheless, these rangelands are misused by overstocking,
clearing for cultivation, burning and removal of woody species for firewood, charcoal
or distillation, eto. and this resulte in degradation of the plant cover, inereased
erogion, reduction in production and in productivity of rangelends, ete. As
populations expand and feed demands increase as well, the improvement end better
management of rangeland in order to maintain or even increase livestock production
is indispensable. From our point of view, this ie the main goal to attain, except
for the too degraded areas where the firet priority ie the reestablishment of
vegetative cover for soil conservation.

Thus scil conservation and eromion control in the productive ranpgeland areas
ara not activities per se, but the particular consegquence of rangelsnd and fodder
orop management., Of course, some exceptions exist in some critical areas.

POTENTIAL AND PROELEMS IN FEROSTON CONTROL BY ORAZING LAND MANAGEMENT
(in Mediterranean zone)

As mentioned, mest of the arid and semi-arid rangelends are now degraded or
eroded. As regarde potential and technical improvements, it is worth taking into
aocount three main zonest

-~ semi~arid, receiving more than 400/350 mm (mean annual rainfall).
The isohyets from 350 to 400 mm correspond to the northern limit of
the steppa vegetation and to the southern }imit of regular and productive
cereal oultivation under dryland farming conditions;
-~ arid, the average annual rainfall varies from 100 mm to 400/350. The
100 mm isohyet im the extreme southern 1imit of non-irrigated agrioulturs;

- d;aErt, bhelow 100 mm,

1f Tachnical Officer Crop and Craeslend Production Servine
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The semi-arid zone

The main pasture rescurces in this zone concern:

natural rangeland, partioularly forest degraded formationa, such as
matorral, garrigue, magquis, sward, eto.

forests (Topio C)

sown pastures and permanent swarde, fallows...
= fodder orop cultivation.

Although degraded, the natural rangeland potential is still high and
pasture rehabilitation, soil conservation and ercsion control can be realized
through technical improvemenis such as: range development, rotation andﬂhr
deferred grazing adapting stocking rates to carrying capacity; establishment of
grazing reserves, eto. In some parts of the rangelands erosion can be easily
controlled by planting adapting species, partioularly fodder orops such as bushes
or perennial grasses and legumes, Opuntia ficus-indica, Atriplex nummlaria,
Acacia cyanophilla, Festuca slatior, Hedysarum coromarium, Phalarls truncata,
Pennisetum ciliare, Pennisetum clandestinum, Panioum entidotale, Orysopeis miliacen,
Dactylis glomerata, Lolium perenne, eto.

Concerning the sown pastures, permenent swarde and the fodder orops in
cultivation areas, no speoific rangeland techniques exist, except respecting the
rangeland livestock management calendar.

On the whole, as regards rangeland and the fodder crop potential of this
zone, there is no particular problem with soil oonservation and erosion control
apart from application of the usual managoment techniques. It is here that
improvement both in the agronomy (seeding and planting) and animal management oan
show the best gains.

The arid zone
In thie zone, the main pasturs resources conoerni
- natural rangeland formation (steppes)
- fallowa
— fodder orope under irrigation.

As 18 well known, the rangelands are now degraded, btut except for some
irreversible areas - completely desertified — the possibilities for improvement are
real and important. Nevertheless, the chances of successful establishment and
persistance of sown pasture and fodder crop oultivation in dry farming are scarce
and the operation is not generally recommended except on fallow lands., Pasturs
rehabilitation, soll conservation and erosion control odn be carried ocut through
rotational and/or deferred grasing and adapting stocking rates to the long-term
oarrying capaciiy., On the other hand, the establishment of fodder reserves
(Opuntia, Atriplex, Acacis,Prosopis, etc) is poseible (soil conditions being
favourable). At the same time, these reserves can be utilized ns so0il stabilization
specles. In this latter case, as regards their consumption by the animels, zero
grazing ie recommended,or cutting feed and keeping the animals outside theme fragile
Arens,
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Conocerning the irreversible degraded zones, the re-establishment of a vegetative
pover, as regards soil conservation and erosion control, can be carried out by using
ourrent techniques without taking into account the rangeland problems before obtaining
g successful result. But the use of certain fodder species is also recommendable.

In nome countries, the combination of pitting, terracing and water spreading
have been very beneficial in restoring vegetation cover both with and without seeding.
I+ should be useful in developing countries.

SUMMARY
The two most critical problems of arid and semi-arid rangeland reglons are:

i. the general overstocking and complete lack of any form of animal manipulation
with a view to forage manogement — coupled with the well-intentioned
development of water for various reasons, but the lack of implementation of
a corollary grazing management programme has further compounded and spread
the adverse effects of overstocking;

ii., the pressure of human populations which is causing rapid expansion of
cultivation into the rangeland areas, especially on the semi-arid/arid
fringe. This further restricts and compounds the grasing land management
problem and adde to deterioration of the feed resources for the animals.

In addition, the problem becomes mich more seriocus when the cropland fringe
is pushed beyond the climatic margin of economic production for crops and
when particularly fragile soils are ocultivated or tilled with inappropriate
techniques one of the most critical needs ie for comprehensive ecolegical
egnd land use surveys that will provide essential information to guide these
kindas of necessary expansion programmes and gives a guide to the rangeland
areas that can be improved to compensate the leoss of land for livestock use,

The problem i= not all that hopeless because throughout the arid and semi-arid
regims of the world, particularly the latter, grazing management experiments and
demonstrations as well as a few large operating ranches have demonstrated that natural
plant Buccession under proper animal management (application of principles of proper
stocking, off-take, season, frequency and intensity of grazing use with, often, some
gimple scheme of rotational management ) can remarkably improve the potential of many
ranges considered to be irreparably degenerated. [gronomic range improvement is
another tool that can often provide the flexibility required to institute improved
animal management on remaining rangelands. Similarly mere work and application is
needed in areas of long term fallow to work forage and fodder crops inte the food-crop
rotations and to use adapted grass-legume on the fallow lande (where fallowed from
2 to 7 or more years). This not only stabilizes the soil and improves fertility and
soil organic matter, but provides an important forage reserve.
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INTRODUCTION

Pure or applied ressarch

The conventienal approsch ie to divide ressarch inte pure research and applied
rempearch. I would like te suggest that for meil eroeion and msoil conservation a
better division is inte subjects which have general or worldwide application, and
thess which have locel application. Thie is perhape not really & different appreach,
because the topice of universal interest are mainly concerned with understanding the
bamic principles and processes of eromion and so they are fairly close to the concept
of pure research, while the localized interests are more cencerned with solving lecal
problems and 20 are closer teo applisd ressarch.

The purpose of this paper is to review the present state of knowledge and henoe
te ldentify weaknesmes or deficiencies which can indicete research needs. In trying
te arrive at priorities for research which should be incorperated inte an esctien
programme it may be helpful to keep in mind this difference between "pure” atudies of
worldwide principles and "applied" studies of mora localized solutions te lecal problema.

Asseesing the axtent of erosien

In recent years the urgent need to inoreass feod production has fooussed
attention en seil ereomion, to the point where almest all governments and states are
aware of the problem, though whether any of them are tackling the problem adsguately
is much less certain. When looking at the extent of moil erosion and deciding how
bad it im we might consider two points.

1.2.1 Exploitation or Devealopment?

We mist be ocareful to differentiate betwesn "exploitation" in the sense of the
unwise consumption of non-reneswable resources, ond legitimate exploitation

i.0. the Bensible development of resources. MNo—one oriticises the oil-rich
states of the Middle Fast for exploiting (i.e. developing) their oil and
pouring the inocome into the development of & leng-term agricultural Industry.

Ie the situation really so different when a South fAmerican country like Brazil
deliberately exploits its land resources for coffee production? or Argentina
through meat production? and uses this to generate national wealth or to oreate
an industrial society or even for education? ’

1.2.2 Tha danger of exaggeration

It is easy to be currisd away by the "awfulness" of srosion ms meen through the
eyes of- the mpecialiet. A clasmic example ies Lesotho, formerly Basuteland, in
Southern Africa, whers before 1900, the firet white mettlers reported on the
"almoet total destructien of the land through over—grazing", In their clessic
survey of worldwide eromion, Jacks and Whita (1939) said the pams, and svery

10 or 15 years a report on erosion in the country predicts immediate and total
disaster. It is quite true that the gullies are appalling, and the moil loss .
and the eilt load in rivers extraordinarily high, but the cattle ars still fat
and the psople appear to be thriving and reasonably fed. Sursly 1t is a contra—
diction for "disaster" to be a stable state of equilibrium.
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Assessing the efiectiveness of s0il conservation

Unfortunately few rellable and quantitative eurveys have besn made of the
effectiveness of national soil conservation programmes. The meost thorough is naturally
in the USA, where Held and Clawson (1965) attemptad to review the success of the USDA

-BCS since & national survey in 1934 showed the alarming fact that roughly thrae-

quarters of the arable land of the U5 was seriously damaged by eresion (Bennett, 1939).

A gimplified summary of Held and Clawson's conclubiens is that in the United
States, erosion ham been just about held in check, and if that is the result after
& generation of work by the most sophisticated conservation service in the world what
hope is there in developing countries where the problem is so much greater but the
capacity to operate & conservation service is so much less?

It is relevant to consider, when loocking at deficiencies and needs, how much
the need is for technical solutions, and how much the problem is to learn how to
apply the already known solutions. Another provocative thought is that if the known
solutions are not being applied, then they must by definition be not the right
solutions.

Quite apart from technical expertise many other factors may be the limiting
consiraint on effective soil conservation — for example, the availability of money,
or of trained personnel, or social, political, or legialative reatraints.

The special problems of developing countries

1.4.1 Developing and devalopﬁﬁ countries

It is only natural that the developing countries should look to the developed
countries for a lead in eoil conservation, and particularly to the United
States which has led +the world in this field.

However, the lesson of the development of conservation in the USA is that we
should understand and appreciate the changing pattern thers, but not necess—
arily follew it, at least at the moment. Most developing countries are on

the whole at the point which the United States reached in the thirties and
forties, that is a rapid increase in the number of small tractore, and a
requirement for maximum erocsion control through mulching and terracing. The
current irend in the USA towards much more sophisticated and sxpensive control
measures results partly from the adoption of much larger machines (e.g. 6 and
8 row planters in the mid-west) and partly from the ability in the United
States to invest massive amounts of capital in land manipulation, e.g. grassed-
back bench terraces, designsd to suit the large machines.

Another factor not reproduced in developing countries is that a high lavel

of industrial development leads to & shift in emphasis from moil conservation
to water coneervation. Far more effort im now devoted in the United States to
the effective use of water and the control of water pollution, than to soil
conservation. Most developing countries ars fortunate in that this problem ims
not yat eo serious.

1.4.2 Tropical and temperate climates

If the developing countries have less man—made problems, these are countsr—
balanced by the physical factors which lead to a gresater erosion hazard in the
tropice and sub-tiropios than in temparste climates. In the tropics the topo—
graphy is often more conducive to erosion (Bosazza, 1953) and the soils more
vulnerable (Eden, 1964) and the rainfall more erosive (Hudson, 1976).
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1.4:3 Land pressurss

The density of population varies widely in developing countries, but ons
common factor is the rapid increase in population, which results in changing
pregsure on the land. The population density inm the Sahelian region of
Africa may be low in comparison with other regions, but a 50% inorease in

either human or cattle population is likely ‘o ceuse dramatic changes at any level

of land use.

Later, when discussing land selectlon and land classification we will consider
the fact that & classification scheme may sensibly put land into the category

"unguitable for cultivation" when thers is plenty of other land availablas.

But in many countries all the gently eloping land is already used or over-usad
and thie pute a different complaxion on the iuauu of the slops limit at which

cultivation should etop.

1+4.4 Unexpected byproducts of development

There are sometimes unexpected and undesirable glde-effects of developmant
projects which are themselves demirable. For example, the change from
ghifting cultivation to getiled arable farming may lead to increased food
production and higher income but at the sames time cause increased erosion.
Another interesting example is where the success of the campaign to eradicate
cattle diseases in the Sahelian szone of Africa has led to such maasive
increases in cattle population that over-grazing ie most alarming, and could
lead to an irreversible change in the ecologicel balance (Ormerod 1976).

ARALYSIS OF THE SITUATION

The factors affecting erceion

]

Figure 1 shows one way of bringing together all the factors which determine how
much ereosion will take place in a given situation. When considering the state of
knowledge it will be convenient to look at sach of thess factors in turn. We should
also conslder how much we can exercies any influence on erosion, and which of the
factors can be modified.

How erosion can be controlled

In the oase of rainfall there is olearly very little scope for manipulation
or management. Some slight modification to rainfall patterns may be possible through
oloud eeeding or esimilar technigques btut at present these are likely to be localiszed
and of small coneequence. For preotical purposes erosiviiy ocan be conesidered as
fixed; we can study it and measure it but we ocannot change it.

The situation im very similar for srodibility. The inherent charecteristics
of soil puch as the mechanical compositien can seldom be manipulated mensibly eor
asconomically.

Some modification can be made to sell characteristics like tilth, or strusture,
or organic matter but such changes as can be achisved are all the result of manage-
ment and can be coneidered under that head.

Popography oan certainly be modified, and whether it 1s sensible to do so is a
question of economics. If the cost-benefit ratio im right, the slops can “be changed
by bench terracing or the length by building channel tarrucuu.
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However it ig in the area of managesment that erosion can best be controlled,
and the guantitative differsnce in amounts of erosion under differant styles ef
management is very much greatsr than the difference resulting from variations in the
cther factors. Putting nunbers to this concept, the veriation in the erceivity
within a country or from year to year might be in the ratio of 5 to 1. The effsot of
different erodibilities would be similar—ratios of up 40 5 to 1. The effect of channel
terraces is roughly to halve erosion, i.e. a ratio of 2 to 1, But different land and
crop management techniguss could result in the erosion changing by a ratie of 1 000 o 1,

Information needs

Whether or not we cen do anything to change the pattern, we gtill need to know
and understand the processes, =o we nesd as much information ws we can get about
every aspsct of erosion. But looking at the warious factors which influence erosion
we can see the significance of the division suggested in Bection 1.1 between gene-

.raliged or pure research, and localized or applied research.

In the case of erosivity and erodibility the gquestions to ask are: "What do
we already know?" and "What do we therefore need to lmow?" The problems so defined
will be of a general nature and any anewers will have widespread application. A
programme of research on thege topicsg ghould therefore be worldwide and concerned
with fundamentals.

When management is involwed, as in land selection or modification, and crop
management , the questions to ask are: "What is the present practice?" and following
that, "Are the pressnt practices adequate?" and if not, "how cen they be improved®"
Thege are esgentially localized questions. The anewers in one country may ba quite
inappropriate in another, and so research on these applied problems will have to be
done separately for each different set of conditions.

THE EROSIVITY OF RATNFALL

Definition and application

The definition of erosivity is the potential ability of rain to cause erosion.
It is a function of the physical characteristice of rainfall and it ie known that
the characterietiecs which are most closely related to srosivity are intensity and
functions of raindrop mase and terminal welocity such ae kinetlc energy or momentum.

The ability to gquantify erosivity has two main applications. If it is known
that the eroeivity in Reglon X is much greater than in Region ¥y then recommended
goil congervation measpures can be depipned accordingly. The other upe ie in
researchs. The results from field plet experiments are much more useful if it is
poasible to calculate, and alleow for, the variation which is due to the different
eroslvity of different storme or of different seasons. In laboratory etudies and .
work with rainfell simulators, & quantitative measure of erosivity is spsential
if any precision is to be achieved.

Mesasurement of erosivity

Eropivity can be measursd dirsctly by observing how much eropion is caused by
& particular sgtorm or geries of storms. Thie can be done by Field exparimental
plots, but for many purposes it is simpler and more accurate to eliminate the variable
poil factors like moil type, moisture, slops and crop which are nothing to do with
srogivity and so can only confuse the issus. TFor the assessment of 'splashability!',
i.e. the ability to cause detachment, the method of Ellison-type eplash cups is
recommended. With developmente in experimental technique (Bisal, 1950; Hudson,
1965) this method gives a simple but reliable and accurate measurement.



It ie possible that thers could be an interaction effect betwean erosivity

and erodibility. In that case a measure of erosivity based on the ability of rain to
causa detachment might not be the same as a measure of erosivity based on the abiliiy
to transport soil, However this is most unlikely. A carsfully controlled series of
expariments in Afriea (Hudson, 1976 p. 68) showed that an equally precise correlation
obtained between erosivity and erosion, whether the erosion was measured by splash
alons, or by splash and run—off from Free—typs s0il pans, or by field erosion from
experimantal plota.

Indirect assessment of erosiviby

If, instead of having to start taking measuremente of eromivity, it was
possible to ealeulate it from slready existing rainfall data, this would greatly in-
crease the svailable store of knowledge. It is exactly parallel to information on
water evaporation — one can either measure it directly by setting up an evaparation
pan, or one can make an estimate from existing data on temperature, humidity, etc.

The catch is that all such indirect estimates are empirical, that is they uee '
relationships which are created to fi{ obeerved data. The relationship can ba
expacted to apply within the conditions of the data, but there is abeolutely no reason
why the relationship should be valid in other circumstances. Unfortunately thie basie
principle of ecientific research is all too often ignored in the desire to eixtend tha
usg of an empirical solution by applying it outszide 1ts limita.

We have today several alternative empirical methode for caleulati erogivity.
from rainfall. The best known is the El,p index (Wischmeier et al., 1958) in which
goil loss from experimental plots was foiand to be well correlated with the kinetie
snergy of the storm E,and an arbitrarily chosen parametar I3g+. There is no theory
to axplain why it should be I30 rather than Igp or the many other parameters tested.
It wan obasrved to glve the best fit and that is all. Since I3p i= & function of the
kind of rain or type of storm there is no reason why the same relationship
should hold for other rainfall patterns, and indeed studies have shown that the
correlation is not so precise in the case of high-intensity tropical rainfell
(Hudson, 1965). Another disadvantage of this imdex is that it requires the laborious
extraction of data from automatic raingauge charts.

Jeeking an alternative index suitable for Africa the muthor established
EE>25, that ie the total kinetic energy of all the rain falling at intensities
greater than 25 mm/hour (Hudson, 1965). Within the conditions of the experiment+this
was found to be very efficient and practical and it has tha advantage of being more.
easily computed than EI30, but again it is empiriecal., and in other situations there would
be other parameters giving a better fit, and this linno has been extensively pursued: by,
Elwell & Stocking (1973).

Yet another formula has been developed using data from Nigeria by Lal (1976).
That index is AT,V where A is the amount of rain in a storm which has maximum intensity
Ipy and V is an optional refinement allowing for the increased terminal veloeity of
rain accompanied by wind, -

All of these methods depend upon calculationz of erosivity for each storm and
a summation to give an anmual value., Long term aversge anmual values can then be
caloulated if sufficient records are available. For research purposes the pracision
obtdinakle ﬁy saparate calovlations for each storm is desirable, but an annual . index
caloulated directly from daily, weekly, monthly, or annual razinfall would be very
useful. Estimates of annmal erosivity have been derived from both daily and annual
rainfall in Malaysia by Morgen (1974). The only sush assessment in general use is
the index P"(Fournier 1969, Low 1967) which gives a rough muide to annual erosivity
rrom the F -relationship between annmual rainfall P, and the rainfall in the wettest

month pe



1.4 Research needs on erosivity

Although we have several usable techniques available they are all smpiriecal and
all have limitations. Clearly a search for a truly causative relatiomship is desirable.
gnd is an area of basioc or general research where a combined co—ordinated programmne might
be more affaective than individual effortes. FPlans for starting such a programma werse
made &t the International Workshop on Seil Conservation and Management in the Humid
Tropics, which took place at the International Institute for Tropical Agriculture
(IIT4), Ibadan in June 1975. This plan envisaged a worldwide network of stations
which would operate a common programme of experimente on erosivity, using standardized
equipment. One of the difficulties is developing suitable egquipment. A form of
splash ecup will serve to measure splash erosion but we need a universally applicable
device to record srosivity. At both the University of Ohent, Belgium, and the Hatio-
nel College of Agricultural Engineering, BEngland, studies ars being carried out on
instruments using the acoustic principle (following Kinnell, 1968; Forrest, 1970)
arnd pressure transducers (following Kowal et al., 19731) to record the impact of rain-
dropa.

In applied research at regional or local level there is a need for more
ptudies of rainfall. In the past it was considered sufficient to record only the

amounts of rain. For erosion research we nesd to know sbout erosivity, maximam
intensities, intansityfduratinn relationships and frequencies of severe storme.

4. THE ERODIBILITY OF SOIL

4.1 Definition and application

The definition of soil erodibility ie ite susceptibility or vulnerability to
erogion, that is to say the reciprocal of resistance to erosion. It can either refer
only to the physical characteristics of soil, like texture and structure, or it can
include management factors which can affect erosion, such as how the soil is culti-
vated. In this discuseion the narrow definition will be adopted, correspording
with the ¥ of the Universal Soil Loss Equation. .

The applications or uses of a quantitative measure of erodibility are similar
to those of erosivity. There is the practical application in the design of control
measures which need to be intensified for a vulnerable soil or relaxed for a more
resistant soil. There is aleo the use as a research tool where the ability to allow
for variations due to soil erodibility allows us to interpret the effects of other
variables. ' o

4.2 Diract measurements of eréﬁibility

If wa subject different soile to the same erosivity and measure the soil loes,
then we have a direct measure of erodibility. The problem is that we may get
different answers according to how we measure the soil loss.

Today our thinking on erodibility has gone right back to Elliscon's utarti?g
point of 30 years ago, and it seoms unlikely that any one single messure of erodibility
pan acoount Tor the separate properties of resistance to splash (detachahilit;} and
resistance to surface Tlow (transportability).

There are other problems associated with direct measurement of erodibility.
With field experiments under patural rainfall it is not posseible to control the
erosivity; with laboratory experiments the simulated rainfall can be controlled but
the soil is not the same as in the field, and even in the best combination of a
rainfall simulator used in the field, there is still the problem of separating dut

_menagement effects like previous eropping prectice. ¢
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Indirect assessment of erodibility

In view of theas doubts about how erodibility can be directly measured it is
not surprising that indirect assessments based on other measured characteristics have
not been very succesaful., There ies & vast literature on the subject which has been
well reviewed, for example Bryan (1968}, and a wide rangs of techniques have been
developed since the attempts of the American soil scientists in the 19308 to correlate
arodibility with simple factors like mechanical composition.

This approach to the subject received a grest boosf when Wischmeier produced
empirical relationships, first using 15 factors (Wischmeier & Manmnering, 1969) and
later a simpler variation for prantlcal application with 5 factors (Wischmeier,
Johngon & Cross, 1971}, However the point made earlier about empirical erosivity
relationships applies equally here. The Wischmeier nomograph is derived from data
on American 50ils and can be expected to work in the United States, but one cannot
gither assums or expect that it will be equally valid for differsent eoile in the
humid tropics or in arid regions, and indeed attempta tﬂ extirapolate it beyond the
measured range have so far been disappointing.

Reaearch needs on erodibility

The first priority would seem to be basic research on the fundamentals of
ercdibility. Can any single index or parameter adequately deseribe and quantify
resistance to erosion? Or should the various components such as resistance to detach-
ment be assessed separately, and then combined? Since this is long=term basic
regearch which will have worldwide application it would be sppropriate to mount a
combined programme involving research workers in many countries.

At the same time, the long-term search for real understanding should not slow
local attempis to find local solutions. In many developing countries a real step
forward would be achieved by simple comparative studies of the relative erodibility
of the major socil types. I suggest that current thinking would point to this being
best achieved by rainfall simulators operated on field plots. Some standardization
of technique iz desirable,and the TITA 1975 conference considered this, but there is
a gap here which needs to be filled.

EFFECTS OF TOPOQRAFHY

Slope

The effect of slope on ercsion has been extensively studies and is well doctu-—
nented. Mathematically the relation is

Erogion = a Sb

where § is the elope expressed as a percentage, amd a and b are constants. The value
of a depends on many factors, mainly management of the soil, and b is an exponent
which variea according o soil type and land use but is usually between 1.3 and 2.0,

The relevant question here im to what extent is it sensible to try to modify
the natural slope. Because of the form of the mathematical relationship a reduction
in slope will reduce the erosion more than the proportion by which the slopes i=
reduced, but slope modification has three main problems.

a) Earth moving on a large scale is 80 expensive that it can only be justified in
8pecial cases. Soms examples are ancient bench terrace systems which could be
built because of slave labour, or modern bench terraces which have to ba made
bacause there is no alternative. Very high costs msy be justified by expected
high returns; e.g. large terraces in the United States to allow level operation
of sophisticated machinery, or terracing for high-yield cropas like olives, vines,
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fruit, or irrigated crops. In southern Czechoslovakia land shaping is being
carried out on a massive scale with cuts of up to 10 metres, and im this ocase the
motivation is the political determination to inerease food production regardless
of coste.

b) In high rainfall areas there still remsins after terracing the problem of how to
safely dispose of surface run—off. Indeed the comstruction of terraces often
makes this problem more difficult.

¢) Unless the eoil is umsually deep and uniform or unless the topsoil is carefully
replaced, the process of terracing is likely to result in lower fertility.

Slope modification need not be a complete change to bench terraces. A partial
tarracing effect has been deliberately sncouraged in many countries by a combination
of moving moil downhill by cultivation, and holding soil by contour bunds or bankse.

Lensth of slope

Agmin, the effect of length of elope is well documented. In a gimilar relation

Eropion = o Ld

whers L i the length of slope and ¢ and d are conatants.

If erosion is exprassed in loss per unit area the value of the exponent d will
be less than 1.0, and typically asbout 0.5, showing that erosion is less gansitive to
length of slope than it is to the degree of slope.

In the Universal Boil Loazs Equation the effects of length and steepness are
combined into a single factor. Although the relationships of S and L are ampiriecal
and derived from US data, here is one oase where the relationship appears to be
equally valid in other situations. In general the efTect ot these two topographic
factors is well understood.

The effective length of slope can be easily modified by cross-slope mechani cal
protection methods such as graded channel terraces, ss well as bench terracing. These
practices will be discussed under the effects of management in Section 6.

Effect of adjacent land

Surface run—-off may be affected by surrounding land. Higher land may discharge
surface run—off onto a field and so make the problem of ercsion control much more
difficult. Similarly most systems of mechanical erosion control on arable land
depend upon gathéring the run—off and disposing of it in an orderly manner, and this
may be difficult if the lower land has been so developed that there are no suitable
drainage ways. This may mean that the technical solution to erosion cannot ba
applied to small piscea of land or te individual farms, but muat be applied on a
larger Borle. An extrems example of this problem occurs in central India whers
intensive cultivation of small fields, and progressive subdivision, have led to a
patchwork of arable land covering the whole land surface. Any attempts at logical
soil and water control are frustrated because there are no adequate drainage channels
and no available land where they could be conetructerd.

However this is essentially a problem of socio—economics, legislation and
axtension. Our understanding of the effects of topography is adequate, and the
question is whether wa have the right technigues for effecting desirable changes.
Present prn:tfces,and whether they moet the requirement,are consideraed in the next
pection.



EFFECTS OF MANACEMENT

Land salection

The first principle of sensible soil conservation and management is appropriate
land use, which means matching the use of land to what the physical and ecological
conditions mske possible. We can ease the constraintecaused by waterlogging if we
drain land, and we can reduce the risk of erosion by applying soil conservation
mathods, but there are limits to the modifications which we can make. If land is
inherently unsuitable for arable use, it is better to use 4t for soms other purpose
rather than to try to change the limitations.

The difficulty of applying this principle in practice ie that it may conflict
with regional or national wishes. It may be ecologically right for a country to put
all its land umder, say, rubber trees and import all its food, but eslf-sufficiency
and import subastitution are the battle—cries of today's politicians and economiste.

Fortunately we do have some useful tools with which to carry out sensible lamd
use planning if pelitica permit. Where conditions are roughly comparable to those in
the USA, i.e. lots of good land and a good appraeciation that it is an aseet to be
used but not over—expleited, then the Land Capebility Classification first developed
by the USDA 5C3 is the starting point. Subsequent modifications in many countries have
shown that with some adaptation to lecal requirements it is surprisingly versatile.
However, it was derived for land with moderate slopes and a temperate climate, and
is unsuitable for the steep slopes and harsh climates of the humid tropics and for
the semi—arid regions of the subtropics.

We do have the outline of a clasmification system for the steep lands of the
humid tropice, developed mainly by Sheng from experience in Taiwan, Malaysia and the
Caribbean (Sheng, 1971), but this system has not been adequately published or tested
on a large scale.

In the case of the semi-arid regions the distinction between land use and land
management becomes blurred. With low rainfall the land use must be dominantly grazing,
but it would be helpful if we had = system for assessing the capability of grazing
land in the same way that we can differentiate between different classes of arable
lend, and then go o¢n to specify the management technigues appropriate for each class.
Perhaps there is a need hers for another coordinated worldwide research study of the
baeic principles.

The gquestion of land classificstion and recommended use cannot be separated
from the pressure on the land. These pressures may ba the result of social habit
rather than real reguirement; for axample, in some countries in Africa the population
density hss in the past been so low that there was always enough land for everyone.
This has led to the cultural ethic that everybody has the right to own his own land,

a proposition which ie becoming untensble as the population incremses. Another form
of pressura on the land comes with hereditary fragmentation of landholdings. This
must inevitably lead o more people on smaller holdings and eventually the point comes
where the pressure is so heavy that rotionnl long—term land use is not possibla.

An interesting example of the interaction between technical opinion and prag-
matic action comea in a recent issue of the Indian Digest of Soil and Water Conserva-—
tion. The journal invites comment from all interested parties, and particularly the
profeasional conservationists for whom the journal is intended, on whether the
present limitation of cultivation should be relaxed. The points for and against
listed in the questionnaire (attached as fAppendix A) show the difficulty of
reconoiling the conflicting reguirements. #



6.2

Land management

It is convenient to divide conservation control into mechanical protection
measures and agronomic or biclosical measures. Those works which imvolve & large

amount of sarth-moving clearly fall into the class of mechanical protection, but the

dividing line is not preecise — for example, contour ploughing might well be ineluded
in either group. Neither is it straightforward to separate lamd management, i.e. the
mani pulation of the soil and land, from crop management. * Again, in which group does
contour ploughing fit? Since this paper is concerned mainly with the protection of
arable lands it may be appropriate to review current practices in groups aceording

to the kind of arable farming.

6.2.1 Gentle BlOEﬂS

Up to about 1° slopes it is usually possible to control erosion by simple
methods such as strip cropping and contour ploughing. At 12 or 2° it becomes
necessary to introduce some system of regular drainage, and between 22 and 7°
the classical mechanical control system developsd in North America comes into
its own. There are three basic components of the system as shown in Figurs 2.
At the top is the stormwater diversion drain to intercept the storm run—off
which would otherwise flow down from the higher ground on to the arable land
whioh it protects. It is an open drain, usually in bars earth, and on a
gentle gradient. It is the first line of defence and all the structures

lower down will be designed on the assumption that it will effectively control
all the run—off from cutside the arable land. If it fails to do this, and ias
braached the water released will almost ocertainly breach the lower works, It
may be called a storm drain, stormwater channel, diversion terrace, or diversion
ditoh..

The run—off from the arable land is caught in similar but smaller drains
spaced at regular intervals down the slope. The channel is usually kept

free from vegetation and the excavated soil forms a bank on the downhill side.
They are usually on a gentle gradient to lead the run—off safely off

the arable land. In different countries they may be called channel terraces,
or graded terrsces, or contour ridges.

The stormwaler draine and the channel. terraces can discharge into a natural
drainage channel if there is a suitable one in a comvenient position. When this is
not possible, an artificial channel must be provided. This will also be n shallow
open drain, but with a good grass cover, and running straight down the slope.

It needs eareful design to avoid the flow eausing erosion., The usual names are
grass wakerwsy or moadow strip.

This system has proved to be effective in many countries, and over a wide
range of rainfall. It is particularly suitable where low pressurs on the land
makes it possible to restrict arable land to slopes less than about 7° or 8°
(12-15%). The design procedures for these works are well developed and
documented (Cormack, 1951; Schwab et al., 1966, Hudson, 1976).

642.2 Steeper slopes

At slopes above 7° (124) it becomes increasingly difficult to construct
channel terraces and the proportion of land taken out of cultivation increases.
4t this point permanent arable land is best achieved by bench terracing. Again
the technique is well developed (Sheng, 1971). The variables are the width
and height of the terraces, determined by the soil depth and the erop reguire-
ments, and the slope of the riser, determined by the stability of the soil.
Grass—backed terraces are increessingly popular in the United States, and a
planted sed-forming grass is used to stabilize the back slope at a steeper
angle than would otherwise be possible.
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Fig. 2 The basic components of mechanical protection
the stormwater drain which diverts storm run-off
originating off the arable land.

the graded channel terraces leading away the run-
off from the arable land. : .

the grass waterway intoc which both stormwater
drain and channel terrace discharge.
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6.4

As the land slope inereases it requires an inecreasing amount of earthmoving

to construct terraces which are wide enough to be treated as arable land. Thae
upper limit of slope suitable for banch terraces is about 15° (36%). On
gsteepor slopes Bmaller terraces are best, celled step terraces or orchard
terraces, and are suitable for fruit and other tree crops. Oround cover is
raquired to protect the ground betwsen the trees from splash and to give some
protaction from surface run—-off if it occurs.

Above 259 (42%) and up to 33° (65%), discontinudus or intermittent terracing
should bo used, where small platforms are levelled for individual trees, but
moet of the land is either left undieturbed or, better still, planted to a
close~zrowing cover crop. Above 33° any cultivation is both difficult and
undesirable. A summary of this approach to conservation practices on steap
glopes ia shown in Figure 3.

Crop managemont

It is in the area of crop mansgemsnt that the most effective control of
ercgion on arable land can be achieved. The significance of splash erosion as the
starting point of the erosion process was only appreciated after the work of Ellison
in the 19405, but the fact that erosion can ba largely controlled by the provision
of a protecting cover at the moil surface had been demonstrated in the 18908 by
Wollny in Germany on small plots, and the same principle was discovered anew by
Miller in the 1930z in field experimenta. In the pionesr conservation work in the
USA betwsen 1930 and 1950 the key factors were mechaniecal contrel based on the channel
terrace, and the introduction of close—growing crops and crop-residues, and the use
of pod-forming crope in rotations.

Since then, the effect of crop management in what we might call Forth—American
atyle arable farming has been thoroughly studied and every aspect evaluated. In the
Universal Soil Lose Egquation the ¢ factor representing cropping practices can be
aspassed with muich greated precision than any of the other fTactors in the equation.
Wherever the mame style of arable farming ie practised, i.e. large—scale, machanized
and concentrating on cereal erops in rotation with forage crops, the results can be
applied with only slizht local modificetions.

However in many developing countries this is not the pattern of arsble farming.
It is more likely to be Bmall-ccale and intensiva, malti-cropping rather than single
crope, with little or no mechpnization, and quite likely a completely different
philosophy on weed control. In this situation our knowledge is inadequate and there
is a need for a major research effort.

Resoarch neods for management

In the field of mechanical protection and land management we have a wide choica
of technicques. Moet are well usmed and design methods are available. There will
always be somn place for localized applied testing to see which technigque or which
design is best, but on the whole the available practices are adequate.

In crop management for what I have termed the Worth-American pattern of arable
farming the pesition is similar. The principles are well known, a great deal of
detailed work has beoen done, and all that ia required is limited local testing and
devalopment.

However, in the casoe of the small-scale intensive arable farming so widespread
in tha developing couniries the position is very different. GSomething more is
required than a modification of the practines developed in a different situation.

Hor ia it sufficient to think of research on erosion control in isolation. What is
required 18 a study of the whole system of arnble farming in developing countries.



At two of the Intermational Institutes such & programme is under way: at II'T for
the humid tropice, and ICRISAT for the memi-arid tropics. But theze two programmes
together only muster a handful of scientists. The scale of the problem and the
urgency of it, suggest that there should be a hundred times more,

LAND MAXTHUM MINIMUM CONSERVATION MAKTIMUM
CLASS SLOPE S0IL TREATMENT - INTENSITY OF
DEGREES DEPTH LAND-USE
(mm)
(Note 1) (Note 2)
1 7 0-2° Gontour Any
cultivation
2—?0 Channel Any
Terraces
2 15 1000 Bench Terraces Ang
3 20 500 Step Terraces Close-cover
crops and
semi-perennials
4 25 500 Step terraces Tree cropé with
or hillside ground cover
ditches
5 33 250 Orchard terraces Tree crops with
or platforms ground cover (no
cultivation)
5] More than - None Forest only.
29
Notes: 1. Equivalent slopes are 12, 27, 36, 42, 65 per cent.

2« Minimim scil depths are requlred when terraces

are to be cut into the hillside.

Fig., 3 Criteria for land capability classes in

the humid tropics
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1.2

SPECIFIC REQUIREMENTS AND POSSIBILIT FOR ASSISTANGE

by
N. 0il

THE PROBLIN

Fxisting Sarvines

In most developing countries certain components of so0il and water services
exist; sometimes they are found as different departments in one ministry but very
often two or more ministries mey be invelved, The mervices provided by these many
units are usually not coordinated and cooperation between them, in most cases, ia
non existent.

Soile Surveys

Lately soil and land use surveys have been carried out in many countries
or are part of their development plan to be implemented. Assisted by internal
institutions or bilateral aid, such surveys are carried out on a regonnaissance or
semi-detailed scale. BSoil laboratories with sophistinated modern equipment are often
part of such projects which also inolude the training of loecal scientiets, Generally,

. & high scientific level is applied and followed up by more or less intensive research

on epeoifio problems found during these surveys.

Special maps are prepared as a result of the surveys, mostly on a scale of
1:25 000 or 1:50 000, Furthermore the soil survey unit is a speaial service which
may sometimes be called for assictance on specific problems but is not involwved in
the daily requirements of land use and farm management of individual farmers or small
village communities, Sometimes the results of these surveys may also be available and
veed on this practiecal level of direet application on the land, Very often however
there will be little or no contact between the soil scientists and the field
extension worker, who generally has a much lower level of education and has no
treining in this epecific subjeat,

With regard to farm management which necessarily includes good soil management,
it will be often the soil scientist who lacks knowledge on this subject and very
often ie not even interested in it,

Water Services

In most countries where irrigation is regquired, some sort of water services
axigt, They may have very different organizational structures and sometimes belong
to ministries which are not directly connected with agrieultural production. TFarmers
irrigation associations, with or without government supervision, may often be
reaponaible for distribution of irrigation water. With a few excoptions some water
laws and regulations exist. In most cases they are based on traditional customs
and are not adjusted to the requirements of the changed conditions of today. BEven
improved laws, few as they are, may be difficult to enforce to bring about the
neceasary improvements to meet the rising demand for irrigation water, its proper
distribution and its supervised use.

Fracfiaally without exeeption there is wasteful uee of the limited resournes
of irrigation water. Bven, in new projects lack of consideration for the requirements
of effective irrigation can be observed, MNew and large irrigation schemes have often



caused severe damage to bhe land through alkelinity, rising watertables and ocreation
of man-made swamps.

Soma of the major characteristics of most water distribution systems are the
losses in canals, the lack of proper and continuous maintenance and the dietribution
aocording to area irrigated and according to gquantities pupplied. Payment is also
socording to area unit irrigated and unlylin rare caces exact water measuring devices
are inetalled and payment sollected per m” used, Consequently, wasteful irrigation
can be observed in countries or locations whare the supply of additional water for
irrigation is & major problem.

Furthermore, except in areas irrigated from large rivers with fairly constant
flow, a gradual decrease in available water is evident,- caused by deterioration of
watersheds through man's activities, Seldom, however, do water services have any
part in or concern with this phenomenon whose very real implications touch the water
sorvices themselves, Flash floods, sedimentation in reservoirse, diminishing flow
during dry seasons and falling groundwater tables are the results of destructive
sotivities in watersheds, but water mervices are generally not involved in the
activities to restore the water balance in & given area or a whole country.

The Missing Link

There are servioes which deal with some aspects of so0il conservation on arable
land; other services or ministries, such as forest departments, may be concerned with
erosion control on uncultivated areas. Special units may be involved in irrigation
and/or drainage activities. Separate farm management unite may be active in the
framework of extension services, mostly on a limited scale. But no spenial service
for comprehensive soil and water conservation exists in any developing country.

Such a service could ke given different nemes, it could be part of a minietry, or

an independent ministry, it could be a coordinating hody between department and
ministries, To be effective it must have authority on all aspects of land and

water use and the conservation of the available natural resources. Without such

a comprehensive and integrated approach and a responsible authority for implementation,
no basiec changes in the present situation of unrelated and non-existing activities to
conserve and improve the rapidly deteriorating natural resources for agrioul tural
production can be expected,

The establisbment of such a multidisciplinary agency in countries with a
vertical administrative set up with very little or no horizontal coordination is
certainly a major and difficult undertaking.

SOLUTIMNS
Jeneral

The multidisciplinary character of soil and water conservation and the
development of adequate soil and water services in developing countries is a diffiecult
problem. The urgency o establish such serviees in most countries is evident, '
Repidly increasing population and diminishing resources of land and wester on an
accelerated scale are & olear indication of the necessity to act without further
delay to prevent additional losses and to repair damage already done. The existing
adminietrative and professional unite in governments, each dealing with one or two
speoific subjects, are indeed fully aware of the dangers and make efforts to solve
the difficulties and problems in their own limited fields of activities. Requests
for assietance are increaming and large emounte of money are spent on projecte
dealing with these subjects. However the results are rathar discouraging., Some
possible ways to establish such essential servises will be discussed and evaluated.



2.2

Euﬂsgstiona

i. To train techniocians of the diffe.ent existing services, dealing
with some of the oomponents, in & comprehensive and integrated
eppreach to the multidisciplinary character and regquirements of
land and water services. To return these technicians after
training to their original positione in their diverse units.

This system of training sesgiorsand workshope on Bﬁenifio problema is an
highly estimated and often used method by many international and bilateral aid
organizations. It is based on the general prineiple that education im the first
step towards progress. However, by oloser examination of the possible positive
resulte of such activities in thise specific and unigue field it soon becomes
evident that prectically nothing can be gained by such training courseas, except
the generel and laudable educational progress of individual teohnieiana, In
most cases junior technicians will take part in euch workshops., FEwven if senior
efficers are delegated, they will be in no peosition to bring about changes in the
administrative set-up., Policies are made on a much higher level and in most oases
not by professionals in a certain discipline but by administrative officers and
top government bodies,

¥o support should be given to requests for the above system nor ahould FAQ
use ite influence and meoney for such projects,

ii. To establish a special soil conservation service which may £ill the
needs for erosion control and soil and water managoment not covered
by already existing services, This new service may also be given the
task of technical assistance to other departments,

This approash is not likely to give better results than (i) above, It may
give some valusble assistance in the field and improve eortain aspects of land
and water management, but it would be in no position to bring about the necessary
basic changes in the professional and administrative organization within a
government. Furthermore, ite advisory function would be of little value even if
euch advice is sought, which is rather doubtful, Advice may be moccepted or
re jected. In moet cases, it will be rejected because it may create diffioulties
which were not encountered before. Soil and water conservation and the services
required from such a related organization cannot depend on the goodwill of others.

iii. To establish a strong soil and water service, which will deal
directly and from the grass roots to the policy making level
with all the many subjects to be covered by a multidisciplinary
agency. Thie would mean that acstivities, formerly carried out
by other agencies, be transferred together with their professional
etaff, to this new and strong organization,

This system would have a pood chance of euccess, It is however dauhtful if
governmente would take such extreme steps in changing their existing organizations
which have been evolved over a long period of time, Should a government however
teke such atepe and apply for asaistance, it should certainly be granted,

The role of governmonte and of FAO in such projeote will be disoussed wnder
3 and 4 below.

ive  To follow up the systems under (ii) and (iii), it is possible
to find another way to build up gradually a strong and integrated
g0il and water servioe.
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As a start, a small soil conservation unit as explained under (ii)
could be established with & pre-planned sequence and timetable to
absorb gradually other disciplines in a soil and water service with
different divisions under one overall management. Susch a service
should include, after & number of years, many departments, for
example: land use, soil and farm management, erosion control,
s0il conservation on agrioultural lands, land congelidation, range
menagement, irrigation and drainage, flood control, purface water
storage, groundwater resources, etc. It could also contain one
special section for comprohensive watershed management. Such

& unit could even be the first section in this new eervice, being
involved in practically all disciplines montioned above,.

V. This watershed management unit could be an important stepping
stone in the establishment of soil and water services. It could
and should start with rather small projects, covering one or
two subwatersheds, prepare the plans and be responsible for their
implementation. : :

During this period it is likely that a number of hidden an unexpected factors
of a technical and administrative nature will arise and ways to overcome such
diffioulties could be explored. Fortuitously this may be a good start because of
the multidiroiplinary character of its activities and its staff. Furthermore it
would be an easy way to demonstrate the comprehensive and integrated approach, to
observe its advantapes and disadventages, and be the foundation on whiah government
decisions for the establishment of unified soil and water services could be based,

Request for assistance for such projects should certainly be granted,
THE ROLE CF COVERNMENTS IN ESTABLISHING S0IL AND WATER SERVICE

Land and water are the basic natural resources. The rural population should
be added as the third resource, as they are the beneficiaries and the driving force
for the effective and pustained use of the resources,

Governments have asked and received assistance for large projects, dealing
in most cases with single subjects. This may help to solve individual problems.
Such projects, even if succesefully concluded, have all the short-comings of &
patohwork approach, The results are available, the local staff has been trained
and sometimes even continues work om the project subjects, but the impact on the
overall improvements in land and wat




ASSISTANCE TO DEVELOPING COUNTRIES

One of the important phases of assistance to developing ocountries may be the
explanation of the policies laid down under 3 above, If a clear and positive
understanding can be reached on this point, it will be easier to define the limits
and the form of aseistance that can be asked for by — and be given to - governments
for the establishment of efficient soil and water services,

This basic explanatory drive could be carried out by the Regional Offices or
by senior Headquarters staff and no special expenditure would be required.

The next step would be the preparation of a project dooument, jointly agreed
by government and FAO. This could best be done by a one-man miseion of & highly
experienced staff member or consultant to the country requesting assistance. Such
a migeion would require between 1-2 months of investigations, negotiations,
discussions and preparation of the document which should include sll details of
work, schedulea, staffing, equipment, offices, supporting services, budgets etec,
Above all, it must include a clear statement of intention by the government, its
decisions on legislation and regulations - if required — and its committment to

follow-up after termination of the project, It will also contain the services of
advisera,

Not more than one permanent adviser should be allocated for the duration of
the project. All other expert services should be restriocted to short=term
consultancies. The main burden should be borne by local techniciana. Projeots of
this kind should have & duration of 1-2 years not counting the preparatory
mission. The assistance in monetary terms would be small and not over § 250 000.

Within the structure presented in this paper, viable projects at low cost
could be carried out for the development of scil and water services in developing
gountries. It can also be hoped that, due to the closs involvement of governments
and their agencies there might be & successful follow-up after the termination of
such projects.



Paper No. 15 TRAINING, EXTENSION AND IMPLEMENTATION OF

SOIL CONSERVATION PROGRAMMES IN
DEVELOPING COUNTRIES

by
0.F. Jones

A B0il conservation action programme must provide the education, technical expertise,
and necessary incentives so that the land users will use the soil within the limits of its
physical characteristics and protect it from unalterable limitationa of climate and topography.
It is essential that we have a clear understanding of what ie involved in & soil conservation
programme to make it an effective one.

Apsisting land users to do this is & very big task. Tt requires expertise in many
disciplines, The fact, that soil conservation is multidisciplinary in nature, makes it
difficult to train a staff to a competent level of proficiency., The problem of training is
not necessarily made difficult because a number of different disciplines are needed, but
mostly because almost all of the disciplines must have some appreciation and understanding
of other disciplines involved. Ideally, the soil conservation planner should have a working
knowledge of all of the disciplines which are needed. Without that kind of an expert, it is
necessary to use a team approach to planning. Experts in soils, agronomy, and engineering
are usually needed to adeguately plan a project area. BExperts in many other fields such as
economics, irrigation, biclogy, hydrology, geology, and other disciplines may be useful and
needed in many cases for the planning of a soil conservation project and application of
practices.

A look at the types of jobs which need to be done to plan and apply a conservation
programme on a project area, will give an even better insight as to the kinde and amount
of training needed by the techmical staff.

1. PLANNING PROCEDURE

1.1 Information on the area needs to be gathered about soils, topography, and climate
on all project areas, regirdless of size. On the larger areas data should be gathered
on crops, population, social structure, infrastructure, and other factors which may
affect planning as well, The planner is probably well aware of the effect of those
factors on smaller project areas., This invelves gathering data in the form of maps,
publications, and reports, as well as data which may need to be gathered in the
field.

1.2 Soil degradation problems should be identified. This requires an ability to
recognize at all stages, the many processes of soil degradation such as wind and
water erosion, waterlogging, salinization or alkalization, and pellution.

1.3 A determination of the land treatment needs should be made. This requires an
understanding of the kinds of practices or treatment measures which are needed to
gontrol or correct the degradation process which is taking place. A thorough knowledge
is necessary of about 100 practices as to when, where and how they apply. All alter—
native solutions need to be considered as well. Rough cost estimates may be needed for
making a practical evaluation of alternatives.
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2.1

2.2

2.4

2.5

2.6

A1l alternative solutions should be presented +to the decision maker. This
involves having a clear understanding of what each practice will acoomplish, as well
as the benefite which can be expected as compared to the coet of installation for
all the alternatives, It is also essential to antioipate and analyse any installation
difficulties and work out a realistio timetable for application.

Final plan preparation involves the assembly of all pertinent information
needed to carry out the plan in an orderly manner,

PLAN APPLICATTON

Application of the plan includes the design, stake out, conatruction, checking
of adequacy, menitoring effestiveness, and maintenance,

Most people associate design with engineering constructions such as dams,
drainage systems and water control structures of all kinda, Other measures may also
need to be designed and even though they may not require so much in the way of
hydrological considerations, they do, in most cases; require agronomic coneideration
in relation to scil and climate. All structures should have standarde for application
or specifications which are adapted to the local conditions.

Kost practices, which involve earth moving, require staking to determine areas
from which material can be excavated and where depositions should be made, as wall
as to locate appurtenances which may be a part of a structure. Staking out or layout
and design is also needed for most other measures to determine quantities of materials
needed and area to be treated in order to make cost estimates and for record-keeping
purposes. For inetance, with any conservation practice which involves seeding,
sodding, or tree planting, it is essential to know the area involved to determine
the quantity of materials needed, euch as seed and other soil amendments,

Constructions partisularly those which involve earth m:w'ing or masonry work,
require knowledge of napability and limitations of the equipment, ability to analyse
quality of construction materials and workmanship, ability to compute quantities of

materiale, and a thorough knowledge of construction techniques, equipment operation,
and safety hazards involwved,

The check for adequacy of construction requires a thorough knowledge of the
specifications for the particular practice, and the ability to recognize visually
weaknesses of construction, and to desipgn ocorrective measures,

Honitoring the effectiveness of conservation measures after they are
installed, requires an understanding of how they are designed to function and an
ability to analyse whether or not they are performing that function,

Maintenance after installation again requires an understanding of the
epecifications for the practice involved, and it may require ability to redesigm

sections of a structure or to recognize the need for complete redesign in the case
of design failure, i

A1 the jobe in a so0il conszervation programme require special skills of one

kind or another, so the challenge is how to impart these neceessary skilles to staffl
in the moet efficient manner, ;



TRAINING REQUIREMENTS

The effective implementation of a soil and water conservation programme can
probably be most efficiently achieved by a combination of people — some who have a
broad overall understanding of the interrelationships between disciplines and the
general requirements for land treatment, and the more specialized type personnel
who are capable of making detailed studies, surveys, and designs for specific
practices, It is recognized that the overall job of planning and applying a
conservation programme could usually be accomplished by competent college trained
people who are classified as professionals. To do the 'entire job with only
professionals, however, would not be efficient from a training requirement
standpoint, and most developing countries do not have an abundance of college trained
people. Fortunately, many of the jobs which need to be done can be accomplished by
staff who are not college trained but only trained in how to perform specific tasks.
Thie kind of non-professional personnel can be particularly useful in the gathering
of information for design, such as topographic surveys and cross-sections. The non-
professional can also become highly proficient in the layout of simple mechanical
type measures such as contour lines, terraces, and waterways. The secondary school
leaver with sound basic education and an interest in agriculture can usually be
trained in these types of skills, primarily through on-the-job training which does
not require high investment in training facilities and special teaching staff. Tt
also has the advantage of keeping all of the training job oriented and praectical.

The alternative to on-the-job training for non-profeseional staff is a
formalized training programme. This can be set up as a special curriculum at
established schools of agriculture or in a training institution established specifi-
cally for training soil conservation staff. There are advantages and disadvantages
to either approach.

The advantage of using established training institutions is chiefly that, upon
completion of the course of study, appropriate certificates or diplomas are usually
awarded which represent the level of academic achiewvement. These are usually
recognized throughout the government for establishing grade level and salary of
employees., The disadvantage is that most institutions lack the facilities to
provide sufficient in-the-field practical training; and adeguately trained teaching
staff, with practical field experience, may not be available.,

The establishment of a training institution within the framework of the
organization, which has the responsibility for carrying out the so0il conservation
programme within a country, has the advantage that training would be more closely
tied to actual field projects and instructors would probably be practising professionals
with a better insight into the jobs needing to be done. The facilities established
could be alternately used for staff refresher courses and in-service training
programmes. It has the disadvantage of not being able to offer academic achievement
certificates and diplomas unless epecial arrangements are made with academic
institutions. i

The problems of recruiting and training staff for soil conservation in
developing countries are many. Some of the more serious problems envisaged include:

1. the lack of interest in agriculture or agricultural problems by students
who have received formal schooling;

?. relustance on the part of cellege trained professionals to become involwed
in the field work to the extent necessary to transfer textbook knowledge to
practical field applicationy

3. the quality of primary and secondary education many times requires that
additional basic education in mathematics and elementary sciences be given
along with on-the-job training before proficiency can be achieved;



4. the lack of emphasis on agricultural development as compared to military,
industrial, and commercial expansion by many governments hes caused positions
in agriculture to be regarded as less prestigious than similar positions in
other ministries,

The extreme difficulty which may be encountered in overcoming the above
mentioned problems and others does not minimise the jmportance of overcoming them, if
sound technical assistance programmes in soil conservation and agriculiure in general
are to be achieved., Some of the sclutions which seem to be essential to achieve
the objectives include:

a. upgrading of the quality of primary and secondary education;

b. a greater recognition needr to be given to the importance of agriculture,
agricultural development, and conservation programmes by many governments,

¢. more emphasis needs to be placed on pragiiich.-aphiichiion 61’ xnowidage
gained in higher degree training

d. improvement in the amenities and terms of service offered agricultural
experta by governments needs to be achieved.

EXTENSION AND IMPLEMENTATION OF SOIL CONSERVATION PROGRAMMES IN DEVELOPING COUNTRIES

This is discussed as a single subject because most developing countries use
extension techniques and extension institutions as vehicles to implement soil
congervation programmes. The fact remains, however, that countries which have
apparently been most successful in implementing strong action programmes in soil
and water conservation, such as the United States, Australia, and New Zealand,
have all resorted to special institutions to acromplish the task.

At first glance, there would appear to be many advantages to using the
extension institutions which already exist in most developing countries for the
implementation of eoil conservation programmes. Most political leaders view it
as expeditious because it eliminates the cost of establishing a separate institution,
This reasoning may be valid in cases where budgets are limited and tha problems of
601l conservation are simple. Extension organizations are usually understaffed in
most developing countries and the addition of further responsibilities may only
further dilute their overall delivery capability. As is already well known,
extension workers in most developing countries are handicapped in the performances
of their regular duties by many factors, such as lack of facilities, equipment,
training, transportation, backstop support, and materiala. The well-trained
axtension worker can be very effective in instances where soil conservation can be
achieved by the use of good crop husbandry practices only, It is difficult to
visualize the situation where an extension worker could effectively handle problems
which are complex without etrong support from a profieient well—trained technieal
staff. Many times half-way measures, when applied, result in more severe soil
degradation than if ne treatment were applied at all,

A1 of the techniques used in extension work need to be used in bringing about
the adoption of soil conservation programmes by land users. It is probably in this
area that the ordinary extension worker can be most useful in a soil and water con-
oervation programme whethar or not a special institution is created for implementation.
The training and education needed to effectively implement the programme poes far
bayond the training of technical staff discussed earlier. It must be carried to the
land user so that he has a clear understanding and appreciation of the need,
purpose, and results to be achieved.



Some ocountries have instituted speecial training courses for extension workers
on so0il conservation. This would appear to be a feasible solution to the need for
tecknically trained personnel and in some cases it may be, but in some cases, results
have been disappointing. The chief problem appears to be organizational in that when
the employee returns after training to work within the regular extension organization,
he finds himself ocutside of the mainstream of the organization for promotion and
advancement, his supervisor may have little understanding or appreciation for his
newly acquired skills, and he may be given assignments unrelated to the tasks for
which he was trained. This leads to extreme employee frustration and resultant lack
of accomplishment. These problems should be relatively easy to solve by ereation
of a special task force or unit within the extension service for soil conservation.
The highly specialized skills reguired for planning and application of special
practices for scoil conservation precludes, in my opinion, the poasibility of develop-
ment within the regular extension organization of an effective soil conservation
programme, except in rare cases where special practices may not be reguired.

The cost of installing many of the practices essential in a soil conservation
programme inhibits implementation of the programme unless incentives are provided.
Governments generally have recognized the need to assist land users and land owners
by paying a part or all of the costs of installation of special practices in addition
to providing technical assistance without charge., The land tenure systema which vary
from country to country make it impractical to attempt to conclude that any particular
system of incentives is superior to another. However, one principle does seem to
prevail, depending upon how much control and long term interest the land user has in
the land, and that is, that if the land user has some investment in the practice,
he has more understanding and appreciation for the practice and will have more interest
in maintaining it. The United States government has had the policy of paying from
50 to ?5% of the cost of installation of special conservation practices on private
lands. Similar cost sharing arrangements have been carried out in other sountries.

In Nigeria, we had a project where costs of constructing hand built terraces
were shared botween the farmers and the government. The farmers contributed one
day of labour each week as his share, while he was paid wages for the other five days.
Acceptance of this projent was better than those in which the government carried out
the whole job without invelving the farmers.

fnother very serious deierrent to establishment of effective country-wide
#0il conservation programmes in most countries of the world, is the lack of
flexibility in land use. The extension organization is uwsually based within a
ministry of agriculture or its equivalent, and as such, serves only what is called
agricultural land used primarily as cropland.’ Soil degradation occurs not only on
agricultural land but also on lands used for other purposes such as grazing land
and forests. The same kinds of expertisc and practices are needed to solve the soil
degradation problems on those lands as are needed on agricultural lands., Without
the creation of a mnil conservation organization whose services would be ayajilahle
to all of the ministries with jurisdiction over land, soil ronservation trained
and oriented staff would be esgential in each of the ministries before effective
Boil conservation programmes could be implemented to ecover all lands. Such dupli-
cation of astivity may prove to be a wasteful use of searce trained manpower resources.
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CONCLUSIONS

1. To be effective a soil conservation staff must be based within an organi-
zational structure capable of accommodating its needs,

2. Technically trained staff is needed to effectively implement a.soil and
water conservation programme.

3. Incentives for installation of special practices need to be provide&.
4. More land use flexibility could provide practical alternatives to

installation of costly special practices in many caseg, thus reducing coste
substantially.
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1. SUMMARY

The environment is defined as that whole outer physical and bioclogical system
in which man and other organisms live and interact in accordance with their intrinsic
characteristics and needs. The wise management of that c¢cnvironment depends upon an
undergtanding of its components, It demands positive and reslistic planning that
balances human needs against the potential the environment has for meeting these
needs, Oood management avoids pollution, erosion and the wastage of resources by
irreversible damage. . '

Technological innovation in agriculture has been restrained very little to-
date by environmental considerations, A farmer uses fertilizers and pesticidues to
the extent that his knowledge and judgement suggest that it is profitable for him
to do so. He does not consider the environmental problemsa that fertilizers and
pesticides might create by polluting and eutrophying downstream rivers and lakes etc.

HWith the forementioned considerations as a background the paper presents relevant
informative accounts on — the nature and goals of land use policy; role of land use
policy; guidelines for land use policy and action foei of land use policy subject
Arcas,

24 INTROTUCTION

The environment is defined as that whole ocuter physical and biological system
in which man and other organisms live and interact in accordance Wwith their intrineie
characteristics and needs. The wise management of that environment depends upon an
understanding of its components: of its rocks, minerals and waters, of its soils and
their present and potential vegetation, of its animal life and potential for livestock
husbandry, and of its climate. It demands positive and realistic planning that
balances human needs against the potential the enviromment has for meeting them. Too
many people think only of pollution when they consider cenvironmental problems. Good
management avoide pollubtion, erosion, and the wastage of rescurces by irreversible
damage. To prevent such types of envirenmental degradation is even more challenging
and certainly more efficient than to redress them after they had occurred,

Both the creation and the recognition of environmental problems depend closely
on the way socicty is organized, and on its values and objectives, Changes in the
relationship betwecn man and his physical environment depend to a large degree on
changes in the organization and aims of society. If man is to escape from a situabion
in which much energy and resources aro devoted to correcting past mistakes, his aim
muat be to build a society which is intrinsically compatible with its environment.

The fundamental necds of a human being are hard to define, Our perception
of them varies according to our culbure, time and technological progress. Bul some
may be conpidered "bagic" becausc unless they are sufficiently satisfied, dignified
and active human life is impossible, They are food, shelter, health, clothing,
education and creative productive work, and they are felt by ecvery human being
irrespective of culture, race or arx, Closely linked with them there is another
group of "qacial“ or "oultural™ goals such as entertainment, participation in social



affaire, travel, choice of employment and the like, It is hard to draw the line
between human needs and desires. Onoe basic human needs are satiefied - and this

in iteelf will be diffioult to achieve throughout the world - people still have
wants which relate to individual standards but also strongly reflect oultural
influences. MAspirations and expectations mount as societies develop and economic
growth proceeds: +they are never fully attained. It is a feature of man that he

is always searching for new goals - of knowledge, successful rural or urban economia
enterprises, art, social cheice, or physical quality of life. It is within this
psychologic context that the lives of the farming commurritites are oriented towards
attaining higher levels of accomplishment in promoting their enyironmental qualities
from the aesthetic, cultural and socio-economic points of view,

This paper will review the environmental problems that confront developing
countries as a background for delineating the problem, the nature and goals of land
use policy, the role of land use policy, the guidelines for land use policy and the

action foci of land use policy subject areas,
THE PROBLEM

Technological innovation in agriculture has been restrained very little to
date by environmental considerationm. A farmer uses fertilizer to the extent that
bis knowledge and judgment suggest that it is profitable for him to do so. He does
not consider the environmental problems that fertilizer use might create, for example,
eutrophication of lakes as a result of runoff. He applies chemicals to control inseots,
pestz, and discases to the extent that he thinke it will be profitable for him to do
50, without considering the poseible adverse effects of those chemicals on wildlife
or on humans elsewhers, He builds feedlots of sizes and layouts that he thinks will
be most profitable, with little if any consideration for manure disposal. #And so it
goes, Farmers respond to new technologies and to prices of inputs with little or
no consideration for the environmental impacts of their actions. Accordingly,
pressures upon agricultural resources are increasing., Although over centuries
subsistence farmers have acquired an intimate knowledge of local climate, soils,
water, plants, and animals and'of the maintenance of their productive capacities,
the introduction of new agricultural technology and land use systems tends to make
some of thia knowledge and experience obsolete. It is becoming increasingly difficult
for extension and other advisory services to educate farmers in appropriate agricultural
practices and in the safe use of new technologies, This is due to the large number of
people and production units involved and the increasing rate at which changes are
introduced into agriculture.

The problem is particularly acute where new lands are brought undér cultivation,
vhere new crops, varieties or breeds of animals are introduced, or where irrigation
iz used.

Dependence on market conditions and, in some countries, obsolete land tenure
Bystems put additional constraints on the farmer and further limit his ability to
manage economically his farm and at the same time maintain the productive capacity
of its resourcesz and the protection of the environment., Under these conditions,
many farmers, particularly in developing countries, cannot afford to make basic
land improwvements, and apply soil and water conservation practices,

Aocelerated degradation and depletion of basic agricultural resources are
resulting from the pressures to which reference was made, Although some forms of
natural resources degradation have always existed and can be found at all levels
of agricultural practices, increasing problems are found throughout the world which
substantially impair agricultural productivity and development. These include:

1. accelerated soil erosion by wind and water, loss of soil fertility, through
leaching or depletion of nutrients and decrease in hums content, degra-
dation of soil structure, increased soil salinity, alkalinity and
waterlogeging under irrigationy



loas of useful genetlc resources;




ROLE OF LAND USE FOLICY

In identifying the role of public land use policy it has to be described in terms
of three phased background elements. First is a statement of needs for remedial action
based on recognized natural resource and environmental problems. Second is a statement
of policy purposes that represent a consensus among citizens in terms of what the policy
ie expected to perform. These purposes should set the goals for improving natural
resource use and environmental quality and should be coneistent with the norms for
delimiting the problems that create the need for the policy. Third, the policy should
establish general guidelines and definitive directiona for achieving the goals. The
guidelines should be supported by a rationale why the guidelines are expected to
move natural resource use and environmental quality toward the pelioy goals,

Thus, policy is regarded as a consensus of public support for the need for action,
the goals of the action, and the general definitive directions the action should take
in its attempt to achieve the goals. Policy enacted at national and regional levels
should be expected to set in motion a continuing process of improving natural rescurce
use and environmental guality in an acceptable and beneficial manner on. behalf of the
citizenry.

Although development and enactment of land use policy is a first and essential
step in proceeding toward improved natural resource use and environmental quality, the
policy remains futile unless implemented through (1) land use and environmental plamning
based on facts and analyses, (2) programmes based on this planning, and (3) programme
performance consistent with policy goals. Thus, the policy should recognize and provide
for planning, programming, and performance as essential implementation measures.

GUIIELINES FOR LAND USE FOLICY

One of the crucial elements in formulating land use policy is the eatablishment
of prineciples to achieve policy goals. Before outlining the action foci of land use
policy subject areas, guidelines for developing land use policies at the national and
provincial levels have to be determined for delineating a rational course of action on
applying sound soil and water conservation programmes. These guidelines are not neces-
sarily presented in the order of their importance, Moreover, they may be gtated in
other ways through further division or in combination., Nevertheless, the 10 points areé
relevant to developing land use policies consistent with the nature, role and goals of
the land use policy which is to be adopted.

1. Stating land use policy goals

Land use policy should include a statement of goals that meets two conditions:
(1) The goals should provide the ends sought in improving the use of natural
resources and environmental quality. These goals should be consistent with
the norms used in delimiting the problems which the policy is designed to
ameliorate. (ii) The goals should be analysed in terms of other national
and state goals, ingluding growth, employment, and income distribution,
FPreferences most likely would evolve from the process of reconciliation.

2+ Providing flexibilities

Because of variations in resources and geopraphy as well as citizen prefer-
encesg, land use policy must provide flexibililies without sacrificing achieve-
ment of policy goals,

3+ Encouraping experimentation and innovation

Special applicalion of the flexibility guideline would not only permit but
encourage experimentation and innovation by provinecial and local governments
in formulating new approaches to improved land resource use and environmental

quality,
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Providing for planning, rescarch, and evaluation

Imperative in determining land use policy is sound planning founded on facts
and analysis provided by applied research, Also, evaluation of on-going
programmes is required to make in-procesa adjustmente in programmes and to
transfer programmes to other areas, This is especially true with experi-
mental and innovative types of activitiea,

However, there are real dangers that planning, resdarch and evaluation will
be neglected, either because of pressures to get a programme started or more
likely because provincial and local governments, already overburdened
financially, will not have the necessary funds,

Widespread citizen participation

Development of land use policy must necessarily involve citizen participation
on a wide scale and at all levela of authority..

Preventing fragmentation, duplication, and confliots

With the current mood for action on land use policy, provincial and national
governments may be pressed into fragmentation, duplication, and conflicts of
planning and programming government groupings or agencies that could obstruct
progress toward achieving land use and environmental improvements.

In the interest of effective land use policy, planning, programming, and
performance, the need is to allocate responsibilities to fewer but more
effective government groupings or agencies, For example, in the rural areas
the establishment of consolidated and multifunctional agricultural cooperative
pocieties and land resource and environmental improvement districts should
replace mono— or bifunctional agricultural cooperative societies and soil

and water conservation districts.

Providing for complementary roles by povernments

(ne of the more important guidelines in developing land use policy is the
allocation of functions and responsibilities among local, provincial and
national governments. Complementary functions and responsibilities must
be developed and accepted by the various levels of government commensurate
with the nature and occurrence of problems and the ability and willingness
of the citizena to perform.

Teatitutisonlizinm =o0il.-ud water. ~ounct.vation and environmental protection
incentives

8ince development activities related to moil and water conservation and
environmental protection will accrue direct benefits to the rural community
ao a whole, it is the duty of governments to allocate funds to the rural
district level where the costs of these development activities are to be
gpent. MAccordingly, governments should institutionalize incentives to
service the funding to local and provincial farmers and citizens groups for
public land use development activities purposes,

Considering all uees and all natural resources

Since products and services derived from natural resourcea are substitutable
within limite and, likewise, natural resources are substitutable within
limitas, all current and potential uses of natural resources and their en-
vironmental effects should come undor the purview of land use policy.

The time for single-rcmcurce concern im nearing an end. Technological
developments allow the use of sltermative resources as substitutes for each
other, with differential effects on the resources and on the environment,



For example, the land and water resourcos are substitutable with respect to
agricultural production; land can be used for crop and animal production
while water can be used for fish culture and production - thus, the products
of both resources are substitutable.

10. Modifying property and responsibility concepts

Traditional rights in land evolved in a laissez faire manner during the

early periods of natural resource exploitation, WNow these rights must be
modified and qualified %o emphasize man's responsibilities in the use of
these resources. In other words, property rights can and must be restructured
to help eliminate unrestrained cxpleoitation of natural resources and de—
gradation of Lhe natural environment.

Te ACTION FOCI OF LAND USE FOLICY SUBJECT AREAS

With the guidelines on land use policy delineation as a background, the action
foci of land use policy subject areas may be identified from the following proposed
courses of action:

1+ To develop agricultural plans and policies to enable farmers and agro-
industries to fulfill their responsibilities in maintaining the quality
of the human environment

1.10 Agriculture will need to be increasingly recognized as an activity
of general public interesti

1.11 for supplying food and other essential products in sufficient
quantity and of satisfactory quality

1.12 for ensuring the conservation of a large part of the natural
regources and of the environment

1.13 for employmenl opportunities in order to aveid excessive urban
concentrat ionse .

1.14 for maintaining and enhancing the quality and attractiveness of
rural areas for recreation and as buffer zones between urban
areas

1.15 for recycling wastes emanating from sourcen such as municipal
Bewage.

1.20 At the planning stage, the adverse environmental impacts of devel op—
ment plans on agriculture, and conversely the harmful environmental
effects of agricultural development, should be prevented.

1,30 The local environment will have to be regarded as a functioning eco—
gystem within which agricultural development takes place and to which
it adapta, and not the reverse as tradilionally maintained, i.e. the
fait accompli encroachment of agricultural development upon the pre-
vailing ecosystem., Thus, '

1.31 the conventional precccupation with agricultural outputs must
be balanced by a consideration of inputs and their environmental
hazard implications.

1.40 The appreciation of the intrinsic qualities and needs of the prevail-
ing ecosystem explaine the need for various inputs beyond the
capabilities of the individual farmer but requires to maintain success-—
fully an artificial equilibrium which has to conform with the con-
servation needs of a sustained ccosystem, These include the
application of:



1.417 plant breeding programmes and the salvaging of threstencd genetic
renources

1.42 =s0il and water conservation practices
1.43 moniloring and control of msoil, water, and plant contaminants
1.44 integrated control of insects, weeds and other peots.

1.50 Agricultural and soil institutions should play an increasing role in
the assesoment of land cvaluation and in advising planners and designere
of promising development projects.

1.60 Agricultural development plans and investment programmes should make
provision for the early implementation of those basic land improvement
and soil conservation projects and facilities for waste disposal which
individual farmers and agro—industries cannot afford to carry out by
themselves. .

1.70 An important part of the agricultural planning process and other
agspecta of rural planning should be carried out at the local level
80 as to involve the farming community and enlist their participation
in improving the quality of rural life.

To conduct selective base line surveys of agricultural arcas where basic

agricultural resourccs are known or suspected to be guffering environmental
degradations
2,10 Prior to selecting priority areas, collection and review of available

bagic land and water resource surveys, inventorics and data should be
made in order to identify specific sources of enviromnmental degradation;

2.11 subjects for study include loss of soil productivity; loss of
useful genetic resources; depletion of grasing lande; recurrent
degtruction of crops, livestock and wild herbiveores by pests,
diseases, or pollution; accumulation of harmful agricultural
wastes; and indications of climatic changes.

2+20 More comprehensive interpretations of existing data should then be
made to identify similar agricultural areas;

2.21 inter-relationships among ecological conditions, types and
intensities of land use and management practices, and problems
of environmental degradation should all be identified.

2+3 On this basie, prioritiecs for urgent actions of conservation and
protection of agricultural resodrces and for additional surveys and
research should be established;

2.31 these should consider the areas wherc the productive capacity
of the resources and the agricultural producte are most affected
or threatened by environmental degradations.

2.40 Capabilities of existing institubions ghould be strengthened in the
light of the esoential findings of these background basic resource
and interpretative surveys for the purpost of undertaking the required
action.

2.50 Additional inventories and surveys should then be continued by sectors
in priorily arcas where critical condilions to land productivity have
been aspecified.
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2.51 These should be developed by successive stages of approximation
and detailj ;

2.52 they should make provision for periodic joint compilation and
interpretation, inecluding consideration of environmental effects
of agriculture on other resources such as air, water, agquatic
regources and wildlife - thus aiming at following comprehensive
natural resource assessment and management.

To keep systematic records of environmental }rnblems caused by or affecting
agriculture using the above base line surveys

3.10 The existing agricultural institutions (e.g. research institutes,
field stations and other services) should provide the neccessary net—
work for these monitoring activities.

3.20 Special emphasis should be placed on surveillance of soil degradation
and on early warning systems for peste, disecases and pollutants
affecting crops, livestock and the quality of agricultural products.

To strengthen basic agricultural research to improve ecological understanding

4.10 Research should be undertaken in selected ecosystems and problem areas
on the general subjects of:

4.11 the functioning and productivity of agricultural systems;

4.12 the processes of degradation of land resources and contamination
of agricultural products;

4.13 the environmental effects of certaln specific agricultural
practices and agricultural inputs, particularly agro—chemicals;

4414 the relationship of climate to the above ‘it ems.

4,20 1In addition, a variety of ecologically-sound management opportunities
merit astudy:

4,21 the recycling of municipal wastes, including their detoxication,
onto agricultural lands;

4,22 multiple cropping in the tropics, including considerations of
crop combinations and sequences, cover crops, fertilization and
weed control;

4.23 systems to re-utilize the wastes of agricultural mmnoff;
4.24 integrated pest controls, including combinations of regulated
peaticide use, cultural controla, crop diversification.

To direct the agricultural research services and field stations to

incorporate environmental considerations into programmes of investigation

and exporimoentation

5.10 The findings of basic ecological research should be applied to the
study, design, and experimentation of ecslogically stable systems of
land use and agricultural practices, particularly in tropical and
subt ropical areas, whereby:

511 the productive capacity of land rescurces can be maintained on
a long-term basig;

5.12 wastes can be disposed of or recycled in these systems without
harmful effects on natural resources or on the environment
generally.



5,20 In testing various combinations of crops and/or livestock, agricultural
inputs, and management practices and in attempting to maximize yields
or egonomic returns, experiments and pilot areas on priority critical
areas referred to before should be designed to assess:

5.21 possible environmental side-effects of run-off, erosion, and
other forms of eoil degradation and of the accumulation of harm-
ful residues, especially those from agro—chemicalsj

5,22 the technical ability of local farmtrs to introduce new land
use practices without causing deterioration to agricultural
regources and the environment;

5.23 the economic feasibility of implementing agricultural practices
which can better protect the rescurces and the environment
without adding to farm management costs, To this end, special
investigations should be undertaken to evaluate the costs and
long=term benefits of emvironmental protection practices in
agriculture, including the intangible social benefitas that may
acerue from the soil conservation development process.

5.30 Agricultural research institutione should, wherever feasible, use
radio—isotopes and radiation techniques to develop new, eafer and
more efficient management practices;

5,31 this applies particularly to the application of fertilizers,
-pesticides, and irrigation water and to the biological control
of pests.

6., To develop and facilitate information exchange and transfer of experience
in agriculture within an ecological framework

6.10 The transfer of information and experience in agriculture should be
based upon similar ecological conditions, especially on climate and
goil,

6,20 Within this framework, relevant and selected information should be
made readily available to potential ueers (e.g. planners, extension
services, farmers) in a form easily understandable and applicable, on

£.21 soils, their characteristics, capabilities, and limitations for
different unaes;

6,22 genetic resources, their requirements, potential resistance to
' peste and other adverse lactors;

6.23 agricultural practices most suitable for both increased pro-
duction and minimum environmental damage, particularly scil
congervation practices and integrated pest control fechniques;j

6.24 most appropriate methods of agricultural waste disposal and
recycling under local conditions.

7. To introduce environmental considerationa’'into the programmes of agri-
cultural education and training

7.10 The focus on the importance of the new dimension on environmental
assessment and management aimed at sustaining acceptable standards
for the quality of life was prompted by the Stockholm World
Conference on the Bnvironment (1972)., In this respect, more emphasis
ghould be placed on the creation of an understanding oft

7.11 the vital role of agriculture for man's welfare and for the
maintenance of environmental quality; :

"7+12 the environmental problems rolated to specific management
practices, particularly those related to soil and water conserv-
ation and pest control;
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Te1l the limits to the carrying capacities of natural resources
under particular famming or grazing conditions. In thie reapect
the delineation of the marginal projected deferment coupled
with a listing of the practices on land management ie crucial,

T+20 These considerations should be introduced at all levels of training
and education.

To introduce an institutional and legislative framowork which accounts for

the environmental dimensiong of agricultural develbpment

8.10 Soil and agricultural institutions should be directed to consider the
ecosystem as an operative unit in the management of air, =oil, plant,
and water resources;

8,11 land settlement, agrarian reforms, and land consolidation should
recognize local diversities of soil and climate;

B8.11.1 the extension and intensifisation of ugricultura should
be modified accordingly.

8.20 Land evaluation should serve as a basis for land zoning, land use
legislation, licensing and regulations;

8,21 measure should be designed to respond to degradation resulting
from misuse of croplands, misuse of agricultural inputs, ard
from the careless disposal of agricultural wastes.

To provide incentives and assistance to farmers and agro-industries

9.10 Measures could include, depending on a given country's social and
economic system, credit, better marketing facilities, tax reductions
or exemptiona, and subsidies in cash or kind.

9.20 Such measures would induce or enable reciplents to undertake necessary
actione to prevent or correct environmental degradation of general
public interast caused by their activities.

9.30 Examples would include soil and water conservation, use of more
selective pesticides, and recycling of wastes.

To establish or strengthen national programmes of conservation of soil

regources

10410 According to local conditions and requirements, these programmes may
place emphasis on one or more of the following areas:

10.11 rain fed crop lands, particularly dry farmed areas;

10.12 irrigated lands with salinization, alkali and waterlogging
hazards;

10413 erosion along rural reoads and highwaysi
10.14 grazing lands, particularly in arid areas;
10.15 wind erosion, stabilization of sand dunes;
10,16 wat ershed protection and afforestabionj

10,17 marginal lands, i.e. those areas falling between lands where
intensive agricultural production is feasible and those unfit
for agriculture and requiring protection.

10,20, The programme should be integrated with the actione proposed earlier
on base line surveys, research, assessment of land capabilities,
assistance #o land use planning authorities, development of ecologically
stable agriocultural systems, soil conservation legislation, extension
work and assistance to farmers;



10.21 as such, it will go well beyond the mere promotion of soil
conservation, erosion control practices, and land improvement
works, '

10,30 A number of specific measures might possibly be employedt

10.31 erosion might be controlled through the use of various forms
of muloches, primarily in the form of crop residues; engineering
and agronomic technigques to stabilise the scil and lessen the
erosive force of wind and water; ocontrol of fires; overgrazing,
and deforestation; reseeding; and terracingj

10.32 ealinity and alkalinity control might employ knowledge of a
plant'es salt tolerance, the salinity of the water used for
irrigation, and the ocoil characteristics for adequate irrig-
ation and leaching;

10,33 the leaching and depletion of solls particularly in the tropics
might be reduced through controlling the intensity of agri-
cultural use, by providing fallow periods, by intreducing
horticulture or pesturage instead of shortcycle crops, or by
the use of appropriate fertilizers.

10.40 Particular attention should be given in erosion control programmes
to reducing sediment delivery to streams, reservoirs, dames and other
water bodies in order to control physical, chemical and biclogical
effects of these sediments on water quality and aquatic resources.

10.50 A special fund for the conservation of national soil resources may be
needed to provide the necessary focus and means of action.

10,60 National soil institutions should be strengthened by reinforcing the
ao0il conservation services and establishing, where needed, special
units fdr land evaluation which adopt the multidisciplinary physical
rusmcufsuuio-numumiu intorrelationship approach, the framework of
which has been developed by FAO's Land and Water Development Division,

11+ To consider the possibilities of recyeling agricultural wasles

11.10 To the extent practicable and safe, animal or organic agro-industrial
and municipal wastes could be used as Tertilizers,

11.20 Likewise, crop residues could be used for composta or as animal feed,

11.30 In ecither case, the wastes or residues could be distributed to improve
the structure and fertility of the soilj

1131 attention must be pald to guard against contamination of the
g0il resource and the spread of infectious discascs.

11440 Wherever not feasible, these wastes should be collected, treated and
disposed of under controlled conditions in order to:

11.41 minimize pollution, contemination, fire and other hazards;

11.42 maintein the attractiveness and salubrity of rural lande and
gt reams,

12+ To institute or reinforee national programmes to regulate the use of
pesticides and other biocides and to develop integrated pest control
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APPENDIX I

PROGRAMME
Monday 22 November
09,30 Opening of Consultation: Dr. F.W. Hauck, Officer-in-Charge, AGLS

CONSERVATION PFRACTICES IN AGRICULTURE
Chairmant Dr, N. Gil

10.10 = 10.45 Soil conservation practices and erosion cantrol in India
- a cage study
Ir, D.C. Dag

11.15 = 11,45 Traditional forms of land use in relation to soil erosien
Prof. A. Young

11,45 = 12,30 - Discussions

14,30 = 15,15 Land classification
Mr. 0.M. Higgins

15.20 = 16.00 Soil conservation as & protective measure against salinization
Dr, F. Massoud

16,00 = 17,15 Diacussionsa

Tuesday 23 November CONSERVATI®N PRACTICES IN AGRICULTURE
Chairman: Prof, N, Hudson

09.15 - 10,00 The role of soil conservation in watershed management on
agricultural lands
Dr. N, Gil

10,00 - 10,45 Role of cover orops in soil and water comservation

Dr. BuDe Cﬂfigbﬂ and R. Lal

11,15 = 12,00 Dimoussions
14.30 = 15,15 Studying patternc of soil erosion in Kenya
Dr. Ts Dunne
15.15 = 16.00 Soil eromion snd reservoir sedimentation - case studies in Tanzania
: Dr. A. Rapp

16,30 = 17,15 Digcuseions



Wednesd Novamber FORESTRY: WATERSHED MANAGEMENT AND SOIL CONSERVATIH
Chairmans Prof, A, Young

09,15 = 10,00 Upland conservation - an essential part of agriculture downstream
Dr. 5, Kunkle

10.45 Examples of soil and water conservation practices in North
African countries - Algeria, Morocco and Tunisia

Mr. B. Bensalem
11.15 = 12,00 Digoussion

10,00

GRASSLAND MANAGEMENT
Chairman: Prof, A. Young

14415 = 15.00 Soil and water conservation as an aid to range managemant

Dr. J. Ha:rlur

15,00 = 15,30 Diecussion

15.45 - 16.30 Orassland management in relation to soil conservation and
erosion control in developing countries
Dr. T« Ionesco

16,30 = 17,15 Digcussion

Thursday 25 November RESEARCH, ORGANIZATION, EDUG'ATIOH, EXTENSION AND ENVIRCNMENT
Chairman; Dr, D.C, Dag

09.15 = 10,00 Research needs for soil conservation in developing
ocountries
Prof, N. Hudson

10,00

10.45 Development .of soil and water conservation service for
developing countries — specific requirements and possibilities
for assistance
Dr. N. Gil

11.15 = 12,15 Digoussion

14.15

15.00 Training, extension and implementation of scil conservation
programmes in developing couniries
Mr. 0, Jonea

15,00 = 16,00 Environmental perspectives of land use policy in relation to
soil and water conservation
Dr. L. EKadry

16,00 = 16,30 Discussion

16.30

Working groups

Friday 26 November

09,15 = 11,45 Meetings of working groups

14,15 = 15.15 Chairmant Dr. F.W, Hauck
Report of the working groups
a) working group on practical aspects
b) working group on organization, training, extension
and research,
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LIST OF PARTICIPANTS

EXPERT CQSULTATIMN (I S0TL CONSERVATION
AND MANAGEMENT IN DEVELOPING COUNTRIES

Roma, 22-26 November 1976

Drs DuCs Das Deputy Commissioner
Ministry of Agriculture
Krishi Bhawvan,
New Delhi
India

Dr. T. Dunne Department of Geological Science
University of Washington
Soattle 98195
UsSads

Ir, N. Gil 23 Haoranim Street
- Kfar Shmariahy
Iarasl

Prof. N.W, Hudson National College of Agricultural
Engineering
Silsoe, Bedford MK 45 4DT
U.K.

Mr, 0,F, Jones 1212 Fielderest
Norfolk, Nebraska
68701
UaSeila

Ir, Bu. Okighbo Asgiptant Director
IITA
P.My B 5320
Ibadan

Prof. A. Rapp Department of Fhysical Geography
' S¥lvegatan 13
5=22362 Lund
Sweden

Prof. A+ Young School of Environmental Sciences
University of East Anglia
Norwich MR 4 TTJ
U.K,.
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M. Matos

J« Haylor
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