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Editorial

Whether it comes from rainfall or
irrigation, water means life in
agriculture. When there is a

water shortage plants become stunted,
yields drop, animals become weak and men
and women have to struggle to find the
water they need. Most farmers have to deal
with the problem of uncertain and variable
rainfall and the effect it has on agricultural
production. Rainfall is a serious risk factor
in farming and farmers are always vulner-
able to yield losses caused by extreme cli-
mate fluctuations. Besides recurrent natural
phenomena such as El Niño with its devas-
tating droughts and floods there are also
the droughts and floods that are man-made
and are the result of local deforestation and
erosion, global warming and modern agri-
cultural practices. To feed a growing world
population, agricultural production must
be increased and secured. One of the ways
this can be done is by improving water
management in rainfed agriculture or by
irrigation which is one of the main ways 
of increasing yield and reducing the risk
associated with drought. 

However, irrigation often gives rise to 
its own problems. Competition for water
between agriculture and industry is 
becoming increasingly acute. Untapped
water reserves are becoming more difficult
to find and over-consumption of water
leads to such problems as the disturbance
of natural flow patterns in river systems,
ground water depletion and salt water
intrusion in coastal zones. Due to insuffi-

cient drainage, a considerable amount of
irrigated land has been degraded by water
logging and salinisation. In some places,
pesticide pollution and industrial waste has
made water unsafe. 

The amount of rainfall infiltrating the soil
is decreasing because deforestation, soil
erosion, monocropping and urbanisation is
hampering groundwater replenishment.
Access to water is becoming a critical issue,
conflicts over water rights between farm-
ers, between traditional and modern water
laws, and between countries increase. At
the same time, much irrigation water is
being used inefficiently. Many new and
promising schemes have been unsuccessful
because the technology chosen has proved
inappropriate for local economic, social and
biophysical conditions or inadequate atten-
tion was paid to the importance of water
rights, social organisation and gender. 

Although irrigation is an important tech-
nique in food production it can still be
improved. It also has its limitations and
should not be seen as the only way in which
water can be secured for agricultural pro-
duction. In fact, there is a wide diversity of
strategies that can be employed to conserve
scarce water resources. Where irrigation
development has reached its limits or is not
possible, other types of strategies become
important. In this issue of the ILEIA
Newsletter we have combined different
approaches to water management: irriga-
tion, water harvesting, watershed manage-
ment and water conservation. Several arti-
cles, from Peru (p6), Zimbabwe (p8) and
India (p11 and p12) focus on the social
organisation of water management. Others,

from India (p10), Tunisia (p14), Nigeria
(p16), Ethiopia (p21) and Kenya (p29)
examine low-cost technology adapted to
local conditions.

Water management is complex
Water is not only managed by individual
farmers but also by groups of farmers in irri-
gation schemes and watersheds.
Entitlement to land and water, social coop-
eration and legislation are important aspects
of water management. Initiatives to
improve water management can be taken
by individual farmers as well as by commu-
nities, governments or projects. At the com-
munity level and above, processes of partici-
patory planning are essential. 

There are many traditional water manage-
ment techniques. Some irrigation and water
harvesting systems are very old and at field
level these traditional strategies and tech-
niques are still being used to make optimal
use of available rainfall. Watershed manage-
ment, however, is a relatively new
approach and has become increasingly nec-
essary as population pressure, modern agri-
culture and deforestation continues to dis-
turb the ecosystems of natural watersheds.
As water becomes more and more scarce,
there is a need for an integrated approach to
water management that encompasses all
water users, types of water use and sources
of water. Water conservation is also becom-
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Challenging water scarcity

Water, lifeline in farming. Low cost and biophysically and

socially adapted technologies are needed. A treadle pump

used by smallholders near Gorakhpur, Uttar Pradesh, India. 



ing increasingly important in planning and
development. Water management, howev-
er, can never be an aim in itself, it is an inte-
gral part of farm and land husbandry and its
objective should always be to protect and
improve the farmers' situation. 

Social organisation
The design, implementation and manage-
ment of irrigation and watershed schemes
depends to a large extent on the way farm-
ers and the other actors involved relate and
work together, and organise access to
resources. The rural population is far from
homogeneous (Mehta p11). Differences in
wealth, gender, caste, ethnical background
and political preferences, for example,
mean that people have different access to
resources, have their own rights and obliga-
tions, adopt livelihood strategies appropri-
ate to them, have their own patterns of
cooperation and thus have different and
sometimes conflicting interests and percep-
tions of the local situation. This can make
collaboration in irrigation and watershed
schemes difficult (Bolding p.8). Many irriga-
tion and watershed projects have failed
because their design was based on physical
and economic criteria alone with little con-
sideration being given to social factors and
issues such as entitlements to land and
water (Kastelein p6; Diemer & Huibers,
1996). However, getting all groups of users
involved and organised is often far from
easy (Bolding p8). Self-help credit manage-
ment groups (Fernandez p12) and farmer

experimentation (Bolding p8) can increase
the level of interest in water management
and strengthen social cooperation.

Technology
High-external-input techniques may be too
expensive for smallholders or are inappro-
priate to local biophysical and social condi-
tions (Somashekhara Reddy and Sharath-
chandra p5; Kastelein p6; Mechergui & Van
Vuren p14; Gobin et al p16). Many farmers
would benefit from low-cost techniques
more suited to their conditions and needs
and which also ensure an increase in water
use efficiency and conservation. Examples
of such techniques include locally made
sprinklers (Kastelein p6), low-pressure drip
irrigation (Gobin et al p16; Chapin p29),
water harvesting techniques (Padre p10;
Fetien et al p21; Muhia p29) and the use of
Vetiver grass (Dreyer p18; Grimshaw p20).
Mulching (Padre p21) and the use of organic
fertilisers are basic soil management tech-
niques that increase water infiltration, water-
holding capacity and help prevent water
losses. Multiple cropping systems, like
mixed cropping and inter-cropping, can
help farmers to get the most out of the water
available to them during particular seasons
and from different layers of the soil. They
can also help protect the farmer against the
risk of complete crop failure.

Farmer innovation
Farmers, men as well as women, have 
developed many low-cost water saving tech-

niques but often these innovations remain
unrecognised. A programme on Indigenous
Soil and Water Conservation in Africa is
cooperating with technical services, univer-
sities and NGO's in Zimbabwe, Tanzania,
Cameroon, Ethiopia, Burkina Faso and
Tunisia in making an inventory of farmer
innovations in soil and water conservation.
Fetien et al (p.21) report on several of these
innovations. Also Padre (p.10) reports on an
interesting farmer innovation in India.
Better insight is needed into why some of
these innovations are being adopted by
farmers and others not. Fetien (p.21) and
Padre (p.19) describe two initiatives under-
taken by farmers in Ethiopia and India to
reforest their land. These experiences clear-
ly show the impact of man-made drought
and the positive effects of water conserva-
tion and reforestation on the availability of
water and the productivity of land. 

Many of these low-cost measures are
within the reach of farmers. Water scarcity,
therefore, can be challenged! 

■

Coen Reijntjes, (ILEIA), Frans Huibers, Geert
Diemer, Willem Genet, Department of Irrigation and
Water Conservation, Nieuwe Kanaal 11, 6709 PA
Wageningen, The Netherlands. Fax: +31 317 484759. 
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The coastal region of Karnataka, India receives
an average annual rainfall of 3800 mm between
April and October. Little water flows down the
streams to the Western Ghats after October.
There is hardly any rainfall between February
and April and the demand for irrigation is
heavy. The perennial crops in the uplands are
areca nut, coconut and coffee and in the valleys
and coastal zone, paddy and vegetables are
grown. Holdings are very small, normally not
more than 0.5 ha. There are no major dams and
ground water yields from wells are low.
Irrigation, therefore, depends on tapping and
conserving lean stream flow.  

Mud Katta, the solution 
Farmers build temporary bunds in the streams
to harvest and store irrigation water. This water
is guided through canals into smaller ponds or
kere dug out and located on individually owned
fields. Irrigation water is lifted manually from
the kere. The bund, constructed from wood
and earth, allows enough seepage to fill down-
stream bunds. Heavy floods are prevented from
entering the fields by bunds constructed in
such a way that they are easily washed away by
heavy, early rainy season flows. They are rebuilt
after every rainy season. 

A farmer-elected committee is responsible
for constructing and managing the system.
Older people, experienced in estimating stream
flow, are responsible for timing bund construc-
tion. The farmers receiving water from the main
pond contribute a fixed amount of poles, leafy
material and labour and help construct the
bund at an agreed time. The farmers also desilt
the canals. There is no lack of trees; 40% of the
upland is forested and farmers in the coastal
zone grow trees on their land.  

This irrigation system is known as Mud Katta
and can be found in every stream in Dakshina
and Uttara Kannada. In the taluk of Mangalore,
for example, some 3550 ha are irrigated in this
way. 

Conserving water 
Farmers lessen evaporation by growing aquatic
weeds in the kere. These cover the whole pond
and are harvested regularly. They provide bed-
ding for the animals and afterwards good
manure for the fields. Drinking water is also
tapped from the Mud Katta and stored in separ-
ate wells. These are only used when there is not
enough ground water.  

All structures are kept well filled in the dry
season. As the soil is sandy, this enhances the
recharging of ground water, another function

of Mud Katta. This is important because salt 
water intrusion is increasing along India’s coast
due to heavy deforestation and overpumping of
ground water for urban and industrial needs. 

Mud Katta fits local needs and conditions 
The arrival of pump sets and bore wells has not
affected Mud Katta. Smallholders find it uneco-
nomic to maintain individual wells and install
pump sets. Mud Katta is cheaper, it uses local
materials and no large investment is needed.
Attempts to replace Mud Katta by concrete
structures has failed because they tend to col-
lapse. 

The construction and management of Mud
Katta does not seem to be affected by the
break-down of social cohesion among rural
communities. The benefits and limitations of
pumping water from wells has forced farmers
to cooperate. Mud Katta is well adapted to
local conditions and continues to satisfy the
need for irrigation water. At the same time this
traditional system plays an important role in
checking the intrusion of salt water.  

S.T. Somashekhara Reddy and 

H.C. Sharathchandra, Indian Institute of

Management, c/o P.O. Box 7836, No 368, 4th Cross, 

3rd Phase J.P. Nagar, Bangalore 560 078, India.

Mud Katta, still appropriate 



Willem Kastelein 

The Peruvian Andes are located
between the arid desert of the Pacific
Coast and the humid tropical rainfo-

rests of the Amazon. The highest peaks are
almost 7000 m above sea  level. Between
the mountain ridges are highland plains or
punas and steep valleys. 

The main agricultural areas are concen-
trated in the valleys. These lie at between

2000 and 3500 m and tend to have a semi-
arid climate with a relatively short rainy sea-
son and irregular, unreliable precipitation.
In these conditions the use of irrigation is
generally advantageous. The availability of
irrigation reduces drought risk and can help
extend the growing season, sometimes
even making it possible to grow a second
crop. Irrigation is widely practised and con-
sidered important for development.
Irrigation was also important in Pre-
Hispanic Andes cultures and was reflected

in their religion and temples. Quite a num-
ber of  these ancient irrigation systems,
some of which are more than  2000 years
old, are still functioning today. 

Spanish colonisation resulted in the deci-
mation of the indigenous population. In its
social organisation, post-Hispanic rural soci-
ety consists of indigenous comunidades -
generally 30-200 families with common ter-
ritorial property rights, mestizo (smallhold-
ers) and haciendas (large estates) owned by
European immigrants. In the agrarian
reform of the late 1960s haciendas were
subdivided into smallholdings. The comuni-
dades have also been reorganised into indi-
vidual farms, though formal communal
property rights remained intact and com-
munal organisation has generally been main-
tained as far as common interests and the
common use of resources are concerned. 

Smallholders generally produce for their
own consumption, selling only some of
their crops to cover cash needs. Irrigation 
is used to produce potatoes, maize, beans,
peas and several local cereals for the 
market. Pasture land is also irrigated, 
particularly to overcome the dry season 
in areas where dairy cattle are kept. 

There are various ecological zones in the
Sierra and most irrigation systems are small-
scale with between 5 and 200 water users.
Larger schemes with more than 1000 small-
holder water users are not uncommon.
Irrigation is practised both on the valley
floors and on the (generally steep) slopes. 

Intervention in irrigation by both govern-
mental and non-governmental development
organisations has aimed at improving exist-
ing irrigation and the construction of new
systems. Generally speaking, these interven-
tions have not produced the expected eco-
nomic results and their sustainability is
questionable. 

Irrigation interventions 
The introduction of  improved irrigation
may create new possibilities for production
and development projects. But it must be
understood that a change in irrigation alone
is not enough in most cases. To be success-
ful, change must respond to the needs and
priorities of the interest groups concerned.
In many situations, more inputs, including
access to extension, additional labour,
investments and a market infrastructure are
needed. These inputs should be available at
a reasonable price and give sufficiently high
returns. In many cases these conditions are
often not met and as a result irrigation inter-
ventions fail to secure improvements in pro-
duction.  

An analysis of six cases in the Cusco area
has shown that more water had become
available as a result of these improved irriga-
tion systems. However, the amount of
labour required to manage the systems was
such that the productivity per unit of labour
remained unchanged, even with higher pro-
duction per unit of land. Meanwhile, soil
erosion had increased significantly. As
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Irrigation development
in the Peruvian Andes 
SNV Netherlands Development Organisation has over 15 years experience 
in providing technical assistance to partner organisations working to improve 
irrigation management in the northern and southern Peruvian Andes. 
Willem Kastelein co-ordinates these activities and, in this article, discusses 
some of the lessons and experiences gathered over the years. 



labour can be considered the most precious
input in these LEISA systems, these results
cannot be considered satisfactory. 

Women and water 
In recent decades the role of Andean wom-
en in decision making at household level
has increased. Many men have fled because
of political violence or because economic
opportunities elsewhere are more attrac-
tive. However, formal irrigation organisa-
tions usually only include women who are
household heads, this despite the important
role played by women in agriculture and
irrigation. Women are major water users
and need water for livestock and domestic
purposes. Therefore, it is important that
they are included when decisions are made
on water management and irrigation.
Projects have failed in the Peruvian Andes
because insufficient account has been taken
of  women in project planning and imple-
mentation. Experience has shown that
women can be closely drawn into the pro-
cess of decision making and the establish-
ment of water rights if the importance and
logic of their participation is explained and
discussed. Experience has shown that this
type of approach has led to more sustain-
able results. 

Establishment of rights  
In irrigation systems that function without
external intervention, water rights and the
right to use the irrigation system are gener-
ally related to an individual’s involvement in
the  construction and improvement of irri-
gation infrastructure. This can either be a
cash or a labour involvement. Rights are
consolidated through participation in oper-
ation, maintenance and repair work. These
rights will normally be inherited by children

and, in most cases, they can be sold.
Normally the irrigation organisation would
have to give permission for such sale, how-
ever. New users may obtain rights by mak-
ing a contribution which is considered
equivalent to the efforts already invested by
present water users. 

Irrigation interventions by most develop-
ment organisations tend to focus on the
construction of physical infrastructure and
do not take existing rights and the mecha-
nism that establish new rights into account.
Development organisations increasingly
recognise the importance of adequate
water-user organisation and seek to include
this in their intervention strategies. Only a
few however, seem to realise that the devel-
opment of rights through participation in
construction is an essential and fundamen-
tal starting point. This seriously limits the
effectiveness of development interventions
aimed at strengthening sustainable irriga-
tion organisation. 

Where existing rights are not taken suffi-
ciently into account, water users will be
reluctant to participate in projects. If  the
creation of new rights and obligations is not
sufficiently clear, people will be less inclined
to invest in new developments. If all invest-
ment costs (sometimes including labour) are
paid from external sources, people do not
feel that rights have been legitimately estab-
lished for the beneficiaries. Consequently,
water users are not likely to see such
schemes as their own property and respon-
sibility. 

Appropriate technical design 
Designing irrigation in the Andes is techni-
cally complex because of steep topography,
irregular geology and the variety of soil
types. The use in the Sierra of irrigation

design criteria developed for conditions on
the Peruvian Coast has had serious negative
consequences. In some cases the construc-
tion of irrigation canals has destabilised the
slope of the land causing landslides through
overtopping of canal banks. This has lead to
serious erosion damage both to canals and
environment whilst construction of canals
over unstable calcareous and gypsum rocks
has resulted in collapses. 

In some parts of the Andes farmers have
developed sprinkler irrigation appropriate
to their own conditions and needs. Around
the village of Paucartambo, for example,
water originates in small springs with 
discharges often well below 2 litres per 
second. This is difficult to handle efficiently
in surface irrigation. Constructing appropri-
ate storage reservoirs to enable more effi-
cient surface irrigation would require 
considerable investments. As the relatively
steep topography easily provides the
required pressure, simple but effective 
irrigation is achieved using relatively low-
cost polyethylene tubes (50 to 100 m long)
connected to locally made or imported
sprinklers. Although the application of
sprinkler irrigation has considerable 
potential in the Andes, many development
organisations are now promoting it without
adequately assessing local conditions. 

There are examples of cases where
sprinkler irrigation, introduced to replace
current surface irrigation systems, has given
rise to disturbing effects and where serious
conflicts have arisen because of  its conse-
quences for water distribution and the
rights and obligations of water users.
Further it has been observed that on heavy
soils, water from sprinklers infiltrates very
slowly causing it to flow into depressions.
This results in low water use efficiencies.
The advantages of sprinkler irrigation are
often not realised in practice because plots
are small and irregular which leads to high
fringe losses. 

In the Andes, as elsewhere in the world,
transplanting technical options from one
place to another can have adverse effects.
Irrigation infrastructure must be designed to
respond to the social and organisational
requirements particular to each irrigation
system and to the complex physical condi-
tion of specific locations. Irrigation alone
cannot ensure sustainable development. 

■

Willem Kastelein, SNV - Peru, Los Pinos 550, 
San Isidro, Lima 27, Peru. Fax. +51-1-4424586, 
E-mail: snv@amauta.rcp.net.pe 
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Sprinkler irrigation in Paucartambo. 



Alex Bolding and Lawrence Nyagwande 

From its source in the eastern highlands
of Chimanimani district, the
Nyanyadzi flows west into the Odzi

river. The Nyanyadzi runs through all of
Zimbabwe’s five agroecological zones. Its
source is at 1200-1500 metres in a region of
high annual rainfall (circa 1200 mm) and fer-
tile soils. On its way west it flows through
an area of large-scale commercial farming
and subsequently through resettlement and
communal areas. It enters the Odzi in the
dry, low veld where, at an altitude of 550
meters, soils are marginal and annual rainfall
less than 400 mm.  Just before it enters the
Odzi, a small-holder irrigation scheme taps
away water by means of a permanent weir.
The Nyanyadzi irrigation scheme as it is
known, was established by the government
in 1934 and has been government managed
ever since. A thousand de facto plot holders
occupy a 414 hectare site.  

Most farming households in the 800km2

Nyanyadzi catchment area depend on dry-
land agriculture. They harvest one rain-fed

crop of per annum: maize in the better rain-
fall zones and millet/sorghum elsewhere.
Two harvests in five fail. The catchment is
dissected by more than one hundred small
furrows that tap water from the river and its
tributaries. Most of these furrows water
between 0.1 and 25 hectares and have been
constructed by the indigenous irrigators
who manage them. Most of these furrows
are simple in infrastructure. Temporary
stone weirs divert water from the river and
earthen furrows carry it to the fields. The
main crops in summer are maize, cotton
and paprika and in winter wheat, tomatoes
and sugar beans.  

From 1983, plot holders from the
Nyanyadzi irrigation scheme together with
the national extension and irrigation service
(Agritex) have organised regular raids
upstream along Nyanyadzi river to destroy ‘-
informal’ irrigation furrows and get  water
for their intake.  

Water entitlements 
Those using the water are not over con-
cerned with legal entitlements as defined in
the Water Act. Basically most Nyanyadzi

catchment irrigators feel that water belongs
to God or is a public good which should be
shared with others. Few accept that the
Government owns the water. Practically
speaking entitlement is confined to those
who own or use land along the river.
However, formal irrigators like those in the
Nyanyadzi project claim the water from the
Nyanyadzi river belongs to their scheme.
They have entitlements to all the water.
Upstream furrow irrigators with water
rights tend to put forward the same claim.
However, they do not deny others ‘a
chance’.  It is impossible to divert the river’s
entire flow.  

Within the Ruwedza valley entitlements
are related to type of land holding. Most
downstream furrow irrigators will agree
that the white and black commercial farm-
ers upstream have a right to extract water
since they own title deeds to the land.
During the severe water scarcity of 1992-95,
the headman at the downstream end of
Ruwedza valley claimed that his furrow was
the oldest in the area. Upstream furrow irri-
gators generally seem to claim entitlement
on the basis of their top position. In most
cases downstreamers are ignored in the
matter of entitlements. 

Some claim more rights than others 
Some successful furrow irrigators claim
they make better use of  the water than the
wasteful Nyanyadzi plot holders whose
main canal loses some 70% of its water
through its sandy, unlined canal embank-
ment. Other furrow irrigators, those who
have made heavy investments in canal infra-
structure, feel their investment gives them
the right to deny Nyanyadzi plot holders
access to water because the latter have been
provided with canals free of charge. 

Springs are generally considered to be 
the private property of those working the
surrounding land. There is consensus
among communal and resettlement farmers
that households with no direct access to
land near the river should only be entitled to
use water for domestic purposes. Usually
unoccupied river banks are not included 
in this rule. 

All these local perceptions of entitlements
should be considered in setting up catch-
ment users organisation, since government
definitions of who owns water seems to
mean little to those involved. 

Boundaries 
In the Nyanyadzi catchment water users dif-
fer in their awareness and understanding of
hydraulic interdependence. The issue of
hydrological boundaries strongly ties in
with local conceptions of entitlements to
water. Hydrological units, however, do not
correspond with social units. In organising
catchment users, what should be the crite-
ria for sub-division: the number of inhabi-

8 I L E I A  N E W S L E T T E R • J U L Y  1 9 9 8

Challenges of organising 
catchment councils 
This article discusses key issues in the operationalisation of (sub-)catchment water-user
organisations. In the Nyanyadzi river catchment in Chimanimani district, Zimbabwe (see
map) there are many indigenous, farmer-initiated irrigation furrows but few have legal
water rights. Water scarcity in recent years has lead to a struggle between downstream
irrigators in the government-run Nyanyadzi irrigation scheme and the various groups of
upstream irrigators in the Shinja resettlement scheme and the Mutambara and Muusha
communal areas (see Bolding et al 1996). The Zimbabwean Ministry of Water and Rural
Resources has initiated a process of decentralisation. Responsibility for water manage-
ment has been devolved to (sub-)catchment councils consisting of water users them-
selves. This system has considerable potential but legal and practical problems have
created difficulties.  

A proud farmer 

with his lined irrigation furrow
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tants/water users; administrative units;
available water flow; distinct features in the
landscape or social communities? There has
been little debate on the exact criteria
involved in setting the boundaries for catch-
ments and sub-catchments. It has been
assumed that these boundaries can be deter-
mined in Harare on the bases of watershed
maps, righted water users, and hydrological
zones. In practice this is impossible. 

Ground and surface water 
Most surface water originates from sub-soil
sources (springs, aquifers). This implies that
any regulations with regard to river water
abstraction must include ground water use. 

In places like the Ruwedza valley the intri-
cate interplay between ground and surface
water is fully appreciated by local water
users. Furrows are spread geographically to
optimise the benefits from recharge of the
river by sub-soil aquifers. Springs are care-
fully exploited and riverine vegetation is
promoted especially in the upper reaches of
the Ruwedza river. Thus sponges in the
river bed are allowed to continue. When a
spring surfaces relatively far from the river
bed, land users near that site may use the
water for their own benefit. This has impli-
cations for the membership of future
Catchment Authorities and means that
membership of catchment councils should
not be confined to furrow irrigators alone. 

Uses and users 
Farmer-initiated furrows are used for a varie-
ty of purposes. Each user has a particular
need. Gardening and the use of spring water,
for example,  is nearly always women’s work
whilst commercial crop production in fur-
row irrigation is done by men. Discussions
on water distribution and allocation are usu-
ally initiated and led by men. However, a
catchment council that involves only male
dominated channels of communication and
decision making will be ineffective. 

Historical roots  
Some water users have worked out their
own strategies for dealing with water scar-

cities because conflicts had to be settled or
because of mutual dependence. In the
Ruwedza valley, downstream furrow users
share the available water during periods of
water scarcities. The weekly rotation of
turns used does not include upstream com-
mercial and resettlement farmers.
Downstream furrow users would never
challenge the (white) commercial farmer’s
right to water, despite the fact that he has
no water rights and they do, because he
helps with road maintenance (to enable
trucks to come and collect produce from
the irrigation furrows) and supported the
downstream water users in their struggle to
retain some autonomy and not be incorpo-
rated in the resettlement scheme. These
relationships are varied and complex. By
highlighting one aspect of the interdepen-
dence and interfering with it, other aspects
may be jeopardised. 

During the upstream raids in 1987 and
again in 1991 some furrow irrigators in
Village Twelve struck a water sharing agree-
ment with the Nyanyadzi plot holders
through the mediation of the District
Administrator. It was agreed that water
from upstream would be released every 
other week by furrow irrigators in Village
Twelve. These water sharing arrangements
and the complex relationships between
groups in a catchment  demand careful
appraisal in future water user organisations.  

Representation and leadership 
Zimbabwe has a large variety of social insti-
tutions, each with their own, sometimes
overlapping, allegiances. Many proposals
originating from policy makers’ desks pay lit-
tle more than lip service to the diversity of
present day Zimbabwe. Village Twelve in
the Shinja resettlement scheme is a good
example of this diversity. Who should repre-
sent this village on the catchment council?
The traditional leaders, recognised by the
new comers (‘illegal land squatters’), but
despised by some official settlers? The mem-
bers of the Village Development Committee
who seem mainly to represent the official
settlers? The Zimbabwe Farmers Union rep-

resentative who runs a small, informal fur-
row, but has hardly any following in the vil-
lage? Or should it be the one officially in
charge, the government resettlement offi-
cer, who hardly ever visits the village? 

It is clear that representation and leader-
ship issues demand careful study. Each
locality is different. Simplified or reified
models of how people should be represent-
ed have little relevance here. 

Not everybody gains 
The main stumbling block in setting up a
catchment council in Nyanyadzi has been
that few were interested in joining such an
organisation. During times of water scarcity
downstream users are interested in striking
a deal with upstream users . However, the
problem will always be that top-enders are
unlikely to gain much from such arrange-
ments. 

This has serious implications for the set-
ting up of successful catchment authorities.
Somehow top enders must be provided
with incentives to take part. Subsidies for
good land husbandry practices (perhaps
extended to sustainable forms of stream
bank cultivation) are one option but unlike-
ly to be very effective. More substantial ben-
efits in the shape of infrastructural improve-
ments (dams) are likely to make a deeper
impression. Penalties could also be imposed
by recognised authorities. However, for
these to be effective and well administered,
the catchment council must first be allowed
to mature. Hydrological units do not coin-
cide with social units and the council is
more likely to succeed in becoming accept-
ed as a social entity if it is not immediately
associated with punishment. Win-win
options should first be exploited. 

Win-win options 
This is why in Nyanyadzi two experimental
centres in water and soil conservation were
established in the upper parts of the catch-
ment. This kuturaya (try out in Shona)
approach - takes up farmers’ suggestions
and tests them in the local trial centres. It
promised almost immediate gains for local
upstream farmers who would benefit from
increased yields. Down stream users would
also benefit in the longer term because sedi-
mentation would be reduced and base flow
would be increased. The basic challenge in
setting up catchment authorities lies in the
identification and exploitation of such 
win-win options. 

■

Alex Bolding, Dept. of Soil Science and Agricultural
Engineering, University of Zimbabwe. Harare. 
Lawrence Nyagwande, Agritex, PO Box 19, Nhedziwa,
Chimanimani, Zimbabwe. 
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‘Shree’ Padre

The Saurashtra region of Gujarath, 
India, resembles an inverted saucer,
surrounded on three sides by the sea.

Saurashtra has about 4700 villages and a
population of some one million people. In a
normal year the monsoon brings between
300 and 500 mm of rain. If the monsoon
smiles, there is plenty of water and good
crops of groundnuts, cotton and millet: 
the money tinkles in. Every 2 to 3 years,
however, there is a drought and between
1985 and 1987 there was one of unprece-
dented severity. Most of the open wells that
normally contain between 350,000 to
400,000 litres of water and provide the
main source of irrigation water in the 
district, dried up.  

1988 brought hope. There were good
rains and Ramjibhal Manjibhai, a farmer in
the small town of Dhoraji had an idea. He
diverted run-off water into his open well.
Although his neighbours warned him this
would silt up the well, he was adamant. The
next summer, though some silt had got into
his well, Ramjil had water while his neigh-
bours had none. 

Shamjibhal Antala also lives in Dhoraji and
he watched these developments with inter-
est. He was impressed by this way of
increasing the water table and wanted to
pass on the idea to others in Saurashtra.  

After many discussions with friends he
improved upon the method. A 6 x 6 foot fil-
ter tank was dug close to the well and filled
with 2-3 layers of pebbles of different sizes.
Just above the bottom of the tank, a cement
pipe - 9 inches in diameter - was installed to
guide the water into the well. Rainwater
came into the filter tank through open chan-
nels and gushed into the well through a
pipe. This installation cost the farmer
between Rs.500 and Rs.1000.  

If there were streams or rivers in the
vicinity, cement pipelines were laid
between them to the filter tank. All
Saurashtra’s rivers flood at least 4 times dur-
ing the monsoon. When their water is
diverted, it is enough to recharge nearby
wells.  

Spreading the message 
Antala and his friends approached the farm-
ers in the evenings. Many of  them rejected
the idea, others asked for subsidy. There
were no takers for the recharging plan.
Shamjibhai did not want to give up the idea.
He and his friends set up the ‘Saurashtra Lok
Manch’ (SLM) with water conservation as its
main objective.  

SLM did not wait for government pro-
grammes or finance. It plunged into action
determined to convince people that there
was a way of solving the water crises. First,
the SLM approached the dharmic leaders -
the Mahanths, Priests and Swamis. Heed 
the SLM’s advice, they warned, otherwise
disaster will strike.  

Meanwhile, social reforms were under-
way. Mass marriages were becoming popu-
lar because people
were fed up with the
lavish marriage cere-
monies that turned
many parents into
paupers. The SLM
saw this as a way to
spread its message.
Volunteers displayed
a model of the
recharging method at
mass marriage cere-
monies and explain
how it worked.
Between 1994 and
1995, 42 mass mar-
riages were held in
Saurashtra and 2000

couples entered wedlock. Each ceremony
was witnessed by some 25,000 people.
Thus, thanks to mass marriage, the well
recharge concept reached 800,000 people.  

Demonstration was not the only strategy
used by SLM. It also held hundreds of meet-
ings at village level. Many articles were 
published in Gujarathi and, in 1994, the
SLM organised a ‘Jala Sanchayan Abhiyan’
(Water Conservation Movement) that
involved 750 villages in the Rajkot district. 

Slowly but steadily the campaigns began
to bear fruit. Between 1992 and 1993, 
3,000 wells were recharged.  The following
year SLM raised its target to 10,000 wells.
The successes of individual farmers got
around quickly. Total number of recharged
wells rose to 25,000 in 1995, far beyond
SLM’s expectation. Today there are more
than 30,000 recharged wells.  

Simple and cheap  
The recharging method is particularly suit-
able for irrigation wells. In Saurashtra if water
remains in the irrigation wells for the winter
and summer, farmers can be sure of two
more crops.  Gundasara village has 277 wells,
210 have water thanks to the recharging
method. According to estimates, farming 
is possible when wells are recharged on
30,000 ha.This has led to increasing income
by Rs 150,000,000. The popularity of 
the method is that it is low cost and does 
not require external inputs or external
knowledge.  

SLM has identified 99 drought prone dis-
tricts. Many wells can still can be recharged.
Wherever Antala goes, he has one simple
message: “Forget about the government
for the moment. Don’t ask what it can do
for you. Be independent. Water is your
problem and here is a solution which you
can keep entirely in your own hands”. 

■

‘Shree’ Padre, PO Vaninagar, 
via: Perla, Kerala - 671 552, India.   

Saurashtra’s water insurer 

10 I L E I A  N E W S L E T T E R • J U L Y  1 9 9 8

Ph
o

to
: ‘

Sh
re

e’
 P

ad
re

  

Mass marriage provides SLM volunteers with 

an opportunity to explain the open well recharging 

method and its importance to people.

Percolating the rainwater where it falls.  



Water security goes hand in hand with
food security and is crucial for economic
and social well-being. With consumption
levels spiralling, water management 
strategies are necessary to meet national
and communal needs. No clear consensus
exists and debates on water management
are polarised. Two views dominate; both
approaches are technocentric and pay
insufficient attention to social differences.
What alternative approaches could be 
followed? 

Lyla  Mehta 

At country and regional level, the ‘Big
is Beautiful’ view dominates. Large
dams are seen as a panacea for water-

scarce areas. International dam-builders
assert that the social and environmental
costs of these schemes are marginal when
compared to the benefits of hydropower
and irrigation (Biswas and El-Habr, 1993).
They advocate top-down, centrally-organ-
ised hydroelectric and irrigation systems
based on extra-basin transfer of water. The
controversial Narmada dam in western
India is a good example of such a project.  

Small watershed projects 
At community and village level, the ‘Small is
Beautiful’ view plays an important role in
highlighting the socio-environmental prob-
lems of large dams, including the unequal
benefits of canal irrigation (McCully, 1996).
It highlights the advantages of small-scale
projects based on the principles of water
harvesting and watershed management,
which are seen as more ecofriendly.
However, there is a tendency to gloss over
location-specific discrepancies arising from
social difference.   

Both technocentric 
In some ways both views have flaws. Both
tend to be technocentric and, until very
recently, supply dominated. Both also main-
tain an aggregated view of the community
involved. Whilst the advocates of large pro-
jects focus on superlatives and inflate the
actual number of beneficiaries, the advo-
cates of small projects espouse the princi-
ples of democracy, equity and participation,
forgetting that existing power relations
within a community are based on different
axioms. There is often a rather naive assump-
tion that just because a project is small, it is
bound to be successful and egalitarian.  

In reality, both macro and micro projects
often fail on social grounds because they

neglect the fact that any kind of water or
ecological intervention will build on and
feed into existing social and power rela-
tions. Social differences, including such var-
iables as class, gender, caste, ethnicity, his-
torical legacies, power, occupation and
political rivalries, can hinder the smooth
functioning of any water scheme.  

Weaker groups disadvantaged 
Clearly, a village is rarely the homogenous
and happy place it is often made out to be.
There are poor and rich; weak and power-
ful. In order to gain legitimacy the imple-
menting agency nearly always operates
through traditional power-brokers. These
are often men and from the higher castes.
Only occasionally do the concerns of wom-
en, key water users, and those from lower
castes come to the fore. Economically weak-
er groups such as the landless and pastoral-
ists are also largely excluded from benefits.  

In many small-scale schemes, targets such
as technicality and environmental regenera-
tion seem more important than issues of
equity and social justice. They opt for
homogenous communities or to focus on
just one articulate (powerful) group. Thus,
despite often lofty intensions to secure 
participation and equality, such projects
build on skewed power and social relations.  

The twenty-first century will possibly see
many micro-level watershed projects.
Despite the surge of ideas on watershed
development, there is a danger that the prob-
lems of social differences will be ignored.  

Alternative approaches 
How can this problem be avoided? Clearly,
the social feasibility of a project is just as
important as its technical feasibility and per-
haps socioeconomic appraisals should pre-
cede technical ones. One should ensure
that marginalised groups participate by
according them more power in the context
of intervention and by establishing solidar-
ity with them at the very outset. This entails
being aggressively partisan. Through aggres-
sive partisanship, groups which would oth-
erwise be excluded could be explicitly tar-
geted (Mehta 1997). An alternative would
be to opt for the more subtle but protracted
process of negotiating between social
actors within and outside communities.
Through this negotiating process, points of
conflict could be exposed and systematical-
ly worked through (Leach, Mearns and
Scoones, 1997). 

■

Lyla Mehta, Institute of Development Studies,
University of Sussex, Brighton BN1 9RE, UK 
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Social differences 
in water resource management 

Resource management in rainfed drylands: 
an information kit. 
1997. Bangalore : MYRADA; Silang : IIRR, 1997. 356 p. ISBN 0
942717 71 6. MYRADA, 2 Service Road, Domlur Layout,
Bangalore 560071, India; International Institute of Rural
Reconstruction (IIRR), Y.C. James Yen Center, Silang, Cavite
4118, Philippines.  

The International Institute of Rural Reconstruction (IIRR) con-
ducted in the past decade about 20 workshops on different
topics, all resulting  very attractive, practical information kits.
This last one in this series was produced at a workshop jointly
organised by IIRR and MYRADA, a South India based NGO. It
describes successful agricultural strategies for drylands, areas
with less than 800 mm per year rainfall. In India, the largest part
of the country consists of rainfed dry areas, and hence it is not
surprising that a lot of research and successful field action in dry-

land agriculture originates from there. This manual compiles these Indian experiences with farmer-tested,
dryland technologies. They involve traditional approaches to natural resource management, gender issues,
soil and water conservation, crop management, soil management techniques, alternative land use systems,
post-harvest practices and agricultural implements and a  concluding chapter on innovative approaches in
participation, extension and institutional partnerships. Very accessible, practical information, richly illustra-
ted with excellent drawings. (IHG)
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Aloysius P. Fernandez 

From MYRADA’s experiences it be-
came clear that the strategy accepted
by many research and government

institutions that each watershed should
have one association - the Sangha - was not
viable. The social configuration of the
‘Sangha’ does not necessarily coincide
with the geographical unit of a watershed.
Even in micro-watersheds several groups
emerge when people are free to decide for
themselves. Large associations accommo-
date different interest groups as well as
socially distinct configurations like caste,
family, occupation, lifestyle or origin. 
If they are to stay together, these large
groups need the intervention of outsiders
like NGOs. It was found that intervenors
spent more time and energy keeping large
groups together than in actually helping
them acquire the skills necessary to 
manage resources. It became clear that 
the basic social grouping even within a
micro-watershed must be a ‘socially 
functional group’ or a group that does 

not require outside intervention to stay
together. Such groups will usually be small
with less than 20 members, have common
interests and be largely homogeneous in
terms of cast, class and livelihood. 

Self-Help Credit Management Groups 
MYRADA, therefore, focused activities on
small, homogeneous watershed manage-
ment groups that had started as Self-help
Credit Management Groups (SHGs). 
MYRADA used credit management as an
entry point and training tool. Credit is an
appropriate training tool because it is 
familiar and meets a felt need. Being able to
successfully managing their common fund
gives a group the confidence that they can
achieve their objectives provided they are
willing to observe certain rules and create 
a culture that motivates people to support
each other. Self–help Credit Management
Group members acquire considerable 
management experience while conducting
the affairs of their organisation. They learn
to set priorities, to take decisions and risks,
to draw up rules of behaviour, to resolve
conflicts and to apply sanctions effectively

for non-compliance. They acquire the skills
required to institutionalise and administrate
cooperation. These skills are necessary in
managing watershed resources. They can-
not be easily acquired during a watershed
programme since the process of watershed
development is still heavily influenced by
intervenors who insists on technical 
specifications and guidelines. This transfer
of technology approach within a delivery
system leaves little room for the develop-
ment of local people’s institutions.  

Apex Societies 
In several micro-watersheds throughout 
the Gulbarga project more than one homo-
geneous group emerged. There were also
large farmers who did not join any of these
groups but wanted to be represented when
watershed activities were discussed. To
cope with this situation Apex Societies or
Watershed Management Committees were
formed by representatives from the small
homogeneous groups, large farmers, and
representatives of farmers with land in the
watershed who did not live in it. Apex
Societies coordinated the implementation
of the treatment plan and dealt with outside
intervenors. They supervised the work
done on farmers fields and later assessed 
it before sanctioning payments. In some 
cases the funds for treatment works were
given to the Apex Societies, in others funds
passed directly to individual farmers after
the Apex Society confirmed that work 
had been satisfactorily completed. Apex
Societies also played a key role in resolving
disputes that arose during implementation.  

Maintenance secured 
The issue of maintaining treatment meas-
ures is crucial for sustainable watershed
management. People suspected that there
were many areas where outside contractors
had been the major beneficiaries. This
weakened their commitment to maintaining
these measures. It was possible to solve this
problem by establishing a transparent 
procedure which involved SHG members
and the Apex Societies in assessing work,
handling cash and maintaining records.

Initially the intervenors expected the
Apex Societies to play a central role in main-
taining treatment measures. In practice the
small homogeneous SHGs have emerged as
the most appropriate institutions to main-
tain the resources that benefit group mem-
bers. It was, for example, the SHGs who
entered into agreements with other farmers
to regenerate and maintain fallow lands. 
In Gulbarga over 35 such agreements have
been negotiated. This strategy has trans-
formed previously neglected land into
regenerated parks, increased biomass 
production and been effective in managing
soil erosion and water run-off.  
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Self-help groups in 
watershed management 
MYRADA’s involvement with watershed management began in Gulbarga 10 years ago.
The PIDOW-MYRADA project was a partnership between Government, the Swiss
Development Cooperation and MYRADA. Its objective was to enable the farmers
involved to emerge as a fourth partner and progressively control watershed resources.
MYRADA’s role was to ensure that the process of planning and implementation would
help people acquire the skills, confidence and organisational expertise to control and
manage the resources within their watershed. This should increase productivity and 
sustainably and make it possible for vulnerable groups to derive benefits from these
investments. Initiatives taken in Gulbarga spread rapidly to other MYRADA watershed
projects. Recently MYRADA’s experiences have been evaluated.  This article discusses
what has been learned about the function and role of Self-help Credit Management
Groups (SHGs) as basic social groupings responsible for watershed management. 

Meeting of the Ramanath Sangha, 

a self-help group in Kamalapur 
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The common fund 
Farmers need to have a stake in watershed
investment. It is the SHG that has the finan-
cial resources - the common fund - from
which an individual farmer can borrow to
undertake improvement and maintenance
work after the project ends. Commercial
Banks do not advance credit for such meas-
ures. The Land Development Banks, where
they exist and have resources, do have pro-
vision but conservation measures on dry-
land are not considered viable investments.
Further, the official specifications for treat-
ment measures in terms of size, structure
and location usually conflict with farmers
requirements and with what they can man-
age. This makes the approval of such credits
difficult and raises transaction costs. One of
the main reasons why farmers do not invest
in maintenance work is that most credit
involves high transaction costs. Farmers
need credit because, to construct the treat-
ment measures, they either have to give up
alternative wage employment to do it them-
selves or they have to hire bullocks, carts
and labour.  

Some SHGs decided to convert all the
grants given by the Government for agricul-
tural inputs into loans returnable to the
common fund. Farmers were motivated to
contribute both in cash and kind. The con-
tribution from each farmer varied depend-
ing on the value he placed on each measure.
For example, farmers tend to contribute
much more to activities from which they
expect immediate returns like silt traps,
while measures involving cement and con-
crete get lower priority and hence lower
contributions. 

Reasons for disinterest 
There are of course other reasons why farm-
ers have not come forward to take up con-
servation measures. The perception that the
increased productivity will not be large

enough to warrant investment is a major
reason. There is evidence that farmers, even
on drylands, are willing to borrow up to
20% of costs from SHGs to construct treat-
ment measures if good soils and better mois-
ture retention capacity assures them of a
crop. After investing in such structures,
however, there have been instances where
farmers have not cooperated in efforts to
prevent erosion from higher slopes because
they anticipated a lower harvest of silt low-
er down. Their strategy was to concentrate
soil rather than to conserve it.  

There are other factors that dissuade
investment. The pull of the city, the increas-
ing demand for cash and the rising price of
land which is viewed as a scarce resource
even without treatment measures, the shift
to irrigation and the problems of unstable
markets which favour those with staying
power. 

Initiatives by SHGs 
The role played by SHGs so far depend on
the resource to be maintained. If it is a com-
mon resource like revenue, waste land, and

private fallows which were protected and
from which all members derived regular
benefits, the SHGs have taken the initiative
to organise, develop, manage and maintain
it. The cost of efforts to acquire this com-
mon resource have been shared by the SHG
and the intervenors. The SHG usually con-
tacts the owner of the private fallow land
and negotiates an agreement. The NGO
played an important role in lobbying with
the Government for the release of revenue
lands. The activities involved in developing
this resource have been funded by the inter-
venors with the SHG organising the work
and contributing labour at generally lower
rates. Management of this resource are tak-
en on by the SHG where members are confi-
dent that they have access to and control of
the produce and adequate protection from

cattle. It must be noted, however, that the
initiative to manage a common resource
where titles and user rights are not clear is
normally not taken up by the SHG. As far as
the management of revenue lands is con-
cerned it is only after some years, when
they have gained confidence, that the SHGs
take the initiative. Access to these lands has
been open but in some cases traditional
grazing rights have been exercised. The
potential for conflict in these areas is high. 

If the measure is a substantial one such as
a weir being constructed with cement, the
SHGs do not agree to maintain them. Their
position is that they do not have the
resources and skills required to maintain
such structures. MYRADA staff, however,
believe that if people place a cash value on
water collection in weirs which is used by
domestic animals for drinking and wallow-
ing and for washing clothes, adequate reve-
nue can be mobilised to pay for mainte-
nance. In practice, however, as water for
animals and domestic purposes are consid-
ered basic needs, it is difficult to levy a
charge. Sub-soil water is seen as a common
resource. It is, therefore, difficult to charge
farmers whose wells have been recharged
significantly due to water conservation
measures. 

A broader approach needed 
MYRADA’s interventions have motivated
people to cooperate and to build institu-
tions which they find relevant to their needs
and which they can manage. As farmers
become convinced that watershed manage-
ment is paying there is a growing hope that
these institutions will be sustainable. But it
is not only productivity and institutions that
need to be sustained, equity should also be
ensured. This has proved more difficult to
achieve, especially in areas where resources
are scarce. The landless and marginal farm-
ers tend to be marginalised in watershed
programmes. During the implementation
period they get work and income, but this
has to be sustained. In some watersheds this
has been achieved by giving the landless a
stake in the increased biomass, by increas-
ing their capacity to earn through training
and by helping them to start small business-
es and cottage industries. They also have
become members of the credit groups and
have access to credit. For this, however,
watershed management programmes need
to have a broader approach than they do at
the moment. 

■

Aloysius P. Fernandez, MYRADA, No. 2, Service Road,
Domlur Layout, Bangalore 560 071, India. 
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AK Doddi watershed showing stone bunding and bund strengthening with vegetative measures 
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The experience reported in this paper
underlines the importance of actual field
knowledge when agencies plan to
improve water use efficiencies in an 
irrigation system. A strictly technical 
solution is inadequate. Knowledge of the
field situation provides insights into the
real functioning of the system, actual
water distribution and the importance 
of socioeconomic factors.  

Mohamed Mechergui 
and Gerrit Van Vuren 

Kebili, in the Tunisian Sahara, has a
mean maximum temperature of
40ºC and minimum 5ºC. Annual

rainfall is below 100 mm and wind speed is
sometimes high and charged with dust.
Formerly, irrigated agriculture was only
practised near the natural water springs
and the cropping system consisted of three
layer, namely date palms, fruit trees and a
ground crop. Today, irrigation has
increased considerably and now covers an
area of around 7,660 hectares spread
around 68 oases. 

Two distinct groundwater layers are in
use: the so-called terminal complex and the
continental intercalair aquifer. The former,
which is most used is over-exploited in the
Kebili region because there are a large num-
ber of illegal wells. In 1986, 680 of these ille-
gal wells were pumping 2,700 l/s, over 40%
of the total 6,200 l/s being extracted. A sus-
tainable flow rate should not have exceed
4,500 l/s. The second aquifer is less intensive-
ly used: the rate in Kebili being 980 l/s and
650 l/s in Tozeur. This is because extraction
requires a high technological input where
wells are installed. Apart from these two
aquifers, water can also be drawn from the
shallow water table. Theoretically, the 
capacity of this shallow water table should
be 4.8 million m3/year but only 1.6 million m3

is used because some of this water is saline.  
Piezometer readings clearly show the

degradation of the water sources with a
drop in piezometric head of about one
meter per year in both aquifers. The degra-
dation of shallow ground water through
salinisation is the result of high ground
water levels. Observations show, for exam-
ple, that the  water table in Faouar oasis was
47 meter below soil surface in 1956; today it
is at surface level. The rapid degradation of

the different water sources show that the
present agricultural oasis system is far from
sustainable. In this article we will describe
suggestions for improvement, with special
emphasis on the oasis of Rahmat, which is
fairly representative of the majority of tradi-
tional oases in the region. 

The oasis of Rahmat 
When it was created in 1932, Rahmat sup-
plied a total irrigated area of 32 ha from 
two artesian wells. These were sufficient 
to irrigate a crop system of date palm, fruit
trees and alfalfa. The area was subdivided 
in 0.25 ha individually owned plots.  
Over the years the oasis has been extended
to 92 ha and is equipped with two pumped
wells operating 20 hours a day. The total dis-
charge is 86 l/s and this water is collected in
a concrete distribution box from which it is
divided into three equal parts and lead
through pipes to three sectors. Here there
are a number of outlets each serving a block
of about 3 ha. Water is brought to the sur-
face into open canals that further distribute
it to the farms. In each sector, the water
delivery rotates over the blocks to create an
irrigation interval of 14 days, with an irriga-
tion length of 8 hours per ha and a dis-
charge of about 30 l/s. Within the sector the
irrigation is organised so that water delivery
starts from the outlet at the top of each
canal. On these sandy soils, surface irriga-
tion is the only technique used.  

The Association of Collective Interest 
(AIC), a farmers organisation, plays an
important role in all but daily management.
It fixes the water price with district author-
ities, gives directives on how water distribu-
tion should be organised and settles con-
flicts between farmers.  

The day-to-day distribution of water is
handled by an operator, who is responsible
for opening and closing the outlets. The
only guidance herefore is the time required
per hectare (which is 8 hours) and the
sequence of opening, normally from head
to tail. Farmers know when they will get
water, so they open the canal bund in the
basin nearest the canal in advance.  

An office-based solution 
In the present irrigation approach, the
depletion of water resources is clearly a
major problem. Part of the water is pumped
from non-renewable fossil water, the rest
comes from an over-extraction of renew-
able ground water. At the same time, heavy
leakage from the earth canals causes high
groundwater levels in the oasis and leads to
land salinisation. As a solution to this prob-
lem, engineers suggested replacing the
open canals with 200 mm PVC pipes. Each
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farmer would get a riser pipe from which
water can be taken. It was believed that this
would prevent farmers using more water
than they needed, depletion of the ground-
water reserve would be reduced and
ground water levels would be lowered.   

Actual water management  
Field observations revealed that water 
management is actually organised very 
differently. It became clear that the 
operators role is more important than is 
formally recognised. In practise he decides
on the irrigation time for each owner
depending on his estimation of plot size, 
his relation to the farmer and his social 
position.  

It was observed that the three sectors,
although equal in size, did not receive the
same discharge. In one sector actual dis-
charge was 25% higher than in the other
two sectors under the pretext that its irrigat-
ed area was larger.  

Inconsistencies also occurred at the out-
lets. Farmers take water from different out-
lets giving different excuses for doing so.
Although irrigation timings appear to be
respected, water is sometimes transferred
to another farmer. 

Another problem in the management of
water was observed inside the irrigated area
of one outlet. Contrary to the specifications
of the project, which defines a standard plot
as being 0.25 ha, actual areas vary from one
palm tree to 2 ha. Each farm managed the
water in its own way in the absence of a spe-
cific recommended method. Some farmers
do not do any levelling inside the parcel
which leads to considerable water loss.
Whilst the required dose was 50 mm, we
observed actual irrigation gifts varying from
100 to 300 mm and more. This was partly
because farmers have no method of control.
In one case we observed that the profile
was wetted beyond a depth of two meters
although the palm tree’s active root-zone
does not go below 120 cm. 

Another observation is that the irrigation
system is just supply based, in the sense that
the quantity of pumped water does not
depend on the quantity needed in the
system. In summer this fixed supply is in
good equilibrium with crop water require-
ments. In the winter season, however, the
supply is several times higher than demand
and causes a steep increase in groundwater
level. 

Water losses in the unlined, very sandy
canals is high. We measured canal losses of
30 to 60 % over a length of 400 to 1000
meters. 

Both cropping system and type of farmer
was not what we expected. Instead of the
three layer cropping system, we observed
that date palm was the main crop. Only
occasionally was there a second layer crop
of apricots, fig or olives. There was general-
ly no third layer crop except in those places
where alfalfa, an important crop for those
farmers raising goats, was cultivated. Many
plots were owned by absentee farmers who
lived in Kebili or even Tunis and who hired

labour to cultivate their plots. There was
also share cropping. Many of these 0.25 ha
plots were not, in fact, being cultivated by
farmer families.  

A different strategy 
On the basis of this field research it became
clear that the problems surrounding water
management in these oases were more com-
plex than assumed. Apart from the problem
of diminishing water resources, we found
an extensive type of agriculture being prac-
tised in which only palm tree cultivation is
important. Water management at farm level
is poor and water distribution to farms is
unequal. In this situation, the construction
of a buried pipeline system up to field level
would be insufficient to solve the problems
of irrigation inefficiencies at field level,
especially during the winter season; dis-
crepancies between the designed and actu-
al irrigated area; and inequity in water distri-
bution.  

To improve water use efficiencies, it is
important that farmers should first be will-
ing to re-establish the three layer crop
system on which the irrigation system was
first established. It is suggested that
improvements that require little external
input, improve the knowledge base of farm-
ers and, which are oriented towards
improving organisation, be introduced. The
construction of a buried pipeline system
would only then be possible. The advantage
of this system would be that payment per
unit of land could be changed into payment
per volume of water supplied, an approach
that certainly helps to increase water use
efficiency. It might facilitate a demand-
based irrigation system, where farmers have

to apply for water in advance and create
options for changing from present surface
irrigation towards low pressure sprinkler or
even drip system techniques. 

This case of the oases in Tunisia touches
on a common problem in irrigation develop-
ment. Although irrigation agencies are gen-
erally well informed about regional water
resources, they tend to work with a general-
ised (idealised) picture of the field situation
in mind. Detailed field observations would
provide them with a much better insight
into how farmers handle water, and contrib-
ute to the development of more appropriate
solutions. Often such an approach will
focus more closely on the farmers’ organisa-
tional structure and knowledge base.
Sometimes, a bottom-up and participative
approach can reduce the level of invest-
ments required for construction work and
safeguard the use and management of the
scheme because farmers feel involved in the
analysis of the problems. 

■

Professor Mohamed Mechergui INAT, 43 Avenue
Charles Nicolle, 1082 Tunis, Tunisia 
Gerrit Van Vuren, Department of Irrigation and Water
Conservation, Nieuwe Kanaal 11, 6709 PA Wageningen,
The Netherlands. Fax: +31 317 484759. 
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Traditional water harvesting systems need to be improved 

In the dry  regions of south and centre Tunisia, with a long-term average rainfall of around 200 mm,
water harvesting is the only way to secure crop production. The landscape consists of undulating
hills and mountains denuded of natural vegetation. Soils are poor and extremely shallow and rocky.
Most land is being used as marginal rangeland except for those places where runoff water and soil
are being harvested which permits cultivation of olives and barley and sometimes even apples, apri-
cots, chickpea, faba bean, lentiles or watermelons. Different traditional water harvesting systems
can be found of which the Jessour systems is best known. This system consists of a series of stone
and earth walls, called tabias, built across the stream beds of narrow valleys. The tabias collect and
retain soil washed down hillsides by torrential rains, forming terraces in a stair-step fashion down
the slope of the valley. This has worked for centuries, but recently the jessours have not been well
maintained because of outmigration, shortage of labour and loss of skills and traditional knowledge.
This is destroying the systems and is causing serious erosion.  
The Institut des Regions Arides (IRA) in cooperation with the International Centre on Agricultural
Research in Dryland Agriculture (ICARDA) are now trying to adapt these traditional systems to
existing economic conditions. Farmers as well as scientist have made some innovations. For exam-
ple farmers are using plastic bottles to irrigate young olive trees. The bottles (without bottom) are
filled with pebbles and placed top down with the opening near the roots of the trees. In this way
irrigation water is stored and gradually made available to the plants.  
Scientists have designed new techniques to store and guide the precious water directly to the roots
of the trees or crops to increase water efficiency. In a process of participatory technology develop-
ment these techniques are now being adapted to the conditions in which the farmers work. 
This programme is also part of the documentation of farmer innovations in soil and water conserva-
tion exercise referred to on page 21 of this issue. 

Information on the programme: Dr. B. Chahbani, ARI, 4119 Medenine, Tunisia, Fax: +216 5640435. 
Information on the Jessour system can be found in: Les Tabias. by Khlifa Alaya, Werner Viertmann and Thorsten
Waibel. 1993. 192 pp. ISBN 9973-9735-0-X. GTZ, PO Box 5180, 2636 Eschborn 1, Germany. 
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Anne Gobin, Paul Campling
and Jan Feyen 

In Enugu State, annual rainfall is between
800 and 2000 mm with a distinct dry
season that lasts from November to

March. Smallholder farming systems are
predominantly rainfed with a focus on
tuber-based crop mixtures and oil palm.
Additional income is derived from small
ruminants and poultry. Crop densities and
the level of farm inputs decrease with dis-
tance from the homestead and are affected
by land tenure status. Home gardens in the
immediate vicinity of the house are individ-
ually owned and comprise multipurpose
trees and shrubs, and a large range of annu-
al crops and vegetables. The family/clan
owned ‘near fields’ are located close to the
settlements in an intensive fallow system
associated with oil palm dominated forest.
The ‘distant fields’ are located on commu-
nal farmland where tuber crops are pro-
duced in an extensive bush-fallow system. 

Micro-scale irrigation is a minor but
increasingly widespread activity in the
region where 65 to 70 % of farmers have
practised irrigation for 10 to 15 years.
Farmers give preference to pepper, tomato,
amaranthus, telfeiria and eggplant.
Depending on the water source used, field
sizes range from about 200 m2 to 1000 m2.

Though practised on a micro-scale, the sale
of irrigated vegetables, and particularly yel-
low hot pepper, provide an important addi-
tional source of income and can fetch high
prices. The major production constraints
for micro-scale irrigated farming are insuffi-
cient water supply for irrigation (91 % of
farmers), labour and lack of money to pay
for handwatering (72% of farmers). These
expenses are often given as reasons for not
starting irrigation.  

Indigenous management practices for dry
season agriculture try to tackle the problem
of water scarcity and reduce the labour
needed for watering. Depending on the
location of the farmer’s field in relation to a
reliable dry season water resource, a distinc-
tion can be made between: 
• Irrigated home gardens and nurseries

located next to the homestead  
• Irrigated fields located near perennial

water sources such as springs and rivers 

Home garden vegetable cultivation 
Home garden irrigation involves the pro-
duction of seedlings and the cultivation of
small vegetable plots. Depending on the
quantity of water available at the home-
stead, villagers will transplant some of the
seedlings to a small homestead plot.
Vegetable cash crops and/or seedlings are
watered twice a day with rainwater stocks
built up during the wet season and water

purchased from tankers or carried home
from often distant perennial sources.
Household waste water is used to a limited
degree but only in watering plots. The most
popular system is to fill up an oil drum at the
water source and water the plots either by
sprinkling water by hand or pouring it over
a broom.

A common strategy to reduce labour and
water costs in pepper and tomato cultiva-
tion is to keep young plants in a fenced nur-
sery covered with palm leaves for as long as
possible. Seedlings are kept in well-
manured baskets lined with plastic. Plants
are regularly transplanted during the vegeta-
tive period until about 20 stands per basket
are maintained. Planting to the home gar-
den or family owned near-fields is delayed
till just before the full flowering stage,
which farmers hope will coincide with the
start of the rainy season. Supplementary 
irrigation is still required since rainfall is
often erratic during this period. Many 
farmers maintain both a nursery and a 
small plot to get two cropping periods and
minimise the risk of failure. 

Micro-scale irrigation 
Fields near perennial water sources are
increasingly being irrigated during the dry
season. The most widespread crop is yellow
hot pepper cultivated in a mono-cropping
system. Some farmers plant a few stands of

In Enugu State, southeast Nigeria, 
present day population densities of up 
to 400 persons per square kilometre 
and the limited availability of land for 
agriculture have encouraged intensified
land-use practices such as dry season 
gardening. Parastatal controlled formal
irrigation schemes, concentrating mainly
on rice production, currently operate 
at only 20% of their capacity. Given the
present economic crisis, government
funding to rehabilitate these schemes 
is unlikely. Informal vegetable irrigation 
by smallholder farmers, however, is on 
the increase with many men cultivating
these traditionally women’s crops. 
This article focuses on the response of
farmers to the problems of water and
labour scarcity, and potential low-cost
improvements that can be made to 
current water management practices. 

Bridging gaps in water 
and labour supply  
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telfeiria along the beds. Women are hired to
carry water from the river, spring or stream
and pour it into storage vessels located at reg-
ular intervals in the fields and water pepper
stands in the morning and evening. A mix-
ture of chicken manure and grass is carefully
placed around each plant to provide manure
and conserve moisture. Fear of snakes pre-
vents farmers from mulching the entire field.  

Two farming systems can be distin-
guished depending on the location of the
irrigated plot. Plots are started in November
on river or stream floodplains, and are har-
vested before flooding in June. After the
first floods, rice is transplanted on the same
plots. Since full irrigation is required
throughout the dry season, plot sizes
depend on a farmer’s ability to pay for hand-
watering. In more upland areas, pepper is
planted from early February; the period of
full irrigation is shorter and use is made of
the rainy season. Around June cassava is
interplanted and allowed to overgrow the
pepper stands.  

Potential technological improvements  
There are two approaches to improving the
existing micro-scale irrigation systems:
increasing water supply to the field and
improving water application effectiveness
and efficiency within the field.  

Since the 1980s, government support for
small-scale informal irrigation has concen-
trated on increasing water supply to the
field by setting up loan schemes for farmers
to purchase relatively low-cost, low-head
petrol pumps for lifting surface water from
rivers, streams and lakes or tapping the
high-yielding shallow aquifers of the
Anambra Plains. However, these schemes
have faltered with the devaluation of the
local currency and ‘low-cost’ is no longer an
appropriate term. In addition, spare parts
are difficult to get and there are no mainte-
nance support programmes. Furthermore,
low-head pumps are only suitable where
water supplies are readily available and an
infrastructure of ditches exists to convey
the water within the plot or to the fields by
gravity. This might be possible in floodplain
areas (precluding upland areas), but would
require levels of investment beyond the
means of local farmers in an essentially
peripheral farming activity. In addition, risk
aversion is the predominant strategy adopt-
ed by farmers to minimise crop failure so
fields are kept small and intensive when irri-
gation is needed. Thus a technology which
is expensive, not village-maintained and
needs large quantities of water is unlikely to
be adopted by farmers. The practice of car-
rying water to storage vessels on individual
fields, often at a substantial distance from
the water source, is likely to continue. A 
different approach to improving irrigation
practices is therefore needed. 

Effective and efficient water use  
Modern concepts of irrigation management
have introduced the Soil-Plant-Atmosphere
Continuum (SPAC) as a unified system
where moisture availability is a function of a
conjuction of these components. The
advent of permanently installed irrigation
systems has established that optimal mois-
ture levels in the SPAC are best maintained
by high-frequency, low-volume (i.e. small
daily) water applications (Hillel 1990). The
consequences for water-use effectiveness
are illustrated by high yields of daily
watered fields on coarse sandy soils hitherto
classified as unsuitable for irrigation.  

Micro-scale irrigation techniques, highly
efficient in water use and labour-saving
when compared to handwatering, can offer
simple, low-cost solutions to problems of
water and labour scarcity. Three methods
that have shown promise in Africa are 
pitcher irrigation, subsurface pipe irrigation
and low head drip irrigation. All three are
classified as localised irrigation systems
since only the soil at the base of the plant,
i.e. the plant root zone, is wetted. Methods,
technical adjustments, conclusions from
our own experiments and discussions with
farmers in the region are reported below.  

Pitcher irrigation is an efficient and eco-
nomic way of providing localised subsur-
face irrigation by using unglazed porous
clay pots (Mandol, 1974; Dupriez and De
Leener, 1989). The pots are buried neck-
deep in the soil next to the plants or
between plant rows and water is poured
into the pitcher. When full, water oozes out
at a rate controlled by the porosity of the
pitcher wall, the waterhead in the pitcher
and the water potential of the surrounding
soil. Pitcher irrigation proved particularly
useful for creepers such as telfeiria and mel-

on since their roots are concentrated and
can easily be traced. Technical adjustments
were made by piercing holes near the neck
of the pitchers thus allowing immediate soil-
water replenishment at the time of irriga-
tion and making the technique more useful
for less drought tolerant crops.  

Subsurface pipe irrigation is achieved by
means of shallow-buried small-diameter clay
tile drains or slotted PVC, bamboo or metal
pipes (Batchelor et al 1994). The total
length of pipe or clay tile is equal to about
10 m. At one end of the pipe, either an
elbow piece or basin is formed to allow 
filling; the other end is blocked. If PVC,
bamboo or metal pipes are used, slots are
cut in the surface of the pipe to allow water
to seep through. Clay tile drains of about 
30 cm are abutted to each other and water
exits via the joints as a result of the imper-
fect fit between the ends of the pipe sec-
tions. The pipes are buried so that they
cross the root zone allowing for a terrain
roughness within a range of  30 cm.
Undulating fields must be levelled during
land preparation to ensure optimal efficien-
cy. Improper installation and high inside
pipe roughness leads to unequal water dis-
tribution and might lead to plants being cut
off from irrigation. Farmers complained
about the skills required to install the pipes.
Slotted continuous pipes proved easier to
install and manufacture and are much
smoother than clay tiles. 

Low-head drip systems operate under pres-
sures of 0.5 to 2 metres water head com-
pared to 10 to 15 metres water head needed
for standard drip irrigation (Miller 1990).
Small reservoirs such as oil drums can be
used as header water tanks which are
mounted on block supports so that water
pressures fall within the required range.
Perforated flexible plastic piping conveys
water to the plants. Low-head drip irrigation
was found suitable notably for stands with a
100% ground cover, such as closely spaced
amaranthus, since humidity is well retained
under the canopy after a water application.  

■

Anne Gobin, Paul Campling and Jan Feyen, Institute
for Land and Water management, Vital Decosterstraat
102, B-Leuven, Belgium. 
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Søren Dreyer 

Zaka District, in southeastern
Zimbabwe, consists almost entirely
of communal land. Subsistence farm-

ing is the main economic activity and the
crops grown are maize, groundnuts, cot-
ton, sorghum, millets, and sunflower. Soils
are generally poor and sandy and popula-
tion densities are more than 65 per-
sons/km2, which is very high for a moun-
tainous, steeply sloping area with many
rock outcrops. 

Five years ago,  the Danish NGO MS-
Zimbabwe and Zaka Rural District Council
went into partnership. With the objective of
working with communal farmers to con-
serve natural resources. The idea was to
introduce a range of options for SWC very
different from the blanket contour ridging
of the past. The programme has now been
largely implemented by government exten-
sion agencies who felt strongly that a more
participatory-oriented approach to exten-
sion was necessary. 

Workshops for problem identification 
Participatory workshops for both local com-
munities and extension staff were organised
to identify  natural resource management

problems. Villagers considered drought, soil
erosion, deforestation, and reduced soil fer-
tility as their main problems. Extension staff
saw convincing farmers about the useful-
ness of contour ridges, avoiding cultivation
on steep mountain slopes and providing
solutions to the problems of reduced soil
fertility as their main concerns. 

Based on the results of these workshops,
plans were made for a three-year pro-
gramme. Options included Vetiver grass
contour strips; Fanya Juu contours; infiltra-
tion/composting pits in existing contour
drains; establishing woodlots with eucalyp-
tus ssp. or indigenous species; planting
orchards; the sustainable management of
existing woodlands; intercropping and
improved crop rotation. 

Look and Learn Tours 
The most efficient tool in introducing these
technologies proved to be Look and Learn
Tours. After the first demonstrations, we
decided to let the transfer of technology
take place not from technocrat to farmer,
but from farmer to farmer. 

Between  1993-95 quite a number of farm-
ers participated in Look & Learn Tours to
the nearby Makoholi Research Station
where they were given some idea of  the
technologies available. These visits proved
very valuable later when pilot activities
were initiated in the district. Today, farmers
visit pilot areas within the district in an envi-
ronment similar to their own and where
projects have been initiated by farmers like
themselves. During the visits, farmers from
the pilot areas explain in their own words
what they have done, show how they have
done it, and prove what they have achieved.
After the tour, the visitors are usually very
keen to start their own activities. Since most
of the technologies are cheap and easy to
use, they can get to work immediately.
Supported by their local extension staff,
they  can, for example, start by  establishing
small forestry or Vetiver nurseries on their
homesteads and at schools or by borrowing
tools for digging mechanical conservation
works. 

Popular technologies 
The programme is now in its fifth year and
its success is clearly visible. One remarkable
technology very popular with farmers is

In the Communal areas of Zimbabwe, the attitude towards soil and water 
conservation (SWC) is slowly changing. This article analyses experiences from 
a partnership programme for natural resources management, particularly SWC, 
in Zaka Communal Area. One important lesson learnt has been that technologies 
transferred from other parts of the world work surprisingly well. But adoption has 
only taken place after participatory awareness raising workshops, where farmers 
have identified their problems and have been encouraged to experiment with 
and adapt the technical options provided by the extension staff. 

Transferred technology 
in a basket of options 
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Mr. P. Jacobs, at the far left, is converting his conventional

standard contour bunds into vetiver contour hedges.

Following his own ideas, he has planted the vetiver hedge

just above the drainage channel (left), so that when the 

hedge is well established, he will destroy the drain and 

ridge which will release land for cultivation. 
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Vetiver grass (Vetiveria zizanioides),
which the World Bank has been promoting
for many years as conservation’s  ‘miracle
grass’. It is in great demand in Zaka. The
grass is popular because of its low labour
requirements and, when it is used properly,
the speed at which results can be achieved.
Women household heads are particularly
appreciative of its low labour requirements,
for labour in this area is a scarce resource.  

Farmers have had surprisingly few prob-
lems in getting used to the concept of bio-
logical contouring (Vetiver grass strips).
Mechanical contouring is still unpopular
and considered to be very hard work. The
Kenyan Fanya Juu system, another mechan-
ical system,  is also becoming more wide-
spread because it demands less labour than
conventional contouring. 

A further success is infiltration pits,
which are an improvement on existing
contour ridges. Good compost can also be
made in these pits during the rainy season.
Thus, like many other SWC technologies,
infiltration pits or chibatamvura  have
more than one function. 

Many farmers have tried several of these
options at the same time. For example,
agroforestry plots protected by Fanya Juu
contours with Vetiver strips to control rill
erosion inside the plot  or using Vetiver
strips to control erosion in existing wood-
lands in order to provide a better environ-
ment for natural regrowth. Farmers them-
selves are deciding how to implement and
combine these different technologies and
in doing so take full responsible for the
results. 

Rain water harvesting costly 
Rain water can be collected below a rock
outcrop and stored in a tank to water 
vegetable gardens and fruit trees in the 
dry season. But not ever farmer can afford
this expensive technology. The price of a
simple rain water harvesting project with a
70-80 m3 tank is approximately US$ 300.
The programme has supported water har-
vesting amongst some farmers who have
shown genuine interest in conserving their
land. A few better-off farmers have started
water harvesting projects without any pro-
gramme support. It is hoped that villages or
groups may later adopt water harvesting
projects collectively. 

Conclusion 
A conventional and ‘packaged-based’ exten-
sion system does not seem to be able to
mobilise farmers. In Zimbabwe with its long
history of blanket recommendations and
enforcement-oriented extension, the con-
cept of participatory methods and the provi-
sion of options has much potential even if
the technologies being transfered are not
wholly indigenous. 

■

Søren Dreyer, Skellet 5, 2600 Glostrup, Denmark.

A crazy family’s model for land regeneration

When Gopalakrishnan and Vijayalakshmi bought their 16 acres farm, Sarang, 
in 1982, it was abandoned land, situated at about 800 m on the slopes of three
hillocks. Agriculture was impossible: the land was denuded and eroded. The
only source of water was drying up. Sarang is in the Attapaddy region in Kerala,
India and is a man-made desert although it used to be full of dense rain forests.
The government has invested millions of rupees in the construction of contour
bunds for soil and water conservation here, but planted no trees. 

The two teachers wanted to start an alternative school to prepare youngsters
for farming. Subsistence farming would be an important part of the curriculum.

They needed to regenerate their land. They reasoned “If deforestation caused
water sources to dry up, wouldn’t the reverse rectify the damage”? They sunk
several percolation tanks and asked neighbours not to allow livestock to graze
on their land. The question was how long would it take for the spring to be
reborn?
‘Mother nature’ did her work! First grass like lantana became more abundant.
Later grass gave way to small shrubs and trees. Gopala and Vijaya did not plant
more than half a dozen trees on their farm and once there was no human or 
animal interference, forests started growing naturally. Birds and wind must
have helped spread the trees. Six years later the spring was reborn!  Several
checkdams were built across the valley to hold back the spring water. 

Today, thick deciduous forest covers much of Sarang. Dry leaves form a thick
forest floor and prevent erosion and enhance percolation. Below this mulch,
soft fertile soil is being rebuilt. Weeds like lantana and eupatorium, abundant in
neighbouring farms, have vanished. When deciduous trees reached a certain
height, evergreen trees like rosewood appeared.

Gopalakrishnan believes tilling, a method widely used, is unsuitable for these
sloppy areas. Mulching is the technique they use. It retains moisture, controls
soil erosion and facilitates growth of microorganisms. Green gram (a legume) is
grown to enrich the soil. Today, Sarang has a good top soil which can reach
depths of 30 cm. External inputa are zero. 

Sarang contrasts sharply with the rest of Attappady. All the crops are rainfed.
They grow millet, banana, elephant yam, pumpkin and sorghum. There is a
variety of wild bitter gourd and tomato that is self seeding and grows with zero
attention. Gopala and Vijaya are convinced that  “Farmers have to adjust their
taste-buds to what can be grown in the soil”. Their farm is almost self-sufficient
in food and vegetables, a rare achievement in Kerala where farmers aim to 
produce irrigated cash crops and end up growing deserts.

‘Shree’ Padre, P.O. Vaninagar, via: Perla, Kerala, India-671 552.
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Mulching is an 

important method 

in natural farming. 



Richard G. Grimshaw 

There is overwhelming evidence that
properly established Vetiver hedge-
rows will reduce soil loss to accept-

able levels (< 3 tons/ha) and rainfall runoff
by as much as 70% depending on slope and
soil type. Soil moisture content is
improved, and crop yields, particularly on
shallow soils in dry years, have increased by
as much as 30%. There is a clear correlation
between Vetiver hedgerows and improved
groundwater recharge. Where Vetiver
leaves have been used as mulch on adjacent
orchard crops (Jiangxi Province, China)
there has been dramatic increases in soil
organic matter (from 0.04% to 1.8% in two
years, plus significant increases in N, P, K
and other minor elements). 

Evaluation results from  El Salvador,
Tanzania, and the Philippines show that
about 80% of  farmers who began using
Vetiver technology continued to do so after
three years. In Tanzania (HIMA/DANIDA
project) 1600 farmers tried four different
conservation systems (Vetiver, Napier and
Guatemala grass hedgerows, and Fanya Juu
terraces).  85% of  farmers preferred Vetiver
hedgerows because they were simple to
make, are not labour intensive (in Madagas-
car farmers can plant 200 meters of Vetiver
hedgerow in one day as against digging only
15 meters of Fanya Juu  terrace), remain
good for many years, and effectively reduce
soil erosion. Farmers also see Vetiver hedge-
rows as improving runoff infiltration, and
reducing runoff velocity. On well conserved
farms production per unit area increased.
Farmers indicated that Vetiver grows
upright and causes very little disturbance to
the adjacent crops; terraces are easily
formed behind the hedgerows (30 - 40 cm
in 2 or 3 seasons). Vetiver grows well under
drought conditions, is rarely browsed by
livestock, and can be used as thatch. 

Few downsides 
There are a few downsides to this technolo-
gy. Because it is sterile, the grass can only be
propagated vegetatively, this can be a prob-
lem initially, but after a few years a plentiful
supply of new plant material can be

obtained from dividing existing hedgerows.
The question of its fodder value is also prob-
lematic. Farmers and researchers have pro-
vided evidence that if Vetiver is cut every
three weeks most livestock find it palatable.
If left to mature it is generally unpalatable. 

Vetiver grass technology can be used by
those small communities who want to take
initiatives themselves without having to
wait for a ‘big plan’. Vetiner can be used
without risk and without depending on
‘officials’ and formal institutional for sup-
port. The technology is simple and easy to
disseminate and learn and cannot fail if
applied correctly. User training is, there-
fore, essential. 

Availability and multiplication 
Vetiver grass is found in almost every tropi-
cal and subtropical country. If you want to

find sources of Vetiver get in touch with the
local Ministry of Agriculture research sta-
tion, or the national herbarium. As it is used
for medicinal purposes, the local medicine
seller will perhaps know about it. You can
also contact the Vetiver Network  Once a
source has been located the grass has to be
multiplied in simple nurseries. One hectare
from an average quality nursery will pro-
duce enough planting material annually to
establish 100 - 150 km of Vetiver hedgerow. 

The Vetiver Network 
Since 1996, the Vetiver Network  has
helped establish and support five regional
(Latin America, Southern Africa, West
Africa, European and Mediterranean, and
Pacific Rim) and four national networks
(China, Thailand, Philippines, and
Madagascar); and has supported some fif-
teen NGO’s in Asia, Africa, and Latin
America.  The programme seems to be very
successful and use of the technology is
accelerating.  

■

More information is available about Vetiver technology
and associated programmes from: The Vetiver
Network, 15 Wirt Street NW, Leesburg, Virginia, 20176,
USA.  Email: vetiver@vetiver.org. Homepage:
www.vetiver.org. 

In the 1988 December issue of the ILEIA Newsletter John C. Greenfield reported on 
the use of Vetiver grass for moisture conservation in rainfed agriculture. This was at 
the beginning of a very successful worldwide effort to reintroduce the use of Vetiver
grass (Vetiveria zizanioides) for soil and water conservation. Today it is an important
grass used in stabilising engineered earthworks, land rehabilitation, and pollution 
mitigation. It is used in at least 60 countries and is promoted by governments, NGOs,
and the private sector.  In 1996, positive experiences with Vetiver grass resulted in 
the Vetiver Network being awarded the John Franz Sustainability Award for the best
judged environmental technology. Nevertheless, there may be farmers, development
workers or researchers who do not agree with this evaluation. ILEIA would like to 
invite them to write about their experiences with Vetiver grass. 
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Vetiver, the super grass for water conservation 

Vetiver grass for soil and water conservation, 
land rehabilitation, and embankment stabilisa-
tion: a collection of papers and newsletters 
compiled by the Vetiver Network
by RG Grimshaw, L Helfer (eds). 1995. 
The International Bank for Reconstruction 
and Development / The World Bank, 1818th H Street,
N.W. Washington, DC 20433, USA. 
281 p. ISBN 0 8213 3144 2. 
World Bank technical paper, ISSN 0253 7494; 273. 

This technical paper is the result of seven years of
research and development on the use of vetiver grass as
a promising - and proven - agricultural technology to
prevent soil erosion and conserve precious rainfall
moisture. This technical paper includes a monograph
on ‘The role of Vetiver grass in sustaining agricultural
productivity’, issues 3 - 12 (March 1990 till July 1994)
of the Vetiver Newsletter and the full text of the 
practical handbook Vetiver grass: The hedge
against erosion which provides step-by-step instruc-
tions as to the use of the technology.  A list with selected
readings is included as well. 

The Vetiver Newsletter and the practical handbook can also be ordered separately from the 
Vetiver Information Network. 15 Wirt Street NW, Leesburg, Virginia 20176, USA, Fax: +1 703 771 8260, 
E-mail: vetiver@vetiver.org. 
The Vetiver homepage on the internet  www.vetiver.org provides the latest current info. (CR)
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Fetien Abay, Mitiku Haile 
and Ann Waters-Bayer 

Tigray is an area of extreme land forms,
with flat plateaux and lowlands separ-
ated by steep slopes and escarp-

ments. ISWC works in the semi-arid high-
lands at 2000-2500 metres. Average annual

rainfall is usually between 450-900 mm. The
rainy season is June to September. Small-
holder farms are between 0.2 and 1.5 ha.
The soils are shallow, stony and of low 
fertility. Barley, wheat, teff, finger millet,
field peas, maize and sorghum are the main
crops and the land is worked with oxen and
the maresha plough. 

Seeking local innovation 
Our inventory of indigenous innovations in
SWC was carried out in Tigray’s western,
central, eastern and southern zones.
Extension agents, university teaching and
research staff and university students com-
pleting their 5 month practical period were
involved. They observed local differences in
practices and asked local people about indi-
viduals and groups who had discovered
new ideas and experimented with innova-
tions without the support of formal exten-
sion services. Attempts were made to identi-
fy both male and female innovators.  

Integrated management of hill and farm 
One example of a very creative innovator is
Ato Haile Gebrehiwot, a 50–year old farmer
in Western Tigray. Over the past 13 years,
he has developed an integrated farm system
that combines various innovations: revege-
tation with diverse indigenous species,
moisture conservation and soil-fertility 
management, apiculture and improved farm
implements. His farm has an average annual
rainfall of 860 mm. He and the nine mem-
bers of his family farm 1.25 ha of land. His
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Farmers’ innovations in land 
and water management 

In the semi-arid highlands of Tigray in Northern Ethiopia, generations of farmers have
developed land-husbandry systems that allowed them to live under harsh conditions.
Their systems involve physical and biological techniques of soil and water conservation
(SWC) and integrate aspects of agronomy, livestock husbandry and forestry. Farmers
continue to innovate and refine their practices. Local innovation can be a source of
inspiration for more widespread development. 

Mekelle University College (MUC), the Bureau of Agriculture and Natural Resources
(BoANR) and other governmental and nongovernmental organisations in Tigray are
looking for indigenous land husbandry innovations and see this as an entry point 
into Participatory Technology Development (PTD), in the second phase of a Dutch-
supported programme ‘Indigenous Soil and Water Conservation’ (ISWC). The aim is 
to promote existing processes of improvement by recognising local initiatives, by 
linking innovative farmers with each other and with formal research and extension, 
by validating and disseminating successful technologies, and by supporting farmers 
and rural communities in their own experiments. This article deals with some of these
farmers’ innovations and the above programme. 



main crops are maize, teff and fruit and he
keeps 5 head of cattle, 3 donkeys, 5 goats,
numerous poultry and an increasing num-
ber of bees. In Western Tigray, where farm
sizes are larger than elsewhere in the
region, he is seen a moderately well–off
farmer.  

Slope revegetation to reduce floods 
Like most other farmers in his area, Ato
Haile’s land is frequently flooded and 
covered with silt and stones from a steep,
treeless hillside above his home. In 1984,
without external assistance and using only
family labour, he started to build stone ter-
races on the hillside to control run-off. He
collected seeds and the vegetative parts of
various local tree, shrub and grass species
and established them on the slope. The hill-
side is now a forest dominated by indige-
nous species and some more recently 
introduced fruit trees. Altogether there 
are 43 tree and shrub species, 5 fruit and 
beverage species, and 6 grass species. 

The physical structures and soil cover
have solved the problem of flooding, and
from the vegetation he gets firewood for
home use and sale. Moreover, the organic
matter has allowed much water to infiltrate
and this ensures moisture over a longer 
period which benefits his farm and home-
stead garden. He has deliberately planted
bee-forage species amongst the vegetation
because he wanted to expand his produc-
tion of honey and bees. 

The sale of bees is very lucrative so he
developed a system to increase swarming
frequency. First, he keeps the bees in a 
narrow hive fixed on an elevated pole or
beam. He then exposes them to alternating
cold and warm conditions, and does not
harvest the honey produced. The bee 
population increases and in their discomfort
the bees form new colonies in the small
gourd hives he provides. These bees are
sold at the local market. 

New animal-drawn implements 
To make it easier to transport heavy stones
for SWC, Ato Haile designed and manufac-
tured the menkorkor (Fig. 1) which is
drawn by two oxen. It is a kind of wheelbar-
row with a wooden frame supported on a
wheel made by fitting together two spent
bombshells. This is an example of using
resources available locally and left over
from Ethiopia’s long war. A wooden shaft
connects the frame to the oxen yoke. 

He decided to plough with one ox to
solve the problem of an unbalanced team of
oxen. He thought that a plough drawn by a
single animal would be useful for neigh-
bours who only have one ox. He himself has
two oxen and now he can prepare land for
sowing more quickly because his family can
plough two plots at the same time. He made
a single-ox yoke to pull the maresha. 

Generous dissemination 
Ato Haile wants to promote his innovations.
Hundreds of extension agents and farmers

have come to learn from him about revege-
tation using indigenous species, bee-keep-
ing and manufacturing improved imple-
ments. These visits have been organised by
the BoANR and the Tigray Development
Association. Ato Haile takes the lead in dem-
onstrating and explaining his innovations.
He lends his implements to other farmers,
so that they can try them out for them-
selves. He also supplies the seeds of various
tree species to interested farmers and gives
them technical advice - free of charge - on
raising and transplanting seedlings and
establishing the trees. 

He says that 13 years of experience proves
his system is well-adapted to the environ-
ment and is effective. He has integrated SWC
measures, crops, trees and livestock, includ-
ing guinea fowl which he has domesticated

from the wild. According to Ato Haile, his
system will be sustainable if no deliberate
man-made interventions disturb it. 

Seeking new ideas 
Ato Haile is keen to talk to scientists and
other farmers about new ideas. For exam-
ple, before he reforested the slope above
his home, a gully had formed on his farm.
Indeed, the gully formation ultimately moti-
vated him to plant trees above it and on its
edges. The gully is not getting worse, but
now he would like to re-establish his field
there, and would like to exchange ideas
with other farmers who have successfully
reclaimed gullies. He is also interested in try-
ing out new plant species suitable for ter-
race stabilisation and animal feed, including
tree fodder. 
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A single withers yoke

Withers yoke

Wooden pegs (neck strap)

Handle

Beam

Beam

Metal plough

Ploughshare

Figure 2. Single-ox plough

Wooden pegs (neck strap)

Erect stick to protect the load (stone) from sliding

Load to be transported

Hard outer cover of exploded bombshells 
to serve as a wheel

Wooden frame

Figure 1. Menkorkor used to transport heavy loads



Innovative women 
During the inventory, examples were found
of women farmers who had observed and
analysed the unintended effects of actions
that were either a ‘mistake’ or originally
meant for another purpose. They recog-
nised the useful effects of these practices
and developed them further. 

W/ro Leteyesus Gobena is a 26-year-old
woman who farms in Central Tigray, where
annual rainfall is about 600 mm. Three years
ago, after her husband died, she started
ploughing on her own. In the Tigrian cul-
ture, where men traditionally plough, this is
an innovation in itself. Leteyesus applied
various traditional practices she had learned
from her husband, such as sowing pre-
soaked seed of maize and sorghum to accel-
erate germination, using the hoof action of
small ruminants to work teff seed into the
soil, and cultivating teff by ox plough
between uncultivated strips (terwah).  

During her first attempt at terwah,
Leteyesus formed, unintentionally, some
furrows on each side of the grass strips. She
observed that the teff growing in the field
with these furrows had a higher yield than
the teff in her neighbour’s adjacent, uni-
formly ploughed field. She recognised the
utility of the furrows and prepared them
intentionally during the next season’s
ploughing. 

In order to gain even more benefits from
terwah, she dug up sods of the grasses live-
stock preferred and moved them to the
grass strips. She explained that the shade
from the grass stops water from disappear-
ing so quickly in the sun. In addition, she
deliberately collects seed of grasses she
finds useful for different purposes, includ-
ing broom-making, to plant on the strips. In
the second year, she cultivated where the
enriched grass strips had been, and made
grass strips lined with furrows where she
had previously grown teff. She thus seems
to have developed a system of simultaneous
enriched fallow on her very small landhold-
ing (0.2 ha). In this high-population area of
Tigray, the practice of fallowing has long
been abandoned. 

Infiltration pits 
W/ro Azmera Atseba is a 38-year-old woman
farming in an area of Eastern Tigray that
receives about 450 mm rainfall per year. She
sows teff, wheat, barley, sorghum and toma-
to in irrigable fields with a total area of 1 ha.
In 1996 she followed instructions given by
the Home Agent to dig a shallow pit in her
backyard for garbage disposal. However, in
the early wet season, the pit filled up with
run-off water. Later in the season, there was
not enough rain for the crops and most
farmers in the area failed to harvest any-
thing.  

W/ro Azmera observed that the wheat
she had sown near the pit in her backyard
grew well, and she harvested more grain
and straw from this area than from the other
parts of her backyard farm, even more than
in other years with better rain. She conclud-

ed that the plants grown near the pit bene-
fited from the water stored there which had
infiltrated the soil. The next year, she delib-
erately dug infiltration pits in her backyard
and even in the fields outside. She harvested
over 3 quintals from 0.25 ha. Before her
innovation she would have expected no
more than 1 quintal. 

Difficulties in spreading innovations 
It seems to be difficult for other farmers to
accept women’s innovations. Indeed, the
very sight of a woman behind a plough rais-
es the comments from some men that it will
bring misfortune to the village. An addition-
al problem is that many women farmers
(household heads without husbands) are
quite poor and cannot spare time from their
work to discuss their ideas with others.
Some farmers were impressed by the results
of Leteyesus’ infiltration furrows, and the
local council asked her would she teach this
to others. She replied that she must farm
and think of new ways to get the most out
of the little she has for her family’s survival.
She cannot leave her work without some
kind of compensation. 

More and more examples 
This is only a small sample of the still grow-
ing number of innovations being discovered
by researchers, students and fieldworkers in
Tigray. Other innovations include: 
• trapping silt and water in ephemeral

water courses to create new land (see
also Hagos & Asfaha 1997);  

• reclaiming farmland from a river by 
constructing walls in the river bed and
diverting the water flow 

• distributing manure through water 
diverted into fields at points where silt
traps were built into gullies 

• changing the shape of unploughed strips
designed to retain more water in a 
traditional community-managed irrigation
system. 
Men and women in Tigray experiment

with using every conceivable resource avail-
able to them to improve their land-husband-
ry systems. They integrate physical and bio-
logical methods of water control, crop hus-
bandry, soil-fertility management, livestock
and manure management, plant introduc-
tion and selection, crop-residue manage-
ment and agroforestry. Indeed, the innova-
tions go beyond agriculture and include the
use of wildlife. One farmer in Central
Tigray, for example, uses manure of the
wild ghyhe (hyrax) on his cropland. The
ghyhe has the convenient habit of deposit-
ing its manure repeatedly on the same site;
it is therefore easy to collect. Ato Abreha
claims that it improves the fertility and mois-
ture-holding capacity of the soil for up to 
4 years and greatly increases his crop yield. 

Promoting small-scale farmers’ ideas 
Data are still too few to be able to analyse
differences in innovation behaviour, types
of innovation attempted and spread of inno-
vations according to gender, age and rela-

tive wealth. However, the initial data sug-
gest that some women develop innovations
that can be useful for both farm and house-
hold chores, and that communicating
women’s ideas more widely is a more diffi-
cult task than communicating those of men. 

Extremely poor farmers, whether male or
female, are finding new ways of making
intensive use of local resources. Such inno-
vations are of particular interest to very
small-scale farmers. Other innovations dis-
covered were developed by better-off farm-
ers and need more resources than poorer
farmers can invest. The richer farmers also
have more time to teach others and can
lend implements or donate planting materi-
als. Ways must be found to compensate very
poor farmers and help them share their 
ideas with others. 

Generating enthusiasm 
We publish information on farmer innova-
tions in a Tigrigna language newsletter and
distribute this to interested field staff, super-
visors and farmers. T-shirts are distributed
to workshop participants and as prizes for
discovering farmer innovation: the picture
on the T-shirt is of W/ro Leteyesus plough-
ing her fields.  

We encourage researchers to make
detailed investigations of the various inno-
vations discovered by field workers, to
assess their positive and negative impacts
together with farmers and to work with
farmers to improve their land-husbandry
systems. In workshops in the field, the men
and women farmers explain their innova-
tions to governmental and nongovernmen-
tal researchers, field agents and programme
managers. Joint on-farm experiments under
the control of farmers, and in watersheds
under the control of local resource users are
being designed in the framework of PTD
training workshops. 

Farmers experiments will be complement-
ed by studies and, where necessary, on-sta-
tion research which will help explain or
show how farmers’ practices can be
improved, and generate the information
innovative farmers and communities need to
continue development activities. As a result
of these activities  enthusiasm for local inno-
vation and experimentation to improved
land husbandry in Tigray is growing. 

■

Fetien Abay & Mitiku Haile, ISWC Ethiopia
Coordinators, Mekelle University College, POB 231,
Mekelle, Ethiopia 
(email: mekelle.university@telecom.net.et) 
Ann Waters-Bayer, Advisor to ISWC Ethiopia, ETC-NL,
POB 64, NL-3830 AB Leusden, Netherlands 
(email: wb.waters@link-goe.de) 
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- Farmer innovators in soil and water conserva-
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Soil and Water Conservation in Africa, Phase II  No1 
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- Reij C. Scoones I & Toulmin C Sustaining soil 
fertility. Indigenous soil and water conservation 
in Africa 1996, Earthscan, London 
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Bertus Haverkort and
Wim Hiemstra

COMPAS (Comparing and Supporting
Indigenous Agricultural Systems)
supports the process of endogenous

development. Compas consists of 13 NGOs
and 2 universities in 10 countries in Asia,
Africa, Latin America and Europe. COMPAS
wants to be able to function as an open
platform with members and activities at the
regional, national and global level.  

COMPAS has observed the sophistication
with which indigenous people explain their
reality. Farming, for example, is more than
the bio-physical elements of seeds, soil and
water and the economics of the market. It is
placed in the context of a larger worldview
in which the natural, social and spiritual are
inextricable. Thus, farming involves the
application of rules that reflect notions of a
sacred nature, a spiritual world and a natural
environment. For many traditional farmers,
a good harvest and good health depend on a
farming practised in harmony with the laws
of nature, the regulations of the community

and prescriptions of the gods and other spir-
itual beings. 

Indigenous reality 
Rural people often feel their indigenous
knowledge and traditional institutions are
neither understood nor appreciated.
Outsiders are ready to disdain the non-
material elements of their culture.
Indigenous communities have learnt not to
express their worldviews too openly.
Indigenous knowledge is gradually disap-
pearing. In many cases indigenous institu-
tions have gone underground and indige-
nous knowledge is maintained, transferred
and modified without being noticed by out-
siders. 

A peoples’ understanding and description
of their spiritual world is rich, diverse and
structured. It is experiential and may be
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In recent years, much work has been put into understanding the products of indigenous
knowledge. Many traditional, indigenous soil and water conservation techniques, eth-
noveterinary practices, natural pesticides and intercropping have been documented,
assessed and improved. ILEIA is one of the organisations following these developments.
However, in documentation and assessment as well as participatory technology devel-
opment (PTD) there has been a Western bias. Indigenous knowledge is being
approached with concepts derived from contemporary Western science. Our compre-
hension of the concepts of life (or cosmovision) and the internal logic of indigenous
knowledge and our understanding of the processes of indigenous learning, experimen-
tation and the roles of the indigenous institutions is very undeveloped. 

Rukman Wagachchi of the Network for Agri-cultural revival

in Sri Lanka (on the left) is taking part in a ‘kem’ with the

shaman (on the right).

Experimenting 
within  farmers’ worldviews



based on the teachings of visionaries (spirit
mediums or shamans); it can be expressed
in classical texts such as the Veda’s (India),
or in linguistic and artistic symbols. The
spiritual world is seen as containing a creat-
ing force, there may be a polarity between
good and evil and it is peopled with gods,
spirits and ancestors. These spiritual beings
may express themselves in nature and
through living creatures. 

There is no reason to romanticise tradi-
tional cosmovisions. It cannot be concluded
that indigenous cosmovisions and tradition-
al practices have always been effective in
preventing overexploitation of soils, over-
grazing, deforestation, water pollution, ero-
sion and environmental disaster. Nor have
they always been able to maintain social
stability and equity. 

Joining endogenous development 
For (non)governmental development organ-
isations to be effective, there is a need to
take part in endogenous development. This
is development from within the local cul-
ture, based on changing local conditions,
resources, cosmovisions, knowledge, objec-
tives and values. This implies a good under-
standing of the evolution of local culture
and the characteristics and dynamics of the
local knowledge system and cosmovision.
There should be respectful cooperation
with local (traditional) leaders and commu-
nities and an appreciation of the potentials
and limitations of the resources for agricul-
ture, health and nature management avail-
able locally.  

From in-depth case studies and intercultu-
ral dialogues,  COMPAS partners concluded
that a focus on rural people’s cosmovisions
can help re-connect the work of develop-
ment agencies with rural people’s indige-
nous knowledge. Farmers interpret (agricul-
tural) development within their cosmovi-
sion. This cosmovison is the context within
which they define their relationship with
outside agencies and make decisions about

the technologies to be used and production
strategies to be followed. 

Development organisations are being
challenged to go beyond validating indige-
nous technical knowledge. Farmers’ con-
cepts of life - and the agricultural practices
derived from them - are dimensions of real-
ity they must relate to even though they
may not fully understand them. Developing
a climate of mutual trust requires learning,
South-South exchange and an objective
approach to Western knowledge. 

Second Phase of COMPAS 
The second phase of COMPAS (1997-2002)
will take the documentation of indigenous
cosmovisions a step further. Fifteen part-
ners will seek to:  
• strengthen the cultural identity of local

populations by a joint assessment of cos-
movisions, indigenous institutions and
farmer to farmer exchange;  

• develop approaches for strengthening
endogenous development; 

• conduct local experiments with farming
methods that are based on local concepts
and traditional institutions;  

• network with other organisations at
national and regional level and train field
staff in approaches of endogenous devel-
opment.  

Exchanges will also take place at the inter-
national level through workshops, newslet-
ters and visits. COMPAS seeks to find the
best combination of knowledge and practic-
es from (non) western sources appropriate
for specific ecological, cultural and knowl-
edge contexts. This means taking into
account cultural and spiritual sources of
knowledge still present or which can be
reconstructed. 

During a workshop in February 1998, the
partners elaborated a framework for their
approach. Considerable attention was given
to the issue of local experiments carried out
within farmers’ worldviews. It was conclud-
ed that such experiments were important to
test the effectiveness and relevance of local
practices, to improve local experimental
practices and skills and to develop a theory
which could explain the effectiveness of
indigenous technologies. 

Cultural and spiritual dimensions  
Most of the steps used in PTD were consid-
ered relevant in designing the framework.
However, a further step was taken. The cul-
tural and spiritual dimension was integrated
into the experimental design and it was
decided to seek the cooperation of spirit
mediums, traditional religious leaders, local
healers and elders.  

Examples of parameters for experimenta-
tion include the use of time-frames that
respect ritual and astrological calenders;
show respect for sacred places and animals;
incorporate sociocultural issues such as
taboos, totems, class and caste and draw on
spiritual elements indicated by spiritual
leaders showing respect for ancestors,
dreams and visions. These parameters

involve both qualitative and quantitative
data. In this process, the field worker must
have an open attitude and  be ready to learn
from indigenous’ epistemologies.  

Work of partners 
Partners in Sri Lanka described traditional
worldviews where the power of sound
(mantras), symbols (yantras), auspicious
times (astrology) were presented by tradi-
tional leaders. These powers  play an impor-
tant role in agriculture and are ‘managed’ by
traditional spiritual leaders who perform 
‘kems’ (rituals) at farm levels (see Box 2
Agnihotra). In India, unlike Africa and Latin
America, classical knowledge has been 
preserved in a literary tradition. Veda’s are
centuries old texts, some written in
Sanskrit, dealing with religion, health, agri-
culture and other matters (see Box 1). The
Ayurvedic approach to health is practised
in hospitals and universities but in agricul-
ture, this stock of knowledge has systemati-
cally been neglected. Some COMPAS part-
ners (FRLHT, KPP, CIKS, GREEN) are 
collecting and studying these classical texts
and using them to design farm-level experi-
ments. In Zimbabwe, a COMPAS partner 
(AZTREC) works together with the tradi-
tional spirit mediums and village chiefs to
include their knowledge and spiritual 
practices in nature conservation. In Bolivia,
AGRUCO has reconstructed the cosmovi-
sion of the Andean people and is working
together with the ancestral institutions to
improve farming activities. 

Farmers very enthusiastic 
Kalyani Palasinghe shared her experiences
on organising a farmers exchange meeting
on spiritual agricultural practices in Galle,
Sri Lanka. 

“With the help of farmer leaders, I  identi-
fied key people: those who have a spiritual
function, knowledgeable farmers and
Ayurvedic doctors. Also those who were
simply interested in the subject were invit-
ed. The objective of the meeting was to dis-
cuss with resource people, to present to
farmers the spiritual practices used in
their own tradition and how spiritual
leaders go about their work. In Sri Lanka,
shamans carry out rituals to influence
good crop growth using the enhancing
powers of sound (mantras) and symbols
(yantras). These rituals have to be per-
formed at times considered auspicious by
astrologers. The shamans has undergone
an extensive apprenticeship, is inaugurat-
ed and lives a pious life. Shamans were
asked to talk about the mantras they use,
show some of the yantras and demon-
strate a particular ritual. Other shamans
were asked to make drawings of the ritu-
als they usually performed so they could
be presented to the meeting. My role was to
prepare and  facilitate the meeting.  

We used traditional symbols and cere-
monies to introduce the meeting. An oil
lamp was lit, mantras were intoned, and 

I L E I A  N E W S L E T T E R • J U L Y  1 9 9 8 27

VRIKSHAYURVEDA or the science of plant
life, by Surapala, tenth century. Translated
into English by Nalini Sadhale. 1996. Asian Agri-
History Foundation, 47 ICRISAT Colony-I, Brig.
Sayeed Road, Secundarabad 500 009 India.
Order code: AHB 001. 
The original Sanskrit text of Surapala’s
Vrikshayurveda contains 325 verses about the
importance of trees and agriculture. The part on
agriculture deals with topics such as propagation
and planting, soil and ‘nourishment’, ‘ailments’ and
treatments. Further, three scientists comment on
the texts. They reveal the broad agricultural knowl-
edge base that  existed in India centuries ago. 
KPP in Southern India, one of the COMPAS part-
ners, will design farm level experiments to test
ancient knowledge and adjust it to present day
conditions. 



a ritual was performed. First, however, 
we asked participants if they would like to
share. It is very important to search for 
the right resource persons. We also made 
a kind of healthy curative oil, a small 
demonstration whose applicability was
immediately clear. 

The farmers were enthusiastic. They
sensed that in this way their knowledge,
their culture and their spirituality was
respected. The meeting lasted longer than
usual. Farmers continued their discus-
sions long after it had ended. Most of the
participants wrote down the mantras and,
in some cases, they recognised them from
their parents day.  

During the meeting drawings of spiritu-
al practices were shown. They provoked so
much reaction that we only needed to ask:
What do you see on this poster, and do you
think it is useful, to start a lively discus-
sion. At the end of the meeting we asked
farmers whether they would be interested
in experimenting with some of these tradi-
tional practices. We got more than twenty
volunteers and I promised I would help
them experiment. I now need to define 
the methods for field experiments. My 
colleagues at the Ministry of Agriculture
are surprised at the level of participation
and the self-respect shown by the leaders.
Nobody said it was nonsense. The idea
was apparently well received and the idea
of testing these traditional practices
appealed to farmers and professional 
scientists alike.” 

■

Further information 
We feel that the COMPAS approach is challenging and
relevant. There is a great need to learn together, to
inform each other and to have an intercultural dialogue
on the different sources of knowledge present in 
cultures all over the world. A report of the February
workshop and the names of COMPAS partners are 
available from the ILEIA Newsletter on request. Readers
who want to share their experiences of indigenous
knowledge or are interested in the COMPAS newsletter
should contact:  
- Rukman Wagachchi, Network for Agri-Cultural
Revival, Hewaheta Road 71/77, Talwatte, Sri Lanka. 
Fax: +94 8 232343, email: pasasa@eureka.lk;  
- David Millar, CECIK, PO Box 42, Tamale NR, Ghana.
Fax: 233 71 23478;  
- AGRUCO, Universidad Cochabamba, Casilla 3392, 
Fax: +591 42 52601, 
e-mail: agruco@pino.cbb.entelnet.bo;  
- Bertus Haverkort and Wim Hiemstra, International
Coordination, ETC, P.O. Box 64, 3830 AB  Leusden, 
The Netherlands. e-mail: compas@etcnl.nl
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Agnihotra, 
an ancient fire ritual 
Agnihotra is one of the rituals of the ancient
Hindu religion and is used today in traditional
farming and health care where it is known as
‘Homa therapy’. Agnihotra brings and keeps
life in balance. In Sanskrit agni means fire and
hotra the offering of sacrifices. Agnihotra has
a scientific as well as a spiritual dimension.  

Fire in the Hindu tradition is a symbol of
purity and is believed to improve the mind.
Agnihotra must be performed daily by an
elderly member of the household and
involves burning, mantras and timing. 

The ritual is performed in time to the 
natural rhythm of sunrise and sunset. A cow dung cake is burned in a pyramid-shaped copper pot.
Then at sunset and sunrise a few grains of rice covered with ghee (butter) are burned as an offering
whilst mantras are intoned. At sunset the evening mantra “I offer to Agni, this belongs to Agni, this
is not mine” Prajapataye svaha, prajapataye idam na mama (I offer to Almighty Father, this
belongs to him, this is not mine) is chanted. In the morning, the mantras “Suryaya svaha, suryaya
idam, na mama” (I offer to the Sun, this belongs to the Sun, this is not mine) is used. 

Those attending the ritual sit near the fire-pot until the sacrifice is burnt. Sacrifices are offered at
the critical moments of sunset and sunrise to the cosmic energy and the life force (sun) and to their
earthly representative fire. Agnihotra expresses man’s gratitude to divine energy. Intoning idam
na mama (this is not mine) at sensitive moments reflects a total submission to mother nature and
generates a feeling of detachment from the idea of wealth. The cumulative effects of the mantra’s
vibrations and the vapours released during burning have a multi-dimensional impact on human, 
animal and plant life. Inhaling these energised gases helps restore metabolic equilibrium. 
Scientists observe that ozone (O3) is created during the burning ritual which makes Agnihotra an
anti-pollution ritual.  

Comparative experiments have been carried out to test the impact of Agnihotra. These 
experiments have been reported in Madan and Manohar (1990). Dr. B.G. Bhujbal of Pune’s 
M.J.P. Agricultural University has conducted experiments in germinating grape seed and rooting
grape cuttings treated with Agnihotra. He reported that seeds germinate in 21 days whilst the 
control sample took 6 months to germinate. Cuttings treated with Agnihotra developed better
roots than the control sample. Dr Ramashraya Mishra experimented with the germination and
development of wheat plants. He compared the growth of plants treated with hotra, those grown
in the traditional way, and those in a control sample. 

Dr A.G. Mondkar, a microbiologist from Bombay, observed the therapeutic effects of Agnihotra
ash when he successfully cured scabies in rabbits by applying ash for three days. This method is
much safer than the Benzyl benzoate or Salicylic acid usually used.  

Farmers’ reports are also positive. Mr Bharamagoudra, an organic farmer from Dharwad District
in Karnataka, India, uses Agnihotra ash to protect seeds from seed-borne fungal and bacterial
pathogens. He treats his wheat, sorghum and chilli seed with Agnihotra ash before sowing and
reports better germination, minimal disease attack and better crop quality. Mr M.N. Varkar started
practising Agnihotra on his organic farm 11 years ago. He cured psoriasis and now uses Agnihotra
ash as manure and to revitalise the soil.  

A.S. Ananda and Aruna Kumara, Krishi Prayoga Pariwara (Agri-experimenters), Chitrakoota No. 14, I Cross,
II Block, I Stage, Vinobha Nagara, Shimoga - 577 204, Karnataka, India. 

References 
- Col. Madan Deshpande and Manohar Madhavji Potdar. 1990. Agnihotra: A scientific perspective. Institute for
Studies in Vedik Sciences, Shivpuri, Akkalkot - 413 216, Maharastra, India. 

Mr Purushottama Roa, an organic farmer 

in Thirthahalli, Karnataka, is preparing Agnihorta 

a traditional anti–pollution ritual. He has been 

performing this ritual on his farm for the last six years. 
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Abraha Lemlem  

Thousands of farmers in Bahir Dar
District have established hedges of
tall forage plants such as Sesbania

sesban, Leucaena leucocephela, Cajanus
cajan (pigeon pea) and Pennisetum pur-
pureum (elephant grass) inside their farm
compounds. These plants provide forage,
shelter and fuelwood and are sown around
the edges of the garden so they do not com-
pete with garden crops. 

A few farmers have also established
mixed plots (50-100 m2) of perennial herba-
ceous legumes in their backyards. Where
space is very limited, they sometimes plant
climbing legumes. Measurements made in
farmers’ backyards throughout Ethiopia
showed a forage yield of 195 kg of dry mat-
ter (DM) per year from 50 m of hedge and
100 m2 of herbaceous legumes (Alemaheyu
et al 1987), with large variations between
sites. In Bahir Dar, farmers’ yields were 

53-84 kg DM from a 50 m sesbania hedge
and around 200 kg DM from a 50 m row of
elephant grass, with one cut per year. 

Change is gradual, but now 200 farmers
in West Gojjam fatten their animals on
improved legumes. They sell cull oxen at
high prices using the cash, for example, to
buy replacement stock. One farmer with
dairy cattle fed on home-grown forage
legumes gets up to 8 litres of milk per cow
per day without supplementing the animals’
diet with industrial by-products. 

Undersowing 
Forage legumes are sown under another
established crop. The legume is usually
sown after the final weeding of the main
crop, but may be sown earlier if weeding is
light or weeds are cut. The legumes are
grown in crops such as maize, sorghum,
barley, wheat or plantation crops such as
coffee, and are grazed with the crop resi-
dues or cut-and-carried away with crop
remains. In our district, the main food crop

is maize, and the main undersown legume is
vetch (Vicia dasy carpal). Under this pro-
gramme, about 120 farmers now sow 60 ha. 

Neither we nor the farmers have meas-
ured the effect of undersowing forage
legumes on the yield of the main crop.
According to researchers elsewhere in
Ethiopia, yield is reduced by 5-15 %. At the
Adet Agricultural Research Station, local
Trifolium species were undersown in
wheat. This gave slightly higher grain and
straw yields than on the control plot, prob-
ably because of the increased soil fertility. In
addition, these treatment plots also yielded
legume forage. 

Many farmers in the district say that
undersowing helps to keep the soil sibam
(fertile in Amharic) as well as boosting milk
production. Ato Muluken Lakew, a farmer
in Sebatamit Peasants Association, reported
that his maize plants were yellow in previ-
ous years but had turned green because of
undersowing. Some farmers make hay from
the vetch. 

Forage strips 
These are narrow lines of forage established
between arable crops and provide cut-and-
carry feed, fuelwood, help reduce soil ero-
sion and improve soil fertility. Forage is
planted in bunds or on contour strips with-
out bunds. Tree and shrub legumes are used
for alley farming and shelter belts. 

Some 170 smallholders have planted
about 17 km of sesbania tree legumes
around food crops. These trees are cut back
during the cropping season to provide feed
and reduce shade. Initial measurements
showed annual yields of 75-100 kg DM per

Cattle, sheep and goats are vital for Ethiopian agriculture. They feed mainly on crop res-
idues and harvested fields but this forage cannot satisfy their needs. They do not pro-
duce as much milk and meat as they could, and the oxen are sometimes so poorly fed
that they have little strength. In order to improve animal performance, high-quality for-
age is needed. The Ministry of Agriculture’s Fourth Livestock Development Project (FLDP,
1987-94) focused on forage improvement strategies suitable for smallholders. The
strategies reported here come from Bihar Dar District, in West Gojjam Zone, which lies
close to Lake Tana. Lying at an altitude of 1700 to 2300 metre. It has an annual rainfall of
800-1200 mm most of which falls between June and September. Average farm size is
1.5-2 ha. About 95 % of farm households keep about 3 head of cattle as well as some
sheep and goats. In terms of better animal nutrition, higher livestock yields, enhanced
soil fertility and erosion control, results of forage strategies are promising. Multiplication
of forage legume seed has played a large role in this success. 

Improved forages 
benefits Ethiopian farmers 
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100 m of forage strip (Alemayehu et al
1987). My own farm-level studies in Bahir
Dar suggest that 200 m of sesbania shelter-
belt around a 0.25 ha plot provides 
200 kg DM with one cut per year. 

Farmers prefer to plant forage as shelter-
belts (imballelie). Formerly they grew euca-
lyptus and the oil crop noug (Guizitea aby-
sinnica) around their food crops and to pro-
tect cash crops from livestock and wind.
Shelter-belts provides forage, do not com-
pete for land and, unlike other ways of
planting strip forage, do not disturb normal
cropping patterns. 

Oversowing 
A mixture of legume seed is broadcast on
grazing areas without cultivation or fertilis-
er. This is a simple, low-cost strategy to
increase natural pasture quality and produc-
tivity. Sowing roadsides from a moving vehi-
cle is one way of covering a large area. In
Bahir Dar, 200 farmers have oversown 25 ha
and good results have been reported from
degraded grazing lands.  Farmers prefer
Desmodium intortum, Macroptilium atro-
purpureum (Siratro), Desmodium uncina-
tum, Stylosanthes scabra (Seca), Stylosan-
thes hamata (Verano) and Macrotyloma
axillare (Axillaris) for oversowing. 

Farmers see little point in oversowing
communal grazing land. They prefer to
oversow the degraded natural pastures
under their own control. Real benefits take
two years to appear and some farmers do
not have the patience to wait. They prefer

oversowing herbaceous legumes rather
than grasses, possibly because they see this
improves soil fertility.  

Seedling survival 
Free-ranging livestock and drought are the
biggest threats to seedlings. Fences and
thorny branches are used as protection until
plants are well established. By the end of
the rainy season, they are strong enough to
survive browsing and the long, dry season
until they are harvested during the second
rainy season. 

Seedlings transplanted from the farmers’
own backyard nurseries have a higher
chance of survival than those obtained from
MoA. The farmers can chose when they
transplant their own seedlings and take
greater care with preparing the site and
watering. 

Farmers’ preferences and practices 
Some farmers complained their animals did
not like the new forages. However, MoA
held farmer field-days and farmers experi-
enced in the cut-and-carry feeding of stall-
kept animals showed how this was done. 
As a result of these field days, many farmers
began to get their animals used to eating
these forages. 

Farmers prefer the fast growing sesbania
for hedging. It can survive in a wide range 
of soils and climates and provides a better
shelter-belt in forage strips. It is particularly
popular as a dual-purpose plant in coffee
cultivation.  

Another dual-purpose legume is pigeon
pea. It is harvested as a family food and what
remains after the harvest becomes animal
forage. Elephant grass is also popular for
hedges and, in fertile soils, it is ready for 
forage use at the same time as sesbania.
However, it is more palatable and animals
get used to it more quickly. Once elephant
grass has been established, farmers can
readily propagate it from cuttings. 

Farmers prefer tree legumes to herba-
ceous legumes because trees provide more
feed in times of drought.  Farmers who 

produce seed for sale prefer stylo to vetch
because it is more productive, disease 
resistant and fetches higher prices. 

Some of the farmers are now experiment-
ing with mixing cereal straws and green for-
ages such as vetch, Desmodium and Rhodes
grass (Chloris gayana), to get better forage
use out of the straw. 

Seed production 
It is not feasible to meet the seed require-
ments of these various forage-improvement
strategies by importing seed. The success of
the forage programme depends on building

up local capacity to supply seed.  FLDP
introduced a seed contract system to
encourage farmers to produce high-quality
forage seed at low cost and in large quan-
tities. Growers are paid contract rates for
clean seed. 

In one year (1992/93) when the MoA pro-
vided herbicide (Triflan) free of charge,
farmers produced stylo seed during the first
rainy season. But now no herbicide is pro-
vided, they produce stylo seed in the second
season. Some seed producers have started to
sow stylo between rows of maize, so that
they can harvest maize in the first rainy sea-
son and stylo in the second. The African boll-
worm, aphids and thrips were problems for
farmers producing vetch. MoA offered them
the opportunity to try insecticides
(Malatione, Seven, Basodinek), initially free
of charge. Farmers now pay for these inputs. 

Toward local seed marketing 
Farmer-to-farmer exchange of forage seed,
seedlings and cuttings is developing.
Farmers who have started to collect seed
from their own forage trees or legume plots
no longer ask the MoA for seed. There are
signs of self-sustainable seed production.
Development agents encourage this by tell-
ing farmers that MoA will only provide free
seed once. We hope that this strategy will
gradually lead to the creation of a local mar-
ket for seed and planting material. 

Women grasp the opportunities 
Many women heads of household have also
started to grow sesbania for shelter and fuel-
wood. The Ministry of Social Affairs recently
started a programme in our area to provide
women with local, female goats. The pro-
gramme also encourages women to grow
tree legumes to feed them. In Bahir Dar this
approach is just beginning but it has been
very successful in other parts of Ethiopia.  

Both women and men are finding seed
production provides an interesting income.
In our district 22 women produce stylo
(Verano) which gives them an income of
between 300 to 1000 birr. Women appear
to be especially skilled in collecting and
multiplying forage seed, and their earnings
contribute significantly to the total cash
income of their households. We now have
three women development agents in our
forage programme: one in forage husbandry
and two in seed production. It is recognised
that forage production and seed multiplica-
tion offer particular opportunities for 
women.  

■

Abraha Lemlem, POB 119, Bahir Dar, West Gojjam,
Region 3, Ethiopia 

References 
- Alemayehu Mengistu & Alan Robertson. 1986. Forage
extension manual. Addis Ababa, MoA.  
- Alemayehu Mengistu, Alan Robertson, David Young &
Boonchoo. 1987. Fattening extension manual. Addis
Ababa. MoA. 
- Alemayehu Mengistu, Birhanu Shiferaw, Philip Anning
& Tegegnework Haile. 1991. Forage seed production
extension manual. Addis Ababa, MoA. 

Farmers’ preferences among forage plants 

Criteria Preferred species in order of ranking 

Early feed     Elephant grass, sesbania 
Survival rate         Elephant grass, sesbania, leucaena 
Fuelwood           Sesbania 
Palatability        Elephant grass, leucaena, sesbania, vetch 
(acceptability to animals) 
Ease to expand           Elephant grass, sesbania 
Forage strips             Sesbania 
Food + forage            Pigeon pea 
Shade for coffee        Sesbania 
Long lifetime            Leucaena, sesbania, elephant grass 
Seed production       Stylo (Verano, Seca), vetch 
Oversowing on severely Stylo species, Siratro, Desmodium 
degraded areas 
Resistance to grazing Stylo species, Desmodium 
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In 1997, PTD research began in two 
areas, Langbinsi and Sandema. Two vil-
lages were chosen in each area and, in

each village, with the assistance of Working
Group members, the NGO took the lead in
organising a problem analysis, identifying
possible actions and in implementing
experiments. The majority of those farmers
who participated recognised the need to
maintain soil fertility and were willing to
look for new options. Women identified
storage pests - especially in cowpeas - as an
important food security constraint.  

About 50 farmers were selected by the vil-
lage to participate in the soil fertility man-
agement experiments. These were designed
to improve soil nutrient content by incorpo-
rating organic manure from local sources
including cattle manure, household refuse
and crop residues. Treatment with a phos-
phorus fertiliser was also included in the
trial design because research at the
Savannah Agricultural Research Institute
and soil analyses at the Soil Research
Institute had concluded that soils at the sites
were deficient in P. At the end of the season

ILEIA research

Highlights Ghana

farmers found that organic manure had lead
to yield increases but consensus was not
reached on the benefits of adding phosphor-
us. Farmers agreed that organic manure had
been of benefit during the drought condi-
tions that had prevailed during the growing
season (with or without P). Farmers
observed that P was an external input and,
although relatively cheap compared to oth-
er inorganic fertilisers, it had to be bought.
It was also difficult to get locally. Men and
women farmers considered organic manure

the best option and new ideas emerged
about using compost in further experimen-
tation (see Box)  

After the harvest, women farmers began
trials to control the incidence of pests in
stored cowpeas. The treatments applied
were all based on locally available substanc-
es one of which was an extract from the
neem tree. Results of these trials will be
assessed in May. 

Apart from the PTD process other ILEIA
research activities focus on understanding
the agroecological, socioeconomic, cultural
and policy environment of northern Ghana.
A recent study commissioned by the
NGLWG examined the development and
transitions of farming systems from an histor-
ical perspective and concluded that “villages
were getting poorer” because the natural
resource base was becoming exhausted,
there was soil erosion, a decreasing diversity
of trees and grasses, tree and shrub cover
was disappearing and grazing land was get-
ting scarcer. It argued one explanation for
this was not population pressure and
decreasing rainfall as often suggested but the
annual practice of bush burning. Another
reason put forward was concentrating culti-
vation on fields near the homestead. This had
lead to shorter fallows and more intensive
land use.  

A study was also commissioned to investi-
gate how farmers tackle this ‘man-led’
depletion of natural resources. Individual
farmers and, in some cases, entire villages
came to the same conclusion: bush burning.
Now, by restricting burning, many farmers
have increased their yields, have made
themselves more resilient to drought and
are benefiting from the re-establishment of
trees and grasses. They are also trying to
find ways of using organic manure and of
preventing run-off by building stone bunds.
Many villages report that increasing num-
bers of farmers are adopting these practices. 

In Langbinsi and Sandema collective 
participatory action by farmers, NGOs and
researchers has provided useful lessons in
collaborative participatory research. The
assessments made of PTD experiments 
and the studies carried out by farmers and
researchers will set the agricultural agenda
in the coming months.  

■

Bert Lof, ILEIA, ETC Netherlands, PO Box 64, 
3830 AG  Leusden, Phone +31 (0)33 494 30 86, 
Fax: +31 (0)33 494 0791, e-mail: b.lof@ileia.nl
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The Northern Ghana LEISA Working Group (NGLWG), a network of NGOs, research 
institutes and university and government employees concerned with agricultural 
development have committed themselves to a research and advocacy programme 
that will investigate the feasibility, sustainability and conditions for the further 
expansion of low-external-input agriculture in Ghana. 

Farmers’ visit Burkina Faso 
In October 1997, fourteen farmers from the pilot sites of Langbinsi and Sandema visited their
Burkina counterparts in areas less endowed with natural resources. The farmers visited north--
eastern Burkina where mulching, integrated crop and livestock farming and composting have been
adopted by many farmers.  
When they returned they reported the innovations they had seen to a village meeting. Villagers

were particularly interested in the practice of making compost from crop residues mixed with
household refuse, animal dung and chaff. Some villagers have already started making compost pits.
The awareness that organic matter is the key to improved soil fertility maintenance made them anx-
ious to try out compost making. As one woman farmer said “It used to be easy to collect dung from
my neighbours, but now everyone wants to use it for their own compost pit.” 

Women farmers 

began trials to control 

the incidence of pests 

in stored cowpeas. 
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