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FOOD FROM DRYLAND GARDENS
An Ecological, Nutritional, and Social Approach to Small -Scale
Household Food Production

by David A. Cleveland and Daniela Soleri, illustrated by Daniela Soleri

Publisher: Center for People, Food and Environment, 344 South Third Avenue,
Tucson, Arizona 85701, U.S.A.
Publication date: 1990, c. 300 pages, 200 illustrations, resource list, annotated
bibliography, index.

FOOD FROM DRYLAND GARDENS is both a beginner's guide and a reference
on gardens as a development strategy for the desert and savanna regions, especially
in the Third World. Field workers, project directors, and program planners will
find the book a valuable resource as will those in industrialized countries who are
looking for a low- resource, sustainable approach to household gardening.

FOOD FROM DRYLAND GARDENS is unique in addressing a widely felt need
for in -depth coverage that facilitates problem solving in the great variety of Third
World dryland environments. It bridges the gap between traditional dryland
gardening techniques and Western horticultural science. Wherever possible
documented examples of traditional methods are presented together with basic
scientific principles. FOOD FROM DRYLAND GARDENS increases the aware-
ness of and respect for traditional gardening by demonstrating that it is based on
experimentation and observation just as is Western science. This provides the
basis for combining the best from these two approaches in projects to support and
improve existing gardens or establish new ones.

The following themes are emphasized throughout the book:
Understanding existing gardens as the basis for improvements
Using low -cost, local resources, including indigenous knowledge, trees and
other garden crops, to promote self reliance
Control and decision -making by the local people who will be affected
The scientific principles of garden management
Improving household nutritional status and income
Women's roles
Ecological sustainability including the conservation of soil, water, and
genetic resources

Although many specific gardening and food preparation techniques are described in
FOOD FROM DRYLAND GARDENS, it is not a "cookbook ". The authors' obser-
vations and those of many others strongly suggest that gardens and garden projects
are successful only when they are uniquely adapted to the local situation and are
complementary parts of the larger system.

On the cover: Mauritanian garden vegetables.
(Photograph by Timothy R. Frankenberger.)
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Opposite:
A dry season garden in the Kusasi village of
Zorse in northeast Ghana, savanna West
Africa. High walls topped with thorn branches
provide protection from hungry animals.

Dryland Household Gardens in
Development

Daniela Soleri and David A. Cleveland

Household food gardens have been a part of human subsistence strategies
since the Neolithic. They have played an important role in the domes-
tication of plants and continue to be an avenue for the introduction and

adaptation of new crops.
Support for household gardens as a development strategy has come and gone

over recent years. In this article we explore the potential of gardens to make a
contribution to dryland development by improving individual and community
well -being in ways that are socially, economically and environmentally sustainable,
and are based on local control and broad participation. Household gardens are a
supplementary food production system under the management and control of
household members. In addition to food, gardens may provide herbs, fuel, medi-
cine, fodder, building.materials, shade, social or recreational space, and beautifica-
tion. A household garden can be consumption or market oriented, but at least some
of the produce will be consumed directly by the household.

In arid areas, and in the dry season of semiarid and some subhumid areas,
garden location and form are influenced by the availability of water. In savanna
Africa this often means location in river valleys where retreating floodwaters
provide residual soil moisture, along dry streambeds where hand -dug wells can be
used to supply water, or below dams, where individual household plots are
contiguous. In Egypt and Pakistan for example, gardens are not usually present near
houses, because of lack of space and irrigation water, but may be spread out along
canals, planted as tiny plots in larger fields, or even interplanted with field crops.
In other areas such as northern Mexico or West Africa small gardens may be near
houses where they can benefit from recycled water.

There appear to be two major models for household gardens in development
which reflect two schools of thought or value systems in development. Awareness
of the similarities and differences of these models is helpful for understanding the
role of household gardens in development.

Industrial Gardens. Industrialized agriculture typical of northern temperate
regions such as the United States is large -scale, capital- intensive and aims to create
optimal growing conditions for monocropping commercial crop varieties using
agrochemicals for pest, disease, weed and soil management, mechanization, and
centralized irrigation systems.

The production successes of industrial agriculture have made it a powerful
cultural model worldwide, and traditional agriculture is often viewed as inferior. In
combination with temperate -region row gardens, industrial agriculture has had a
strong influence on the kind of gardens promoted by industrialized nations and
extension workers trained in this tradition. The goal is often increasing production
or sales, with inadequate attention to the effect on household economics, nutrition,
or social well- being. Garden projects often overlook local gardening practices,
promoting commercial seed of temperate European vegetables, European -style
tools, and manufactured agrochemicals. Purchased inputs may be subsidized by the
government or sponsoring agency and orientation is often toward local, national,
or even international markets. However, industrial agriculture has not been an
unmitigated success, and there is mounting criticism of its adverse effects on the
environment, on consumer health, and on the poor in the Third World.

Traditional Gardens. Traditional gardens exist in most parts of the Third
World, but are seldom studied, in part because of their genetic, agronomic, and
sociocultural complexity. These gardens are one component of traditional food
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Traditional gardens

emphasize local self-

reliance and

environmental

sustainability through

the use of local

knowledge and

resources.

production systems, and share many basic characteristics with small -scale traditional agricul-
ture. In addition to food, they provide many other products as well as a place for relaxation and
social activities. Key features are the use of local knowledge and resources; locally adapted,
genetically diverse crops with many varieties; crop rotation; mixed cropping; and the exploi-
tation of different microenvironments, such as pockets of soil that hold water longer. Cultivated
areas often resemble natural ecosystems, containing dozens or sometimes more than one
hundred domesticated and nondomesticated species. These features minimize pest, disease,
and weed problems. When they occur, these problems are managed by system adjustments
rather than dangerous, toxic chemicals, as in industrial gardens and agriculture.

Cropping patterns and use of locally produced organic matter improve the fertility and
structure of dryland soils. Management strategies, garden layout, and the use of simple physical
barriers such as contour bunds and terraces help avoid soil loss due to erosion. Efficient water
management is accomplished by concentrating water in a small but highly managed and
productive garden area to make the most of this scarce dryland resource.

Traditional gardens may combine planting in rows or in raised or sunken beds, with
mixtures of trees, vines, living fences, annual vegetables and herbs, and a variety of animals. In
Durango, Mexico, peach, pomegranate, apple, fig and citrus trees, and Indian fig cactus
dominate household gardens. Herbaceous annuals -providing food, medicine, and flowers -
are intermixed with the perennials. In savanna West Africa during the rainy season we have
seen okra, amaranth, and other vegetables being grown by women in small garden plots next
to the houses, with vines such as luffa and pumpkin growing over rooftops. Also in the area
around the house are trees like neem, dawadawa, Borassus palm, citrus, and baobob which
produce fruit and other products. These gardens spread out from the house into the permanently
cultivated millet and sorghum fields where sesame, roselle, kenaf, and other crops are grown
along pathways, and cowpeas and cucurbits are interplanted with cereals.

Gardens in development that are based on the traditional model have the goal of
improving household well -being through the use of local knowledge and resources, without the
need for credit for major capital investments. Thus they increase local self -reliance and help
conserve valuable soil, water, and crop genetic resources.

While elements of both traditional and industrial approaches may blend easily within the
confines of a single garden, distinguishing between them is useful because they are based on
different assumptions about the role of gardens. In the following discussion of the potential con-
tribution of dryland household gardens to development we will emphasize the differences
between industrial and traditional gardens where relevant.

Potential Contributions of Dryland Gardens to Development
There is evidence that gardens can support development efforts by improving household food
production, nutritional status, and income. Where information about dryland gardens is
lacking we have had to rely upon data from more humid areas.

Production. Many of the productive benefits of household gardens result from their small
scale, diversity, and careful management. This is especially true of traditional gardens. Factors
of production including time, energy, money, and land are only available to many low- income
households in small increments. Accumulation of those factors for making larger investments
is difficult for these households, but they can be used in gardens. Garden labor requirements,
for example, can be met with small amounts of the spare time of men, women, children, the
disabled, and the elderly, and gardening can easily be combined with child care and domestic
tasks.

Reducing risk is essential for households with limited resources. Traditional gardens are a
low -risk investment with dependable production because they use few outside resources and
because the great variety of crops grown supports yield stability.

Household garden yields can be high. A study in eastern Nigeria showed that dry weight
yields from "compound" gardens were twice as large as those from more extensively cultivated
outer fields. However, unlike field crop production, intensive garden, production may not mean
lower labor productivity. In traditional mixed gardens, returns to labor may actually increase
because of greater biological diversity, continuous harvesting, and a large proportion of
perennials. Continual harvesting may raise annual yields and encourage fine tuning of



management strategies. The above -mentioned mixed compound gardens in eastern Nigeria
yielded returns to labor that were four to eight times greater than those in outer fields. A study
of two household gardens in an urban desert environment in Arizona, U.S.A., showed yields
between 1.2 and 6.5 kg /m2. These results can be compared with commercial vegetable
production in that country which yielded on average 1.7 kg /m2 in 1974. Returns to labor from
less than 1 to almost 16 kg/hr, are much lower than in large- scale, commercial agriculture, but
this comparison is deceptive. The high labor productivity in large, mechanized fields is bought
with large amounts of expensive, nonrenewable energy in the form of pesticides, fertilizers,
electricity, and fuel. For this reason their production efficiency is debatable at a time when the
serious implications of environmental degradation are being recognized.

Nutritional Status. Malnutrition is a major problem in Third World drylands, especially
for low -resource households. Seasonal variations in rainfall affect food production, people's
work loads and disease problems, thus having a direct effect on nutrition and health.

The nutritional impact of garden projects has seldom been measured, partly because it is
so difficult to do. The influence of gardens on the nutritional status of household members is
affected by many factors including quantity and quality of garden nutrient production,
availability of nutrients in garden produce, storage and processing, food distribution, and diet.
However, dryland gardens have the potential to address three of the most important dryland
nutritional problems: protein /energy undernutrition of infants and children, vitamin A
deficiency, and anemia resulting from lack of iron and vitamin C.

Many dryland garden crops are excellent sources of vitamins, minerals, and dietary fiber.
Less well -known is their potential to supply important amounts of protein. For example, the
dark green leaves of jute (Corchorus olitorius), cowpea ( Vigna unguiculata), and pumpkin
(Curcurbita pepo), widely eaten in Third World drylands, are only 4 percent or more protein by
weight when fresh, but are 20 percent to 35 percent protein when dried. While dryland gardens
will not be the main source of energy and protein, they may supply these nutrients in convenient
forms and at times of the year when major sources are unavailable. This is especially important
for weaning children, the most nutritionally at risk group in the population.

important characteristic of gardens is that they facilitate the continual
consumption of small amounts of a variety of nutrients which complement the rest of the diet.
In addition, eating fresh produce from the garden soon after harvesting avoids the post- harvest
nutrient losses that occur due to storage, handling, exposure, and processing.

There is little research on nutrient production in traditional Third World gardens, but data
from other types of gardens is available. Research on two urban desert gardens in Arizona,
U.S.A., (77.4 and 58.3 m2) recorded a year -round harvest that provided the gardeners with
significant proportions of the RDAs for ten nutrients, including over 50 percent of the RDA
for vitamins A and C for more than half the months of the year, while only two to three hours
per week were spent gardening. Perhaps the most ambitious study to date was of experimental
gardens in the humid tropics by the Asian Vegetable Research and Development Center
(AVRDC) in Taiwan. Results from the third year of the study (1983 -84) showed yearly
production of RDAs for a family of five determined quarterly on samples from the gardens as
follows: 13 -18 percent protein, 33 -42 percent calcium, 56 -82 percent iron, 82 -125 percent
vitamin A, and 336 -374 percent vitamin C.

Gardens can affect diets directly by providing nutritious foods that are too expensive to
purchase. Or gardens can contribute both directly and indirectly, as a source of income, to
improved child nutrition as has been documented in southern India.

In addition to agronomic and culinary factors, the nutritional impact of gardens also
depends on complex social and cultural patterns that determine food distribution within the
household. Gardens that produce more household food may lead to more reaching those last
in line. When women control the garden and its produce, household food distribution may also
change for the better nutrition of children, especially during weaning.

Education can have an important influence on the nutritional impact of household
gardens. A garden project in Ilesha State, N igeria, in the late 1960s emphasized traditional crops
and gardens and included a strong nutritional education component directed at local women.
This project is said to have reduced child death due to malnutrition among gardening
households from 10 percent to 6 percent in three years. But results are not always positive.
Research on the nutritional impact of a garden project 20 years after its initiation in western
Senegal shows no improvements among participating households (see related article, page 15).

A Kusasi gardener in northeast
Ghana has protected a young
mango tree with a mud
enclosure.
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a dryland
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Container gardening in a Mexico City slum. (Drawing by Daniela Soleri.)

The researchers believe this is due to lack of nutritional education and because most of the
produce was being sold with only 7 percent of that income used directly for food purchases.

Obviously there are many links between establishing a garden and improved nutrition, and
problems can occur in any one of them which will diminish the nutritional importance of the
garden.

Income. Another common goal in garden projects is increasing household income. Cash
incomes of many in the Third World are so low that even small amounts of savings or income
from the sale of garden produce can play an important role in improving household well -being.

Starting small minimizes the risk of marketing garden produce. The smaller the investments
of time, labor, money, and water the smaller the gardener's losses if there are problems. Another
way to reduce risks is to grow only market crops that the household can use if for some reason
they are not sold.

In some cases markets may be influenced by upper income and foreign tastes. In a project
in southern Senegal an important reason for the success of communally organized women's
gardens was that they responded to the demand for fresh produce of hotels serving a booming
tourist trade. While some produce was consumed by the gardeners' households, lettuce for
example, was grown only for sale.

In drylands, seasonality affects the returns gardeners can get for their produce. For example,
male market gardeners in northern Nigeria have timed production of their garden crops such as
onions, to take advantage of the seasonal changes in market prices. Onions are grown in the dry
season and sell for the highest price during the rainy season; however, the gardeners need some
income before that peak period. To meet their needs some gardeners plant an early crop to sell
locally and then plant again, later, to sell in the profitable rainy season. Others plant only one
crop of onions which are stored for sale during the rainy season. These gardeners sell guavas,
limes, and mangos to give them income before the rainy season.

Gardens can also save money by producing items that would otherwise be purchased. In the
slums of Lima, Peru, the average savings over a five -month growing season for a sample of 40
gardens was approximately 4 percent of annual earnings. Low income was the primary reason
given for cultivation of gardens for home consumption in a sample of 50 homeowners in Lusaka,
Zambia, where 57 percent of all households in low -cost housing areas have gardens.

Whether in the form of savings or income, the use of additional household resources from
gardens depends on patterns of control within the household, and on external factors influenc-
ing markets and consumers in the area.

Women. Women are often responsible for providing weaning foods, condiments, relishes,
and sauces, and can grow many of the ingredients for these in their gardens. Household gardens,
along with other home -based activities, can provide women with a means of earning income
while adhering to cultural or religious requirements for female seclusion. Gardens may also be
important because they are production systems that do not require large investments of time,
land, and other resources which women frequently do not have.



In one project in Botswana 29 of 33 household gardens adjacent to a dam belonged to
women from the poorest segment of the community, and 21 of the 33 gardeners cited the
gardens as their sole or major source of cash income. Among the female members (33 of 78) of
a fruit and vegetable growing cooperative in Zambia, 44 percent felt that their garden incomes
had made them less dependent on their husbands.

What eventually occurred at both of these projects is an example of a problem that women's
market gardens may encounter. That is, if the gardens become economically successful, men
may use their superior social positions to usurp women's control. This is a serious problem
because as biases in agricultural development have tended to exclude women from the control
over resources that they once enjoyed, gardens may be one of their last sources of independent
income.

Conclusions

The success of household gardens as a dryland development strategy depends upon their ability
to address development goals. There is evidence that household gardens have the potential to
improve the nutritional and economic well -being of dryland house-
holds, but if and how this potential is realized will be shaped by our
attitudes toward development. Like any other development strat-
egy, household gardens can take different forms and serve different
goals because their promotion involves judgments based on human
values.

We believe that traditional gardens are the best foundation for
supporting garden development projects that emphasize equity,
participation, and sustainability. Traditional gardens offer a wealth
of insights into motivations, skills, resources, and limitations affect-
ing gardening.

Garden projects based on external models, be they models of
Western, industrial -style gardens or a style traditional in another
area, obscure these valuable insights and run the risk of being
unrealistic for local circumstances. Unfortunately, this is a common
occurrence in garden projects and the predictable outcome is that
the end of external project support is soon followed by the demise
of garden activities promoted by the project.

But basing projects on traditional gardening does not mean
ignoring Western scientific knowledge. Formal Western science
has much to offer dryland gardens, especially for understanding the details of basic principles
regarding plants, soils, and water. Although expressed in different ways, traditional knowledge
takes the same basic principles into account. Just as Western science is based on experimenta-
tion and observation, gardeners and farmers experiment, observe, and innovate to develop
gardening techniques that work given their needs, constraints, and resources.

Western science can help gardeners and project workers understand how traditional
gardening methods work, and therefore how they might be improved. This is especially
important when circumstances change, for example, due to increased drought, decreased
availability of organic matter, or when people move to a new environment. An emphasis on
basic principles and respect for the skill and knowledge of local gardeners encourages finding
local solutions to garden problems. Solutions found this way are most likely to represent
gardeners' interests, available resources, and most importantly, local control.

Woman selling different varieties of amaranth greens in a
Jodhpur market.

This article is based on two other works by these authors: "Household Gardens as a Development
Strategy" (Cleveland and Soleri 1987) in Human Organization 46(3) : 259 -270 and FOOD FROM
DRYLAND GARDENS (Cleveland and Soleri 1990) , to be published by the Center for People,
Food and Environment. All references used for this article can be found in those two works.

Daniela Soleri and David A. Cleveland are co- directors of the Center for People, Food and
Environment (CPFE), 344 South Third Avenue, Tucson, AZ 85701 U.S.A. CPFE is dedicated to
research, education, and action on the role of households and communities in sustainable food systems.
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Techniques for Dryland
Gardens
The following brief summary of water conservation in dryland
gardens draws on both Western science and traditional knowl-
edge and is based on material from the forthcoming book,
FOOD FROM DRYLAND GARDENS (Cleveland and
Soleri 1990) .

Water Conservation in Dryland Gardens. Improving
water use efficiency that is, reducing water losses -is
central to dryland garden management. Water is lost from
dryland gardens in four ways: evaporation, transpiration,
runoff, and deep percolation.

Hot, dry conditions encourage evaporation of water
from the garden soil surface. The longer the water remains
on or near the surface the more is lost through evapora-
tion. Heavy soils keep water on or near the surface due to
slow infiltration rates, and soil amendments such as
organic matter and sand improve soil porosity, hastening
water infiltration. Vertical mulches can be made using
garden by- products such as maize, sorghum or sunflower
stalks, or just sand, arranged in a vertical row or column in
the garden bed. These create pathways in the soil through
which irrigation water can travel quickly down to the root
zone.

Another simple and effective method for reducing
evaporation is the use of surface mulches to shade the soil
and capture some of the water evaporating from it.
Compost, leaf litter, pulled weeds, and other kinds of
organic matter make good surface mulches which also
improve the soil as they decompose.

Transpiration is the loss of water vapor from the plant
and it is an essential part of photosynthesis. However, the
high temperatures, sunshine, and drying winds common in
many drylands increase transpiration rates beyond those
required by the plant for maintenance and harvest produc-
tion. This stress- induced transpiration can be reduced by
using shades, windbreaks, and mulches made from locally
available materials such as palm fronds or maize stalks. In
Egypt, for example, young tender seedlings are protected
from drying winds and wind -borne sand by careful place-
ment of maize or wheat stalks just upwind of the seedlings.

Mixed plantings combining garden crops of different
forms and life cycles reduce both evaporation and transpi-
ration. Larger plants in these mixtures such as perennial
fruit trees, provide shade and protection from winds while
squash vines and other rambling plants spread out over the
soil and act as living mulches.

Water from direct rainfall or irrigation may reach the
garden but if not contained it will run off and be lost.
Planting dryland gardens in sunken beds or depressions is a
long tradition in many regions, for example, among Native
Americans of southwestern North America, and in West

Africa. This is an effective way to contain and concentrate
water in the growing area, allowing time for the water to
infiltrate and reach the root zone where garden plants can
use it. Sunken beds are not washed away should a sudden
heavy rainfall occur and the rainwater will be captured for
garden use.

Water in the garden which moves down through the
root zone and beyond is lost to garden crops. This deep
percolation is a problem in areas where the soil is very
sandy with a low water -holding capacity, and too much
water is being applied to the garden, although limited deep
percolation is needed to wash salts out of the root zone.
The water -holding capacity of sandy soils can be improved
by adding organic matter. Overwatering can be avoided by
using a pole to test the depth of soil wetting. The pole will
move down with ease through wet soil but then slows or
stops when reaching dry soil. For good root development
the soil should be wet to about 18 inches below the
surface; much deeper than this for annual crops is probably
a waste of water.

These are just a few examples of very simple water
conservation techniques for dryland gardens based on a
basic understanding of soils, plants, and water. The most
important characteristic of this approach is not the specific
solutions it can offer, but that it encourages development
of local solutions. By doing so, it avoids the danger of
promoting models that do not reflect local needs and
resources.
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Hopi Gardens

Daniela Soleri

The Hopi Native Americans of northern Arizona are
famous for their skillful management of scarce pro-
ductive resources in an agricultural system that has

sustained them for centuries. In addition to their dry farmed
fields and orchards, some Hopis also cultivate irrigated
gardens.

The Hopis' high desert environment with an average of
250 mm of precipitation each year, frequent drying winds,
and short growing season (between 120 -160 days, depending
on the location) would create challenges for any agricultural-
ist. These conditions encourage high rates of evapotranspira-
tion, and water is the resource most limiting agricultural pro-
duction.

The topographical and geological features of the Hopi
lands and those north of them have had a major effect on the
availability of water to Hopi agriculture and settlements.
Most field production, located between 1,433 to 1,768 m in
elevation, uses runoff water both directly through water
spreading of runoff from summer rains, and indirectly using
water stored in the soil from winter precipitation. The area
to the north is higher in elevation, approximately 2,400 m,
and receives more precipitation. Much of this water infil-
trates through a permeable sandstone layer until reaching an
impermeable layer of shale which slopes down as it runs
south to the Hopi mesas. Water from snow and rain falling
north of Hopi is trapped on top of the shale and follows its
downward and southerly path until reaching the mesas.
There the water may seep from the mesa sides, running under

a layer of wind -blown sand, and moistening the heavier soil
underneath. The seeps are where fruit trees, melons, squash,
gourds, and beans are planted. When a large, concentrated
volume of water emerges from the mesa side it creates a
spring. These springs provide both drinking water and
irrigation water for nearby gardens.

A number of these springs around each of the three
Hopi mesas have been used for irrigating gardens over the
years. In 1940 Page estimated that approximately 14 acres of
gardens were under cultivation on the three mesas (1)- In
October 1935 researcher Volney Jones visited six springs
being used to water gardens at that time (2). A number of
other researchers working in the first half of this century
niéntion these spring -fed gardens (1, 3, 4). Of these, Page
offers the most detailed description of the sandstone "bench"
terraces built for garden plots. He also describes the system of
small ditches and channels built to carry irrigation water
from storage tanks at or near the spring to the terraced plots
below. Forde described the storage tanks at First Mesa built
of rock, with leaks being plugged with a mixture of mud and
dried plant fibers. "The tank is ... provided with an outlet,
stopped with a bung of cloth, or hide and grasses. Removing
this bung, water is allowed to run from a main discharge
channel a foot or so deep and about two feet wide to the
various distributing channels" (4).

The most common observation of Hopi gardens by these
early researchers was a description of the crops being grown.
Forde describes small plots of "chile, onions, vegetable

Squash, corn, chiles, and peaches are grown by Norman Honnie in his garden at Wepo Springs.
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dyes...a kind of cress and sweet corn" (4). Page lists chile,
onions, sweet corn, beans, and cress as being grown in
gardens. He also noted that fruit trees such as peach, pear,
apricot, apple, almond, cherry, and grape vines were planted
on the lowest garden terrace or on the garden periphery (1).

In 1935 Jones was collaborating with Alfred Whiting on
a survey of Hopi agricultural seed sources (5). His description
of crops being cultivated in Hopi gardens in the fall of 1935
is the most detailed account of the time. The following is a
list of the crops he saw growing in Hopi gardens: amaranth,
apples, apricots, beers, cabbage, cantaloupe, carrots, chiles,
cilantro, gourds, grapes, green beans, lettuce, mint, musk-
melon, onions, peaches, peas, radishes, safflower, squash,
sweet corn, sunflowers, tomatoes, and watermelons (2).

During 1989 I visited the Hopi reservation monthly,
interviewing farmers about their agricultural crop repertoires,
During these visits I also interviewed many gardeners and
visited gardens at Hotevilla and Wepo Springs. The follow-
ing description of contemporary Hopi gardens is based on
those visits and interviews with ten gardeners.

Hotevilla Gardens

The gardens at Hotevilla village on Third Mesa are located
on the steep, northwest facing slope, midway down the mesa
between the village and valley floor. Numerous narrow
terraces are staggered down the slope creating flat areas
where gardens are cultivated. With the exception of a small
mortared section of one wall, all the retaining walls are built
of unmortared sandstone, a common, local building material.
Although there are two springs at this site, gardeners say the
smaller one is drying up and the larger one appears to supply
almost all irrigation water to the gardens today.

Steps carved into the sandstone mesa wall descend from
the village to a large rock and earthen water tank where the
spring water collects. Inside the tank and well above the
normal range of water levels the stone wall forms a basin on
the side of the tank closest to the terrace edge. Using small
buckets, bowls or cans, water from the tank is scooped or
splashed up into the basin where it runs through a steel pipe
in the tank wall. The water then drops down to the first
ditch in the gardens' irrigation system. To maintain a steady
flow of water requires nearly constant scooping of water into
the stone basin. Children often help out with this work.

The ditches and channels of the irrigation system are all
earthen or worn into existing stone surfaces. In some places
pieces of metal or ceramic pipe, tin sheeting, rubber inner
tubes, and cut-off pant legs are used to guide the water. Side
channels are blocked with the heavy, sandy clay soil re-
inforced with rags to prevent washouts. Some gardeners have
arranged stones in front of the opening where the irrigation
water enters the plots to break the water's strong flow, thus
avoiding erosion of the garden soil and washing away of
garden plants.

All of the gardeners I saw and spoke with at the
Hotevilla gardens were women, although those interviewed
said there is one male gardener. Young women often take

over their mother's, grandmother's or maternal aunt's garden
plots, especially when the older women can no longer climb
up and down the steep stairs to reach the gardens. The
village men are responsible for cleaning the tank each spring.
Individual men help their wives or other female relatives
with repairing walls and preparing the soil for planting.
Children also help in the gardens, with irrigating, or play
nearby while the women are working.

The irrigation system at the Hotevilla gardens is a
locally developed social organization which appears to have
functioned effectively for nearly a century. The gardeners are
divided into seven irrigation groups, with groups ranging in
size from about three to six members. Member control and
decision-making may be one reason for the success of the
irrigation system and thus the gardens. According to the
gardeners I spoke with these groups are not necessarily clan
or kinship based, nor are they based on location of garden
plots. All those interviewed stated that a gardener could
change irrigation groups as long as the new group agreed to
let her join them. I interviewed one woman who has four
small plots above most of the other gardens and next to a
seep. The water from this seep runs into a depression in the
stone and she uses this water to irrigate her plots and so is
not a member of an irrigation group.

Through a combination of tradition

and innovation Hopi gardeners have

developed strategies to cope with

some common dryland garden

problems . .

I was told that unless the water level in the tank is
extremely low, each group completes its irrigation in one
day, with members taking turns, first come first served. The
time it takes to irrigate depends on the location of your
garden, the number of plots, and the water level in the tank.
The gardeners I spoke with said they usually spend 30 to 90
minutes irrigating their plots. When the water level in the
tank is very low the group whose turn it is posts a sign telling
the others that the irrigation schedule has been delayed until
the water level rises.

With seven irrigation groups each gardener can get
irrigation water through the channel system once a week.
Should her plants need more frequent watering she makes a
small basin around each plant, carries water from the tank
and hand waters each plant individually. The gardeners
noted that using the basins concentrated the water on the
plants, avoided having to fill the whole bed, and saved them
both time and work.

The gardens are planted in late April or early May,
depending on the weather. Retaining walls and garden plots
are often damaged by winter precipitation and runoff, and are
repaired before preparing the soil for planting. Although



Terraced gcrrzlc'ì y at Hotevilla.

some gardeners add manure (especially sheep manure which
is locally available) to their plots and some use manufactured
fertilizers, many do not add any organic matter or fertilizers.
The soil is leveled and the plot is usually irrigated before
planting to moisten the soil. Gardeners carry buckets of
yellow- orange sand up from the fields in the valley to use
when planting seeds. Each planting hole is dug approxi-
mately 5 to 8 cm deep with a trowel or other hand tool. After
a large number of seeds are dropped into the hole it is filled
with the field sand. Gardeners explained that this sand is
easier for the emerging seedlings to break through, compared
to the heavier sandy clay soil of the garden plots which tends
to form a crust when wetted.

The availability of irrigation water makes it possible to
produce vegetables that would not survive under dry farming
conditions. The gardeners spoke of experiments with many
different garden crops, some of which were successful and
others which were not. Gardeners plant both traditional and
new crop varieties in their gardens. Chiles are the most
widely grown garden crop in Hotevilla today, just as they
were in 1935 when Jones visited. Several varieties, including
yellow wax and jalepeño are grown from purchased trans-
plants or seeds, seeds saved from purchased fruit, or seeds
passed down from older gardening relatives. Chile plants are
grown in an evenly spaced pattern with 20 to 30 cm between
each plant and they occupy most of the plot, especially the
central area. Along the sides may be planted commercial
pole beans, sweet corn, cucumber, zucchini, crookneck and
yellow squash, carrots, radishes, tomatoes, onions, and
cilantro. I also saw strawberry and asparagus plants. Hopi
sweet, blue, white, yellow, and Kachina (mixed colors) corn
were grown in some Hotevilla gardens this year. Seeds of
nana'kofsi (Monarda menthaefolia), a wild culinary and
medicinal herb, are gathered in the wild and planted in the
gardens where the plants become established by self -seeding
each year.

Gardens are also used to start some fruit trees from seed.
Both apricot and peach seeds may be planted on the edge of

o0

garden plots. When the seedling is
about .5 m tall it will be transplanted to
its permanent growing site. In addition,
some peach trees are growing perma-
nently in the bottom level of terraces in
Hotevilla.

A Wepo Springs Garden

The gardens at Wepo Springs on the
northwest side of First Mesa are far from
any village. According to Jones (2)
there are three springs at Wepo -I
visited only one of these. This spring
emerges from beneath a large rock
outcropping below the mesa top. The
water is led down approximately 6 m
through a large steel pipe into an
above -ground holding tank of mortared
stone.

The gardens at this site are on several levels of wide
terraces supported by sandstone retaining walls. Earth berms
divide the terraces into smaller garden beds which can be
easily irrigated. From the 3 -m -high tank built in 1963, a pipe
runs down to several faucets in different parts of the garden.
Much of the pipe was salvaged from an abandoned govern-
ment windmill by the most active gardener at the site. Hoses
are used to carry water from the faucets to the individual
garden beds. Hose attachments, called bubblers, are used to
break the water flow out of the hose so that it does not erode
the garden soil.

The gardener I spoke with is able to use this site because
it is under the control of his wife's clan. He and his nephew
are the only two people gardening there today. They water
their plots about once every three days, flooding each with
approximately 7 cm of water. Even so, the water level in the
tank never drops more than 450 to 600 cm, and an overflow
pipe is necessary to direct excess water down into a wash
below the gardens.

During the winter the soil is prepared with manure. The
corn is planted in April in small planting holes and covered
with fine, yellow- orange field sand, as described for the
Hotevilla gardens. Late frosts can cause problems for early
plantings in this high desert. When a late frost freezes back
young corn leaves the gardeners use scissors or knives to cut
back the dead parts, encouraging new growth. Grasshoppers
can be devastating and crops may need to be replanted more
than once to finally survive their damage.

Strong winds and blowing sand, especially in May and
June, dry and damage tender crops. Gardeners use a variety of
materials for windbreaks such as pieces of sandstone, tin
sheeting, tin cans, newspaper cones, and plastic or paper food
cartons.

Crops grown in this garden from commercial seeds in
1989 were zucchini, two varieties of sweet corn, a number of
hot chile varieties, and two varieties of onions. Two kinds of
Hopi squash were being grown as well. This gardener also
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grows radishes, cabbage, and lettuce. Several old peach trees
of two different varieties are scattered around the garden and
a cluster of yellow and red apple trees is growing below the
lowest terrace.

Discussion

Like most agriculturalists, Hopi gardeners are constantly
experimenting. They test new techniques or plants that if
successful would be feasible for them to use. Keeping their
experiments small requires little investment and minimizes
losses should they fail.

Hopi gardeners frequently experiment with new crops
and crop varieties. The availability of water makes it possible
to grow a wide variety of crops that would not survive under
dry farming conditions. Reasons for trying new garden crops
vary. New varieties of standard Hopi garden crops such as
chiles or pole beans are tried to compare agronomic or
culinary qualities with varieties already in use. Some crops
are tried out of curiosity.

Cultivation of Hopi or commercial sweet corn, or other
short -season Hopi corns in gardens is sometimes a response
to conditions in field agriculture. If a dry winter makes field
conditions poor, or other circumstances prevent a household
from planting any early corn in their fields, then it may be
planted in the garden instead. Early corn which ripens in July
is used in the Niman or Home Dance ceremony. This
important ceremony marks the beginning of the harvest
season. It is also a farewell to the Kachinas or spirits that
come each year to assist with the agricultural and ceremonial
cycles and bring rain and fertility. Although it is possible to
purchase corn at this time of year from Anglo farmers in the
region, Hopi farmers and gardeners whom I interviewed said
it is preferable to grow your own.

All of the gardeners I spoke with said their gardens
saved them money, supplying fruits and vegetables both
during the growing season and into the winter months,
especially in the form of dried chiles. To really understand
the net economic return to investments in these gardens
would require careful, long -term study. Because of the
availability of free water and garden sites, labor is the major
investment made in these gardens. Determining the value of
this labor based on alternative uses of it may be one way of
assessing the cost of gardening. However, garden work is not
perceived as equivalent to other types of labor. All gardeners
I spoke with said they enjoyed their gardens and garden
work. The women gardeners at Hotevilla often meet in the
late afternoon and early evening in their gardens and
socialize with each other while working in their plots. Non -
quantifiable positive attributes such as the pleasure these
gardeners said they derived from their gardens make standard
economic analysis irrelevant.

Evidence from this brief, preliminary investigation of
Hopi gardens shows that discussion with Hopi gardeners and
careful observation of their work has much to offer those
interested in dryland gardens as a development strategy.
Through a combination of tradition and innovation Hopi

gardeners have developed strategies to cope with some
common dryland garden problems; social and technical
difficulties of water management and distribution, soils that
harden and prevent seedling emergence, damage from drying
winds and wind -blown particles, and the difficulty of
establishing perennial seedlings under harsh conditions.
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Impact of a Women's Garden Project on Nutrition and
Income in Senegal

J acqueline Reynaud, Thierry Brun, and Tonia Marek

During the last forty years, several
development agencies such as the
Food and Agricultural Organization of

the United Nations, the United States Agency
for International Development, and the Inter-
national Development Research Center, have
supported the introduction or extension of
vegetable gardening in the tropics. The aim of
most garden projects has been to improve the
nutritional status or diversity of the diet of
certain target groups and to raise the income of
the vegetable growers through the sale of
produce. Although a large number of such
projects have been initiated (1), very few have
been evaluated and it is not clear to what
extent home gardens fulfill these expectations
and have had a measurable impact on nutrition
and income in the project areas. It appears to be generally
assumed that there is a significant link between increased
production of vegetables, increased income, and improved
nutritional status. The complexity of the relationship
between those potential changes, as well as many other
aspects of garden projects, have often been overlooked.

Recently, Brownrigg made an extensive review of the
literature concerning home gardening (1). Sumberg con-
ducted a study for Oxfam America on vegetable gardening
projects in Gambia and Senegal (2). He observed that in
recent years a growing number of garden projects were
focused on women's groups. He stressed that the agencies
promoting vegetable gardening usually have a limited
capacity for research and evaluation. O'Brien -Place suggested
a method for the economic evaluation of home garden
projects (3), including direct and indirect nutritional
indicators, but to our knowledge, this method has not been
tested.

The opportunity to attempt an evaluation of the
nutritional impact of home gardening arose in 1980 when we
were invited to conduct a survey in Senegal. The survey
involved a vegetable gardening project that had been
initiated in 1969 in two experimental units for agricultural
development: Kumbija and Ciise -Kaymor. In the second
unit, the project did not survive. But in the experimental
unit of Kumbija, which includes several villages, the produc-
tion and sale of vegetables proved to be quite successful
commercially. It was part of a larger program that included
the increased use of fertilizers, of improved seed varieties for
the traditional crops of millet and groundnut, and the
introduction of maize, combined with primary health care
and nutrition education activities.

Home gardens in Kumbija with the animal traction well in the background.

We were able to use the results from seven separate food
and nutrition studies that had been conducted in the project
area between 1970 and 1982 (4 -7). Their aim was to measure
the food, energy, and nutrient intake of different ethnic
groups of farmers and determine the changes occurring in
food consumption patterns. Those surveys did not follow a
strict evaluation of nutritional impact procedure; however,
they include two baseline studies in 1970 and 1971.

To assess the food and nutritional impact of the home
garden project, we took advantage of the possibilities offered
by the successive surveys to make both chronological and
cross -sectional comparisons. The average dietary intake of
1970 -71 can be compared to the average of the four surveys
conducted ten years later in 1981 -82. Additionally, the study
conducted in 1980, using a different survey technique,
provides data allowing cross -sectional comparison of dietary
patterns between vegetable growers, non -growers, and urban
dwellers.

Description of Villages

Geographic Location and Ethnic Groups. The village of
Kumbija is located in the southeast of the Sine -Saloum
region (Senegalese groundnut basin), in the department of
Kaffrine, district of Kungel, about 10 km from Kungel.
Kungel is a town of about 3,600 people located on the Dakar -
to- Bamako (Mali) railway and the road between Dakar and
Tambacunda. It is thus a local trade center, with a daily
market that attracts the population of surrounding villages.

Kumbija consists of several quarters where the ethnic
groups Soce, Pel (Fulani), and Wolof are separated into
homogeneous groups. The village gets a fair amount of rain
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(800 to 1,000 mm a year) and
did not suffer excessively from
the drought in the 1970s. The
major crops are groundnut
(mostly for sale) and millet
(mostly for home consump-
tion). There are only two
seasons: the rainy season, from
June to October, during which
the fields are cultivated; and
the dry season, the rest of the
year. Only in recent years has
home gardening been prac-
ticed by a limited number of
families during the dry season,
using water from wells for
irrigation.

Food Habits. The staple food
is traditionally home -grown
millet but its consumption has
declined progressively,
especially in the cities, and it
has been replaced by imported
broken rice. The staple food is
cooked with small quantities
of ground green leaves or
vegetables, and even smaller
quantities of smoked or dried
fish, which together constitute
the sauce. Meat and poultry
are consumed only on special
occasions such as ceremonies
and visits. Female farmer from Kumbija selling her vegetables in Ku

the nearest city.

Home Gardening in Kumbija
F,.

Home gardening as a dry- season activity was introduced in
1969 by the Senegalese Institute for Agricultural Research
(ISRA), but only a small number of farmers were interested
in practicing it. The Soce ethnic group was the most recep-
tive to this innovation. During the first years young plants
were grown in nurseries and distributed at no charge to the
peasants. Then external assistance was limited to the sale of
seeds and pesticides, and to some technical advice. A special
stand was obtained at the market of Kungel where the
vegetable producers from Kumbija could sell their produce.

Extension agents had contacted men first. Male farmers
appeared interested, started gardening, then stopped. This
was in part because they were embarrassed to fetch water
from the well, an activity specific to women. Soon women
took over. Only one hamlet had a well equipped with a
system of animal traction. In other hamlets, women got
water from the wells manually. The cultivated acreage per
household was small, 32 to 51 m2.

The vegetable gardens were usually installed after the
millet harvest on the plots of land closest to the huts. Men

ngel,

built fences and plowed,
women cultivated and sold
the products. The vegetables
that were most frequently
grown were (in descending
order): tomato (sweet and
bitter), onion, cabbage,
lettuce, eggplant, vissap
(Guinean sorrel), okra,
turnip, cowpea, parsley,
beets, peppers, and carrots.

The gardens were
weeded frequently and
watered twice a day. Water-
ing and drawing water from
the well were the most
strenuous chores -"four
women draw as much water
as two oxen do," declared the
men during an interview.
Often women did not wait
for the full maturation of
their vegetables. For some
plants, such as turnips, they
sold the leaves instead of the
root itself. This is related to
the tradition of preparing
sauces for couscous or rice
from green leaves. Cultivated
leaves were gradually replac-
ing picked wild leaves.

Women organized mar-
!' keting at the Kungel market

where they owned their own
spot. To sell their products
they had to rise eárly -5:00

a.m. -and walk eight miles with heavy tin bowls of vege-
tables on their heads.

Results

1970 -71 Surveys. The 1970 and 1971 studies were con-
ducted when vegetable gardening had barely started in
Kumbija and long after the end of the gardening season, thus
no direct impact of home gardening was expected to be
found. These studies were used as baseline studies.

Results from the successive nutrition surveys (1970 -82)
are shown in Table 1. The average per capita energy intake
in 1970 and 1971 was approximately 2,200 Kcal. Retinol
equivalents intake was twice as high in 1970 as it was in
1971. Average per capita ascorbic acid (vitamin C) intake
was adequate in Kumbija both in 1970 and 1971. In Kumbija
in 1970 only 4 percent of the calories and 5 percent of
protein intake came from vegetables and fruits, but 97
percent of retinol equivalents and 99 percent of vitamin C
intake came from wild leaves and fruits. The only vitamin
seriously deficient in the diet was riboflavin. This was due



mainly to the low consumption of foods of animal origin (2.5
percent of the calories, 9.4 percent of the protein). Wild
leaves and fruits provided 21.6 percent of the riboflavin
intake and were consumed in greater quantities than in the
later studies. Average energy protein and lipid intakes were
higher in the Soce group than in other ethnic groups.

1980 -81 Surveys. The study conducted in 1980 used a
different technique based on home visits and interviews.
Previous studies had used weighted dietary intake methods.

Table 1 shows the per capita nutrient intakes in
Kumbija between 1970 and 1982. Table 2 indicates the daily
consumption of most foods by category of consumer. It is
apparent that the consumption of cultivated vegetables was
twice as high among town dwellers as it was among vegetable
growers. In 1980, home gardeners consumed, on the average,
almost four times as many vegetables as did non -gardeners. In
1981, home gardeners consumed the same quantity of
vegetables as non -gardeners did in 1980. (It should be noted
that vegetable production declined between 1980 and 1981.)
In comparison to the situation in the same villages in 1970,
consumption of cultivated vegetables had increased markedly
and that of wild fruits and leaves had declined markedly
(Table 3). Most of the decline seems to be due to the lower
intake of dimb fruit (Moringa pterygosperma) which was
frequently used to prepare sauces.

The study conducted in 1980 attempted to accurately
measure women's income from vegetable sales and their
expenditures during and after the cultivation season. The
average income of the 64 women practicing home gardening
for sale in 1980 was US$29.00 per season (which is approxi-
mately 11 to 40 percent of the annual income of farmers).
Their expenditures at the end of the cultivation season are
indicated in Table 4. Only 12 percent of their income was
spent during the marketing activities of the season, mostly
for edible treats for their children. The rest of their income,
US$25.00, was spent at the end of the vegetable cultivation
season: half of it on clothes and cloth and the rest on
miscellaneous supplies, as indicated in Table 4. It is note-
worthy that no women mentioned spending any income on
drugs or medicine for their children, themselves, or other
family members. The total amount spent on food was very
small.

The nutritional value of recently

introduced cultivated vegetables

should be compared to that of

wild leaves and fruits.

Table 1. Per capita nutrient intakes measured in several surveys conducted in Kumbija between 1970 and 1982.

Date

Food
energy
(Kcal)

Protein
(g)

Fat
(g)

CHO
(g)

Ca
(mg)

Iron
(mg)

Retinol
equiva-

lents
(mg)

Thiamin
(mg)

Ribo-
flavin
(mg)

Niacin
(mg)

Ascorbic
Acid
(mg)

Folates
(mg)

May -Jun 2,311 78.4 60.0 382.0 447 45.3 2,254 2.2 0.70 27.6 53.3 NA
1970

May -Jun 2,067 68.6 68.7 317.0 306 32.2 807 1.7 0.50 21.5 35.9 NA
1971

Mean (1970 -71) 2,189 73.5 64.3 349.5 376 38.7 1,530 1.9 0.60 24.5 44.6 NA

Mar -Apra 2,408 71.0 58.0 401.0 479 35.6 306 1.74 0.65 38.5 39.0 260
1981

Jan -Febh 2,376 73.4 70.0 363.0 476 31.1 265 1.85 0.72 21.9 41.0 267
1982

May -Jun' 2,468 74.3 67.0 392.0 550 37.2 546 1.96 0.75 40.7 70.0 301
1982

Aug -Sep` 2,418 75.0 55.8 404.0 943 40.1 955 1.08 1.22 97.3 75.0 307
1982

Mean (1981 -82) 2,417 73.4 62.7 300.0 612 40.0 518 1.66 0.83 49.4 56.2 284

NA =Not available in original publication.

Number of subjects: '273 Number of households: a20
h249 ''25
'352 '24
'360 '24
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Table 2. Comparisons of daily food intake in Kungel and Table 3. A comparison of daily vegetable consumption in Kungel
Kumbija -1970, 1980, and 1981 (in grams per capita). and Kumbija (in grams per capita).

Kungel
town

dwellers
(average)

Foods 1980

Kumbija

1970
survey

Home gardeners
Non

gardeners
19801980 1981

Millet flour 9.5 252.5 233.7 - NA
Millet wet flour 0.2 109.1 89.3 151.4 NA
Millet couscous 167.0 178.0 92.6 336.8 NA
Total millet 176.7 539.6 403.8 488.2 501.7
Rice 248.7 66.0 84.1 110.0 40.8
Groundnut whole 11.6 10.9 - NA
Groundnut flour 5.2 54.0 54.3 - NA
Groundnut paste 6.4 31.8 26.0 44.0 NA
Total groundnut 11.6 85.8 91.2 44.0 116.9
Curdled milk - 13.8 26.8 66.6 5.4
Red meat 61.3 2.8 1.9 -
Poultry - 3.3
Fresh fish 77.4
Smoked fish 1.1 5.5 7.0 6.6 5.9
Groundnut oil 58.6 5.7 1.8 4.8 -
Palm oil 1.5
Sugar - 1.4 1.6 5.0 2,7

Total cultivated vege-
tables and tubers 124.9 53.1 14.4 15.8 5.2

Total wild fruits and
leaves 2.2 2.4 5.5 4.6 33.9

NA =Not available in original study.

Satisfaction of Nutritional Requirements

1981 Survey. The average percentage of satisfaction of
requirements for different nutrients was calculated. Protein
intake, when compared to recommendations, was apparently
adequate (8). No family was below the arbitrary critical
intake threshold of 80 percent of the energy requirements.
The energy requirements of the household were calculated
from estimates of activity levels of adult members.

Using the FAO recommendations as a standard, the
apparent intake of retinol equivalents, riboflavin, folate, and
zinc were below 75 percent of the recommended dietary
allowances. Increased consumption of vegetables could have
markedly reduced those deficiencies.

Discussion

The successive surveys conducted in Kumbija in relation to
vegetable cultivation were not organized in such a way as to
elicit the effects of all the external factors that might have
modified dietary patterns. However, the comparisons of the
data presented in Table 1 suggest that nutrient intake -
which would have been raised significantly by a marked
increase in vegetable consumption (retinol equivalents, iron,
calcium, ascorbic acid) -was not higher, on the average, in
the 1980s than in the 1970s.

(average)
Foods

Kungel
town

dwellers

1980

Kumbija

1970
survey

Home gardeners
Non

gardeners
19801980 1981

Fresh tomato 21.9 18.6 5.0 -
Tomato paste 10.2 0.6 0.3 2.0
Cowpea 2.0 4.0 2.8 - -
Onions 25.5 11.6 4.6 11.6 4.0
"Bissap" leaves* 3.0 4.9 0.9 1.4 -
Chili pepper 2.8 0.2 0.6 2.8 1.2
"combo- Kandia "* 2.0 1.3 0.2 - -
"Diakhatou "* 7.8 8.0 0.2
Eggplant 2.0 3.1 0.1
Cabbage 27.7 1.4 -
Carrots 5.7
Potatoes 13.5
Cassava 11.0

Total cultivated
vegetables and
tubers 124.9 53.1 14.4 15.8 5.2

"Nere- netetou "* 1.2 1.8 2.8 2.8 1.36
"Dimb fruit "* - - 31.05
"Gouye "* 0.9 - 1.5
"Lalo mbep "* 1.0 0.6 1.8 1.8 -
Total wild fruits

and leaves 2.2 2.4 5.5 4.6 33.9

*English and Latin names are:
Bissap- Guinean sorrel -Hibiscus sabdarifera (Malvaceae)
Diakhatou- bitter tomato- [Latin name not available]
Dimb -Wild fruit - Condylia pinnata (Caesalpinaceae)
Gombo -Kandia- Okra -Hibiscus esculentus Abeimoschus

( Malvaceae)
Lab mbep -Dried sap from gum tree -Sterculia setigera

(Sterculiaceae)
Nere-netetou-Fermented locust bean - Parkia biglobosa

(Mimosaceae)
Gouye - Baobab fruit - Adansonia digitata (Bombacaceae)

A close look at household income and expenditures
reveals that women were able to earn some income from
vegetable sales as early as mid- December. Groundnut sales, a
major source of income, did not take place before mid -
January and usually lasted until mid -February. It appears that
vegetables provided women with a modest but early income
in addition to that provided by the sale of their own harvest
of groundnuts and cereals.

Unlike the rainy season income, obtained and
kept by the husband, the income from garden-
ing is kept by the wife. This change from the
custom is . .. appreciated by women, who are
now able to spend money without asking their
husband. This increase in purchasing power
allows women to spend more and finally to
perform better their duties in the family (6).



Table 4. Cash expenditures from vegetable sales at the end of the
cultivation season -1980.

Percentage
of

Type of total yearly
expenditure expenditure

Percentage
of Average

women involved in expenditure
this expenditure. (US$)

Clothes and cloth 43.0 60 $13.25
Rainy season cash savings

for purchase of:
smoked fish, seeds,
fertilizers 16.0 39 7.50

Gifts and marriage
celebrations 9.5 38 11.50

Cooking utensils 4.5 25 3.25
Soap 2.5 10 4.25
Purchase of small animals

(goats, sheep) 4.5 6 16.25
Payment to shepherd 2.5 13 3.25
Repayment of rainy season

borrowings 2.5 4 13.75
Food purchases 1.0 6 1.75
Toilet articles 1.0 6 2.50
Trips 1.0 3 3.75
Total end of season

expenditures 88.0 $25.00

aTotal number of women interviewed =64.

As indicated in Table 4 only a small portion (1 percent)
of the income from vegetable sales is spent on food and
apparently nothing is spent on medicine or drugs. Therefore,
it is not surprising that vegetable sales only marginally affect
family food intake and nutritional status.

Brownrigg suggested that a number of dietary surveys
omit consideration of wild food sources, thus reaching the
erroneous conclusions that people lack specific vitamins or
that they need to eat more vegetables (1). According to May,
"The bush foods are invaluable and it is a matter of doubt
whether Africans would have survived without them,
especially during the hungry season [just prior to harvest]"
(9). Kuhnlein has stressed the importance of the contribu-
tion of wild plant species in`the diet of rural dwellers where
there is a limited availability and variety of marketed foods
(10).

The consumption surveys reported here (Table 1) and
the interviews of farmers show clearly that traditional
vegetables as well as wild leaves and fruits have up to now
played an essential role in the supply of minerals and
vitamins. The nutritional value of recently introduced
cultivated vegetables should be compared to the nutritional
value of picked wild leaves and fruits. Fresh cultivated
vegetables are rich in minerals and vitamins, but often not as
rich as the wild leaves and fruits that they tend to replace.

As was noted above, the consumption of cultivated
vegetables increased markedly and the consumption of wild
leaves and fruits decreased markedly from the 1970 survey to
the 1980 -81 surveys. The impact of gardening on the
decreased consumption of wild foods is not known. It may

Home gardens help women raise their social status by
providing them with a modest but independent income.

have been that there were fewer wild foods available in 1980-
81 due to the drought and other environmental factors. Or it
is possible that wild foods became less prestigious with the
introduction of gardening and the urban example. The
impact of gardening on consumption of wild foods should be
further investigated.

Conclusions

Home gardening was first initiated in Kumbija with the
purpose of improving the income and nutritional status of
villagers. Whether it accomplished this purpose is not com-
pletely clear. Both the direct and indirect impacts of garden-
ing in achieving this improvement deserve to be considered.

Vegetables were used only in minimal quantities in the
villagers' diets, and gardening had no measurable impact on
the food intake of children after weaning. Whereas there is
no evidence of direct nutritional impact, gardening may have
had an indirect impact on nutritional status by increasing the
income of the female farmers. Although women spent only
7 percent of their income from vegetables on food, they
might have saved part of their main income from groundnuts
and cereals thanks to winter vegetable sales.
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To markedly improve nutritional status, home gardens
should be productive throughout the year, and especially
during the hungry season. It appears essential to develop
local technologies of vegetable preservation that women
could operate themselves. The production of vegetables
seemed limited because of the lack of such processing tech-
niques. Consequently, women were growing only the
quantities of vegetables that they were able to sell on the
market.

Good training in gardening and nutritional education
are essential. The Ilesha gardens in Nigeria are an example of
a successful project with a strong training program. The
majority of home garden produce from these gardens was
consumed by households. Nutrition training and cooking
demonstrations were given on site, and the children's diets
were supervised in a Mothercraft Center. As a result, death
from malnutrition was reduced from 10 percent to 6 percent
in three years (1). The training provided in Kumbija was not
successful and mothers here did not seem to understand that
vegetables were good for their children; most of them
stopped growing carrots because children, who liked them,
would sneak through the fences into the gardens and eat
them raw.

Aid agencies are often more concerned with the
nutritional contribution of home gardens to the well -being of
families rather than with the economic impact of this
activity. However, it is clear from the present study that the
primary motivation of the women who engaged in horticul-
ture was to increase their income. While some produce was
consumed by the gardener's household, most of the vege-
tables were grown for sale. Although the economic contribu-
tion of vegetable gardens to the household income was small,
it allowed women to purchase items that were specifically
important to the improvement of their social status in a
society where men have a dominant social position. Even in
the absence of measurable nutritional impact, household
gardens may play an important part in promoting social
change.
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Household Vegetable Gardens in Africa:
Case Studies from Mauritania and Lesotho

Timothy R. Frankenberger, M. Priscilla Stone, and
Sandra Saenz de Tejada

Interest in food consumption derives from a well -
nourished population that can move ahead with
economic development (1). Experience in agricultural

projects also highlights the importance of attending to the
effects of changes in agricultural technology on food con-
sumption and nutrition. Two reasons can be cited as to why
these concerns should be addressed. First, consumption goals
of farmers may act as constraints to the adoption of technol-
ogy; these constraints are usually not recognized. Such
constraints include the need on the part of farmers to protect
family food supplies; competition for household labor among
maintenance activities such as food processing, preparation,
and agricultural production; and food quality preferences.
Secondly, changes in agricultural technology have effects on
food consumption both for the families of producers and con-
sumers. Changes in farm management and production tech-
nology have not always been beneficial for the food con-
sumption status of producers. Thus, it is important to
understand the linkages between production and consump-
tion in choosing development alternatives.

One important nexus where household production and
consumption concerns come together is the household food
garden. Development agencies that have introduced
vegetable garden projects throughout Africa have done so
with the goal of improving the nutritional status, diet
diversity, and income of the target population. The success
of these efforts is varied and depends greatly on the given
sociocultural and environmental context in which they are
introduced.

To illustrate some of this variability, this article briefly
summarizes case studies from Mauritania and Lesotho. Data
on vegetable gardens were collected in both of these coun-
tries as part of an ongoing effort carried out by the Nutrition
in Agriculture Cooperative Agreement. This is a project
funded by the United States Agency for International
Development (USAID) that is intended to assist developing
countries in improving the food consumption and nutritional
consequences of their agricultural projects. The University
of Arizona and the University of Kentucky are the primary
implementors of this agreement.

Vegetable Gardens in Mauritania

The cultivation of western vegetables in Mauritania emerged
largely as a response to the prolonged drought of the 1970s
(2). The drought not only greatly reduced the production of
cereal crops, but also of traditional vegetable crops grown in
rainfed and recession lands such as melons, cowpeas, okra,

An annual vegetable fair in Kaédi, Mauritania, draws
gardeners from regional villages who display their produce. The
village judged to have the best produce is awarded a cash prize.

and hibiscus (3). Western vegetables were introduced in an
effort to compensate for these losses and to offer vegetable
crops with short growing cycles. Another important goal of
the government was to improve the nutritional status of
Mauritanians. The diet had come to consist primarily of
cereals, oil, and some animal protein and lacked in vitamins
(3). The traditional fresh foods, most notably the wild
gathered leaves and fruits, had diminished in availability
with the drought. A third goal was an effort to limit migra-
tion into cities by offering an alternative rural activity.

The Ministry of Rural Development approached the
integration of vegetable production into the farming systems
through three services: 1) the regional extension services
(secteur agricoles); 2) the Centre National de Recherche
Agronomique et de Developpement Agricole (CNRADA);
and 3) SONADER.

As of 1982, only about 600 hectares of vegetables were
being cultivated in the entire country including hundreds of
small garden plots that produce no marketable surplus (4).
The consumption of fruit and vegetable products is still very
low compared to the international norm of 60 -90 kg per
person (5). In urban areas of Mauritania, it has been
estimated that consumption per individual is 24 kg /year
while rural residents consume only 6 kg /year (3). Nonethe-
less, over half of the vegetables consumed are imported from
Senegal and Europe. It has been estimated that Mauritania
would have to triple its domestic production in 14 years just
to meet growing rural demand, and much more for import
substitution (4).

In light of this current situation, USAID expressed
concern about the feasibility of expanding vegetable
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production in Mauritania. Similarly, the Secretary General
of the Ministry of Rural Development felt that any further
development of vegetable production in Mauritania should
be based on an in -depth study. Past vegetable projects had
failed as a result of insufficient data about the environment
and infrastructure.

To address these concerns, a three -week survey of
vegetable gardening and marketing along the Senegal River
Valley was undertaken in April 1986. This survey was
conducted under the auspices of the Mauritanian Agricul-
tural Research Project II administered by the Office of Arid
Lands Studies, The University of Arizona. Research concen-
trated on the eastern part of the river valley where vegetable
production is in general a relatively recent introduction.
Most previous research had focused on regions in which
vegetable production had been longer established, especially
southwest Mauritania. Because CNRADA has tested
different vegetable varieties and cultivation techniques, it
was felt that a focus on this eastern sector of the river valley,
centered in Kaédi, was timely (3).

The sucess of garden projects

depends greatly on the

sociocultural and environmental

context in which they are
introduced.

During a three -week period between April 6-26, ten
villages with thirteen vegetable gardens were surveyed as well
as the market in Kaédi. The villages were located in the
Gorgol and Brakna regions, from Maghama in the east to
Boghe in the west. An effort was made to select villages that
represented the range of diversity found along the river
valley. Criteria for selection included water source (i.e., river
or well), access by road during the rainy season, proximity to
large - markets, size of village, and ethnic group.

Three basic questionnaires were used. The first and
most extensive interviews were conducted with the growers
themselves. Most of the growers interviewed were in
women's cooperatives. Formal interviews were combined
with visits to the gardens themselves. A second question-
naire was directed toward merchants in the local market and
included questions on prices, quantities sold, and profitability
of selling vegetables. The third group of questions was asked
of groups of consumers of vegetables. Consumers were
contacted at home and at the market and were questioned
about the quantities of vegetables consumed, the amount of
money spent on vegetables, and preferences. A more in-
depth study of the market in Kaédi was also undertaken.

Further interviews were conducted with organizations
involved in vegetable production in this region. These
included Partners for Productivity, Africa '70, the Peace

Corps, and the Department of Agriculture in the Ministry of
Rural Development.

Because efforts in the 1970s and 1980s to promote
commercial vegetable production had been largely unsuccess-
ful, a better understanding of the constraints under which
vegetable production was operating was considered crucial.
The major constraints identified included climate, access to
inputs, access to extension, marketing, conservation, and
transformation.

Climatic Constraints. Most vegetables cannot tolerate
the high temperatures (e.g., above 35 °C) typical of this
region in all but the cool winter months. Extension of the
growing season beyond the winter months could be encour-
aged if 1) seeds of vegetables adapted to the other seasons
were made available (e.g., eggplant, melons, okra, pepper,
tomato, watermelon), and 2) simple techniques of mulching
and shading were introduced to control temperature and
winds.

Access to adequate water is also a problem for most
gardens. Water retention techniques could be extended and
living windbreaks could be considered for gardens with
secure land tenure. Storage tanks could also be introduced to
improve water access.

Access to Inputs. Access to inputs such as high -quality
vegetable seed, pesticides, fencing material, and fertilizer are
in short supply. The encouragement of the private sector in
the sale of such inputs is perhaps premature given the small
amounts of capital available to most vegetable growers.
However, dependence on donations from the government
and NGOs is not a viable solution. Intermediate forms such
as the purchase of inputs at subsidized prices from govern-
ment agencies may be preferable. In addition, soil improve-
ment through the use of organic fertilizers and pest manage-
ment through sound cultivation techniques could reduce
dependence on some of these inputs.

Gardeners from a Mauritanian cooperative in the village of
Djovol transplanting onions.
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A Basotho cooperative gardener cultivating
kale in Lesotho.

Access to Extension. Many problems associated with
vegetable production derive more from a lack of knowledge
of appropriate cultivation techniques rather than a lack of
inputs per se (3). Many vegetable growers receive limited
advice from extension personnel, and learn techniques
through trial and error and through copying techniques from
other gardeners. Due to the shortage of government exten-
sion workers trained in vegetable production, group instruc-
tion would seem the best way to extend knowledge.

Marketing Constraints. Despite the fact that vegetable
production is limited, the growers are faced with marketing
problems for their surpluses. Primary problems include: 1)
an absence of an adequate road system to transport products
to an urban area; 2) difficulty in storage of vegetables; 3)
high cost of land transportation; and 4) lack of knowledge
about the market. Techniques of packaging and transport
need to be extended, and communal sale of products should
be encouraged to share in the cost of transport. In addition,
research could focus on developing vegetable varieties that
transport easily.

Conservation and Transformation of Products.
Techniques of vegetable conservation are limited. Sun
drying of a wider repertoire of vegetables should be extended.
The feasibility of encouraging small businesses for the
transformation of vegetable products should also be explored.

Vegetable Gardens in Lesotho

Vegetable gardens are not a long- standing tradition among
the Basotho, and were probably introduced during colonial-
ism (6). The Basotho have traditionally gathered a wide
variety of wild greens. In the 1930s the government actively
encouraged vegetable gardens, and it is only recently that
they have become widespread. Gardens have become
increasingly important, especially among the land -short and
landless.

To encourage commercial vegetable production in
Lesotho and to capitalize on Lesotho's comparative advan-
tage over the neighboring Republic of South Africa, USAID
provided funding for the Lesotho Agricultural Production
and Institutional Support Project (LAPIS). LAPIS's aim is to
directly support the Ministry of Agriculture's efforts to
increase the income and employment opportunities of the
rural population through the production of labor -intensive,
high -value vegetables and fruits.

To assess the impact of the LAPIS project on the diet of
the targeted farmers and the community in general, a food
consumption survey was conducted. This survey was carried
out during the post- harvest season in four areas in Lesotho;
two located in the northern lowlands, one in the northern
mountains, and one in the Senqu River Valley. Social,
economic, and dietary data were collected through both
qualitative, informal interviewing and qualitative, stri ctured
interviews administered to 34 project participants and a
control group of 107 randomly selected households.

The study was conducted from June to November 1988
in- three phases (6). The first phase consisted of rapid visits
to all sites where LAPIS is currently working. Using semi -
structured interview guides and observation, descriptive
information on consumption patterns was generated. This
allowed for a general overview of the food situation. The
second phase involved a more prolonged contact with the
farmers. This helped clarify food habits and consumption
patterns and proved instrumental in the design of the more
focused formal survey conducted later. All farmers were
interviewed at least three times. The third phase involved a
verification survey administered to a larger and statistically
valid sample of farm households to test and elaborate on
preliminary findings (6). Each household was interviewed
twice, the second time allowing for more detailed informa-
tion on aspects covered in the first visit, and to cross -validate
the previously collected data.

A combination of food consumption indicators was
used: quantity of the cereal staples (maize, sorghum, and
wheat) consumed in 24 hours, number of meals eaten in a
day, sources of food by food group, degree of self- sufficiency
in cereal staples, and variety of the diet. In addition, weight
and height /length were taken for all children under six years
of age in the 140 households included in the survey.

The study found that overall, farmers participating in
the LAPIS project have higher consumption of most food
items and a more diversified diet than the control group (6).
However, when project participants were disaggregated, the
differential impact of the project is more obvious. Farmers
who have individual vegetable gardens faired much better
than those belonging to a cooperative garden association.
Association members had the least varied diets and the
lowest consumption of most food items. This can he attrib-
uted to two ongoing phenomena: increased availability and
consumption of leafy vegetables might be substituting for
previously consumed foods; and cash income from the daily
wage received by all association members may be too small to
offset necessary non -food purchases. Thus, transitional
malnutrition may be occurring.
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Increased cash income for both project participants and
the control group was found to lead to the consumption of
aesthetically pleasing foods that are associated with high
social status but are less nutritious. For example, the con-
sumption of wild foods was inversely correlated with wealth.
The substitution of cabbage for the more nutritious wild
greens as observed among many project participants can be
nutritionally costly. The displacement of wild foods by
introduced vegetables should he carefully monitored since
wild foods are important sources of protein, calcium, phos-
phorous, iron, and vitamin A.. LAPIS participants had a
lower weekly consumption of wild greens and a marked
disdain for their consumption. In fact, vegetable production
was inversely correlated to the consumption of wild greens.
However, the consumption of wild greens was positively
correlated with the number of women in the household,
indicating that access to female labor may be an important
constraint to the consumption of wild foods. Nutrition
education efforts aimed at Basotho farmers should take into
account this food substitution phenomena and encourage
families to view wild foods and introduced vegetables as
complementary food items. In addition, horticultural
researchers could help collect and multiply the more nutri-
tious wild greens and make these available to farmers
planting commercial gardens.

Conclusions

Two important lessons can be drawn from these case studies.
First, the Mauritanian case points out that vegetable garden
interventions oriented toward the market are more likely to
be successful when the infrastructure exists for obtaining
inputs and marketing outputs. In countries where there is no
such infrastructure interventions should be focused on
subsistence vegetable production. Second, the Lesotho case
illustrates that the introduction of vegetables may lead to the
displacement of important nutritious food items. Care must
he taken to emphasize the complementary nature of the
newly introduced vegetables to existing indigenous foods.
This could help avoid potentially negative nutritional
impacts.

Timothy R. Frankenberger is a farming systems research
specialist at the Office of Arid Lands Studies and principal
investigator of the Nutrition in Agriculture Cooperative Agreement.
M. Priscilla Stone is a program associate at the Social Science
Research Council in New York. Sandra Saenz de Tejada served
as a research assistant for the Nutrition in Agriculture project.
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Native Seeds
Susan Husband

Traditionally native plants have been taken for
granted, or worse, considered to be weeds and
eradicated. For those wishing to cultivate these

plants, finding sources of seed or young plants has been
difficult, but as the demand for natives increases so will their
availability.

The sources listed here supply plants adapted to arid and
semiarid regions, including wild flowers, grasses, trees and
shrubs, and some food crops. All addresses are in the United
States unless otherwise noted. If readers know of additional
sources not listed here please call them to our attention by
sending any information you have to the editor.

The Soil and Water Conservation Society has published
a helpful booklet titled Sources of Native Seeds and Plants,
which lists seed companies in the United States by state. To
obtain a copy send US$3.00 to: Soil and Water Conserva-
tion Society, 7515 Northeast Ankeny Road, Ankeny, IA
50021.

Applewood Seed Co.
P.O. Box 10761, Edgemont Station
Golden, CO 80401

Berkeley Horticultural Nursery
1310 McGee Ave.
Berkeley, CA 94703
(no catalog published, write to find out about a
particular species)

Bernardo Beach Native Plant Farm
Judith and Roland Phillips
Star Route 7, Box 145
Veguita, NM 87062

Green Horizons
218 Quinlan #571
Kerrville, TX 78020
512 -257 -5141

Horizon Seeds
P.O. Box 886
Hereford, TX 79045
(grasses)

Hubbs Bros. Seed Co.
1522 N. 35th Street
Phoenix, AZ 85008
602- 267 -8132

Larner Seeds
P.O. Box 407
235 Fern Road
Bolinas, CA 94924
415 -868 -9407
(catalog $.50)

Moon Mountain
P.O. Box 34
Morro Bay, CA 93442
805- 772 -2473
(catalog $2.00)

Native Plants Inc.
417 Wakara Way
Salt Lake City, UT 84108
801-582-0144

Native Seeds SEARCH
2509 N. Campbell #325
Tucson, AZ 85719
602 -327 -9123
(catalog S1.00)

Native Sons, Wholesale Nursery, Inc.
379 W. El Campo Road
Arroyo Grande, CA 93420
805 -481 -5996; 805 -481 -9636

Plants of the Southwest
1812 Second Street
Santa Fe, NM 87501

Robinett Bulb Farm
P.O. Box 1306
Sebastapol, CA 95473 -1306
(west coast native bulbs)

Sharp Brothers Seed Company
Healy, KS 67850
(grasses and wild flowers)

Stock Seed Farms
R.R. 1, Box 112
Murdock, NB 68407

The Theodore Payne Foundation
for Wild Flowers and Native Plants , Inc.
10459 Tuxford Street
Sun Valley, CA 91352
818 -768 -1802
(seeds, books, and pamphlets)

Utah Native Plant Society
440 E. 8180 S

Sandy, UT 84070

Wild Seed
P.O. Box 27751
Tempe, AZ 85282

Dick and Ruth Wright
38660 de Luz Road
Fallbrook, CA 92028
619 -728 -2383
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Centre for Arid Zone Studies

The University of
Maiduguri is a major
institution of higher

learning located in the middle
of the Sahelian region of
Africa which stretches
geographically from Somalia
in the east to Senegambia in
the west. This vast area
containing about 25 million
people has recently been
under extreme pressure of de-
sertification due partly to the
many years of drought
between 1972 and 1986. This
drought has caused severe
damage, affecting farmlands,
livestock, and other industries
in the region. With the recent
view that the Sahel is one of the most sensitive and deli-
cately balanced ecological systems in the world, the Univer-
sity and the community have become increasingly aware that
a proper understanding of the region's natural environment
and the interdependence of its various components are
prerequisites for long -term plans in combating the serious
threat of desertification in the region. This understanding
and interdependence are necessary to formulate strategies for
the rehabilitation and sustainable management of resources.

Realizing the need to provide a long -term coordinated
effort in tackling the challenges posed by drought, aridity,
and the southward movement of the Sahara desert, the
University decided to develop the multidisciplinary Centre
for Arid Zone Studies (CAZS).

The objective for establishing this multidisciplinary o,

center is not only to provide and develop the necessary
baseline information bank to back up research in addressing
local ecological problems, but also to encourage and stimu-
late apopriate input in rural projects, thereby encouraging
self -sustaining rural developments in project sites in harmony
with farming activities. The University has shown its
commitment to the infrastructural development of the center
by providing furnished offices, library space, and workrooms
at its temporary facility.

When fully developed this facility will serve as a center
for coordinating arid and semiarid zone research in the
subregion and also will serve as a development unit for data
collection and information dissemination. In addition, all
components of the programs of the center will provide
opportunities for diploma and certificate courses as well as
undergraduate and graduate training for practical knowledge
of the ecological parameters underlying the process of
desertification. Workshops, seminars, and national and
international conferences will be organized in collaboration
with sponsoring bodies to encourage local participation and

Professor N.M. Gadzama,
Director of the Centre for Arid
Zone Studies in Maiduguri,
Nigeria

to ensure the use of local examples in solution- oriented
discussion and exchange of ideas.

Programs

1. Arid Zone Ecology and Agro- Forestry. Emphasis
will be on the studies of soils, moisture, and vegetation
changes associated with traditional patterns of land use and
the relation of overcultivation and overgrazing to desertifica-
tion. Investigation will also be carried out on the role of
plant forms in the protection of catchment areas and the
rehabilitation of exhausted and infertile lands with special
attention to the effectiveness of windbreaks and stabilization
of sand dunes by appropriately developed exotic and indige-
nous plant species in the University nursery. Work has
already begun on relative trials on some tree species.

2. Hydrology, Hydrogeology, and Geomorphology.
Work will continue on the changes in the surface drainage
pattern (including Lake Chad) which appear to be affected
by both surficial and deep- seated geological processes.
Detailed study of the underground aquifers of the region,
their age, rate of depletion, and mode and amount of
recharge is being carried out along with other geomorphol-
ogical characteristics in relation to water storage possibilities.

3. Meteorology and Climatology. A primary meteoro-
logical station is being developed at the University of
Maiduguri which will be backed up by weather substations
located throughout Borno State. Together with the interpre-
tation of weather satellite data, this will lay the foundation
for detailed forecasting in the region. In collaboration with
geological studies, such a planned forecast, supplemented by
the correlation of past and present climatic records should
provide the basis for the study and understanding of long-
term variations in the climate and ecology of this zone.
Whenever possible, the interpretation of radar pictures,
LANDSAT imagery, and aerial photography will be utilized.
Field surveys have already been carried out and research site
locations have been chosen with major emphasis on the
northern part of Borno State.

4. Arid Zone Agriculture and Rural Development.
There are plans to integrate studies in the three above
programs into agricultural development in the arid zone. A
phased program of integrated research is being developed
through the faculties of Agriculture, Engineering, Science,
Veterinary Medicine, and the College of Medical Sciences as
appropriate.

5. Socioeconomic Inputs. The center will address the
socioeconomic aspects of ecological problems which may
arise as a consequence of human interaction with the
environment. Part of this input is initially planned in
programs 3 and 4 above, and research will be developed to
include specialist personnel in Arts, Education, Social and
Management Sciences, and Law.



Objectives and Goals. The research programs coordinated by
CAZS will address the following objectives: 1) the improve-
ment, rehabilitation, and restoration of the target areas and
natural resources with regard to farming practice and desert
encroachment; 2) the long -term utilization of water, plant
and animal resources, both wild and domesticated; 3) the
long -term development of windbreak systems by processing
tree species suitable to the target area and also for the
provision of sufficient fuelwood under a controlled harvest-
ing system; 4) the tong -term stabilization of the ecosystem
and its natural resources; and 5) the improvement of the
standard of living of the rural and urban communities in the
arid zone of Borno and related northern parts of Nigeria.

Collaborative Research. As an established research center of
the University of Maiduguri, the Centre for Arid Zone
Studies is financially supported by the University.

CAZS research projects will be implemented in collabo-
ration with selected European partner institutions and, where
appropriate, other Nigerian universities and neighboring
countries.

A collaborative project between the Centre and the
University College of North Wales, United Kingdom, is
supported by the Overseas Development Administration
(ODA). This project involves tree species trials for the
development of a technical package for shelterbelt develop-
ment on vertisols (clay soils) of the Sahel savanna of Borno
State. The Commission for the Delegation of European
Communities (EEC) has funded a five -year grant that is
supporting a package of 20 research projects designed to have
direct application to the North East Arid Zone Development
Programme (NEAZDP) -a program of rural development
in sustainable growth and socioeconomic input in northwest-
ern Borno State.

For further information contact: Centre for Arid Zone
Studies, University of Maiduguri, P.M.B. 1069, Maiduguri,
Nigeria.

Gardening Interventions Promoted inVitamin A
for Health Project
It has long been known that vitamin A plays an essential
role in vision and in resistance to infection, among other
things. But it has been less than a decade since a study
determined that vitamin A supplementation was associated
with dramatically reduced child mortality in Indonesia.
That study prompted immediate attention from health and
development agencies as well as from the scientific com-
munity.

Recently USAID awarded a $6 million, five -year
contract to the International Science and Technology
Institute, Inc. (ISTI) to implement the field support com-
ponent of the AID, Bureau of Science and Technology,
Office of Nutrition, Vitamin A for Health Project. This
worldwide effort is intended to help reduce the prevalence
of vitamin A deficiency in young children. The field
support activities have three major components: 1)
technical assistance /interventions, 2) operations research,
and 3) information gathering and dissemination. Techni-
cal assistance will include conducting prevalence assess-
ments, developing strategies for addressing vitamin A
deficiencies, implementing concrete interventions,
program management, monitoring, surveillance and
evaluation, and data collection and analysis. Interventions
are expected to include food fortification, horticulture/

home gardens, social marketing /community education,
and distribution of high dose capsules. The three subcon-
tractors working with ISTI include Community Systems
Foundation (CSF), Program for Appropriate Technologies
in Health (PATH), and the University of Arizona.

Recent studies have shown that the vitamin A status
of children can improve through the promotion of gardens
when mothers are also educated in nutrition. Worldwide
experience in the promotion of home gardening for
nutrition will facilitate the application of project interven-
tions. Relevant work includes: the Asia Vegetable
Research and Development Center (AVRDC) project in
Niger; the Peace Corps home gardening training program;
the efforts of several PVOs (e.g., Save the Children,
CARE, Partners of the Americas, Oxfam); and the efforts
of UNICEF. This project will build upon information
gained from previous projects in the promotion of horti-
culture /home garden interventions intended to improve
the vitamin A status of children.

For more information, contact: Mr. Robert Pratt,
Director, Vitamin A Field Support Project, International
Science and Technology Institute, 1601 N. Kent Street,
Suite 1016, Arlington, VA 22209 U.S.A.
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PUBLICATIONS

Some Books for Dryland
Gardens in Development
David A. Cleveland and Daniela Soleri

While there are an increasing number of books and manuals
on gardens and development, most publications in the field
have been written for humid areas, or they promote gardens
that are inappropriate for low - income households. We list
here some books that we have found useful for understanding
and promoting gardens for development in dry lands. They
cover traditional crops that can be grown in gardens, improv-
ing nutrition using garden produce, training garden exten-
sion workers, and planning garden projects. College text-
books are usually the best sources of garden information on
basic scientific principles of plant and soil science, plant
pathology, entomology, hydrology, and nutrition. Very little
has been published on indigenous local knowledge and
practices.

Brownrigg, Leslie. 1985. Home Gardening in Inter-
national Development: What the Literature Shows.
League for International Food Education, Washington,
DC, U.S.A. 341 pp.

This is the major review of household garden projects,
and has much valuable information for anyone involved in
garden programs. The publisher is defunct and the book is no
longer in print, but it was widely distributed around the
world, for example, to USAID missions.

Cameron, Margaret, and Yngve Hofvander. 1983. Man -
ual on Feeding Infants and Young Children. 3d ed.
Oxford University Press, Oxford, U.K. 214 pp.

An introduction to infant and child nutrition, with a
section on making weaning foods from local ingredients,
including garden produce.

Chambers, Robert. 1983. Rural Development: Putting
the Last First. Longman, London, U.K.

A good overview of the flaws of conventional develop-
ment programs and how to avoid them, with much relevant
to garden projects.

Cox, George W., and Michael D. Atkins. 1979. Agricul-
tural Ecology: An Analysis of World Food Production
Systems. W.H. Freeman, San Francisco, California,
U.S.A. 721 pp.

An excellent introduction to agricultural ecology,
explaining many principles relevant to household gardens.

Dupriez, Hugues, and P. De Leener. 1987. Jardins et
Vergers d' Afrique. Terres et Vie, Nivelles, Belgium. 354
pp. (In French.)

This is one of the best books on household garden
production in sub -Saharan Africa. Written for extension
workers, especially in Francophone West Africa, Jardins et
Vergers d'Afrique is also useful to those involved in dryland
gardening elsewhere. The first section of the book discusses
techniques and the second is a listing of 86 domesticated and
nondomesticated plants used in the region. The book is
illustrated with numerous excellent photographs of gardens
and plants and includes descriptions of some traditional
gardening techniques.

FAO. 1988. Traditional Food Plants. A Resource Book
for Promoting the Exploitation and Consumption of Food
Plants in Arid, Semi -arid and Sub -humid Lands of Eastern
Africa. Food and Nutrition Paper 42. FAO, Rome. 593
pp.

An example of the growing number of publications that
can serve as a resource and inspiration for using traditional
crops in gardens. This book aims to improve household
nutrition from Ethiopia to Zimbabwe by promoting tradi-
tional food plants, many of which are now underutilized
because of the predominance of introduced staple crops. A
short introduction to nutrition and the role of traditional
crops is followed by a description of 110 species including
food value, food use, ecology, and cultivation. Species are
selected on the basis of potential contribution to nutrition
and income and ease of small -scale cultivation.

Tropical Leaf Vegetables
in Human Nutrition

H, A. P. C. Oomen

G. J H, Grubben



Gibbon, David, and Adam Pain. 1985. Crops of the Drier
Regions of the Tropics. Longman Group Ltd., Essex, U.K.
157 pp.

Descriptions of some of the major dryland crops along
with an introduction to agricultural conditions in the dry
tropics. In Longman's Intermediate Tropical Agriculture Series
of useful, clearly written handbooks.

Hill, D.S., and J.M. Waller. 1982. Pests and Diseases of
Tropical Crops: Volume 1, Principles and Methods of
Control. Longman Group Ltd., Essex, U.K. 175 pp.

Another title in the Intermediate Tropical Agriculture
Series. Provides a good basic overview, although control
methods are dominated by toxic commercial chemicals.

Oomen, H.A.P.C., and G.J.H. Grubben. 1978. Tropical
Leaf Vegetables in Human Nutrition. Communication 69.
Department of Agricultural Research, Koninklijk Institut
voor de Tropen, Amsterdam, The Netherlands. 140 pp.

Promotes the nutritional value, including protein, of
local leaf vegetables grown in gardens.

Pacey, Arnold. 1978. Gardening for Better Nutrition.
Intermediate Technology Publications, London, U.K.
64 pp.

Gives a brief overview of issues to be considered in
garden projects, focusing on nutrition, and based on project
field reports and case histories.

Pacey, Arnold, with Adrian Cullis. 1986. Rain Water
Harvesting: The Collection of Rainfall and Runoff in
Rural Areas. Intermediate Technology Publications,
London, U.K. 216 pp.

A good general introduction to the topic at a scale that
is, for the most part, appropriate for household gardens.

Pacey, Arnold, and Philip Payne, editors. 1985. Agricul-
tural Development and Nutrition. Hutchinson, London,
U.K., and Westview Press, Boulder, Colorado, U.S.A.
255 pp.

The essays in this book look at the biological, social and
economic issues concerning the relationship between human
nutrition and agriculture, with an emphasis on southeast
Asia.

Sanyal, Bishwapriya. 1986. Urban Cultivation in East
Africa. The Food -Energy Nexus Program, United Nations
University, Paris, France. 75 pp.

A case study of gardeners in Lusaka, Zambia, and why
they garden, with suggestions for government policies to
support urban gardening as an important survival strategy for
poor city dwellers.

Sommers, Paul. 1984. Dry Season Gardening for Improv-
ing Child Nutrition. UNICEF, New York, U.S.A. 49 pp.

An outline of a four -day training course for community
development workers based on a brief visit to northern
Ghana. Emphasizes low -cost methods using local materials.

book methods, aids,

Helpingideas pi gfor instructors

/1at the village level

Health Workers
David Werner and Bill Sower Learn

Stoll, Gaby. 1987. Natural Crop Protection. Josef
Margraf, Langen, FR Germany. 2d ed. 188 pp. (Also
available in German and Spanish.)

A small handbook focusing on solutions using resources
available to farmers and gardeners in the Third World tropics
and subtropics. A good start at trying to document research
on this approach to crop protection.

Van Epenhuijsen, C.W. 1978. La Culture des Légumes
Indigènes au Nigeria. FAO, Rome. 108 pp. (Published in
English as Growing Native Vegetables in Nigeria, 1974.)

Promotes the production of local vegetables, but indus-
trial growing methods. Includes descriptions of local Nigerian
vegetables.

Werner, David, and Bill Bower. 1982. Helping Health
Workers Learn. The Hesperian Foundation, Palo Alto,
California, U.S.A. 632 pp. (Available in Arabic, French,
Spanish, and many other languages.)

This book enthusiastically promotes a philosophy and
method of training trainers meant to empower local people.
Its approach is the best we've seen, and the general principles
are very appropriate for training garden extensionists as well.

Wilken, Gene C. 1987. Good Farmers. Traditional
Agricultural Resource Management in Mexico and Central
America. University of California Press, Berkeley, U.S.A.
302 pp.

Describes the traditional management techniques used
by small -scale farmers, many of which are useful for gardens.
One of a growing number of publications documenting
traditional knowledge in agriculture.
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VISITORS
Mohamed Abdel -Fattah Mohamed
Ibrahim

Mohamed Abdel -Fattah Mohamed
Ibrahim, from the Agricultural
Research Center (ARC) in Egypt, is
visiting the Office of Arid Lands
Studies for three months.

Ibrahim, a researcher in the Crops Water Requirements
Department, Soils and Water Research Institute of the ARC,
is studying various techniques for water harvesting in order
to apply them to the northwestern strip of Egypt west of
Alexandria. In this area the average rainfall is approximately
200 millimeters /year and the major source of water for
agriculture is the Nile River. Major crops are wheat, barley,
and olives. The goal in this region is for agriculture to be
primarily rainfed and to depend upon the Nile only as a
supplementary source of water. Ibrahim is studying the
hydrological characteristics of rainfall including intensity,
duration, number of occurrences, and return period. In
addition, he is studying the features of the catchment area
and possibilities of water storage. He has visited a number of
water harvesting projects in Arizona and California to learn
which methods are the most appropriate for the region on
which he is concentrating.

Ibrahim holds a Ph.D. in Soil and Water Science from
the University of Alexandria, Egypt. He also holds a post-
graduate diploma in hydrological engineering, with special
studies in groundwater recovery, from the International
Institute for Hydraulic and Environmental Engineering in
Holland. His background includes research and extension in
the area of crops water requirements, soils, irrigation water
management, irrigation agronomy, and field crops produc-
tion. He has also been involved with teaching and admini-
stration in the irrigation engineering education field in
Nigeria.

Masami Shiraishi

Masami Shiraishi is the manager of
the Desert and Human Geoscience
Department, Technology Division,
Shimizu Corporation in Tokyo,
Japan. Shiraishi is involved in
Shimizu's plan to construct man-

made salt lakes in the desert. The plan involves creating
several artificial lakes in the hollows of the desert, creating
artificial islands in these lakes, drawing seawater into the
lakes and tying them together with canals. The water will be
taken from the sea, transferred by pump to an artificial lake
at a high altitude, stored in the lake, poured into a number of
artificial lakes by making use of natural inclination, and then
returned to the sea. A fall in the atmospheric temperature

and a rise in the humidity of the artificial island in a lake and
its surroundings are expected due to the creation of a large
lake. This would create a comfortable environment accompa-
nied by a mild climate.

Shiraishi is at OALS for two years to study the prospects
of international arid lands development, to search for
appropriate and useful technology, and to develop research
plans for the technology transfer and the necessary research
and development to commercialize this technology in arid
lands internationally. His specific interests center on water
conservation, saline water irrigation, and water reuse systems.

Shiraishi's experience includes marine surveying
including coastline studies and oceanographical studies to
examine ocean thermal energy conversion power plant
structure. As department manager and agricultural engineer
at Shimizu, Shiraishi is responsible for agricultural develop-
ment projects, irrigation projects, research and development
activities, and administration of the department. He holds a
master's degree in agriculture from Yamagata University.

Michiel Cherlet

Every ten days, the Remote Sensing
Centre at the Food and Agriculture
Organization in Rome generates
vegetation and precipitation maps
that may help prevent the spread of
locusts in West Africa. The maps are

generated by the Africa Real Time Environmental Monitor-
ing Using Imaging Satellites system (ARTEMIS).

Michiel Cherlet is a technical officer in the environ-
mental monitoring division of the center producing these
maps used by Global Information and Early Warning Systems
and the Emergency Center for Locust Operations. He acts as
a liaison between the products and their users.

Earlier this year, personnel from the Arizona Remote
Sensing Center in the Office of Arid Lands Studies acquired
aerial video data for the Tamesna region in Niger. Cherlet
came to OALS to gather the aerial data and to work on
integrating the aerial data with ground -based data previously
acquired by FAO. The aerial data show possible concentra-
tions of Tribulus vegetation -a favorite habitat of locusts. By
pinpointing regions where locusts are likely to concentrate, it
may be possible to more effectively control them. The data
may serve to establish relationships between land forms and
vegetation in the region which will be used as a basis for
pointing out areas on lower resolution data that are likely
habitats for locusts.

Raised in Brugge, Belgium, Cherlet has been with FAO
for the past three years. He holds master's degrees in
geography and soil science from the University of Gent,
Belgium.



CONFERENCES
Association for Arid Land Studies
Thirteenth Annual Meeting
Portland, Oregon, U.S.A.
April 25 -28, 1990.

A variety of papers will be presented at the meeting which reflect
the theoretical, methodological, and empirical or applied policy
analysis of problems and issues in arid lands. The program will be
held in conjunction with the thirty -second annual meeting of the
Western Social Science Association.
For further information contact:
Idris R. Traylor, Jr.
International Center for Arid and Semiarid Land Studies
Texas Tech University
P.O. Box 4620

Lubbock, TX 79409 U.S.A.
Telephone: 806-742-2218.

Fourth International Rangeland Congress
Montpellier, France
April 22 -26, 1991
The Fourth International Rangeland Congress will be held at the
Congress Center of Montpellier, France, under the aegis of the
French Association for Range Management and the International
Center for Research and Higher Education in Mediterranean and
Tropical Agriculture.

The scientific committee will emphasize issues related to the
Mediterranean isoclimatic zone, but other subject matters will be
addressed, as proposed by participants. Topics will include:
fundamental aspects of range science, range resources, animal
rescuers, production systems, and fire ecology.

The registration fee is approximately US$400. Official languages
are French and English. Simultaneous translation will be
provided.

For more information contact:
Sté Internationale de Congre et Services
10, rue Chaarles -Amans
34000 Montpellier, France
Telephone: 33- 67- 58 -59 -03

FAX: 33- 67- 58 -31 -60
3a-

Conference on Environmental Problems in Central Asia
Bloomington, Indiana
July 14 -19, 1990
The broad objective of this conference is to bring together a
number of scientists, administrators, environmentalists, writers,
and journalists with experience of the problems and attempted
remedies for environmental stress in and around the Aral Sea
area. The conference is sponsored by the Indiana University
School of Public and Environmental Affairs and the Research
Institute for Inner Asian Studies.

Soviet participation has already been assured and represents a
broad spectrum of public and popular involvement. The organiz-
ers hope to have a similar broad spectrum of involved, informed,
and interested parties from the United Stares to share experi-
ences, approaches, frustrations, and ambitions. The themes will
he: the nature and causes of degradation in the area; the
administrative response; popular participation in reform; and, the
way forward. The central concern will be to explore the interface
between these aspects.
For further information contact:
Professor Randall Baker
School of Public and Environmental Affairs
Indiana University
Bloomington, IN 47405 U.S.A.
Telephone: 812- 855 -0783
FAX: 812 -855 -7802

as.

Twenty -third International Congress
of the International Association of Hydrogeologists
Puerto de la Cruz, Tenerife
(Canary Islands, Spain)
April 15 -19, 1991
Intensive exploitation of aquifers often occurs, particularly in arid
and semiarid areas, where it constitutes one of the main factors in
the economic development of these areas. The mismanagement
of the water resources has, however, led to important changes in
the natural state of aquifers. Some of the most obvious, because
they are the most immediately apparent, are groundwater table
drawdown, the drying up of natural outfalls, and changes in water
quality. This congress has been organized in an attempt to define
and analyze the positive and negative effects of overexploitation
as well as to examine the situation as it exists today.

Topics include: characterization of aquifer overexploitation,
hydrogeological and hydrochemical aspects; environmental
effects related to overexploitation; protective and corrective
measures in cases of overexploitation; legal and socioeconomic
problems related to aquifer overexploitation; and overexploited
aquifers in water resources management.

Official languages will be Spanish and English. Simultaneous
translation will be provided.

For more information contact:
Dr. Fermín Villarroya
Departamento de Geodinámica
Facultad de Ciencias Geológicas
Universidad Complutense
28040 Madrid, Spain
Telephone: 34 -1- 449 -73 -91

FAX: 34 -1- 243 -91 -62
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