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1 RAINWATER HARVESTING FOR AGRICULTURE

1.1 Experiencias En La Captacion De Agua De Lluvia Para
Consumo Humano, En El Estado De Oaxaca

Ing. Julián Rubén Ríos Ángeles
Gerente Regional Pacifico Sur, Comisión Nacional del Agua Reforma 905, Col. Centro,
Oaxaca CP.68000

I.- Introducción

El almacenamiento de agua de lluvia, es una opción que está siendo aprovechada, en las zonas rurales
del Estado de Oaxaca, especialmente en algunos municipios de las regiones de la Mixteca y Valles
Centrales, mediante la construcción de sistemas de captación de agua de lluvia de bajo costo mediante
la construcción de sistemas de captación de bajo costo, involucrando la participación de las
comunidades en su planeación, construcción y operación, lo que representa una alternativa real para
ampliar las coberturas de estos servicios básicos en el medio rural.

Debido a la dispersión geográfica de muchas localidades en las zonas altas de las sierras de Oaxaca,
durante la época de escasez (Noviembre a Mayo), agotándose las fuentes tradicionales de
abastecimiento como manantiales, dificultando el abasto de agua para cubrir sus necesidades y
representa una alternativa que puede ser utilizada para proyectos productivos y para el ganado.

El presente trabajo describe las características del “Programa de construcción de Sistemas de
Captación de Agua de Lluvia para Consumo Humano”, implementado por la Gerencia Regional
Pacifico Sur, de la Comisión Nacional del Agua, en localidades rurales de las Regiones de los Valles
Centrales y de La Mixteca a partir de junio de 1997, habiendo seleccionado como localidades Piloto:
El Carmen y La cañada en el Municipio de Santa Inés del Monte y la Reforma en el Municipio de
Santa Inés de Zaragoza.

En el 2001 en coordinación con el Centro Interdisciplinario de Investigación para el Desarrollo
Integral Regional Unidad Oaxaca del Instituto Politécnico Nacional se construyeron tres cisternas de
ferrocemento en la Agencia Municipal de San Francisco Yucucundo, en el Municipio de San Antonio
Huitepec, distrito: de Zaachila, en la Región de los Valles Centrales de Oaxaca .

1.2 Water Harvesting For Improved Rainfed Agriculture In Sub-
Saharan Africa: Potential, Constraints And Opportunities

Ines Beernaerts
FAO

Introduction

In 1996, at the World Food Summit, Heads of State reaffirmed the right of everyone to have access to
food security, expressed as a secure access at all times to safe and nutritious food. They also
committed themselves to halving the present number of 800,000 of undernourished people by 2015.
The achievement of this goal is central to the Strategic Framework of the Food and Agriculture
Organization of the United Nations.
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In many semi-arid regions of the world, irrigated agriculture alone will not be able to satisfy the future
demand for food. Rainfed agriculture still supplies about 60% of the world’s food and will continue to
play a major role in cereal production, which is by far the most important source of food, both for
direct human consumption and livestock production. In sub-Saharan Africa, rainfed cereal production
accounts for about 90% of total cereal production (IFPRI, 2002).

Since the mid-1960’s, the world has managed to raise cereal production by a billion tonnes. Over the
next 30 years, the challenge remains the same. As new land to put under agriculture is increasingly
limited, improvement of yield will continue to be the largest source of increase in crop production. In
sub-Saharan Africa, improvement of yield and area expansion account for 65 % and 35% of increased
food production respectively. While external support for agriculture has considerably decreased over
the last 20 years and resource-poor farmers have limited access to credit and other inputs, a number of
scenarios have shown that more rapid growth in rainfed yield and production could compensate for
reduced investment in irrigation (IFPRI, 2002). Hence, affordable technologies to increase crop yield
in rainfed agriculture would make a significant contribution to food security.

Low and irregular rainfall is a permanent threat to agriculture in many (semi-) arid areas. However, as
reported by Rockstrom (2001), even rainfed agriculture is characterized by low yields, generally
oscillating around 1 T ha-1, there are no agro-hydrological limitations to doubling or even quadrupling
on-farm staple food yields even in drought –prone environments, by producing more 'crop per drop' of
rain. Innovative rainfed management strategies are currently being identified to improve water
productivity within present farming systems. At present, one of the main issues lies with the creation
of an enabling environment for a wide dissemination of the available options.

1.3 The Use Of Demand-Side Irrigation Principle For Crop
Irrigation – The Sustainable Use Of RWCS

Yu-Si Fok
Emeritus Professor Civil and Environmental Engineering, and Emeritus Researcher, Water
Resources Research Center, University of Hawaii at Manoa, 2540 Dole Street, Honolulu,
Hawaii, 96822-2303, USA. Fax: 808-956-5014 or 5044, e-mail: fok@wiliki.eng.Hawaii.edu

Abstract

According to Fok and Mou (2001), the demand-side irrigation principle has been defined that the
water demand by crop determines the starting and stopping of irrigation water flow. In other words,
when the crop needs water, its signal will cause irrigation water to flow. And as soon as the crop water
demand is satisfied, the irrigation water will be turned off. This irrigation principle is an innovative
formulation to correct the waste of water by the current supply-side irrigation principle that was based
on the public water supply systems design principle. The design engineer determines the amount of
water supply to users according to budgeted money and time without concerning the water users’ need
and environment. Supply-side irrigation principle has the built-in water wastage because irrigation
scheduling does not tailored to crop water demand. The supply-side irrigation system works well
when water is plentiful. However, when water is a limiting factor for crop production, Demand-side
irrigation principle considers the crop as the decision maker, it can make every drop of water for
maintaining good crop production. Rainwater catchment systems (RWCS) have been used to provide
irrigation in semiarid and arid regions with very good results. This paper stresses the sustainable use
of RWCS in arid and semi arid regions irrigation to ensure high crop production and to improve
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farmers’ drinking water supply and their income. Two successful examples of sustainable RWCS
projects, one in Mexico and one in China, have been cited to fulfill the objectives of this paper. The
importance to attend higher irrigation efficiency is stressed.

1.4 Plano De Convivência Com A Seca Abastecimento Da
População Rural Difusa No Semi-Árido Do Nordeste Do Brasil

Dalvino Troccoli Franca
Brasília Maio 2003
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1.5 Water Harvesting In Southern Tunisia And Effect Of Soil
Tillage On The Soil Water Balance In The Semi-Arid Zone Of
The Loess Plateau Of Northern China

Donald Gabriels

W. Schiettecatte

W.M. Cornelis

K. Verbist

R.Hartmann
Department of Soil Management and Soil Care, International Centre for Eremology, Ghent
University, Belgium

M. Ouessar
Institut des Régions Arides, Médenine, Tunisia

H. Wu

D. Cai
Soil and Fertilizer Institute, Chinese Academy of Agricultural Sciences (CAAS), Beijing, P.R.
China

Abstract

Two case studies were conducted to investigate the effects of respectively water harvesting and soil
tillage practices on the soil-water balance in semi-arid regions. In southern Tunisia, the effect of a
jessr (consisting of a micro catchment, called impluvium, and a terrace) as water harvesting system at
Amrich in the Oued Oum Zessar watershed was evaluated on the conservation of soil and water. Field
rainfall simulations at the impluvium provided input data of infiltration and sediment transport which
were used to estimate runoff and erosion during rainfall events. The results indicated that large
amounts of runoff and sediment can be collected on the terrace, mainly depending on the rainfall
intensity rather than the total rainfall amount. Because of the water retention on the terrace, the jessr
system provides an efficient measure in reducing the transport of water and sediment downslope.

In the semi-arid region of the loess plateau of northern China, a field study on a winter wheat field
was carried out near Luoyang (Henan Province), to measure soil erosion rates and to compare the
water balance under different soil tillage practices. Analysis of the different components of the soil
water balance enabled to determine the most suitable tillage practices for crop growth. The
preliminary results show that subsoiling resulted in the highest increase in moisture storage and lowest
evaporation during the fallow period. A two-crop rotation with peanuts also show promising results,
mainly due to increased evaporation of the soil surface. No-tillage and conventional tillage gave
intermediate results, whereas reduced tillage was the worst alternative.

Keywords: water harvesting, jessr, impluvium, terrace, catchment to cropping ratio,
Tunisia, water balance, rainfall simulation, tillage, loess plateau, P.R. China



Proceedings of the 11th International Conference on Rain Water Catchment Systems: Abstracts

1.6 Water Harvesting And Soil Carbon Sequestration

R. Lal
Carbon Management and Sequestration Center, OARDC/FAES, The Ohio State University,
Columbus, OH 43210

Abstract

The world’s drylands cover 6.2 billion hectares or 47.2% of the earth’s land area and are a home to
about 1 billion of its inhabitants. With low, erratic and highly variable rainfall of 200 to 500 mm/y,
biomass productivity in dryland soils is severely constrained by the lack of adequate water supply.
Low return of crop/plant residues and biosolids is responsible for generally low soil organic carbon
(SOC) concentration of 0.2 to 0.8% in the surface horizon. However, soils of these ecoregions have
relatively high concentrations of soil inorganic carbon (SIC) comprising carbonates and bicarbonates.
Soil degradation and desertification are also severe problems in these regions. Water harvesting is a
feasible option for improving the water supply in dryland ecosystems. It involves collecting and
storing precipitation from sloping marginal lands for reuse on favorable soils in the valley bottom.
Recycling stored water for supplemental irrigation can increase crop yields and biomass productivity 3
to 4 times. Increase in biomass productivity through water harvesting and recycling can set-inmotion
soil restorative trends leading to an increase in SOC concentration and sequestration of secondary
carbonates. Transformation of drylands into agricultural or forestry lands through water harvesting
and recycling increases canopy cover, decreases ambient temperature and affects local and regional
climate. In addition, soil C sequestration decreases the rate of enrichment of atmospheric CO2. The
rate of SOC sequestration in dryland soils may be 50 to 200 kg C/ha/y, although high rates >1
Mg/ha/y have been reported in intensively managed irrigated croplands. Additional nutrients (N, P, S
etc.) needed for humification of C may be available through those contained in crop residues, and may
also be supplied through fertilizers, biological nitrogen fixation and nutrient cycling. Soil C
sequestration in dryland ecosystem is water rather than nutrient constrained, and a judicious use of
water harvesting strategy can enhance SOC and SIC sequestration with a major impact on the global C
cycle.

1.7 Multi-Faceted Use Of Rainwater Harvesting To Combat Water
Problems

K.F. Andrew Lo
Dept. of Natural Resources, Chinese Culture University, Taipei, Taiwan. E-mail:
ufab0043@ms5.hinet.net

Abstract

In most urban areas, supplying adequate water to meet ever-increasing population water demand and
to ensure equity access to water is the most urgent and significant challenges faced by most decision-
makers. There are two solutions to satisfy sustainable freshwater management: (1) finding alternate or
additional water resources, and (2) utilizing the limited available water resources efficiently. Up till
now much effort has been focused on the first option and only limited attention has been given to the
second choice. Among the various alternative technologies to augment freshwater resources, rainwater
harvesting is a decentralized, environmentally sound solution, which can avoid many environmental
problems, associated with centralized, conventional, large-scale project approaches.
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Rainwater harvesting is a technology used for collecting and storing rainwater for human use from
rooftops, land surfaces or rock catchments using simple techniques such as jars and pots as well as
engineered techniques. Rainwater harvesting has been practiced for more than 4,000 years. It is an
important water source in many areas with significant rainfall but lacking conventional, centralized
supply system. It is also a good option in areas where good quality fresh surface water or groundwater
is lacking. Appropriate application of rainwater harvesting technology is a feasible solution for global
water crisis.

1.8 Water Harvesting To Control Erosion And Enhance Vegetation
In Tucson, Arizona

Dorothy Motheral
Wildworks Landscapes, Inc., Tucson, Arizona, USA, Azdotty@earthlink.net

Water in the desert is a treasure, yet it can be destructive in certain situations. Five years ago we were
approached to remedy erosion and compaction problems on a quarter acre piece of a seven-acre
residential property in the Northwest part of Tucson, Arizona. In this case water drained off of two
large roofs and a huge patio and sheetflooded across a driveway. This flow joined sheetflooding from
the neighboring desert, gaining momentum as it traveled across bare, impermeable ground, until it
formed gullies on its way to a drainage ditch downstream. We developed a very simple water
catchement system that directed the water, slowed it, down, detained it and stored it in the soil. After
the construction of the water harvesting structures, we revegetated the area with native plants. Water
that had created a nuisance now aided the establishment of a beautiful natural area.

1.9 Potential Role Of Rainwater Harvesting In Coping With Water
Scarcity In West Asia And North Africa

Theib Y. Oweis
International Center for agricultural Research in the Dry Areas (ICARDA), P.O.Box 5466
Aleppo, Syria

Abstract

West Asia and North Africa (WANA) is probably the water-scarcest region of the world. Water
scarcity in this region is increasing and approaching levels where economic and social development is
seriously threatened. The drier environments of WANA, called steppe or badia, occupy the vast
majority of the land areas and mostly inhabited by disadvantaged people. The natural resources are
subject to degradation and the people’s income, which depends mainly on grazing, is continuously
declining. Due to harsh conditions, people have increasingly migrated to the cities inducing prohibited
costs, social and environmental problems.

The most important natural resource in the drier environments of WANA is rainfall. Although limited,
it is generally poorly managed and mostly lost with little benefits. To improve the living standards,
prevent migration and to reverse land degradation in this environment, an improved management of
the natural resources is essential. Improving the capture and the utilization efficiency of rainwater is
crucial for any meaningful integrated development in these areas.
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Rainwater harvesting is an ancient practice that improves the efficiency of rain through concentrating
it for proper use. The region has a wealth of indigenous knowledge and traditional practices that can
help in contributing to the solution. Implementing micro and macro-catchment techniques in several
countries of the region has shown great potential for improving production and combating
desertification. However, proper planning and ensuring farmers participation in the process were
found to be vital for any success. Issues of existing land tenor, national policies and public support are
often limiting the implementation of rainwater harvesting on a large scale.

1.10 Water Harvesting For Rural Livelihood Security Building
Resilience And Managing Risk In Savannah Agro-Ecosystems

Johan Rockström
WaterNet, University of Zimbabwe, PO Box MP 600 Harare, Zimbabwe, email:
rockstrom@eng.uz.ac.zw; tel: +263 (0)4 33, 67 25; fax +263 (0)9 33 67 40

Unesco-IHE, PO Box 3015 Delft, the Netherlands.

Abstract

There is an increased acknowledgement that there is a need of a green-green revolution in order to
secure food and livelihoods for rural poor in an environmentally sustainable way. Water harvesting
systems can provide an entry point to upgrading of smallholder rainfed farming systems in water
scarce regions. Here, risks for water induced crop failures are extremely high, affecting not only
livelihoods, but also risk perceptions. Water Harvesting can provide a tool for farmers to manage rain
induced risks, and thereby build social and ecological resilience.

This paper presents the agro-hydrological rationale for focusing on water harvesting for upgrading of
smallholder rainfed agriculture in tropical savannahs, identifies key management challenges in trying
to upgrade rainfed agriculture, and presents a set of field experiences on water harvesting options for
increased yields and water productivity while simultaneously building resilience in smallholder
farming in drought prone environments. Implications for watershed management are discussed, and
the links between water harvesting systems, and securing of water flow to sustain ecosystem services
are briefly analyzed. Focus is on sub- Saharan Africa hosting the largest food deficit and water
scarcity challenges.

The paper shows that there are no agro-hydrological limitations to doubling or even quadrupling on-
farm staple food yields even in drought prone environments, by producing more “crop per drop” of
rain. Field evidence is presented suggesting that meteorological dry spells are an important cause for
low yield levels and it is hypothesized that this may constitute a core driver behind farmers risk
aversion strategies, which contribute amongst others to the urgent soil fertility deficits due to
insignificant investments in fertilization.

Results are presented from field research on smallholder system innovations in the field of water
harvesting and conservation tillage. Upgrading rainfed production systems through supplemental
irrigation during short dry-spells is shown to improve yields and water productivity. Downstream
implications of increased upstream withdrawals of water for upgrading of rainfed food production are
discussed. Finally it is argued that some of the most exiting opportunities for water productivity
enhancements in rainfed agriculture are found in the realm of integrating components of irrigation
management within the context of rainfed farming, e.g., supplemental or micro irrigation for dry spell
mitigation. Combining such practices with management strategies that enhance soil infiltration,
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improve water holding capacity and plant water uptake potential can assist in unlocking the potential
of rainfed farming and thus constitute a first step towards a urgently needed green revolution, without
jeopardizing water flows to sustain ecosystem functions.

1.11 Uma Nova Abordagem Para Conservação De Água E Solo No
Espaço Rural Plantio Direto - Experiência Brasileira

Paulo Afonso Romano
Consultor/Oea/Srh

1) Introdução

2) Contextualização Do Problema Sob Os Aspectos: Ambiental,

Economico, Social, Político E Institucional/Legal

3) Perdas Pela Erosão Hídrica

4) Sustentabilidade Agrícola E Conservação De Água E Solo

5) Uma Perspectiva Otimista

6) Diretrizes Básicas Para Formulação De Uma Proposta De

“Agricultura Conservacionista”

7) O Plantio Direto Como Base Para Uma Agricultura Sustentável: A Experiência Brasileira

Trodução

No Brasil, em períodos recentes são muitos os casos de degradação pelo uso inadequado do espaço
físico e notadamente pela falta de cuidados no uso do solo e água. Tendo sido iniciado o processo de
ocupação territorial em condição de abundância de terra de elevada fertilidade, e com baixíssima a
dotação tecnológica (derrubada, queimada e semeadura), a agricultura empírica aí instalada,
entretanto, foi suficiente para abastecimento de uma pequena, porém crescente população e formação
dos primeiros ciclos econômicos do Brasil (cana de açúcar, algodão, café e pecuária) até a década de
50.

Mais recentemente a partir da década de 70, a forte migração interna, de famílias de agricultores do
Sul para o Centro OesteE PARTE DA Amazônia, de maneira organizada ou não, mas estimulada pela
oferta de terras e créditos baratos e abundantes construiu-se uma nova fronteira agrícola – a da Região
dos Cerrados, que hoje produz mais da metade dos grãos e carne do País, além de outros produtos
relevantes como café, algodão, etc com alta e média tecnologia.

Diferente da fase anteriormente mencionada, trata-se de agricultura exigente em tecnologias porque
implantada em solos pobres em nutrientes, mas altamente favoráveis à intensa mecanização. Além
disso, é cada dia mais comum o cultivo em seqüência para obtenção de 2 safras/ano: a safra normal
(primavera/verão) e a “safrinha”(verão/outono).

Um dos principais impactos sobre as águas é causado pelo assoreamento de cursos d’água e nascentes.
Observa-se neste caso que as áreas em referência situam-se predominantemente no Planalto Central
onde, por conseqüência da orografia, altitude e boas precipitações formam-se as principais bacias
hidrográficas brasileiras. São conhecidas as “Águas Emendadas”, no Distrito Federal, de elevado
simbolismo e onde nascem as bacias Amazônica, do Paraná e do São Francisco.
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Portanto, ao lado do uso intensivo do solo está a exposição da frágil rede hidrológica aos impactos do
processo produtivo quando não baseado em práticas conservacionistas.

Há forte preocupação também com o especial ecossistema do Pantanal cuja qualidade e quantidade de
água dependem dos processos de uso do solo nas chapadas (parte alta) a sua montante. São notáveis os
prejuízos com o assoreamento daquele único e complexo ambiente, com incalculáveis prejuízos de
toda ordem, como já evidente na sub-bacia do Rio Taquari.

É sempre oportuno salientar que na natureza é melhor “prevenir que remediar”. Os custos de
recuperação são, às vezes, insuportáveis para a sociedade, e pior, raramente se consegue o retorno ao
nível natural anterior à degradação.

1.12 Striving To Sustain The Soil Resource Base While Increasing
Crop Production In Semiarid Regions

B.A. Stewart
West Texas A&M University, U.S.A.

Sergio Benedicto Valdes
Colegio de Postgraduados, Mexico

Introduction

Sustainability is an important word today in many writings. It is particularly important in agricultural
discussions because even though world population has more than doubled in the past 50 years, the
production of food and fiber has increased even faster. Many, however, question whether or not these
production rates can be sustained, and more importantly, can the soil resource base be sustained as
more and more intensification occurs? There are many different concepts of sustainable agriculture,
but none is commonly accepted. Sustainability, to many, conveys the idea of a balance between
human needs and environmental concerns. The American Society of Agronomy defined sustainable
agriculture as one that, over the long term, enhances environmental quality and the resources base on
which agriculture depends, provides for basic human food and fiber needs, is economically viable, and
enhances the quality of life for farmers and society as a whole (Schaller, 1990). Similarly, the United
States Congress defined sustainability in the 1990 Farm Bill as an integrated system of plant and
animal practices having a site-specific application that will over the long term: satisfy human food and
fiber needs; enhance environmental quality and the natural resource base upon which the agriculture
economy depends; make the most efficient use of nonrenewable resources and on-farm resources and
integrate, where appropriate, natural biological cycles and controls; sustain the economic viability of
farm operations; and enhance the quality of life for farmers and society as a whole. Ruttan (1989)
proposed, as a guide to research, that the definition of sustainability should include (i) the
development of technology and practices that maintain and/or enhance the quality of land and water
resources, and (ii) the improvement in plants and animals and the advances in production practices
that will facilitate the substitution of biological technology for chemical technology. The first part of
the Ruttan definition is similar to that of the United States Congress, but the second part of the Ruttan
definition emphasizes more reliance on biological technology as opposed to chemical technology.
Sustainability should be considered dynamic because, ultimately, it will reflect the changing needs of
an increasing global population. The common thread among all definitions of sustainability, however,
is that quality of the resource base should be enhanced.
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1.13 Rainfall Harvesting Using Sand Ditches In Jordan

Dr. Majed Abu-Zreig
Associate Professor, Department of Biosystems Engineering, College of Engineering, Jordan
University of Science and Technology, PO Box 3030, Irbid 22110, JORDAN, Fax: +962-2-
7095018; e-mail: majed@just.edu.jo

Abstract

Rainfall harvesting in dry agricultural areas increases soil water availability for plant during the
growing season, thus increases crop production. Collected rainfall can be stored directly into soil for
crop production which includes the use of terraces, rippers, contour ridges, and similar types of water
harvesting methods. However, the efficiency of these methods is limited by the infiltration
characteristics of soil and climatic conditions. In rain-fed agricultural areas in the northern Jordan soils
are predominantly clay having very low infiltration rate. In such cases the depth of water infiltration is
very small and water may remain in the upper layer of the soil profile. With high evaporation rate,
collected water is lost to the atmosphere in very short time and could not be available for plants.

A field experiment was initiated since 1996 to harvest rainfall in northern Jordan and store it deeper in
the soil profile to reduce the effect of evaporation. The experiment consists of digging experimental
trenchs with a depth of 80 cm, 5 m length and 1 m width across land slope between two rows of olive
trees. The trenches are filled up to the original soil level using local deposits and sand with large
infiltration rate. These filled trenches, called sand ditches, are expected to collect rainfall, intercept
runoff and store water in the surrounding soil at higher depths to be used by plants for longer period of
time. It can be a very efficient method since it increases water infiltration and prevents evaporation
during the growing season. The efficiency of sand ditches in storing water was assessed by monitoring
soil moisture condition and depth of infiltration in the sand ditch area, which is the 35 m2 area located
between four olive trees, and at a control area without sand ditch using an auger hole. The amount of
water stored in the soil can be calculated in each time interval and compared with total rainfall.
Experimental results indicated that sand ditches increased both the percentage of rainfall stored in soil
matrix and the infiltration depth of water during winter seasons. At one of the experimental areas in
February 23, 2000, the infiltration depth and water content in the sand ditch area were 100 cm and
28%, respectively compared to only 68 cm and 19% in the control area, respectively. During the same
period, the calculated ratio of water depth stored in the sand ditch area

1.14 Barraginhas Para Captação De Água De Chuvas, Recuperação
De Área Degradadas E Regeneração De Mananciais - A, B, C E
D - Fases Da Mobilização

Introdução

O desmatamento desorganizado no Brasil Central, acelerado a partir da década de 70 para produção de
carvão vegetal e a conversão desses ecossistemas naturais em lavouras e pastagens, sem a utilização
de tecnologias adequadas, resultou em danos irreparáveis ao meio ambiente, principalmente em
relação à conservação da água e do solo, em particular na compactação do solo causada por patas de
bois e por pneus de tratores. A conseqüência imediata foi a redução da taxa de infiltração da água no
solo; iniciando o escorrimento superficial da água de chuvas, provocando erosão, principalmente do
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tipo laminar, que degrada e empobrece o solo, Figura 1, além de carrear assoreamento e poluentes aos
rios, também provocando enchentes e diminuindo a sustentabilidade produtiva agrícola.

Unidade Demonstrativa

Visando reverter esse quadro, durante o ano de 1995, em Sete Lagoas-MG, com média pluviométrica
de 1350mm, foi criada uma unidade demonstrativa numa propriedade de 70ha na micro-bacia do
Ribeirão Paiol, onde foram construídas dispersamente 30 barraginhas contentoras de enxurradas,
Figura 2, complementadas com curvas de nível, que contêm também fontes poluidoras veiculadas
pelas águas, além de forçar a recarga das reservas subterrâneas pela elevação do lençol freático,
armazenando água de boa qualidade na esponja porosa do solo através da infiltração, Figura 3,
revitalizando mananciais e rios, e ainda, amenizando os efeitos das secas e veranicos em lavouras
localizadas nas partes baixas das propriedades. Cada barraginha recarrega 80m3, de 10 a 15 vezes ao
ano, transferindo um volume de 800 a 1200m3 ao lençol freático, ao custo de R$0,03/m3 (três
centavos cada m3 no primeiro ano), e R$0,01/m3 acumulados em 3 anos.

1.15 Microfarm Project Using Simplified Hydroponics And
Fertigation In The Lerma Chapala Basin

Peggy Bradley
International Director, Institute of Simplified Hydroponics, Tehuacan Mexico

Raanan Katzir
Sustainable Agriculture Consulting Group, Tel Aviv, Israel

Abstract

Unsustainable water use in the Lake Chapala Lerma River watershed is reducing the lake levels and
depleting some of the 37 watershed aquifers. Currently irrigation for agriculture is using 86.5 % of the
water in the watershed, overusing an estimated 1.4 to 1.9 billion m3 of water each year.

A microfarm project is proposed for the basin to increase productivity of farmers, utilize degraded
lands and reduce water requirements for farming. The microfarm is designed for a family using a
hectare of land to produce from 40 to 140 kg of agricultural products a day. The farm uses simplified
hydroponics and Israeli fertigation techniques to reduce the amount of land and water required to grow
produce.

Rainwater is captured for use on the microfarm. Fish ponds of 1060 m3 capture and store rainwater
and drip irrigation fields utilize the fish waste water. Watershed average precipitation of 736 mm a
year provides 7360 m3 of water falling on a microfarm hectare each year. The microfields are
estimated to require about 1440 m3 a year and fish pond evaporation is estimated at 1964 m3 a year.
The total 3344 m3a year are less than available rainfall so if sufficient water can be captured,
irrigation will not be required.

In the Lerma Chapala watershed, of the 78,000 farmers, 52,125 are classified as small farmers.
Currently 820,000 hectares are irrigated and an estimated three million hectares are in agricultural
production. These practices currently use at least 6.5 billion m3 of water. If microfarms use 3444 m3 of
water per year, the estimated 52,125 small farmers would require total water of about .170 billion m3

of water a year on 52125 hectares of land. Reduction in land space and water could relieve the excess
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water use in the area, restoring both lake levels and aquifer waters. As estimated 3.2 billion m3 of
water could be saved with this change in practice.

1.16 Water Harvesting In Nature

Russ Buhrow
Curator of Plants, Tohono Chul Park

Abstract

Water harvesting predates humans by millions of years. Landforms and local microtopography
concentrate water which enhances plant growth. Some plants have developed specialized forms that
capture and direct rainwater where the plant's roots can absorb it. Foothill palo verde (Cercidium
microphyllum) has upward reaching branches that rapidly drain water to the base of the tree. This
semisucculent tree then rapidly absorbs the water and stores it internally. Water is effectively captured
with as little as 0.01" (0.25 mm) of rainfall or even heavy dew. Soaptree yucca (Yucca elata) collects
water with its upper leaves, brings the water to near its center, then sends the water outward from its
lower leaves in a pattern resembling a pattern of modern drip irrigation emitters. The plant's roots are
splayed outward in the area wetted. The water is also released more slowly than it falls onto the plant,
at least in short rainfall events, allowing more of the water to infiltrate the soil. Other plants rapidly
absorb and store what little water falls as rain from the soil. Saguaro (Carnegiea gigantea) and barrel
cacti (Ferocactus spp.) stud the deserts with living "cisterns". Still other plants filter water droplets
from fog, effectively "creating" rainfall. In Baja California, Mexico, the boojum or cirio (Fouquieria
columnaris) supplements the sparse rainfall (as little as 4" (100 mm) annually) with water filtered
from the occasional fogs by its numerous spiny branches. In Cabo Verde, West Africa pines planted
an the mountain ridgetops of the islands collect enough water from passing clouds to provide
sufficient water for themselves and to recharge groundwater. The function of specialized leaves of
desert plants, especially creosote (Larrea tridentata) is postulated to be raindrop collector/absorbers.
The reason for deep roots penetrating into perennially dry soil horizons is proposed as an
"ectosucculent" mechanism

1.17 Development Of The Sinagua Garden At Tohono Chul Park

Russ Buhrow
Curator of Plants, Tohono Chul Park

Abstract

Tohono Chul Park is an educational, cultural and nature center located in northwestern Tucson,
Arizona, USA. For many years, Tohono Chul has incorporated passive water harvesting into its
gardens. We wished to develop an education/demonstration garden that was both beautiful and relied
on little or no irrigation usage. We wanted to use only the rain that fell on the garden and what runoff
could be collected from the adjacent parking lot and other upslope land. The site selected was the
approximately ¼ acre former employee parking lot. An estimated 1.5 acres forms the watershed, with
about ½ acre of paved parking lot, which generates most of the runoff in ordinary rainfall events. The
site was prepared by stripping away the old paving and gravel. The soil was loosened to a depth of 3-6
feet to break up a nearly impermeable caliche layer and to provide a deep soil for soil water storage.
The area was then graded into 6 terraced plots which could be watered from a canal which served as
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the conduit form the watershed to the garden. After grading, about 3- 6 inches of silt loam topsoil was
added to the surface of each plot. Initial water yields indicate that a 1" rainfall event will fill all the
plots to a depth of 6" (150 mm). Water reaches the garden with as little as 0.05" (1.2 mm). Plants will
be installed in the summer of 2003 with garden completion later that year.

1.18 Modelos De Prediccion Para Crecimiento En Plantas Del
Semidesierto Con El Uso De Componentes Principales

Prediction Models For Growth In Semidesert Plants With Use
Of The Principal Components

José Dimas López Martínez
División de Estudios de Posgrado, Facultad de Agricultura y Zootecnia, Universidad Juárez
del Estado de Durango,

Román González Pérez
Apartado postal 142, 35000 Gómez Palacio, Dgo. E.mail: jose_dimaslopez@hotmail.com;
roman_gonzalez@hotmail.com

Resumen

La región lagunera que tiene un clima árido con precipitaciones escasas durante el año (240 mm) tiene
serias limitantes de agua para una agricultura intensiva, por lo cual debe también aprovecharse de una
manera sustentable aquellas plantas nativas y así sus habitantes mejorar su calidad de vida. Por ello,
en el período de mayo a noviembre de 1998, se estudiaron dos especies vegetales, una nativa que es la
sangre de drago (Jatropha dioica ) y una introducida que es la gobernadora (Larrea tridentata) en dos
sitios de dos localidades del cañón de Jimulco ; San Antonio de Zaragoza, del municipio de Simón
Bolívar Dgo y Juan Eugenio de Torreón Coahuila. En cada sitio se estudiaron 25 plantas in situ de
cada especie, de inicio se hizo el análisis físico y químico del suelo, durante el periodo a cada planta
se le midió el contenido de humedad en el suelo, , la altura de planta, y al final de la estación Húmeda,
la cobertura por planta, número de tallos, longitud de raíz, diámetro de raíz, así como el peso húmedo
y seco de la planta. Los datos finales se utilizaron para un análisis multivariado con Componentes
Principales para cada especie y donde se buscó aquella variable que más explicará el crecimiento de la
planta. Demostrando los resultados que tanto en la sangre de drago como en la gobernadora las
variables predictoras de crecimiento no fueron altamente significativas siendo necesario eliminar la
altura y o el diámetro de raíz por su baja relación así como incluir otras variables que pueden ser del
aspecto suelo y clima.

Palabras clave: nativas, introducidas , sustentabilidad, componentes principales.
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1.19 El Sistema De Pretiles De San Antonio Juárez, Puebla: Un
Diseño Para La Formación Y La Utilización De Suelos Y El
Manejo Del Agua.

MC Efraín Inzunza Inzunza
Estudiante de Doctorado del Programa en Edafología. Colegio de Postgraduados.
inzunza56@yahoo.com.mx

Dr. Fernando Manzo Ramos
Profesor Investigador Asociado, CP-Programa en Estudios del Desarrollo Rural. Carretera
México-Texcoco Km. 35.5, Montecillo, Texcoco, Edo. de México CP 56230, México. e-mail:
fmanzo@colpos.mx

Introducción

El propósito de este trabajo es describir los elementos del medio físico y los detalles técnicos, que
sustentan la realización de una práctica que se realiza en terrenos de la comunidad de San Antonio
Juárez, Puebla; ésta, en un primer contacto, podría definirse como una práctica mecánica de
conservación de suelo y agua, y que localmente denominan pretiles (bardas de lajas de tepetate,
construidas siguiendo curvas a nivel, que con el transcurrir del tiempo permiten la formación de
terrazas). Conceptualmente, y desde el punto de vista práctico de los habitantes de esta comunidad, los
pretiles son bardas que les brindan la posibilidad de disponer de una pequeña área de terreno con un
suelo de espesor mínimo para realizar la actividad agrícola, mediante la cual pueden cosechar maíz,
fríjol y trigo, que son granos básicos en su alimentación. Es decir, para ellos no es una práctica cuya
finalidad es conservar suelo por el sólo hecho de conservarlo sino que los pretiles son mucho más que
eso. También es objetivo del presente trabajo revisar las condiciones culturales, sociales y económicas
que conforman el marco referencial dentro del cual se realiza esta práctica.

1.20 Research Progress Of New Modes And Materials For
Rainwater Harvesting

Feng Hao Wu Pute Gao Jian’en Niu Wenquan Wu Shufang Yu Hailong
Institute of Soil and Water Conservation, Chinese Academy of Sciences; North western Sci-
Tech University ofAgriculture and Forestry; National Engineering Research Center for Water
Saving Irrigation at Yangling)

Abstract

Based on the research results of two kinds of rainwater utilization modes of increasing infiltration and
increasing runoff, the paper suggest to combine and assemble two modes in space and time to supply a
suitable soil environment and ensure available water resource for crops. In order to increase
infiltration, it was sprayed on the surface of the soil some kind of macromolecule compound such as
polyacrylic acid, polyvinyl alcohol and urea-formaldehyde resin. The results showed that soil structure
and the performance index including soil aggregation, soil infiltration rate, soil bulk density and water
conservation capacity were remarkably promoted, and the polyacrylic acid was excellent. In addition,
new rainwater catchments materials as HEC (High Strength and Water Stability Earth Consolidator),
organic silicone and low-grade plant were discussed. These materials have the advantages of
convenient construction, simple craftwork, low cost, high efficiency and cause no pollution.
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1.21 Nutrient Residual In An Irrigation Pond - A Case Study Of
Higashiike -

Ken Hiramatsu

Hiroshi Itagaki
Department of Land and Water Engineering, Gifu University, Gifu, Japan

Akihiro Sato

Toshihiko Kawachi
Division of Environmental Science and Technology, Kyoto University, Kyoto, Japan

Abstract

Irrigation ponds called ‘Tameike’ that are a kind of Japanese traditional RHW are built to store
precipitations and supply them to farmland. About 11.4% of the total irrigation water is supplied from
irrigation ponds in Japan. It has, however, been known that they work not only for water storage but
also purification of water. The catchment area of most ponds consists of forests and mountains, but
some ponds have paddy field or dry field in their catchment area. In such a case, the runoff contains
considerable nutrients of phosphorus and nitrogen due to fertilizers and therefore, quite large amount
of nutrients drift into the pond. Meanwhile, some of them settle down to the bottom and are consumed
by phytoplankton and aquatic plants during the retention time. Consequently, nutrients move away
from the water and stay in the pond. Then, the water that is reused for irrigation and miscellaneous
purposes is purified. It is, however, still unclear that how much they stay behind. In this research, their
residual ratios are discussed by investigating the balance of nutrients in a study pond, Higashi-Ike that
is a small shallow pond with a capacity of 2,400 cubic meters and has paddy field with an area of
about 5,200 square meters in its catchment area. As a result, 37.61kg of nitrogen and 11.90kg of
phosphorus flowed into the pond and 7.5% and 50 % of them remained, respectively, in the research
period. In addition, it becomes clear that the residual ratio is closely related with the fertilizing terms.

1.22 Water Harvesting And Management In Semi Arid Regions

Richard Jennings
Earthwrights Designs, Email:ezentrix@aol.com

Abstract

Santa Fe, New Mexico, is semiarid with an average of 250 to 350 mm of precipitation per year
depending on proximity to the mountains. This amount is affected by 40 year drought cycles that have
been shown by tree ring evidence over the last 2000 years. The City's water comes 40% from surface
water in the watershed which is vulnerable to fire and ecological disaster. The other 60% is from
groundwater which has problems of pollution and aquifer collapse. This makes every drop precious.
The residents of Santa Fe have one of the lowest per capita water usage rates in the Southwestern
USA, yet the city has come dangerously close to running short of water. Restrictions are now in place
that limit new construction and use of water. Water harvesting, stormwater management, and effluent
recycling are part of an integrated strategy for dealing with Santa Fe’s water issues. Water is similar to
money in that it is accumulated, saved, and spent. Like money, it can be budgeted. A water budget
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accounts for the supply of ground and surface water, precipitation, and effluent reuse. It considers
water expenditures both inside and outside of the built environment. In a sustainable water budget,
rainwater harvesting is a key to design and planning. The harvesting must be considered as active
systems using cisterns for storage, and passive harvesting using gravity and living soils for storage.
Like most semi arid areas, Santa Fe’s precipitation is seasonal and can come from just a few large
events. This makes the process of budgeting critical to the success of any system. This paper will
examine design principles, methods, and systems for water management. The themes of budgeting,
passive vs. active systems, matching quality to purpose, and finding the simplest solution will be
presented. Several new hybrid systems invented by the author will be included.

1.23 Sistemas De Aprovisionamiento De Agua Para Consumo
Doméstico En Tres Comunidades, De La Porción Alta Del Río
Temascatío, Estado De Guanajuato, México.

Mercedes Jiménez Velázquez
Profesora Investigadora. Especialidad en Estudios del Desarrollo Rural, Instituto de
Socioeconomía, Estadística e Informática, Colegio de Postgraduados en Ciencias Agrícolas,
Montecillo, México. C.P.56230. E mail: mercedes@colpos.mx

Gaiska Asteinza Bilbao
Profesor Investigador. Departamento de Fitotecnia, Universidad Autónoma Chapingo,
México. C.P.56230. Email: mercedes@colpos.mx

Introducción

El presente trabajo se inicia con una breve introducción sobre la relevancia de la disponibilidad de
agua a escala internacional, en la región latinoamericana, México y sus repercusiones. Posteriormente,
se aborda el estudio del sistema de suministro de agua para consumo doméstico en tres comunidades
de la porción alta del río Temascatío, Guanajuato, México. La investigación, analiza las formas en que
estos habitantes cubren sus necesidades de aprovisionamiento cotidiano, destacando aspectos como el
consumo de agua per capita semanal, tiempo invertido en el proceso de abasto, actividades por género,
animales de carga involucrados; además, el valor implícito no remunerado de esas labores. Por otra
parte, se examinan los efectos de programas de suministro de agua de los ámbitos estatales,
municipales y civiles aplicados en la zona; su impacto, la complementariedad o antagonismo entre
instancias gubernamentales y organismos privados; así como, respuestas comunitarias a dichos planes.
Finalmente se da cuenta de la dotación actual y la proporción del agua recibida, derivada de los
programas y formas tradicionales de aprovisionamiento. En la obtención de información se utilizaron
técnicas de investigación de campo con entrevistas dirigidas y abiertas; se empleó la metodología
Reflect-Action, útil en comunidades donde la mayoría de la población es analfabeta, localmente para
conocer el sistema de trabajo familiar y el papel de las mujeres y niños, particularmente en el trabajo
de acopio de agua (Archer, 1997:189) Los cálculos de los ingresos no remunerados (2002) para
realizar el acarreo se obtuvieron, cuantificando los jornales necesarios en el proceso de colecta para
consumo doméstico; así como la fuerza de trabajo animal empleada.
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1.24 Rainwater Use Combined With Rooftop Vegetation Using
Recycled Material
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Kunihiko Kitamura
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Introduction

In Japan for the last few decades we have considered our life of use-and-discard that is dependent on
large-scale production and mass consumption to be common and enjoyed our life abundant in
commodity. We, however, confront serious problems of increasing amount of waste, unlawful
dumping of waste, and scanty place for dumping. Because such our life is dependent on the use of
natural resources of which amounts are limited, it is necessary to increase efficiency of their use so
that we can use them sustainably in future. It is not considered that waste has the value as a resource
and we only discard it. Therefore, we must concern their recycling effectively as a resource to resolve
the above-mentioned problems.

We have changed natural environment to artificial one to make our living environment more
convenient and comfortable. As a result, artificial environment has been expanded, which has become
clearly the main cause of environmental problems, e.g. urban flood, and heat island, etc. For example,
large parts of ground surface in urban area have been covered with artificial structures constructed of
concrete and asphalt. The ground surface with excessive cover prevents rain from permeating into
ground quickly, which often causes the urban flood under heavy rain. Since increasing of the area of
the covered ground surface has decreased the green space ratio and the areas of the uncovered ground
surface, the amount of evapotranspiration from them has been decreased. The structures constructed of
concrete and asphalt have large thermal storage effect because of a large thermal capacity of concrete
and asphalt. The area of the ground surface covered with them has increased. Both facts above-
mentioned are considered as one of cause of heat island.

Rainwater use facility is recognized as one of methods that contribute to the alleviation of
environmental problems, i.e., prevention of urban flood, and saving city water of which main source is
depending on the reservoirs located far from urban areas. Therefore large-scale rainwater use facilities
installed in the public buildings are increasing in number. However, it is expected that much more
rainwater use facilities will be installed widely in order to make remarkable effect by their installation.
In the last several years number of local governments which subsidize all or part of costs necessary for
their installations to the individuals or the companies has been increased for further promotion.

It is reported that rooftop vegetations can alleviate heat environmental problems, i.e., heat islands and
they can also prevent causing of urban flood so that their drainage parts and soil where the vegetations
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are planted can temporary store rainwater. When rooftop vegetation is installed, several constraints,
such as maximum loads, method to water, waterproofing, etc. are necessary to be met. Many methods
have been developed and used to in practical to solve them.

In this paper, from a viewpoint of saving of water resource, prevention of urban flood, improvement
of environment, and effective use of waste as a resource by recycling, a small-scale rainwater use
facility with vegetation using a material made of waste glass as a culture soil was created.

The experiment was performed to observe whether vegetation grows in the combined facilities and
whether vegetation is supplied with stored rainwater. The result suggests that it can possibly work as
both of water storage and vegetation.

1.25 Water Harvesting and Institutional Strengthening in Tigray –
Ethiopia

Fred A. Kraft
Director – International Projects, Agriculture and Agri-Food Canada, PFRA, Edmonton,
Alberta, Canada, T6R 1P2, kraftf@agr.gc.ca

Introduction

The Government of Canada through its International Development Agency (CIDA) and Department
of Agriculture, is providing technical assistance on water harvesting, to the Government of Ethiopia
within the northernmost province of Tigray. The purpose of the project, entitled Water Harvesting and
Institutional Strengthening in Tigray (WHIST), is to improve food security in the drought and famine
prone areas of the province.

1.26 Estado Hídrico Del Cultivo De Frijol En Microcuencas De
Captación De Agua De Lluvia

A. Legaspi

H. Nicolas

J.-P. Rossignol

J. L. Tovar.
Unidad Académica de Agronomía, Universidad Autónoma de Zacatecas. Jardín Juárez 147,
Zacatecas, Zac. CP 98000, México. E-MAIL leg@cantera.reduaz.mx

Summary

The purpose of this study was to evaluate the effect of rainfall water collection techniques on hydric
conditions of bean plants (Phaseolus vulgaris L.). The study was carried out under crop water stress
index (CWSI), using four treatments and the control. Treatments consisted of four micro-watersheds
that were separated by 1.0, 1.2,1.4, and 1.6 m and the control was a 0.8 m wide furrow without rainfall
water collection. Results showed that yields decrease in response to the increase of this index value.

Index words: Plant temperature, infrared thermometer, micro-watershed, Phaseolus vulgaris.
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1.27 Agua:Santuarios del Agua

Ciénegas del Lerma

1.28 Gestão Participativa De Recursos Hídricos No Vale Do
Jequitinhonha: Estudo De Caso – Sub-Bacia Do Rio
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Georgheton Melo Nogueira
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Caritamg.Valquiria@Terra.Com.Br

Resumo

As formas de apropriação e uso dos recursos naturais pelos atores locais, revelam uma relação
intrínseca entre o homem e a natureza, sendo essa responsável pelas mudanças estabelecidas no meio.
Este aspecto leva-nos a refletir sobre a capacidade de transformação que as populações têm sobre o
meio ambiente em que vivem, sendo na maioria das vezes desconsiderada na realização de
intervenções. Neste sentido, este trabalho retrata a experiência do Projeto Gestão Participativa de
Recursos Hídricos no Vale do Jequitinhonha - Estudo de Caso: Sub-bacia do rio Calhauzinho, que
buscou considerar os produtores(as) envolvidos(as) como sujeitos, com capacidade de mudar
determinada realidade, e não simplesmente como objetos passivos diante de mudanças externas. O
Projeto também objetivou desenvolver referências técnicas e metodológicas de gestão e a construção
de um Plano de Desenvolvimento, a partir de unidade geoambiental (sub-bacia), em detrimento da
prática comum que atrela desenvolvimento a fatores geopolíticos. Realizou-se as etapas de
Sensibilização, Diagnóstico (DRP e Estudo Geohidroambiental) e Planejamento Participativo,
abrangendo as 23 comunidades rurais inseridas na sub-bacia, levantando-se informações referentes a
aspectos sociais, ambientais, econômicos, culturais e políticos, caracterizando uma ampla base de
critérios para a elaboração de um plano estratégico de ações.

PALAVRAS CHAVE: Gestão Participativa / Recursos Hídricos / Desenvolvimento Rural Sustentável

Abstract

The ways local users appropriate and use natural resources reveals an intrinsic relationship between
men and nature, generating the changes produced upon the environment. This aspect leads to
considerations on the transforming capacity of population on the environment where they live, what is
often neglected when interventions processes are proposed. This work describes the experience
derived from the project Gestão Participativa de Recursos Hídricos no Vale do Jequitinhonha – Estudo
de Caso: Sub-bacia do rio Calhauzinho (Collaborative Management of Hydrographic Resources in
Jequitinhonha Valley – A Case Study: Calhauzinho sub-basin), that considers the involved producers
as subjects able to change their reality in steady of passively receptors of external changes. The
Project also aims to develop technical and methodological references and the proposal of a
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experiment three indicated in one location (Texcoco, state of Mexico) that the timing treatments with
tied-ridges produced similar wheat grain yields. However, the average yields for these treatments were
greater compared to the open furrow treatment

1.31 Distribution Pattern Of Precipitation And Its Evolution
Characters In The Yellow River Basin, China

Changming Liu
Institute of Environmental Sciences and Technology, Beijing Normal University, Beijing,
China, 100857;

Hongxing Zheng
Institute of Geographical Sciences and Natural Resources Research, CAS, Beijing, China,
100101

Abstract

The spatial patterns of precipitation are of great importance in hydrology as well as in water resources
management. Especially, with the developing of the distributed hydrological model and rationally
utilizing rainwater, it has attracted more and more research interests. The Yellow river is the second
largest river in China, lying in the climatic zones of semi-humid, semi-arid and arid. Rainfall in the
Yellow River basin is highly uneven. This paper has focused on the spatial patterns of precipitation in
the Yellow River Basin with the method of EOF (Empirical Orthogonal Function). Considering the
impacts of climatic change, the evolution characters of the spatial pattern have also been shown
herein.

1.32 Disponibilidad De Agua Para El Cultivo De Sorgo En Un
Alfisol De Venezuela, Bajo Diferentes Sistemas De Labranza.

Deyanira Lobo Luján
Universidad Central de Venezuela, Facultad de Agronomía, Instituto de Edafología. Maracay,
Venezuela. E-mail: lobod@agr.ucv.ve

Introducción

El manejo sostenible del suelo en la agricultura, consiste en el uso del suelo como recurso para la
producción de bienes y servicios agrícolas con el fin de satisfacer las necesidades humanas, y así
asegurar las funciones ecológicas y socioeconómicas del suelo a largo plazo (Grieder, 1995, citado por
Delgado, 2001). Con relación a este aspecto, Pla (1995) afirma que el término sostenible implica
rendimientos sostenidos en el tiempo, sin degradación de los recursos y la reducción de costos de
producción.

Entre las opciones tecnológicas para el manejo conservacionista de los suelos, se encuentran las
prácticas de labranza (labranza reducida, labranza vertical, labranza sobre cubiertas (mulch), siembra
directa, entre otras), programas de fertilización, incorporación de restos de cosechas, incorporación de
abonos orgánicos, abonos verdes, enmiendas para suelos ácidos y sódicos, cultivos de coberturas,
rotación de cultivos, cultivos en contorno, manejo de residuos, etc.

El objetivo general de la labranza, es modificar por medios mecánicos las condiciones originales del
suelo para mejorarlas, produciendo efectos directos sobre los procesos y propiedades físicas e






