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Abstract

Mexico is rich in ancient and traditional technologies (dating back to the Aztecs and Mayas) on natural resources management; however, a growing demand for water and increasing costs of water supply for domestic use and agriculture production are resulting in a need for Mexicans to maximize the use of diverse water supplies.

In the near future it will be necessary to reinforce programs and projects to face the increasing demand for water and to avoid serious social problems.

Mexico, a country with 200 million hectares, an average annual rainfall of 700 mm and a population of 100 million people, has 1 400 000 million m3 water from rainfall. This gives an annual average of 14 000 m3/person, enough for domestic use and agriculture production.

Currently different water catchment systems are used in Mexico: 1) for domestic use (water collection from roofs and paved land surfaces) and 2) for agriculture production (microcatchments, contour ridges, trapezoidal bunds, permeable rock dams, water spreading bunds, contour stone bunds and others).

1. Introduction

Optimum rainwater catchment systems in arid, semiarid and sub-humid ecosystems are essential for rural development and food production. Mexico is rich in traditional and indigenous technologies developed by Aztec and Maya civilizations.

Agriculture has long been recognized as an unstable sector of the national economy. In today’s world every country should be self-sufficient in food production, otherwise poverty, misery and migration will have a drastic affect on rural developments.

Evidence shows that rainfall has been collected since memorial times for agriculture, livestock, and human purposes. Technologies on rainwater catchment systems have been developed empirically rather than scientifically.

Mexico currently farms 22 million ha of its land, 70% under rain-fed conditions. This is a potential dangerous situation since, giving the projected population of 105 million by the year 2000 and an upper limit of farmable land of about 24 million ha, the country will have an average of only 0.23 ha per capita at its disposal. If adequate measures are not taken, misery, migration and famine will surely result.

Rainwater catchment systems merit consideration as a component of a large-scale water resource development; it is a need to establish national and municipal programs for the diffusion of alternative technologies. Mexico has already dynamic growing demands for water, mainly for basic crops and forage production.

2. Desertification in Mexico

Mexico’s vast arid zones are prone to desertification caused by soil erosion, which makes the land more vulnerable to the ravages of the wind and sun. Intensive agriculture leaves the soil less fertile. Poverty and inadequate education make introducing effective land management systems difficult (Anaya, 1997).

Arid and semiarid areas make up 70% of Mexico’s land mass, which is three times the size of Texas. The 20 million Mexican farmers who live in these parched regions harbor little hope to persevere on the land that their ancestor have tilled for centuries. As result, each year, about 900,000 of these long-time rural inhabitants migrate to Mexico’s urban centers or cross the border into the United States, seeking a better life.

3. Drought in Mexico

Droughts are unavoidable, provoke natural disasters, reduce yields of agricultural crops, and affect human cultural patterns. Unfortunately, studies of climatic change do not provide an adequate understanding of cycles of recurring droughts.

In Mexico during the period form 1521 to 1910, 127 droughts took place. The most severe started in 1901 and lasted 3 years, affecting the central part of the country. In 1923, 1925, and 1927, other severe droughts occurred. In 1982, due to a severe dry condition, Mexico had to import 7 million kg basic grains. In 1998, hundreds of thousands animals died due to a severe scarcity of forage, seriously affecting the nutrition levels of rural communities. Drought and irregular rainfall patterns produced severe damages in agriculture production.

4. Water Catchment Systems in Mexico

4.1. Ancient water catchment systems in Mexico The key feature of ancient water catchment, namely, its close association with the key staples of pre-Columbian diet: corn, beans, squash and a drink (pulque) made form agave (maguey).

The dense populations and cities of central Mexico were probably the result of favorable rainfall conditions permitting a wider range of moisture management strategies to come into play, including irrigation and intensive lakeshore cultivation.

Contour terracing, a common rainwater catchment system technique, has been documented at archaeological sites. Check dams have been discovered at numerous sites throughout the central highlands of Mexico.

Many water catchment systems have survived the Spanish Conquest, the introduction of new crop varieties and livestock, the agrarian reform, the green revolution and are still widely practiced by Mexican farmers on lands that other groups consider too marginal for their needs, mainly in the central part of Mexico.

The labor requirements for most water catchment techniques were modest, mostly within the capabilities of individual households or small communities. Unlike other technologies, water catchment did not require a large-scale centralized power structure for its construction, operation and maintenance. Moreover, many water catchment structures were constructed incrementally, frequently built over several decades or generations. However, an evaluation of the adequacy of water catchment must recognize its vulnerability to seasonal fluctuations in rainfall.

In the central highlands of Mexico the rich ecological mosaic provided opportunities for a complex integration of moisture management alternatives. These included permanent rain-fed farming, small and large-scale irrigation, drained field agriculture, river bottom farming, intensive lake cultivation (chinampas) along with a full range of water catchment technologies. Two types of rainwater catchment –contour terracing and bordered gardens- were the most important for ancient agriculture.

Simple rainwater catchment techniques such as contour terracing were widely practiced and possibly provided the main stay of agricultural life for many people throughout sub-humid areas.

Contour terraces (also termed linear borders, terraces, semi-terraces slopping terraces, trincheras and metlepantli) were constructed by placing long rows of stones spaced at intervals along the contours of a slope. Run off captured behind these barriers also allowed for the retention of soil, thereby serving as an erosion control measure on gentle slopes. In contemporary examples of contour terracing these modest structures are frequently reinforced by earth embankments or economically useful plants such as the agave (maguey) and opuntia (nopal). In Mexico, ancient contour terraces have been surveyed in the Rio Gavilan (Chihuahua), the Tehuacan Valley (Puebla), and the Nochixtlan Valley, (Oaxaca). Average annual precipitation measures between 450 and 500 mm falling in short, intense summer rains or hail storms. Three types of water catchment were in use after 1,000 AD: contour terraces, check dams, and bordered gardens.

The most extensively practiced form of water catchment in pre-Columbian and Colonial Mexico was contour terracing on gentle slopes in which slope runoff was trapped behind low stone structures, earth embankments, or hedges of agave ‘maguey’ plants placed in long rows at even intervals perpendicular to slope gradient. The serious of parallel elongated fields forms in this fashion are known as metlepantli or bordos.

Metlepantli are thought to have contributed (along with other water management techniques) to the support of the astonishingly high population densities (up to 180 persons per square kilometer) reached in pre-Conquest Mexico. Contour terracing can be highly sensitive fluctuations in the availability of labor for maintenance and can be of serious ecological consequences.

With contour terracing in Mexico, it is possible that this water catchment strategy was a response to the increasing population pressures on the existing farmlands of the highlands.

4.2. Contemporary water catchment systems

4.2.1. Terracing. Terracing is a simple application of rain catchment but on a large-scale. Low walls are built along the contours of the slope form stones and rock fragments. Their uphill sides are filled with soil collected from the slope between terraces (UNEP, 1997).

The water was either stored in the soil of the cultivated area, or sometimes artificial storage facilities were constructed, such as open, lined tanks or closed cisterns. In some cases the storage capacity was increased by very large columns.

A growing number of studies focusing in detail on contemporary terraces include Patrick’s work in Tlaxcala (1977); West’s work in the Valley of Mexico and Hidalgo (1970); Johnson’s work in the Mezquital Valley (1977); Sanders’ and Carlton’s (1970), work on the Teotihuacan Valley; and Wilken’s (1976), review of traditional forms of slope management.

The main aim of these structures is to interrupt and retain slope runoff and alluvium. Over time, alluvium builds up behind the barriers thereby increasing infiltration and enchanting the soil moisture storage capacity of the fields.

One of the most important aspects of contour terracing in Mexico is that it requires very low investments in capital and relatively low investments in labor. Wilken (1976), observing a government-sponsored contour terrace project in Tlaxcala, Mexico, describes the process in the following manner:

On the gently to moderately sloping agricultural lands, ejidatarios cut trapezoidal drainage ditches (zanjas), 60 cm deep and 80 cm wide at the top sloping to 40 cm at the bottom. Zanja lines are laid out along contours then precisely cut with shoves, spades and picks. Dividing strips 50 to 60 cm wide, but only 30 to 40 cm high, are left every few meters to prevent water flow in the zanjas. Excavated material is piled immediately up slope in geometrical bordos 40 cm high and 80-90 cm wide at the top, sloping to 130-140 cm at the bottom. Material in the bordos is not compacted except by incidental foot traffic and thus has larger volume than the zanja from which it came. After zanja-bordo construction is complete, young maguey from nurseries are planted along embankments at 3 m intervals.

Workers are paid by the government on the basis of tareas or jornales, a fair or normal amount of work that can be done in six hours. Tareas are based upon working conditions including types or work, terrain, and material. For example, the following are representative tareas for excavation and bordo construction in Tlaxcala, Mexico:

Material
Tareas for zanja-bordo construction


Tarea in linear meters
Approximate cubic meters (cross section = 0.36m)
Labor costs pesos per cubic meter (20 pesos/tarea)*

Soft soil (blando)
20-25
7-9
2.85-2.25

Moderately compacted (duro)
10-15
2 1/5-5 1/2
5.70-3.65

Temperate
5-10
2-3 1/3
10.00-5.70

Rock (rocoso)
1-5
½-2
40.00-10.00

* 1 peso= $ U.S. 0.80

One the basis of these parameters, it can be estimated that the cost in person-days per hectare of contour terracing on moderate slopes (5 to 10 percent will range from 44 person-days (U.S. $ 70.40) on soft soils to 100 person-days (U.S. $ 160.00) on hard tepetate. These costs are low indeed when one considers the efficiency of contour terracing in capturing available runoff, enhancing soil mixture for agriculture, and controlling erosion. Tepetate is a hardpan that is exposed to soil surface after erosion has taken place.

Contour agriculture lends itself to the use of local labor and is suitable for adoption where the mean annual rainfall is 400 mm or more. In such areas it will definitely help to prevent soil erosion.

In the areas where rainfall exceeds 500 mm (especially if 1,000 + mm) a water-catchment terrace technique has been developed to allow for the conservation of excess water.

4.2.2. Silt traps (Trincheras). Two important types of storm water catchment technologies are now described: a) silt traps designed to trap both alluvium and runoff; b) check dams designed to impound water for subsequent agricultural or domestic use.

Silt traps (trincheras) are built of stone across the bed or intermittent streams, often in narrow valleys or gullies. As the alluvium deposits build up, level fields are created behind the check dam walls. As the dam continues to collect alluvium, runoff is stored in the field in the form of soil moisture. An important principle operates in this technique: by capturing runoff from a broad catchment area and concentrating in a reduced area, silt traps transform scarce quantities or rainfall (which otherwise would be lost to the production system) into utilizable soil moisture.

Trinchera walls were built so that they were buttressed against the valley walls and bedrock, thereby providing maximum strength. Larger, more complex silt traps are now in common use in Mexico. These areas are called atajadizo and, like smaller trinchera, they can be constructed out or rock. However, sometimes other materials such as earth, gravel or logs are used. The runoff and alluvium behind silt traps walls create, flood-irrigated agricultural fields.

On the basis of extensive interviews with Otomi farmers in Hidalgo, Mexico, Johnson (1977), was able to document the principles involved in successful silt trap (atajadizo) construction.

Well constructed atajadizos incorporate one or more of the following features:

1) double or triple stone walls separated by gravel rubble;

2) walls that extent beneath the surface of stream bed;

3) an outer wall that is pitched up-slope;

4) a floodgate to release excess water; and

5) curved walls allowing storm water to be distributed eventually throughout the field.

One important principle of silt trap construction in Hidalgo, Mexico, concerns the relative heights of the dam wall and the field behind it. Otomi farmers always advise that atajadizo should be kept 0.25 to 0.50 m higher than the field in order to impound storm runoff successfully and to allow it to infiltrate the soil.

Johnson (1977), documented structures in one Mexican community ranging form 0.15 to 7 m in height; 1.5 to 19 m in length; and 0.1 to 2.5 m thick. The size of silt trap fields varies form less than two square meters to approximately four hectares. The shape of individual fields depends on gully configuration. Like contour terraces, silt traps require investment in human labor rather than capital.

4.2.3. Check dams. Many contemporary check dams probably have been in continuous use since ancient times. In most fundamental ways, the structure and function of modern check dams are the same as their ancient counterparts. Thousands of modern check dam reservoirs serve as catchment seasonal runoff to meet (partially or entirely) the domestic and agricultural needs of peasant communities throughout sub humid Mexico.

Frequently, the labor required to construct and maintain these reservoirs is organized under traditional labor-sharing arrangements, thus building up the ancient collectivist heritage of Mexico’s rural communities.

These massive structures were built to provide the water supply for haciendas, and thus are different in many ways form the smaller scale community check dams. Hacienda reservoirs owe much to design principles of European origin. Their masonry walls are extremely broad at the base (6 to 7 meters is not uncommon) and are provided with additional supporting buttresses. Lateral spillways are usually provided, and siltation problems are taken care of by sluice gates at the base of the structure.

4.2.4. Water catchment in situ. Anaya, et al (1998) developed an equation to calculate the optimum size of microcatchments for agriculture production under rain-fed conditions. The equation is:
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D = micro-basin area (viewed as a unit cross-sectional area) equals the distance between rows, in cm, for crops like corn and soybean; or the width between planting areas (strips), in m, for field crops like barley, grasses, and wheat; or the surface area of tree wells, in m2, for such trees as fruit trees;

DR = root area (viewed as a unit cross-sectional area) corresponds to the diameter in cm of the planting zone for row crops; or the width in m between strips for fields crops; or to the land area in m2 that tree roots occupy.

Maximum vegetative development for the plants should be considered;

K = soil runoff coefficient;

C = consumptive use (in mm); and

P = precipitation based on a 50% probability during the vegetative cycle (in mm).

Another advantage of water catchment systems in situ is related with diminishing effects of drought through periods of 5 to 10 years, which is helpful to ensure basic crops, vegetables, forage and fruits production.

The most popular systems of water catchment in Mexico are the following:

· Micro-catchments, (micro watersheds),

· Semi-circular bunds,

· Contour bunds for trees,

· Contour ridges for crops,

· Trapezoidal bunds,

· Contour stone bunds,

· Permeable rock dams, and

· Water spreading bunds.

5. Basic principles on water catchment systems

The selection and application of technologies on water catchment systems will depend upon the education and motivation of the people, availability of well-trained staff, government policies, the size of areas to be considered and the level of investment. Each situation must be considered individually and appropriate adjustments made in general rain-fed agriculture systems (FAO, 1991). Water catchment systems reduce drought effects, improve crop production and induce social benefits.

Water catchment systems can be used under rain-fed conditions (agriculture, rangeland, and forestry). Depending on rainfall patterns, an optimum use of this natural resource must be achieved; otherwise, uncontrolled run-off may cause erosion, desertification, misery and migration.

Four steps may be taken to improve the productivity of rain-fed lands: a) control erosion, b) optimize rainfall by water catchment techniques, c) improve soil fertility and, d) select the appropriate plant species adapted to local conditions.

6. Conclusion

Water catchment systems are essential to solve crucial social problems mainly in rural areas with scarcity of water, lack of basic crops and forage, thus provoking poverty, misery and migration. It is urgent to prepare a comprehensive inventory of technologies available in Mexico for augmenting and maximizing the use of water catchment systems in order to assist water resource planners and managers, in both governmental and non-governmental organizations.
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