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The Transformation of Tarahumara Agriculture in Chihuahua, Mexico 

 

by 

 

Joshua Martin Rudow, M.A.  

The University of Texas at Austin, 2011 

SUPERVISOR: William E. Doolittle 

 

 The Tarahumara are one of the most isolated and intact indigenous groups 

in Mexico. Their agriculture has traditionally been practiced within the steep canyons and 

uplands of the Sierra Madre Occidental in southwestern Chihuahua.  Adapting to these 

rugged conditions, the Tarahumara developed a variety of agricultural techniques that 

allowed them to be self-sufficient in food production and independent of external inputs.  

As varied and ingenious as their techniques are, they share one main objective -- to 

overcome the lack of organic matter in the stony mountain soils.  Since the arrival of the 

Spaniards, the addition of organic matter has involved large amounts of animal manure to 

increase organic matter in the soil and maintain fertility.  The focus of this study is to 

investigate new agricultural techniques that the Tarahumara are adopting due to the 

pressures of globalization and alleged climate change.  These new technologies may still 

include many traditional agricultural methods, but they are increasingly using 

commercially available fertilizers and other modern agricultural additions, thereby losing 

self-sufficiency.  This study includes in depth interviews with 28 Tarahumara farmers to 

better understand the modern agricultural techniques, their motivations, and overall 

sustainability. Soil samples determined the viability of Tarahumara agricultural 

techniques on soil fertility by examining the visual description, organic matter content, 

soil texture, and a chemical analysis.  The analyses showed that traditional Tarahumara 

agricultural practices are efficient and sustainable, while modern additions are often ill-

suited for their environment and are disruptive to Tarahumara culture.   
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Introduction 

  As is perhaps the case with many theses, this one began going in one 

direction and then changed.  My initial plan was to investigate a type of agriculture that 

involved inducing soil erosion on slopes in the Sierra Tarahumara.  First reported by 

Lumholtz (1902), later observed by Bye (1990), and Doolittle (2000), the practice was 

said to involve clearing slopes of vegetation, mainly trees, and then cultivating only the 

lower quarter or third of the area.  The upper two-thirds to three-quarters with exposed 

soil was then allowed to erode, resulting in increased sedimentation and fertilized fields 

on the lower portion.  Doolittle identified five such possible fields in 2002, but did 

nothing more than map their locations for possible further study.  This thesis intended to 

pick up where he left off.      

  Early-on during my field work, I did find a few cases of induced erosion 

agriculture, but not enough to merit further study in my opinion.  What I did find, 

however, was a practice that was widespread, little-studied, and hence largely unknown.  

It is a practice I immediately identified as one of great importance in the contexts of 

cultural survival and economic development.  The Tarahumara are in the process of 

undergoing changes in their agricultural techniques and way of life.  A group that for 

centuries has strongly held onto their traditional culture may finally be succumbing to the 

pulls of globalization.  
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   Tarahumara agriculture has traditionally been practiced within the steep 

canyons and uplands of the Sierra Madre Occidental.  Adapting to these rugged 

conditions, the Tarahumara developed a variety of agricultural techniques that allowed 

them to be self-sufficient in food production and independent of external inputs.  As 

varied and ingenious as their techniques are, they share one main objective -- to 

overcome the apparent lack of organic matter in the stony mountain soils.   

  Since the arrival of the Spaniards, the addition of organic matter has 

involved large amounts of animal manure to increase organic matter in the soil and 

maintain fertility.  Farmers typically have had small herds of goats, or other livestock, 

that are then taken to forage throughout the canyons at day and brought back to the 

corrals at night.  When animals depart the corrals in the morning, they leave behind large 

amounts of manure that farmers then spread on the fields.  There is little use for these 

animals other than their manure.  The focus of this thesis is not to document the specific 

workings of this technique, as previous works have done so sufficiently, (Lumholtz, 

1902, Bennett and Zingg, 1935, Pennington, 1963, Kennedy, 1978) but instead to 

investigate new agricultural techniques that the Tarahumara are adopting.  These new 

technologies may still include the large use of animal fertilizer, but they are increasingly 

using commercially available fertilizers, thereby losing self-sufficiency. 

  This thesis consists of seven chapters.  The first two chapters provide an 

overview of the environmental and human contexts in which this study takes place.   

Chapter Three analyzes present-day Tarahumara agriculture, looking specifically at 
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changes made from traditional agriculture of years past. Chapter Four is a summary of 

my interviews with farmers throughout the Sierra Tarahumara.  Chapter Five begins the 

quantitative section, and includes a site description and the methodology used to analyze 

the soil samples collected at all sites in which interviews were conducted.  Chapter Six 

analyzes the results of the soil samples, which is intended to determine overall arability 

of Tarahumara soils.  Chapter Seven concludes this study and offers recommendations 

for areas of further study and aid in the survival of Tarahumara agriculture.   

  This thesis is not intended to be definitive in any regard.  As little is 

actually known of Tarahumara agriculture; its purpose is to get a better understanding 

how the Tarahumara may work their land in the future.  My work is exploratory, probing 

into the issues that face Tarahumara farmers today and how they deal with current 

challenges.   
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Chapter 1: Physical Environment 

1.1: Landscapes 

  The land of the Tarahumara involves the narrow ridge of the Sierra Madre 

Occidental mountain chain in the Mexican state of Chihuahua, and among its valleys and 

canyons to the west.  Elevation ranges, from a high of 2,400 meters at the town of Creel 

to a low of 460 meters at Batopilas (Kennedy, 1978).  In his seminal work, the 

Tarahumar of Mexico: Their Environment and Material Culture, (1963) Campbell W. 

Pennington describes five physiographic regions found that were or are home to the 

Tarahumara (Figure 1.1):  

  Basin and Range Country.  Located in the northeastern corner of 

Tarahumara territory and extends to entail Chihuahua city, it is characterized by a series 

of northwest-southeast trending basins, which slope gently from the range fronts to the 

stream courses.   The average elevations of the ranges are about 1,500 meters and the 

basins are 1,100 meters. This area was moderately inhabited by the Tarahumara during 

the seventeenth century, and does not play important role in Tarahumara society today.    

  Plains Country. Lying south of the basin and range country and with an 

average elevation of approximately 1,500 meters, it is a gently rolling tableland made up 

of Cretaceous sediment that has only been moderately dissected.  Easily worked 

floodplains mark the principal stream courses, and the grassy plain lands between have 
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attracted cattle ranching since the early seventeenth century (Pennington, 1963).  

Tarahumara largely abandoned this region as the cattle ranchers moved in.   

   Foothill Country. The area comprises a narrow strip from 16 to 64 

kilometers wide running from northwest to southwest along the edge of the mountains.  

Jagged arroyos in the east and low rounded slopes in the west characterize the region. 

Elevations in the foothill country range from 2,000 meters south to 1, 500 meters north.  

Tarahumara no longer live in this area.  

  Upland country.  The highest elevation of the Tarahumara country is found 

at an average of 1,800 meters, but with several mountain peaks between 2,440 and 2,745 

meters. Despite its mountains, the region consists of a rolling plateau that has been 

heavily dissected.  Dominant vegetation is pine forest. The majority of the Tarahumara 

and mestizo populations are found in this physiographic region. 

  Canyon country. Located to the west, this area includes the drainage 

systems of Río Urique, Río Batopilas, Río Otero, and Río Verde.  Elevations range from 

highs of around 1,500 meters to lows of 460 meters. Moving down the barrancas one 

quickly passes from pine and cedar, through oaks, and down to nopal, cacti and thorn 

forests.  The uppermost parts of canyon country have some snow cover in the winter, 

whereas the bottom reaches are considered tropical and have scorching summers.   

  At the time of contact with the Spanish in the seventeenth century, 

Tarahumara were distributed in all of the five physiographic regions of southwestern 
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Chihuahua.  Conflicts, disease, land grabs, and a desire to live independently forced 

many Tarahumara into their modern day location, the southern part of the upland and the 

canyon country.  Although it is important to understand the context and prehistory of the 

five physiographic regions, this study focuses on the two regions, where Tarahumara live 

and farm today -- the Upland Country and Canyon Country.   

 

  

  Figure 1.1: Five physiographic regions of the Sierra Tarahumara 

  (Source: Pennington, 1963) 
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 1.2: Geology 

  Although little research that has revealed the detailed geological history of 

the Sierra Madre Occidental, the area that is home to the majority of the Tarahumara, 

some research does provided insights.   Similar to the western United States, both the 

Rocky Mountains and the Sierra Madres were created when the North American 

Continent experienced a general uplift (Raat and Janeček, 1996). There may be 

differences in color and landscape, but it is clear to even a novice geologist that they have 

a common origin.  Both areas show great relief and have experienced an extreme 

dissection from major tributaries.    

  The general uplift in the Sierra Madre Occidental is composed of two 

igneous sequences.  The first sequence is composed of volcanic rocks of intermediate 

composition between 45 and 100 million years ago (McDowell and Clabaugh, 1979).  It 

was dominated by lava flows and pyroclastic units, while also containing a small amount 

of siliceous ignimbrites.  A nearly 10 million year gap in volcanic activity allowed for the 

region to become heavily faulted, tilted, and deeply dissected before the renewed 

volcanic activity could cover the area (Swanson and McDowell, 1985).  The more recent 

igneous sequence, the upper volcanic, is composed of rhyolitic and rhyodactic 

ignimbrites in a generally horizontal position.  The lower sequence contrasts greatly with 

the upper because of its slightly deformed character and intense faulting.   
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  The upper volcanic sequence unconformably covers the underlying bottom 

sequence, and constitutes the most continuous and extensive ignimbrite surface in the 

world (Morán-Zenteno, 1994). It forms an area that extends northwest-southeast 

approximately 250 kilometers wide and more than 1,200 kilometers long.  The thickness 

of this ignimbrite is nearly 1,000 meters in certain places.  It was originally thought that 

such a large amount of ignimbrite was the result of between 250 and 393 calderas 

(Swanson and McDowell, 1985).  New research suggests that fissures, resulting from 

tectonic activity, provided a conduit for ignimbrites. Batholith-sized magma chambers at 

shallow crustal levels released their contents when they reached basin and range faults.  

Silicic magma erupted explosively through several kilometer-long fissures in the faults, 

resulting in pyroclastic and rhyolitic lava dikes and linearly aligned lava domes (Aguirre-

Díaz and Labarthe-Hernández, 2003).   

   There has been little to no volcanic activity since the last igneous 

sequence.  The Sierra Tarahumara has experienced dissection by many of the region‟s 

streams.  In some areas there are benches upon slopes, which represent more resistant 

lava materials. Dikes and other igneous extrusions are also present and noticeable 

throughout the Sierra Tarahumara (Pennington, 1963).   

  It is important to note the geology of the region in order to better 

understand Tarahumara agriculture.  As a volcanic material, ignimbrites could arguably 

provide minerals and nutrients necessary for robust harvests.   The Tarahumara, however, 

go to great lengths to maintain fertility, as the natural state of the soil apparently does not 
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provide enough nutrients and must be worked and managed to cultivate crops.  It is likely 

that the high silica content and hardness of the ignimbrites prevents significant 

penetration by the plow and thus intensive agriculture without modification would be 

difficult. 

1.3: Climate 

  Due to a paucity of temperature and precipitation data it is difficult to 

evaluate properly the climate of southwestern Chihuahua, though it is still possible to get 

a general idea of the climate based on available data stations and the location in relation 

to the Intertropical Convergence Zone (ITCZ). 

  Southwestern Chihuahua is characterized by the seasonal variation of the 

annual precipitation (Table 1.1).  Up to 75% of the rainfall occurs in the rainy months of 

July, August, and September, while only 3% occurs during the two driest months, 

February and March. There is a slight precipitation maximum in December (Figure 1.2; 

Pennington, 1963). Streams of Chihuahua reflect the seasonal character of the annual 

precipitation. During the late summer months, streams are generally flooded, whereas 

they may run completely dry during the drier months. 
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Table 1.1: Temperature (˚C) and Precipitation (mm) Data from Sierra Tarahumara 

Source: Garcia (1981) 

  Seasonal fluctuations in Sierra Tarahumara rainfall are undoubtedly caused 

by the movement of the ITCZ.  In the northern hemisphere, the tilt and revolution of the 

earth around the sun sends direct solar rays northward to Tropic of Cancer, which bisects 

central Mexico.   The ITCZ follows these direct solar rays which form a low pressure 

zone.  Easterly trade winds move from the Atlantic subtropical cells towards the low 

pressure area over the land.  The ITCZ brings along warmer temperature, due to the 

direct solar radiation, and also precipitation from convection currents.  The movement of 

the ITCZ is correlated with the climate of the Sierra Tarahumara.  The months of summer 

June, July, and August get heavy rain during this period as well as an increased intensity 

in the sun‟s rays. The reverse occurs during winter as the Sierra Tarahumara no longer 

gets such direct sunlight, and the low pressure system is replaced by the Subtropical 

highs. The lack of direct solar radiation and a high pressure zone during winter creates a 

Location  Years Jan Feb  Mar April May June July Aug Sept Oct Nov Dec  Avg. 

Batopilas  P 18  61.8 22.6 11.4 3.4 4.6 55 156.3 144.8 58.2 37.8 15.3 42.2 613.4 

Creel T8 7 6.2 7.5 9.2 12.4 16.2 17.4 16.8 15 11.9 8.1 6.8 11.2 

  P 8  68.3 29.1 19.2 7.2 7 56.4 180.9 169.3 57.3 46.5 17.6 36.3 695.1 

Guachochic T4 5.1 7.6 10.2 11.2 13.1 16.2 16.9 16.8 13.5 10.4 6.4 6.9 11.2 

  P4 87.8 11.9 0.1 3.4 16.5 69.9 186.5 196.9 56.8 24.9 17.5 22.6 694.8 

Norogachic T7 7.9 9.8 9.9 11.2 14.7 19.2 18.4 17.6 16.9 13 8.9 7.6 12.9 

  P7 46.6 11.7 8.4 2.8 6 57.7 127 124 83.4 23.3 10.6 25.9 527.4 
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dry and cold season in the Sierra Tarahumara (Figure 1.3).  Though the winter months are 

often quite dry, snow is not uncommon in the higher altitudes, though it usually does not 

stay around for more than 24 hours (Pennington, 1963).  

 

Figure 1.2 Sierra Tarahumara Precipitation 

 

Figure 1.3: Sierra Tarahumara Temperature 
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1.4: Vegetation  

  A vegetation analysis of the entirety of the historical Tarahumara region is 

beyond the scope of this thesis.  Instead, the focus here is a description of the flora of the 

Upland Country and Canyon Country as reported by earlier authors.  One must note, 

however, that after years of unregulated logging in this area, much of this vegetation may 

not exist in same numbers as previously reported. 

  The climate of the uplands permits only certain vegetation -- those adapted 

to harsh winters.  The great pinelands of Chihuahua are located within the upland 

country; with the most widespread species of pine are the following: Pinus arizonica, P. 

ayacahuite, P. reflexa, P. chihuahuana, P. lumholtzii, P. cembroides, P. engelmannii, and 

P. leiophylla.  Though pine is most definitely dominant, in more open areas there are 

juniper (Juniperus pachyphlaea) and scrub oak (Quercus epileuca, Q. fulva, and Q. 

viminea).  Certain species of pine, juniper, and oak, nuts provide sustenance for the 

Tarahumara (Pennington, 1983). Largely due to the dominating presence of the pines, 

there is not a large amount of grass nor suitable agricultural land, unless there is an area 

from which pines have been partially removed (Pennington, 1963).    

  Less common, but also present are aspen (Populus tremuloides) and 

cottonwood (Populus angustifolia) especially in burned areas and along hill slopes 

(Bennett and Zingg, 1935). Along the lower altitudes of the uplands, and usually 

Tarahumara houses, the nopal (Opuntia sp.) can be found, whose fruit can be eaten and 
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leaves can be cooked.  The yucca (Yucca decipiens) is sufficiently hardy to survive the 

cold of the lower uplands.  It does not grow with a trunk in this section of the Sierra 

Tarahumara, and its leaves may only grow 0.5-1 meters long.  It was for years the only 

source of fiber for blankets and clothing in the uplands and canyon country (Bennett and 

Zingg, 1935).  The upland country can also be classified as a Petran Montane Conifer 

forest and shares vegetation characteristics with similar altitudes throughout the 

American Southwest and Mexico (Brown, 1982).    

  A transition into the canyon country, where the climate is no longer cool 

and bracing, exposes an increasingly tropical and sultry climate. Upper portions of the 

canyon are similar to those of the uplands.  They are covered with mixed stands of pines 

and oaks.  Pinaceae are Pinus chihuahuana, P. ayacahuite, P. lumholtzii, and P. relexa.  

Important Quercus are Q. chihuahensis, Q. emoryi, and  Q. albo, under which there is a 

fairly decent grass cover (Bennett and Zingg, 1935).   The middle portions of the canyon 

do not share many of the same characteristics of the uplands, and are largely thicket 

formation, dominated by species of Leguminosae. The lower portions of the canyons are 

marked by tropical vegetation and varying species of cacti. The transition vegetation 

from the upland to canyon country is classified as Madrean Evergreen and the lower 

canyon as Sinaloan Deciduous forest (Brown, 1982).    

  A grasp of vegetation within the Sierra Tarahumara is central to 

understanding agricultural techniques and other cultural practices.  Due to the 

inhospitable climate of the upland and canyon country, the Tarahumara were largely left 
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alone.  Because of their isolation they developed a great number of environmental 

adaptations. They relied heavily on the gathering of endemic plants for food, using a wide 

variety of fruit, nuts and edible greens, while also identifying over 50 plant families that 

can be used as medicine to heal a variety of ailments (Pennington, 1983).  Tarahumara 

also hunted animals that traveled along the canyon walls and upland peaks, especially 

turkey, hare, and deer. The construction of their dwellings and fences is made largely out 

of pine trees and can be done only because they are so easily accessible.  The culture of 

the Tarahumara was influenced by its environment and is heavily dependent on the 

vegetation. 
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Chapter 2: The Human Environment 

2.1: Prehistory 

  The Tarahumara share with the mestizos the approximate southwest quarter 

of the state of Chihuahua, Mexico, and fall within a culture area called the Greater 

Southwest.  They belong to Uto-Aztecan language group, which is distributed, with the 

exception of a few breaks, from Utah to Mexico City.  The word Tarahumara is actually a 

mistranslation, though it is widely used, and many Indians refer to themselves as 

Rarámuri, meaning foot runners (Kennedy, 1978).  Little archaeological evidence has 

been found, but what has been discovered suggests that the earliest people in the Sierra 

shared the simple culture called Basketmaker, which preceded the pueblos in the 

American Southwest.  This culture dates back to 1,000 B.C. and combined hunting and 

gathering with corn cultivation (Kennedy, 1978).   

 2.2: Historical Setting of Sierra Madres 

  The Tarahumara changed forever as the Spaniards arrived at the edge of the 

territory in the late sixteenth century, but in many ways they avoided many of the 

atrocities that happened to indigenous populations across Mexico.  A large number of 

Spanish explorers were men of little means and hoped to strike it rich in New Spain.  

They had hopes of discovering caches of hidden treasure, which were never discovered.  

After this realization, explorers began to look at the indigenous populations in a new 

different manner, and initiated the encomienda system.  The individual deserving 
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Spaniard (encomendero) received tribute of the Indians as well as their free labor, in 

return the natives were commended to the encomendero’s care.  He would see to their 

conversion to Christianity and ensure good order in the village. It was the hope of the 

Spaniards that this system that Indians would be more easily acculturated, better 

controlled and protected.  In practice this system had much different consequences.  

Indians were overworked, abused, separated from their families and often died (Meyer et 

al., 1999).  

  Due to their relative isolation and sparse population, the Tarahumara were 

not forced into labor systems such as the encomienda.  The influx of Spaniards into the 

region came in two forms -- the search for wealth, mainly in the silver mines in the deep 

canyons, and the desire to save souls, by the work of early Jesuits in the area.  Explorers, 

enchanted by the thought of the “Treasure of the Sierra Madre” scoured its rivers and 

canyons with the hopes of striking it rich (Meyer et al., 1999). The first miners flocked to 

Parral, a highly productive silver mining area, which was largely responsible for the 

influx of mestizos into the area. With the miners also came soldiers and people needed to 

feed them.  Agricultural land was usurped from the Tarahumara to feed the new settlers 

in the area (Bennett and Zingg, 1935). The smelting process for silver also required large 

amounts of timber, so areas near mines were often deforested (Meyer at al., 1999)  

  Others came with the intention to spread Christianity to the Tarahumara, 

the Jesuits in particular. Jesuits entered Mexico only in 1571, after many other religious 

groups had already established themselves.  They were known as superior teachers and in 
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their first years their work consisted mainly of teaching Spanish sons.  After they 

established their presence they began to teach Indian children and shortly took on the 

arduous task of converting natives in northern Mexico (Meyer et al., 1999).  The Jesuits 

were the first missionaries to enter the Sierra Tarahumara and did so between 1607 and 

1611. Conversion attempts were undertaken with great dedication, as many Jesuits 

learned the local languages and often faced hostility. They succeeded in converting a 

large number of Tarahumara, yet the Christianity practiced contained large elements of 

Tarahumara traditions (Kennedy, 1978).    

  Prior to Spanish contact, the Tarahumara were spread across the five 

physiographic regions and there were a number of other Indigenous groups near many of 

their settlements, such as the Tepehuan, but without large, dense population centers 

(Pennington, 1963).  After years of conflict the Tarahumara retreated from much of their 

ancestral lands into the uplands and canyon country.  Contact with Spaniards changed 

their geography and way of life.  The Tarahumara adopted several agricultural techniques 

from Spaniards that are now crucial to their existence. With the Spanish explorers and 

Jesuits came several different types of livestock, including goats, sheep, cows, horses and 

pigs.  The agricultural success of the Tarahumara is predicated on the use of animal 

fertilizer to increase the organic matter content of the shallow stony soils.  Livestock 

allowed them to shift away from hunting and gathering to a more sedentary agricultural 

existence, which acted as a stabilizing element on their food supply (Kennedy, 1978). 

Though these animals had provided a consistent protein source, they were also invasive 
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species and wreaked havoc on many of the ungrazed grasslands, not only in the Sierra 

Tarahumara, but also in areas throughout Mexico (Meyer at al., 1999).  The intensive 

grazing caused soil erosion and often desert vegetation took over overgrazed grasslands, 

though there has been recent debate over an explicit link.   

   With the introduction of the rifle, the Tarahumara shifted even more of 

their energy towards agricultural production as previously common game, such as the 

deer, hares and turkey, became scarce (Pennington, 1963).  Tarahumara Indians, who 

famously tracked and chased deer until they died of exhaustion, now had to rely almost 

exclusively on domesticated animals as a source of protein.  They were not solely 

responsible for the decrease in the game population.  It was the increased mestizo 

population that brought in a great number of rifles.  To help feed their growing 

populations they mercilessly hunted large numbers of game to the brink of extinction.   

   Another important addition from Spaniards was the use of metal tools.  

Tarahumara previously used stone axes to manage their environment with great exertion 

(Bennett and Zingg, 1935).  The introduction of the steel axe allowed farmers to manage 

their land more effectively.  They could suddenly clear land for planting much faster than 

ever before and the ability to construct sturdy buildings for housing and food storage rose 

dramatically.  Both the addition of livestock and metal tools are now essential, as it is 

difficult to imagine the Sierra Tarahumara without their introduction.   
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  The presence of Spaniards did not come without some conflict. Though 

many records from the Jesuits speak of the Tarahumara as being much more pacific and 

friendly than their neighboring tribes to the South, there was still intermittent unrest and 

several of the bloodiest battles in Chihuahua during the Spanish conquest (Kennedy, 

1978).  Many of the Tarahumara resisted assimilation and refused to live „under the 

bells,‟ as did the mestizos in their densely populated communities (Bennett and Zingg, 

1935). The Tarahumara largely avoided violence and conflict with the mestizo 

populations, and instead moved further into the safety and solitude of the uplands and 

canyon country.   

2.3: Agricultural Techniques 

  The Tarahumara have a different approach to livestock than the vast 

majority of farmers across Mexico. It is a common practice to graze animals on 

landscapes that are not arable so farmers can still obtain calories from the environment by 

milking them and eating their meat.  It is not common practice for Tarahumara to eat the 

livestock, even though they are prevalent.  Tarahumara do slaughter and eat animals for 

festivals, and will happily eat an animal if it dies prematurely, but these are rare 

occasions.  They also do not milk their livestock, even though it would provide a much 

needed source of protein.  The Tarahumara rejected previous attempts by the Jesuits and 

other missionaries who wanted to teach dairy processing.  The Tarahumara use the 

animals largely for utilitarian purposes (Bennett and Zingg, 1935).  
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    Tarahumara livestock graze along the steepest sections of the canyon 

walls, largely goats and donkeys, utilizing them mainly for their fertilizer. Goats are the 

most common and the best suited for the harsh environment, but other animals, such as 

cattle, sheep, horses and pigs, are also used as a fertilizer source. A farmer may put a herd 

of 15-20 goats in a pen about 6 square meters each night.  The pen is often constructed of 

light interlocked pine logs; so that it can be moved and reassembled depending on the 

field‟s specific fertilizer needs (Figure 2.1).  A pen is dismantled and moved about every 

four days.  This is quite a slow and painstaking method, but it can greatly increase a 

field‟s fertility, and it takes about forty-five days to fertilize an acre of land.  In the 

winter, farmers often keep the animals in a more permanent enclosure or even a cave in 

the hills, which he can leave them in overnight. In this manner they sweep the manure 

from the bottom of the corral and spread it on the fields as it is deemed necessary.  It is 

transported to the fields by organized work parties (Kennedy, 1978).   
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Figure 2.1: Goat pen constructed with interlocked pine logs 

  There is much of cooperation between Tarahumara communities in regards 

to the use of fertilizer. Some Tarahumara do not have a sufficient number of livestock for 

to apply fertilizer, so they often borrow them from family or friends.  Those with a 

surplus will lend out their animals and expect them to be taken care of while they are 

utilizing their fertilizer and that they should be replaced if an accident occurs.  The care 

of the animals is largely a family affair with many shared tasks.  Countryside provides 

little in the way of pasture, so that shepherds, often women or small children, are 

delegated the task of moving large herds of livestock across the uplands and canyon 

country in an attempt to find pasture or suitable foliage. The task may last for days and 

even a week at a time, but the Tarahumara all understand the importance of such a 
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practice.  Without the combined biomass of the surrounding countryside converted into 

manure, they will not be able to grow adequate crops and provide for their families 

(Bennett and Zingg, 1935).   

  The addition of livestock and Spanish agricultural technology also allowed 

the Tarahumara a means to break the shallow stony soil with the use of an ox-drawn 

wooden arado. The plowing is completed at several times during the agricultural cycle. It 

is first done to break up the earth for planting, which occurs a few days before the farmer 

plants.  The arado is also used to reduce the amount of weeds, which may be 

accomplished several times while the plants are still in their developmental stages.  If it is 

done too early, the farmer runs the risk of breaking the stems of the juvenile plants.  They 

will also create mounds around the corn with the arado, so they drain more efficiently 

and can better withstand intense weather. The traditional plow was constructed of nothing 

more than a large piece of lumber with a flat stone at the end to break up the soil.  Hoes 

are also used for many of these tasks, but much more can be accomplished in a shorter 

amount of time using the plow (Kennedy, 1978).   

  Tarahumara farmers must also contend with animals for their food 

resources.  Domestic animals often roam with little supervision and it is seen as the 

farmer‟s fault if crops are eaten by their domesticated animals.  As a solution, 

Tarahumara farmers fence in their fields.  If a neighbor‟s animals break in and eat a 

portion of the crops, it is not seen as their fault.  Instead it is the owner of the field‟s 

problem, as it should have been properly protected. Other animals are not deterred by 
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fencing.   Farmers often must tie up their own dogs to protect their crops.  Wild animals, 

such as coyotes and crows, also may be an issue (Kennedy, 1978).   

   The staple crops of the Tarahumara fit into the general Mexican 

background -- maize, beans, and squash. Maize makes up the largest part of the 

Tarahumara diet, as it is the most efficient way to get sufficient calories from their fields.  

A common preparation of corn is pinole -- flour made by roasting the dry corn kernels 

which is then ground two to three times on the metate (Kennedy, 1978).  Pinole keeps for 

a long time and with the addition of water makes an excellent meal on the trail.  Tortillas, 

though largely a more traditional Mexican food, have recently begun to play a larger role 

in Tarahumara food.  Another important use for maize is the preparation of tesguino, 

fermented corn beer.  Tesguino provides an important social and religious role for the 

Tarahumara (Kennedy, 1978).   Beans play an important function as they fix nitrogen in 

the soil and provide a consistent source of protein, in an otherwise carbohydrate intensive 

diet.  It was estimated that meat constitutes less than five percent of the Tarahumara diet 

(Kennedy, 1978).  Much like maize, dried beans are often roasted and then ground on the 

metate before being boiled with water.  Squash is another important crop that is usually 

boiled with water and salt.   The combination of these three crops provides a balanced 

diet and complete proteins.  Farmers may also have smaller gardens with crops such as 

tomatoes, garlic and chilies, but these are usually located near Mexicanized areas 

(Bennett and Zingg, 1935).  Fruit trees are not an uncommon sight on farms throughout 
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the Sierra Tarahumara.  In the upland ranchos a farmer will commonly have fig, and 

apple trees, whereas farmers in the canyons are more likely to grow oranges.      

  There is not a clear planting pattern.  It seems intuitive that maize, beans, 

and squash would be intermixed, so that corn provides a structure for the beans to grow, 

the beans fix nitrogen and the squash cover the ground to prevent the growth of weeds.  

This occurs in several places, but it is not a common agricultural strategy.  Farmers 

instead plant crops based on the field‟s specific intricacies.  Beans are planted on the 

steeper gradients, while corn and squash are grown on flatter field sections. Each crop is 

most often grown separately.  A farmer will plant large stands of corn, and then have 

smaller sections containing squash and beans.    

2.4: Modern Setting 

  As the region changes economically and demographically, Tarahumara are 

increasingly exposed to the pulls of modern society.  They resisted the Aztec empire, 

largely maintained their culture by escaping into the deep canyons and uplands against 

the pull of the Spaniards, but now may finally have met their match.  The new draws of 

globalization have affected Tarahumara culture more than anything else in the past.   

  In the past, Tarahumara could always retreat to a number of isolated 

settlements with little link to the modern world.  However, with the increase in paved 

roads and greater resource extraction, it is now harder to find such isolated places. The 
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mestizo populations, which now greatly outnumber the Tarahumara amongst the Sierra 

Tarahumara, have increased their reach so that there are few truly isolated settlements.   

  An explanation for the historically small incidence interaction is the 

attitude that the two groups have towards each other.  Years of mistrust, conflict, and 

theft have made the Tarahumara wary towards mestizos.  They refer to them as a 

chavóchis, a derogatory term meaning “bearded ones” or “sons of the devil” (Kennedy 

1978).  Tarahumara have learned that interaction with the mestizos often does not benefit 

them.  They have been pushed out of the best agricultural lands and many live in poverty, 

while mestizos have access to the better resources. In response, communication is often 

laconic and reserved only for basic transactions.  During my field work, Tarahumara 

tended to maintain their distance throughout farmer interviews.  My presence was not 

viewed as hostile, but it was clear that I was an outsider.  I would not have had access at 

all without the help of my guide, Reyes, who was part Tarahumara and had contacts 

throughout the region.   

  As the Tarahumara excluded mestizos and rejected many of their business 

transactions, prejudices developed. Mestizos think of themselves as los de razon, those of 

reason, a holdover from the Spanish colonial days.  Animal qualities, laziness, filthiness, 

and “simple” mentality are perceived by mestizos to be innate to the Tarahumara. As in 

many parts of Mexico, Sierra mestizos value light skin and associate it with intelligence 

and civilization (Kennedy, 1978).    
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  Though stereotypes and conflict continue between the Tarahumara and 

their mestizo neighbors, contact has recently increased.  The mestizo population is now at 

300,000 in the Sierra Tarahumara, greatly out numbering the Tarahumara. Tarahumara 

population numbers are often inaccurate, as communities are often isolated and correct 

information may not be given.  Modern estimates put the current Tarahumara population 

at around 75,000 (Instituto Nacional de Estadística y Geografía, 2011).  With the swell of 

mestizos comes logging, tourism, mining, and greater overall impact on the environment 

and the Tarahumara culture.  The new infrastructure has shortened the once immense 

buffer between the two groups. Challenges to traditional agriculture have led Tarahumara 

to supplement their subsistence existence through wage labor.  More Tarahumara work to 

buy goods and are pulled out of a previously independent existence.   

  As mestizos and industry continue to encroach on Tarahumara land, the 

Tarahumara are often left with only one option, which is to retreat further back into the 

canyons or higher into the uplands.  They face an important decision.  Should they 

abandon their traditional way of life to look for paying jobs?  It is usually the younger 

male Tarahumara who make this choice.  They may not have access to sufficient farm 

land, as it is divided among several male siblings.  Once they have entered this new world 

they may not be able to return to a traditional life working the land.  It is assimilation, 

which has truly threatened the traditional Tarahumara way of life.  Its culture is affected 

in many different ways, and the goal of this thesis to focus specifically on the effects that 

the modern world has on the agriculture of the Tarahumara.    
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Chapter 3: Present-Day Agriculture  

 To the naked eye, little seems to have changed in regards to Tarahumara 

agriculture since the days of Pennington.  Goats and other livestock are still herded across 

steep mountain slopes to replenish the poor mountain soils.  However, after conversations 

with Tarahumara farmers and mestizos throughout the region, it is clear that a major shift 

is occurring that has serious implications for their agricultural future.   

3.1 Erosion Management 

  The Tarahumara live in a region known for its profound canyons and steep 

slopes, which required them to create agricultural strategies that differ from those 

developed for flat ground. Steep slopes can be highly susceptible to sudden erosion, 

especially when the soils are barren and more exposed to denudation.  Agriculture is a 

common cause of soil erosion, usually precipitated by the clearing of groundcover 

vegetation and rocks, thus exposing soils (Harden, 2001). Vegetation cover reduces 

erosion by: 1) intercepting and absorbing the energy of raindrops; 2) decreasing surface 

runoff velocities; 3) physically restraining soil movement through their roots; 4) 

improving soil aggregation and porosity by root growth action and plant residues; 5) 

encouraging biological activity; 6) transpiring water so that new rainfall and runoff can 

be absorbed.  Though stones do not add biological contributions that prevent soil erosion 

they do share the first three mitigation effects with vegetation (Schwab et al., 1981).  

Erosion is highly detrimental to soil quality because nutrients and sediment that are lost 
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may not be able to regenerate.  A farmer will most likely not have access to the same soil 

conditions and fertility once it is lost down slope.   Without these important soil nutrients, 

the slope often remains unproductive for a number of years, and the land is usually 

abandoned (Figure 3.1; Knox, 2002).  The loss of a field can be disastrous to a 

Tarahumara farmer whose family and livelihood depend on it. Much resources and 

energy are invested into a field, and it will be lost without protection.   In response, the 

Tarahumara have developed numerous strategies that allow for cultivation of steep slopes 

while protecting their soil from erosion. They utilize their intimate knowledge of the 

environment to develop specific techniques that are adapted to exceptional topography 

and often changing environmental conditions, which largely depends on the amount of 

available resources and capital (Wilken, 1998).    

 

 

 

 Figure 3.1: Uncontrolled slope erosion leading to field abandonment 
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 The primary method the Tarahumara use to farm steep slopes and also 

prevent fast-moving water from destroying crops below is the construction of trincheras. 

The English-Spanish dictionary defines a trinchera as a trench, entrenchment, deep cut 

or ditch, yet in actual practice it is rare that they are constructed in this manner. It is 

difficult to define trincheras in the Sierra Tarahumara because there is not a single 

construction type and each may serve slightly different purposes. They consist of runoff 

control structures of various sizes and configurations that are usually built perpendicular 

to the slope or gradient.  (Figures 3.2, 3.3 and, 3.4; Treacy and Denevan, 1994).  Most 

are composed of large rocks and some can reach upwards of 2 meters high, while the 

majority have one to two rock levels and are between 0.5 to 1 meter.  Tall vegetation, 

both dead and alive, may also be added as reinforcement. The specific purposes of 

trincheras vary based on the desires of the specific farmer, but the general purpose is to 

prevent maintain soil fertility and protect agricultural production. The Tarahumara with 

whom interviews were conducted consistently used the term trinchera to refer to all 

manner of erosion control devices.  For descriptive purposes and greater understanding, 

this thesis will use the term trinchera to relate to the general construction of erosion 

control devices, but will also give more specific and expressive terms to differing runoff 

control measures so that there will greater clarity.   

 Six principal trinchera types have been defined within the study area.  

Their identities are based upon several interrelated and mutually dependent features of 
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both the structures and the environment, as follows: 1) the form and dimension of the 

wall and plot, and 2) the physiographic situation. Defined below are terraces, semi-

terraces, check dams, rock alignments, riverside trincheras, and retaining walls (Herold, 

1965).     

  

     Terraces 

 The first type of trinchera is often the most recognizeable, but was not 

common within the study area, though there have been  records of terraces in other parts 

of the Sierra Tarahumara (Pennington, 1963).  A terrace gets its name from its emphatic 

step-like appearance. The walls  are often higher and more vertical than most other 

trincheras, usually between 1 and 2 meters tall, and are situated on a slope rather than 

within a drainage (Figure 3.2; Herold, 1965).  Terraces allow farmers tocultivate areas 

where the soil was previously too fragile and thin for cultivation. They are constructed 

perpendicular to the slope gradient and can retard erosion and prevent soil loss 

downslope (Cannell and Weeks, 1979).  The construction of terraces is done by large 

groups of Tarahumara who work together and bring in rocks from the surrounding area, 

many from stream and river beds.  All of the work is done entirely by hand.    Terraces 

slow down runoff enough so that the sediment settles and is deposited, rather than 

washed downslope. Controlling slope erosion is often the most important role of all 

trincheras in the Sierra Tarahumara.    



 

31 
 

 Another common problem with slope soil is that the  profile may be 

shallow and insufficient for agriculture.  Terraces serve an important purpose by 

trapping sediment that erodes naturally from upslope (Denevan, 1980).  A farmer will 

build these terraces out of rock and can either allow the process of erosion to happen 

naturally or agitate sediment so that it moves down slope and stops against the terrace 

wall.  According to several farmers,  the soils up against the terrace wall are often the 

most productive because of their deep profile.  Terraces also manage the flow of water. 

The Tarahumara terraces usually have only one or two levels and differ from others, like 

those of Inca construction in Peru, which have many separate levels.   These simple 

terraces will trap runoff water from a much greater extent than the area of the field, but 

will not evenly distribute moisture across it (Donkin, 1979).   

 A final function is the creation of a nearly level planting surfaces.  The 

plots behind each  terrace wall  slope more gently than the general slope profile.  These 

terraces do not result in perfectly level slope conditions, but they do allow cultivation in 

a field that before may not have been arable (Doolittle, 2000).   

   The construction of Tarahumara terraces is quite simple. It is rare to have 

access to large amounts of labor or capital, so terraces do not involve intricate 

construction.  More well known terraces of Mexico, such as the ancient Aztec  Maguey 

terraces of Morelos, involved centralized populations and wealth which allowed for the 

contruction of large-scale terraces that could feed thousands of people (Smith and Price, 

1994).  A Tarahumara farmer works for himself and his family.  They may have some 
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outside help from the government or more distant family members, but as a general rule  

each farmer is solely responsible for his own field.  If they cannot afford terraces, then 

they simply will not have them. These traditional types of terraces are only sporadically 

found within the Sierra Tarahumara.   

 

Figure 3.2: Terrace construction near El Divisadero 

     Semi-Terraces 

 Semi-terraces share many of the similar features as terraces, but require a 

much smaller amount of labor and resources.  They parallel the contours of slopes and are 

usually between 20-50 centimeters tall  (Figure 3.3).  Semi-terraces span the entirety of 

the cultivated field.  The primary roles of these semi-terraces are quite similar to terraces 
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because they both slow soil erosion and manage the flow of water.  Semi-terraces do 

create a more level planting surface and also increase the soil depth, but at a much lower 

rate than terraces because they are much smaller in size than normal terraces. It is more 

common to find these semi-terraces because they often require fewer resources and can 

be contructed with ease by just one farmer and his family.  They typically consist of one 

or two levels of stacked rocks.   

 

Figure 3.3: Semi-terraces in El Divisadero 

     Check Dams 

  Another important type of  trinchera is known as the check dam.  The 

most distinctive feature of a check dam  is its physiographic location. Check dams are 

situated perpendicular to a drainage course, and parallel to the contours of the valley.  
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They are frequently set in ephemeral streams and are constructed to prevent strong 

runoffs from eroding fertile soil (Figure 3.4; Doolittle 1985).  If there is no impediment, 

rills and gullies can form and severely damage crops below.  Check dams are built from 

rocks, and often intertwined with vegetation.  The size depends almost entirely on the 

drainage to which it conforms.   The primary purpose is to control erosion, and there is 

rarely agriculture above  it.  Check dams act as a speed bump that slows down water 

enough to drop the suspended sediment.  A check dam may not be necessary for the 

majority of the year, but is crucial when there is a large precipitation event. They are 

common place in the Sierra Tarahumara because they are easy to construct and do not 

require a plethora of rocks.    

 

Figure 3.4: Vegetation used as check dam 
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     Retaining Walls   

 Retaining walls share characteristics with several other trincheras types, 

and are prevalent throughout the Sierra Tarahumara.  They could be described simply as 

a singular terrace wall of between 1 and 2 meters constructed at the bottom of a field 

having at least a gentle slope (Figure 3.5).  Much like terraces, a retaining wall can 

deepen the soil profile and also control slope erosion.  But because there is only one row 

of stacked rocks, it does not play a major role in managing the water flow across the 

field.  These retaining walls do not require as much work a larger series of terraces, but 

they must be constructed on a field with a relatively slight slope.  If the slope is too great 

it will put too much pressure on the retaining wall and cause it to fall over.  

 Norogachic, a distinguished Tarahumara town, is known for a high number 

of retaining walls and other erosion control structures.  For hundreds of years 

Norogachic has been a Jesuit settlement with a large mestizo presence (Bennett and 

Zingg, 1935).  There is more capital in and around Norogachic than in many of the 

isolated Tarahumara communities, and it is located on a tributary of the Río Urique, so 

there is a plethora of exposed large rocks that serve in the construction of retaining 

walls.  Nearly all of the soil located up against the terraces is quite deep and nearly runs 

over the retaining wall. They must be continually built upon as more of the soil slowly 

erodes over the top, playing a major part in the technique.  They first start out with a 

small retaining wall, maybe just a few stones high and then continue to build on top of it 

as the soil erodes more.           
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     Riverside Trincheras 

 An additional type trincheras was documented only in the town of 

Norogachic located along the river basin and called riverside trincheras (Figure 3.6).  In 

practice, they act more like a fence or a crude levee system.  They consist of stone walls; 

usually about 1-1.5 meters in height and trees are planted in between them to provide 

strength.  They may wrap around the entirety of the field, so that they protect it from an 

expanding river, while also preventing upslope erosion, but often are just positioned so 

that they stop the majority of the river‟s force.  The wall is relatively permeable, so that 

it will allow water to slowly cover the field though not allowing an excessive amount of 

the river‟s force to carry away the soil.  Fields that are placed close to the river take 

advantage of the excellent alluvial sediment though are often at great risk during heavy 

precipitation events.  Without these riverside trincheras the soil and crops would 

undoubtedly be washed away when the river level rises. It seems a rather perilous 

cultivation strategy, but many Tarahumara use this area to plant their corn, but may also 

have crop in another area so as to mitigate risk.  One farmer in Norogachic interviewed 

had placed a large portion of corn within the basin without the protection of riverside 

trincheras.  When asked, he commented that the soil produced a good corn crop, and 

though it was a risk, it was one that had paid off in the past.  It was clearly an 

agricultural attitude that looked towards quick rewards and not consistent agricultural 

production.    
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Figure 3.5: Retaining wall near a Río Urique tributary in Norogachic 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6: Riverside trinchera near a Río Urique tributary in Norogachic 
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     Rock Alignments  

 The final trinchera or erosion control method is known as a rock 

alignement, which prevents water from rushing too swiftly down  a steep slope and then 

causing erosion once it hits the agricultural plots below (Figure 3.7). Several of these 

rock alignments were placed along an exposed rock slope.  Without these alignments 

water would reach high speeds and cause erosion. The rock alignment is not put 

perpendicular to the slope, but instead out a diagonal, so that the water can  be channeled 

away from  the crops.  This type of trinchera is not very common and used in only 

specifc situations.   

 

Figure 3.7: Rock alignments above a field in Cusarare to prevent soil erosion by slowing 

runoff 
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     Other Erosion Control Methods  

 There are also many erosion control methods that do not classify as a 

trinchera, but would serve a similar purpose, such as the scattering of rocks across a 

field (Figure 3.8).  These scattered rocks are usually about 2-8 centimeters across and 

cover about 10-40 percent of the exposed soil.   This serves a double purpose.  

Primarily, the rocks work to prevent erosion.  By covering much of the barren soil, there 

is less splash erosion which often displaces the greatest amount of soil.  The rocks also 

slow the creation of rills by providing greater resistance then exposed soil and promote 

soil percolation.  Another important benefit is the reduction in evaporation. The rocks 

shield much of the soil from the sun‟s intense radiation and often can maintain proper 

soil moisture for a longer period.  A downside to such a technique is that it is habitually 

much more challenging to plow.  With so many rocks in the field the farmer may have a 

problematic time plowing the soil in the traditional manner, and  instead  have to plant it 

with a hoe.    The origin of these rocks is often unclear.  The soil can include a large 

number of rocks, so that the farmer may only have to bring a small number to protect the 

fields.   
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Figure 3.8: Rocks surrounding corn retain water and protect soil erosion 

 Other areas may not have any erosion control measures at all (Figure 3.9).  

Choguita, a small settlement in between Cusarare and Norogachic, has only small 

number of check dams.  Farmers were keenly aware of the lack of erosion control 

methods.  During the interviews they lamented the paucity of terraces, and noticed the 

large amount of erosion, but did not have the resources available to construct them.   
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Figure 3.9: Erosion from lack of control methods in Choguita.   

 Most Tarahumara work to prevent soil erosion, while a few induce runoff 

and then hope to control it.  Though not a widespread process in the Sierra Tarahumara, a 

few farmers do practice this technique.  A farmer using this technique cuts trees and 

vegetation upslope and then allows for the topsoil to be washed onto the corn field below.  

The process works for the first few years and harvests can be robust.  The nutrients 

available in the slope soil are washed down and added to the level field below.  The 

problem with induced slope erosion is that after the fertile soil has eroded, the farmer 

does not have a buffer against upslope runoff.  Gullies cut down into the granite parent 

rock, and water rushed down faster into the corn below (Figure 3.10).  To compensate, 

the farmer may build a check dam above the field and then route the flow of water away 
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from the crops - although this usually does not make much of a difference.  Without trees 

and grass above, the runoff gained speed and damaged the corn below.  Soil samples 

from this site also show that the erosional sediment was quite low in organic matter, and 

did not add to fertility of the soil. Though further work is needed, induced slope erosion 

does not appear to be a viable long term agricultural technique.  There is an early benefit 

of released soil nutrients, but the long term problem of increased susceptibility to runoff 

is too great.   

 

Figure 3.10: Induced slope erosion field near Cusarare 

 A description of Tarahumara erosion control methods would be inadequate 

if it did not note that many of these techniques are used in conjunction.  In one field you 

may find semi-terraces along the slope and then also a retaining wall at the bottom. A 
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farmer may build s stone fence around that surrounds his field and may serve as several 

different types of trincheras. This same field may also contain intentionally scattered 

rocks.  Farmers will implement an assortment of erosion control techniques to get the 

best of each field, while also taking into account the amount capital and labor that they 

have available, which can limit trinchera construction.   

3.2 Fertilizer  

 Fertilizer was exclusively applied through animal manure for nearly the 

entire history of Tarahumara agriculture since adopting the Spanish animal husbandry 

tool kit.  This system permits Tarahumara to farm the stony mountain soils and live a 

sedentary existence, but it is also precarious.  If there is no access to livestock, the fields 

become barren within a few years and traditional agriculture will no longer be possible.  

Over the past twenty to thirty years, the Tarahumara have experienced a slow shift away 

from an exclusively traditional and organic agriculture which has led to the utilization of 

both organic and chemical fertilizers.  During interviews, farmers reported getting larger 

harvests from the use of chemical fertilizers, but also claimed that it “burned” the soil 

and can cause stomach pains.  Why have the Tarahumara made such a change? 

 Farmers reported several reasons for such a shift.  The most common is the 

claim that a recent drought over the last 12 to 15 years killed the majority of their 

animals, or simply made their care too expensive.  Without a large number of animals, 

communities did not have access to manure to keep their fields fertile.  Other farmers 

mentioned that the influx of vehicular traffic has killed much of the livestock.  Farmers 
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that live near major roads are fearful for their own animals, as many are killed. They 

claim that it is hard to manage large numbers of livestock and instead use chemical 

fertilizer. Though expensive, it may save the hours necessary to manage large numbers 

of animals.           

 Farmers consistently reported that more chemical fertilizers were needed 

because the fields had simply lost fertility.  Farmers told of greater harvests when 

previous generations worked the area.  They blamed the alleged drought for the loss of 

crops and also lament the lack of terraces, which they identified as a major loss of fertile 

soil.   

3.3 Government Aid  

  After speaking with government officials and several Tarahumara farmers, 

it is apparent that recent government policies have also had an influence on the 

agriculture of the Tarahumara. PROCAMPO, a governmental organization that works to 

support farmers across Mexico, has given aid to the Tarahumara.  They pay Tarahumara 

farmers 1,000 pesos ($83 U.S. dollars) per hectare of farmed land every two months 

(Hernández, 2010). This stipend is intended to support agriculture, yet there is often little 

regulation, and many Tarahumara who no longer farm still receive it.  A local community 

president regulates these stipends and can stop payment if they know that a farmer has 

not cultivated crops. In addition to the PROCAMPO stipend, 1,000 pesos is given every 

two months to families per child and those over 70 years old.  Though this aid comes 
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with good intentions, several farmers reported that it was rarely used for agriculture and 

instead pulled the Tarahumara further into the mestizo economy.       

3.4 Effects of Globalization 

  As globalization continues to extend further into the isolated canyons of the 

Sierra Tarahumara, the traditional culture is slowly lost. The Tarahumara who apply 

chemical fertilizer now need an income to pay for it. Government subsidies may help, but 

it is rarely enough. Many Tarahumara, mostly young men, have no other choice but to 

leave the family farm and work in the larger cities of Creel, Cuauhtémoc and Chihuahua.  

The jobs available pay poorly and involve menial labor, but are important to the success 

of the crops since chemical fertilizer is now necessary     

  Once a Tarahumara returns, it is often trying to continue the traditional way 

of life.  The young men, who leave to work, may never farm again, but instead exist on 

wage labor. The farmers interviewed were older and lamented that much of the younger 

generation has abandoned the traditional Tarahumara culture.   

  The effect of globalization can also been seen by the drug war. Drug 

trafficking has been common in this region for decades, as landing strips located 

throughout the mountainous ranges have been used in large-scale operations since the 

1960s (Perramond, 2004).  The level of participation by the Tarahumara has historically 

been small.  Tarahumara are often forced into production ventures by traffickers, and 

typically do not plant more than a hectare of marijuana (cannabis) or poppy (papaver).  
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The Tarahumara are usually more preoccupied with their own crops than illicit ones, 

though this may be changing.  As more Tarahumara rely on the cash economy to buy 

fertilizer and other agricultural additions, growing illicit drugs can provide substantial 

income.  One kilo of marijuana is worth about $280 (in 2002), worth about 100 to 200 

times more than similar corn and wheat harvests in the region (Perramond, 2004).   

  The Mexican government tolerated the production of marijuana and poppy 

for decades.  It has always been illegal, but corruption and a lack of drug enforcement 

funding allowed it to flourish.  Recently, a government crackdown and feuding cartels 

changed the industry. The state of Chihuahua is now at the center of the drug war, as the 

Sinaloa and Juarez cartels fight over turf.  Though the majority of violence takes place in 

the larger cities of Ciudad Juarez, Chihuahua and Cuauhtémoc, it has also increased in 

the Sierra Tarahumara. The violence is followed by a larger police and military presence.  

The Tarahumara are now at a greater risk of producing illicit drugs and are routinely 

caught in the crossfire of the feuding cartels.  The drug war is now another pressure that 

can force them out of their traditional agricultural.    
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Chapter 4: Conversations with Local Farmers 

4.1: Answers to Questions 

  A large amount of the work done for this thesis involved interviews with 

Tarahumara farmers which were conducted while hiking across the Sierra Tarahumara.    

The field work was first attempted without the help of a guide and had little success.  Not 

only was it difficult to locate isolated farms, but many Tarahumara would not speak to a 

wandering, gringo geographer.  The first three field days without a guide were spent 

wandering aimlessly, followed by a man wearing no pants, and uncovering little 

information. It was quickly realized that without a guide gaining access would be 

impossible.  A guide had to be located who spoke Spanish and had ties to both the 

mestizo and Tarahumara cultures.  By asking several people in the town of Cusarare, 

contact was made with an older guide by the name of Reyes.  Without his help there is no 

doubt that this thesis would not have been possible.  Reyes was indispensable.  His 

knowledge and contacts within the area opened up new research possibilities. Reyes had 

worked as a farmer his entire life and thus had a vast knowledge about the specific 

cultivation practices within the Sierra Tarahumara, and also provided introductions to 

both Tarahumara and mestizos.  

   Under Reyes‟s guidance, 28 interviews were conducted primarily in the 

towns of Cusarare, Guacajípare, Choguita, Basíhuare, and Norogachic (Table 4.1).  The 

interviews were done entirely in Spanish, though a couple times they were then translated 
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into Tarahumara. Each farmer was asked the same set of questions, as seen below, but the 

interview techniques were relatively informal

     What type of crops do you do you plant and when? 

  The crops were quite similar and reflected traditional Tarahumara practices.  

All of the farmers planted variations of white or blue corn. Beans are also a major staple 

and all but two of the Tarahumara farmers planted them.  The other crops consisted of 

squash, potatoes, peas and oats.  

  There are some discrepancies as to when farmers plant their corn.  The 

earliest farmer mentioned that he plants his corn on the 20
th

 of April, but the others 

usually plant their corn in the middle of May.  If a farmer plants too early, than he risks 

losing it to a late frost, but if it is too late then there is a greater risk that it could be eaten 

by insects. The planting date for the beans was often the same as corn, but about one-

third of the farmers planted the beans at a later date than the corn, extending it until late 

June.   Squash and other crops are usually planted on the same date as corn.        
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Interview 

Location Goats Cows Crops Plant date Fertilizer 

Residence 

(years) 

Fields better 

before? 

Guacajipare 50 10 Corn, beans 

 

Natural 50 Yes 

Guacajipare 25 

 

Corn, beans 

 

Natural 9 No difference 

Gacajiapre 

  

Corn, beans, squash 

 

Natural 

  
Cusarare 

 

1 Corn, beans 15-May Natural 22 Yes 

Cusarare 15 

 

Corn, beans, potatoes 1-May Chemical 60 Yes 

Cusarare 

  

Corn, beans 

Corn May 1; 

Beans May 

24 Chemical 50 

 
Cuchepachi 15 3 Corn, beans, squash, tomatillo 25-Apr Chemical 80 Yes 

Cuchepachi 10 1 Corn, beans, squash 25-May Chemical 

  

Cusarare 

 

9 Corn, beans, squash 

Corn April 

25; Beans 

May 14 Natural 40 Yes 

Cusarare 15 3 Corn, beans, potatoes 

Corn May 1; 

Beans June 

24 ; Potatoes 

May 1 Natural 80 

 
Cusarare 10 10 Corn, beans, squash 3-May Natural 10 Yes 

Basihuare 

 

5 Corn, beans, squash 25-May Natural 

 

No difference 

Basihuare 20 

 

Corn, beans, squash 17-Jun Natural 100 Yes 

Basihuare 18 

 

Corn, squash 1-May Natural 8 No difference 

Basihuare 

  

Corn, beans 20-May Natural 50 Yes 

Gomerachi 30 

 

Corn, beans, tomatillo 13-May Natural 100 Yes 

Gomerachi 

  

Corn 5-May Natural 100 Yes 

Table 4.1: Answers to interview questions 
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 Table 4.1, cont.: Answers to interview questions  

 

Interview 

Location Goats Cows Crops Plant Date Fertilizer 

Residence 

(years) 

Fields better 

before? 

Gomerachi   Corn, beans, squash 3-May Chemical 70 Yes 

Chupeachi   Corn, beans, squash 15-May Chemical 70 Yes 

Chupeachi 5 10 Corn, beans, squash 4-May Natural 80 Yes 

Chupeachi 20 

 

Corn, beans, squash 3-May Natural 100 No difference 

Choguita 

 

2 Corn, beans 

Corn May 

10; Beans 

June 25 Natural 70 

 
Choguita 

  

Corn, beans, squash 24-Apr Chemical 100 Better now 

Norogachic 

 

25 Corn, beans, peas, oats 20-May Natural 70 

 
Norogachic 

  

Corn, squash 4-May Chemical 50 

 
Norogachic 40 5 Corn, beans 1-May Chemical 

 

Better now 

Norogachic 

  

Corn, beans, squash 2-May None 10 No difference 

Basihuare 

  

Corn, beans, potatoes 

 

Natural 50 
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What are the plowing techniques?  

  Tarahumara farmers must plow the stony mountain soil so that they can 

plant seeds and help to prevent weeds from overtaking their crops.  The traditional 

wooden arado is still used by many Tarahumara, while others have begun to use an iron 

arado because it is more efficient (Figures 4.1 and 4.2).  The primary importance of an 

arado is to open up the soil and allow for the planting of seeds. The traditional arado is 

made entirely out of wood, except for a small stone on the front that breaks the hardened 

soil.  The more modern arado still primarily made of wood, but the part that breaks the 

soil is made of iron, making it more efficient, though also dries out the soil. Farmers that 

lack resources can use these two basic arado designs for tending the fields in several 

ways, such as weeding and creating mounds, while those with resources may own several 

different types of arados, each one serving a specific purpose.  The second arado often 

used is known as an escardilla or a palmadora (Figure 4.3).  These are used after the crop 

has germinated and is facing competition from weeds. The farmer drags it alongside the 

rows of corn or beans and it will pull up weeds and also deepen the rows alongside them 

to allow it to capture more water. It does not dig down as deep as the iron or wooden 

arado and does not dry out the soil. The last type of arado used is known as a boleadora, 

and its purpose is to further deepen the rows between the crops and also collect soil 

around the base of the corn stalk to strengthen it (Figure 4.4).  On many bean fields, and 

crops located on a steep slope, the arado will be discarded all together and instead the 

farmer will use an azadón, or garden hoe, to plant and weed.  Though it takes more 



 

54 
 

energy and time, it does not disturb the soil as much and thus prevent soil erosion and 

desiccation.  In the past arados were pulled by oxen, but now are more commonly 

worked with either a horse or a mule.  

 

Figure 4.1: Traditional wooden arado 

 

Figure 4.2: Iron arado 
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Figure 4.3: Escardilla, used to weed corn fields 

 

Figure 4.4: Boleadora, used to support corn and deepen rows 
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     How many animals and what types do they have?  

  Many Tarahumara still have livestock, but the number is dwindling.  A 

major reason was that there has been an alleged shift in climate over the last 12 to 15 

years that has caused a lingering drought and thus killed a large number of the animals.  

Of the 28 farmers, 13 claimed that they owned goats, with herds that ranged from 5 to 50 

animals.   Cows were also deemed as important and 12 of the interviewees owned them 

in numbers from 1 to 25.  Of lesser importance were horses, sheep, chickens, donkeys 

and pigs.  Several of the villages visited were once major areas of cattle and goat grazing, 

such as Basíhuare, but now they have a small number of animals.   

     What type of fertilizer do you use? Why do they apply it? 

  Of the 28 farmers in this study, eight claimed that they either currently 

apply fertilizer on their fields or have in the past.  They use a type known as „El 18‟, 

which contains 18 percent nitrogen, 46 percent, phosphorus, and 0 percent potassium by 

weight.  It is sold to farmers for 480 pesos per 50 kilogram, and is regularly carried on 

large trucks and brought to relatively isolated villages.  Farmers notice that it can increase 

crop yields, though also release is detrimental effects on the health of the soil and those 

that consume crops grown with it.    

      Were the fields better before?   

  The question is somewhat subjective, as there are few records, if any, that 

document the annual harvest size.  It therefore can be easy for the farmers to exaggerate 
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the previous harvests and give an imprecise representation of the overall trends.  Despite 

possible inaccuracies, it is still important to get information from the farmers as to how 

they noticed changes in their agriculture, specifically on a decadal scale. Nearly all of the 

farmers claimed that the harvests were better when their father or grandfather cultivated 

the land, while also needing fewer inputs.  A small number of farmers who had not 

worked their fields for less than ten years claimed that they could not tell a difference. 

Others claimed that the soil was actually better now, but this was because of the addition 

of chemical fertilizers.     

  A lack of erosion control techniques was seen as the main culprit for the 

decrease in harvest size.  Farmers consistently recognized that without soil erosion 

control structures they lost their topsoil, but rarely did anything to stop it.  They treated 

the soil erosion problem as something that could not control.  Virtually all of the erosion 

control structures in place had been constructed by previous generations.    

  The Tarahumara farmers also believed that the recent drought was another 

cause of decreased productivity, though recent climate data are unavailable.  They 

consistently claim that they are still experiencing a drought that began 12 to 15 years 

earlier. This alleged drought severely affected the crops, and also killed a large number of 

the animals, thus intensifying the effects on the Tarahumara.  Some farmers believed that 

the drought in part was caused by the large amounts of deforestation in the Sierra 

Tarahumara.  Large swaths of pine forest have been cut down, usually by mestizo 

businesses that sell the lumber outside of the Sierra Tarahumara. Without trees, there is 
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less water stored in the local hydrological cycle and can intensify droughts.   Other 

Tarahumara see that the drought has other consequences.  There has been a lack 

precipitation in the form of snow, which helps to kill the noxious soil microbes and insect 

larvae, thus creating a larger harvest.   

4.2: Response Trends 

  The Tarahumara interviewed seemed to be quite worried by the state of 

agriculture.  They not only were concerned about their specific plot of land, but also by 

the small number of young Tarahumara who work in the fields.  Few Tarahumara farmers 

interviewed were under the age of 35.  Most of the younger Tarahumara are not 

participating in traditional agricultural practices and instead taking jobs in surrounding 

mestizo towns or working for wages in the timber industry.  Once they leave their 

agricultural plots, they rarely return. After getting a taste of a more material lifestyle with 

more stimulation, it is problematic for them to return to the solitude and tranquility of the 

canyon.   

  As a visitor to the Sierra Tarahumara, I saw much agricultural change that 

seemed unsustainable and threatens their independence and culture in the future.  This 

sentiment did not seem to be echoed by the Tarahumara with whom I spoke.  Though 

they did seem worried about their crops that year, there was not a sense of urgency in 

their explanations or any type of panic.  The Tarahumara would adapt to new 

circumstances, as they always have, and continue on with their lives.        
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Chapter 5: Soil Analysis Methods 

  Soil samples were collected from each agricultural field where an interview 

with a farmer was conducted. The samples were taken from the uppermost 10 centimeters 

of the profile and consisted entirely of topsoil.  Each sample weighed between 500 and 

1,000 grams when dried.  

  The intent of the soil analysis is to determine soil quality, and infer the 

effects of specific agricultural techniques.  Previous work in the Sierra Tarahumara has 

studied agricultural techniques, but little attention was paid to the analysis of soil quality.  

By gaining a better understanding of agricultural soil quality, it will be easier to 

determine the current risks to Tarahumara agriculture and possibly predict future output.  

  The soil samples were sent via courier from Chihuahua, Mexico, to the 

Soils Laboratory, Department of Geography and the Environment the University of Texas 

at Austin under the United States Department of Agriculture soil importation permit of 

Dr. William E. Doolittle. Four different analyses were conducted: a visual description, 

assessment of gravel content, loss-on-ignition determination for organic matter content, 

and soil texture as determined by the hydrometer method. To further understand the 

Tarahumara soils, samples were also processed and sent via courier to the Texas A & M 

University Agrilife Extension for a basic chemical analysis.   
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5.1 Visual description 

  The first soil analysis was simply a physical description of the soils. The 

soils were analyzed by a Munsell Soil Color Chart and given a number and name based 

on their hue, value, and chroma.  The samples were analyzed after being sieved to 

remove gravel and then oven dried to ensure that soil moisture did not affect color values.  

Soil color can serve important functions to determine soil fertility.  Soils that have a 

darker color tend to have greater organic matter content and thus have a higher fertility.   

5.2 Gravel Content 

  Soil samples came directly from the field and contained different levels of 

moisture content.  To ensure consistency, all soil samples were dried out in a lab oven at 

90 degrees Celsius for 24 hours.   After they had lost all moisture, the samples were 

passed through a 2 millimeter sieve and all the gravel was excluded.  A mortar and pestle 

was used to break up soil clumps.  It was quickly recognized that gravel consisted of a 

large portion of the soil samples and had a significant factor in terms of fertility.  The 

gravel was taken out, weighed and the percentage of the sample weight was determined.   

  The persistence of gravel within a field, may serve two purposes.  It has the 

ability to protect the soil from erosion, but it also hinders the growth of vegetation.  A 

soil that has too much gravel or large particles will not be able to hold enough soil 

nutrients or moisture.   
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5.3 Organic Matter Content 

  Soil organic matter plays several important roles that increase agricultural 

productivity.   Organic matter binds mineral particles into a granular and crumb-type 

aggregation so that the soil is loose, more easily managed, and agriculturally productive.  

The energy provided by organic matter fosters the growth of fungi, bacteria and soil 

animals, which then increases soil aggregation. As the organic matter decomposes, gels 

and other viscous microbial products further encourage crumb formation (Brady and 

Weil, 2004). Soil aggregation, aided by organic matter, increases soil porosity, thereby 

increasing infiltration and water-holding capacity of the soil, providing more water 

availability for plants and less potentially erosive runoff (Lal et al., 1998).  

  As soil organic matter decomposes, important plant nutrients (mainly 

phosphorus, sulfur, and nitrogen) are released as soluble ions that can be taken up by 

plant roots. Decomposition of organic matter is the main food that supplies carbon and 

energy to soil organisms. Without the addition of carbon, the biochemical activity that is 

essential for ecosystem functioning would cease to exist (Brady and Weil, 2004).   

  As a general rule, the higher the soil organic matter content, the more 

productive and stable the soil.   The importance of soil organic matter is further illustrated 

and expressed by the small proportion that it plays of soil.  By weight, typically well-

drained mineral surface soils contain from 1 to 6% organic matter (Brady and Weil, 

2004).   
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      Method 

   Once all the necessary soil preparations were finished the following 

procedures were applied (Perez, 2009).    

1. The dried samples of 50 grams were placed into a crucible and put into the muffle 

furnace set to 450 degrees Celsius.   

2. The samples were kept inside the muffle furnace for 8 hours. 

3. Each sample was weighed after the muffle furnace to determine the organic 

matter that had been burned off. 

     Calculations  

  LOI450 = ((DW90–DW450)/DW90)*100 

  When the time in the muffle furnace was completed, the samples were 

placed into a desiccator to ensure that they could dry without being contaminated by 

atmospheric moisture.  Once cooled, the samples were weighed and the difference 

between the two determines the amount organic matter that had been burned off.    

5.4 Textural Analysis 

  Texture analysis was conducted in order to determine the percentage of 

sand, silt, and clay in each soil sample.  Soil texture is an important measure of soil as it 

is not readily subject to change and is thus considered a basic property of a soil.  

Diameters of soil particles range over six orders of magnitude, from boulders (one meter) 
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to submicroscopic clays (<10
-6 

meters).  Scientists separate the soil particles into several 

classification systems as established by the U.S. Department of Agriculture.  The size 

ranges for these separates are not purely arbitrary, but reflect major changes in how the 

particles behave and the physical properties that they cause in the soils (Brady and Weil, 

2004). Gravels, cobbles, boulders and other coarse fragments greater than 2 millimeters 

diameter may affect the behavior of soil, but they are not considered to be part of the fine 

earth fraction. Sand, silt, and clay are the three main particles that will be measured in the 

textural analysis.  

      Sand 

  Those particles that are smaller than 2 millimeters, but larger than 0.5 

millimeters are considered to be sand.  The particles can be rounded or angular, 

depending on amount worn down by abrasive processes.  Sand feels gritty when rubbed 

in between the fingers and can generally be seen with an unaided eye.  Because of the 

greater size of sand particles they create large pore spaces which promote the rapid 

movement of water and air in the soil.  Sand particles can therefore hold little water and 

soils that are dominated by sand are prone to drought.    

     Silt 

  Particles that are smaller than 0.05 millimeters, but larger than 0.002 

millimeters in diameter are classified as silt.  Silt shares a similar shape as sand, but silt 

particles are not visible to the unaided eye, and do not have the same gritty texture when 
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between two fingers. The pores between silt are much smaller than sand, but also more 

numerous, allowing weathering to occur more rapidly.  The increased amount of pores in 

silt allows it to hold more water than sand and let less drain through.   

     Clay 

  Particles that are smaller than 0.002 millimeters are classified as clay.  

They have a very large surface area and a tremendous capacity to absorb water and other 

substances. The structure of clay differs greatly from that of silt or sand (Brady and Weil, 

2004).  Clay particles tend to form platelets or tiny flakes, which leave small and 

convoluted pore spaces slowing the movement of water and air.  Because of its ability to 

hold moisture and the structure of soil particles, clays will often feel sticky to the touch 

when wet and will form hard clumps or clods when dried out.  Clay particles are 

electrically unsatisfied and thus attract cations calcium, magnesium and potassium 

(Maddox, 1974).    

      Overall Soil Texture 

  Soil texture is one of the most important soil properties and has a 

pronounced effect on agricultural production.  Soils contain a combination of sand, silt, 

and clay and are categorized accordingly using the soil texture triangle chart (Figure 5.1). 

Coarse-textured soils (sands and loamy sands); loamy or medium-textured soils (for 

sandy loams, loam, silt, silt loam, sandy clay loam, clay loam, and silty clay loam); and 

clayey or fine textured soils (for sandy clay, silty clay, and clay).   
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  There is no specific ratio that creates higher soil fertility, and each crop 

may have specific soil texture requirements.  Certain crops need a specific ratio of soil 

texture and thus can only be grown in particular environments. In general, sandy or 

coarse-textured soils tend to be low in organic matter and native fertility, low in ability to 

retain moisture, low in cation exchange capacity and are rapidly permeable.  They are 

typically not well-suited for agriculture though they may respond well to the application 

of fertilizer.  Because of the high porosity of these soils fertilizer must be frequently 

reapplied (Brown, 2003).   

  Finer textured soils are typically better suited for agriculture as they contain 

higher amounts of clay and silt.  They are more fertile, contain more organic matter, have 

higher cation exchange and buffer capacities, are better able to retain moisture and 

nutrients, and permit less rapid movement of air and water (Brown, 2003).  The greater 

amount of pore space can support agriculture, but if the particle size becomes too small it 

can limit cultivation.  When soils are too fine, and dominated by clay, they can become 

sticky when wet and clump when dry. In most climates the beneficial soils are those that 

have at least 20% clay, though too much clay content can severely restrict agricultural 

production (Maddox, 1974).   

  As it is clear that both ends of the soil texture spectrum may be 

inappropriate for agriculture, a combination of the three particle sizes, known as a loam 

or intermediate loam, is often best suited for cultivation.  This allows for water and air 

movement, while also promoting the retention of nutrients and maintaining cation 
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exchange capacity.  It is also important to look at the soil texture needs for each particular 

crop.  

 

Figure 5.1: United States Department of Agriculture, soil texture triangle  

     Hydrometer Method 

  The particle size analysis quantitatively determines the physical 

proportions of sand, silt, and clay by the settling rates in an aqueous solution (Gee et al., 

1986; Bouyoucos, 1936). Settling rates are determined by the principal of particle settling 

as described in Stoke‟s Law and measured by a hydrometer. To aid in the particle 

dispersion, a solution containing 5% hexametaphosphate was first created in a 1 liter of 
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distilled water and sat overnight (Day, 1965).  For all of the procedures distilled water 

was used.   

     Procedure 

1. Weigh 50 g of dry screened soil into a 250 ml beaker. Add 100 ml. 5% Calgon 

solution. Stir and let stand overnight. 

2. Transfer to a dispersion cup. Place the dispersion in the mixer and mix for 2 

minutes. 

3. Transfer to a graduated cylinder and bring to the 1000 ml. mark with distilled 

water. 

4. Stir thoroughly using the weighted disc shaped bar. Alternatively, invert the 

cylinder 10 times. Immediately place the hydrometer and the thermometer into the 

slurry. Record the hydrometer reading and the temperature 40 seconds after the 

last mixing stroke or inversion. 

5. Let stand for 2 hours, and again record the hydrometer reading and the 

temperature. 

6. Analyze a blank in the same manner using recording both the hydrometer reading 

and temperature.  
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     Calculations 

A = Sample hydrometer reading + temperature correction* 

B = Blank hydrometer reading + temperature correction* 

* Temperature correction:  

Add 0.2 units to the hydrometer reading for each degree above 67° F (19.44° C). Subtract 

0.2 units to the hydrometer reading for each degree under 67° F. 

1. 40 Second Reading 

a. %Silt + %Clay = ((A – B) ÷ wt. soil) X 100 

b. %Sand = 100 – %(Silt + Clay) 

2. 2 Hour Reading 

a. %Clay = ((A – B) ÷ wt. soil) X 100 

3. Determination of Silt 

a. %Silt = 100 – %Sand – %Clay 

 5.5 Chemical Analysis 

  One of the most reliable measurements of soil fertility is determined by the 

levels of soil pH and essential macronutrients.  Since the University of Texas at Austin 

Department of Geography does not have the equipment do conduct a soil chemical 
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analysis, samples were sent to the Texas A & M University Agrilife Extension with. Each 

sample was analyzed for soil pH and essential macronutrients.    

     Soil pH 

  Soil pH is a measure of a soil acidity/basicity reaction and is expressed in a 

range from 0 to 14, with 0 as the extreme acidity, 14 the extreme basicity and 7 the 

neutral point.  Many plants and soil life have a specific preference for either alkaline or 

acidic conditions.  The majority of food crops prefer a neutral or slightly acidic soil.  

Each plant has a specific pH preference, which can be more acidic or basic.  Corn, the 

most dominant crop in the Sierra Tarahumara, prefers a soil pH of between 5.8 and 7 

(Espinoza and Ross, 2006).   

     Essential Nutrients 

  The three primary macronutrients are nitrogen, phosphorus, and potassium.  

They are each fundamental for plant growth and make up the majority of inorganic 

chemical fertilizers. Nitrogen is the most crucial of the macronutrients and is used in 

greater quantity.  It is a constituent of chlorophyll and is involved in nearly all the growth 

processes.  In nature, nitrogen in soil comes mainly from humus or organic matter 

(decayed plant remains).  As these plants are broken down by soil microbes and reduced 

to more simple forms they can reabsorbed by the roots of new plants.  Another important 

source of nitrogen comes from the atmosphere.  Several types of legumes are able to fix 
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nitrogen from the atmosphere with the help of bacteria which live in their root nodules 

(Brady and Weil, 2004).  

  Phosphorus, like nitrogen, is found in the plant nucleus.  It is essential for 

early plant growth.  It is later transferred to the seeds, where it is vital for growth.  It also 

shortens the growing season and hastens maturity, in this respect it acts in opposite to 

nitrogen (Maddox, 1974). Because of these qualities, along with other reasons, there must 

be a balance between phosphorus and nitrogen.  Phosphorus does not occur free in nature 

but phosphate compounds are found in many rocks and soils.  

  Potassium is the last of the primary macronutrients.  It is not a built in part 

of the fabric of plant tissues, but it is still required in large amounts.  It is important in the 

synthesis of proteins, in photosynthesis, and many of the internal workings of the plant. 

Potassium regulates the opening and closing of the stomata and thus allows leaves to 

transpire less and can use water more economically. Like phosphorus, potassium is not 

found in a free state in nature though it is abundant in combined forms in many soils and 

rocks (Maddox, 1974). 

  These three primary macronutrients are consumed in large quantities by 

plants and thus are present in large quantities in plant tissues from 0.2 to 4.5 percent (on a 

dry matter weight basis).  Without critical levels of these three primary macronutrients, 

plant growth will be stunted or possible stopped altogether (Brady and Weil, 2004).   
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Chapter 6: Soil Analysis Results 

  Many of the crops grown in the Sierra Tarahumara, especially corn, are 

quite hearty and can do well in a variety of soils. The soil analyses results are only one 

factor in crop production. Farmers may plant crops early or late, or they may be damaged 

by insects.   The soil analyses do provide a way to determine the effect that by allowing a 

comparison of different agriculture techniques and environments.  The following 

questions will be looked at for all of the separate soil analysis: 

How does the unique practice of induced slope erosion affect Tarahumara soils? 

What effects do differences in slope have on soil fertility? 

What erosion control devices aid soil fertility? 

How does the application of soil fertilizer, both chemical and natural, affect soil quality? 

6.1 Visual Description  

  Overall, the soil colors showed little variation. The processed samples, 

which had no soil moisture, were all shades of brown or gray.  The samples that had not 

been processed showed more variation, but they had inconsistent moisture levels and thus 

inappropriate for soil testing. Along with other analyses, color is an important factor in 

determining soil fertility.   
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     Induced Slope Erosion 

  Three soil samples were taken on a field that practiced induced slope 

erosion.  The first soil sample was taken from the sandy hill that had been purposefully 

denuded.  After this soil was processed it had a light gray color, or YR 10 7/2 by the 

Munsell soil chart.  The second sample taken at the bottom of the hill was the same light 

gray color.  Both of these samples appeared to consist largely of sand and silt, and 

contained little organic matter.  The final sample taken about 20 meters below the second, 

and did not appear to be affected by the large amount of soil erosion.  It was a light 

brownish gray or, YR 10 6/2 and appeared to have a larger percentage of SOM based on 

the darker color.  Induced slope erosion may have worked in the past when the slope had 

fertile topsoil which would benefit agriculture below.  However, the farmer is currently 

not able to control the erosion and it is destroying the upper portions of his field.  As 

agriculture moves away from the portion affected by soil erosion, it becomes darker and 

has more robust corn. 

     Slope 

  Agriculture in the Sierra Tarahumara is often conducted amongst steep 

slopes. These slopes were measured with a clinometer and ranged from 1 to 13 degrees.  

To better understand how slope affects the amount of organic matter, the slope 

measurements were separated into two categories, those with less than a 5 degree 

gradient and those with a 5 degree and greater gradient. Only 33 of the 43 samples 
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analyzed have slope data.   There was little differentiation between the two categories.   

The 17 samples from slopes of less than 5 degrees contained samples of light brownish 

gray (YR 10 6/2), light gray (YR 10 7/2), gray (YR 10 5/1), brown (YR 10 5/3), and pale 

brown (YR 10 6/3).  The slopes of 5 degrees and greater had 15 total samples.  They 

consisted of light brownish gray (YR 10 6/2), light gray (YR 10 7/2), pale brown (YR 10 

6/3), and grayish brown (YR 10 5/2).  Based on these results, there does not seem to be a 

significant difference between soil color and slope.   

     Erosion Control Structures 

  For a better understanding of how they affect the soil color the fields were 

categorized as containing some type of erosion control structure (trinchera) or having 

none at all.  Of the 43 samples, 25 had some type of erosion control structure or system 

and 18 had none.  An analysis of soil color did not show any type of association between 

the two.  The samples with erosion control structures consisted of both lighter and darker 

soil colors, primarily light brownish gray (YR 10 6/2) and light gray (YR 10 7/2).  The 

samples lacking erosion control structures had a similar color variation and the majority 

were light brownish gray (YR 10 6/2) and light gray (YR 10 7/2).   

     Fertilizer 

                     Farmers in the Sierra Tarahumara use a variety of techniques in regards to 

fertilizer.  Each sample was categorized by the addition of chemical fertilizer, animal 

manure as a natural fertilizer, no application of fertilizer in an agricultural plot, or a 



 

74 
 

control sample from a pine forest.  There was a clear relationship.  The 14 samples that 

had added chemical fertilizer consisted only of light brownish gray (YR 10 6/2) and light 

gray (YR 10 7/2) soil samples.  The soils that only had natural fertilizers showed a larger 

range of soil colors and also an overall darker appearance.  The 27 samples of purely 

natural fertilizers consisted of the following colors light brownish gray (YR 10 6/2), light 

gray (YR 10 7/2), gray (YR 10 5/1), brown (YR 10 5/3), pale brown (YR 10 6/3), and 

pinkish gray (YR 7.5 7/2).  One sample was taken from a field with no addition of 

fertilizer was pale brown (YR 10 6/3). The pine forest sample was light gray (YR 10 7/1).  

Though the amount of information that can be discerned from this is limited, it does give 

the overall impression that soils that have added natural fertilizer have a higher soil 

organic matter and thus higher fertility.   

6.2 Gravel Content 

  The gravel content between the samples varies.  The average gravel content 

of the 43 samples is 21.05 percent and the range is from 0.76 percent to 57.6 percent 

(Table 6.1).  Gravel does have a major effect on certain samples.  It is not as a major 

factor in fertility, but one that should be recognized nonetheless.  Samples with high 

gravel percentages will not be able to hold as much moisture and allow for less access to 

soil nutrients. Gravel can also give structure to soil and reduce the susceptibility to 

erosion. There is no critical level of gravel content that must be met, but it plays an 

important function.    
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Soil Sample  Interview  Gravel % 

1 1 13.02 

2 1 22.32 

3 1 21.24 

4 2 30.79 

5 2 28.19 

6 3 31.22 

7 4 7.37 

8 5 57.30 

9 5 41.16 

10 5 38.55 

11 7 30.33 

12 7 27.23 

13 8 12.89 

14 9 19.61 

15 9 18.16 

16 10 15.02 

17 11 39.13 

18 12 39.40 

19 13 5.65 

20 14 15.31 

21 15 22.15 

22 16 0.76 

23 17 20.14 

24 18 24.82 

25 19 13.77 

26 19 22.83 

27 20 37.41 

28 20 17.33 

29 21 16.43 

30 22 18.42 

31 23 32.57 

32 23 50.84 

33 24 21.35 

34 25 1.00 

35 25 11.09 

36 26 5.16 

37 26 14.37 

38 27 17.93 

39 28 17.76 

40 28 2.34 

41 29 9.05 

42 29 3.74 

43 Control  10.17 

  

21.05 

    

Table 6.1: Gravel percentages 
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     Induced Slope Erosion  

  The three samples taken from the induced slope erosion plot show high 

gravel content in the first sample taken from the denuded hill at 57.3 percent of the soil 

sample consisting of gravel.  The second sample was taken just below the sandy hill 

which had a gravel content of 41.16 percent.  The third sample was taken about 20 meters 

below the second and showed gravel content of 38.55 percent.  From these samples, it is 

apparent the gravel content decreases further away from the hill. The second and third 

samples had much lower gravel percentages, which would allow for greater moisture and 

nutrient retention.      

     Slope 

  Of the 33 samples that include a slope measurement, each one was 

categorized in to two groups, less than 5 degrees, and 5 degrees and greater in slope 

(Table 6.2).   The steeper slopes have on average 31 percent more gravel, but the gravel 

value ranges are quite similar.  Because gravel is less mobile than smaller sediment, such 

as sand, silt, and clay, it may exist in higher percentages on steep slopes.  If these 

percentages become too high, they may hinder agricultural production.  
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Table 6.2: Gravel percentage in relation to slope  

 Less than 5 degrees 5 degrees and greater 

Number  18 15 

Gravel % Range 1-57.3 0.76-50.84 

Gravel % Average 18.72 24.7 

 

     Erosion Control Structures 

     The erosion control structures were first analyzed together and compared 

with fields that have none (Table 6.2).  The fields with no erosion control techniques had 

41 percent greater gravel content based on the mean values.  The gravel content range 

varied significantly more in the field without erosion control structures. This is possibly 

due to the fact that fields without erosion control structures lack the ability to protect the 

smaller and more easily erodible sediment, thus creating a larger gravel percentage.     

Table 6.3: Gravel percentage according to erosion control structures  

 Erosion Control Structures No Erosion Control Structures 

Number  25 18 

Gravel % Range 0.76-39.13 2.34-57.3 

Gravel % Average 17.92 25.41 
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  Several fields may contain a variety of erosion control structures.  Each 

erosion control technique was isolated to determine their separate effects on gravel 

percentage.  For this analysis, each category represents the dominant technique (Table 

6.4).  The scattered rocks technique had the largest amount of gravel of the six different 

categories at 30.79 percent.  This was expected because rocks in this field were added 

and work to help prevent soil erosion.  The semi-terraces (23.93 percent) and terrace 

(28.19 percent) also had high gravel content.  In contrast, the riverside trinchera had a 

small gravel percentage of 0.76 percent largely due to the fact that flood pulses from the 

nearby river added large amounts of suspended sediment.  As well, the riverside trinchera 

would not allow for much gravel to pass through, and thus leaves only fine sediment.  

Retaining walls (15.81 percent) and check dams (18.46 percent) have similar median 

values, but there is not an apparent mechanism.   

Table 6.4: Gravel percentage according to specific erosion control structures 

 Semi- 

Terrace 

Terrace Scattered 

Rocks  

Retaining 

Wall 

Check 

Dam  

Riverside 

Trinchera 

Number  4 1 1 15 3 1 

Gravel % Range 

Range 

13.02-

39.13 

 

  1-37.41 15.31-

22.15 

 

Gravel % Average 23.93 28.19 30.79 15.81 18.46 0.76 
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     Fertilizer 

  As expected, there does not appear to be any association between fertilizer 

applications and gravel content.  The samples with applied chemical fertilizer had a 38 

percent higher average value than the samples with only natural fertilizer (Table 6.5).  

Both of these values are close to the overall gravel content average of 21.05.  The field 

with no fertilizer had a small gravel percentage content of 2.34 percent and the control 

sample had a value of 10.17 percent. Because there is no transportation mechanism, 

gravel content and fertilizer application do not appear to be related.   

Table 6.5: Gravel percentage in relation to fertilizer application 

 Chemical  Natural  No Fertilizer Control Sample  

Number  14 27 1 1 

Gravel %  Range 12.89-57.3 0.76-50.84   

Gravel % Average 26.58 19.29 2.34 10.17 

 

6.3 Organic Matter Content 

  Soil organic matter (SOM), along with other soil properties, can be 

informative and used to determine overall soil fertility.  The values of SOM content 

ranged from 2.12 to 11.05 percent with average of 4.89 percent overall (Table 6.6).  

Many of these values are considered as high, which aids in agricultural production.       
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      Induced Slope Erosion  

  In the induced slope erosion practice the three samples showed distinct 

amounts of SOM. The denuded slope sample was expectedly low at only 2.43 percent 

because most of the SOM had been washed away.  At the bottom of the denuded slope, 

the SOM was even lower at 2.12 percent. The sediment that eroded from the denuded 

slope had settled below and negatively affected the SOM content. The third 

measurement, taken 20 meters from the bottom of the hill, had an SOM value at 5.08 

percent. This sample was far enough away that it did not appear to be affected by the 

sediment transportation taking place and thus had a higher SOM content.  Based on these 

values, it is again clear that induced slope erosion is not an efficient form of agriculture.  

The low SOM percentages from the first two samples could not support agriculture.  The 

third sample was far enough away that it was not directly affected by slope erosion.    
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Soil Sample  Interview  Crucible  Soil  Total After  SOM Percentage 

1 1 33.09 40 73.09 69.72 3.37 8.43 

2 1 32.92 40 72.92 70.85 2.07 5.18 

3 1 33.15 40 73.15 71.74 1.41 3.53 

4 2 32.24 40 72.24 70.13 2.11 5.28 

5 2 32.03 40 72.03 69.79 2.24 5.60 

6 3 34.85 40 74.85 73.44 1.41 3.52 

7 4 32.83 40 72.83 71.02 1.81 4.53 

8 5 28.25 40 68.25 67.28 0.97 2.43 

9 5 27.99 40 67.99 67.14 0.85 2.12 

10 5 31.78 40 71.78 69.75 2.03 5.08 

11 7 32.38 40 72.38 70.63 1.75 4.38 

12 7 28.13 40 68.13 66.59 1.54 3.85 

13 8 32.09 40 72.09 69.19 2.9 7.25 

14 9 33.53 40 73.53 71.74 1.79 4.48 

15 9 32.92 40 72.92 71.87 1.05 2.62 

16 10 32.28 40 72.28 69.84 2.44 6.10 

17 11 34.9 40 74.9 72.85 2.05 5.13 

18 12 34.26 40 74.26 70.92 3.34 8.35 

19 13 33.2 40 73.2 71.76 1.44 3.60 

20 14 34.86 40 74.86 73.39 1.47 3.68 

21 15 30.06 40 70.06 65.64 4.42 11.05 

22 16 33.25 40 73.25 70.46 2.79 6.98 

23 17 34.7 40 74.7 72.63 2.07 5.18 

24 18 29.65 40 69.65 68.58 1.07 2.68 

25 19 33.09 40 73.09 72.18 0.91 2.27 

26 19 32.92 40 72.92 71.76 1.16 2.90 

27 20 33.15 40 73.15 70.5 2.65 6.63 

28 20 32.24 40 72.24 70.98 1.26 3.15 

29 21 32.03 40 72.03 69.96 2.07 5.18 

30 22 34.86 40 74.86 73.28 1.58 3.95 

31 23 32.84 40 72.84 70.65 2.19 5.47 

32 23 28.26 40 68.26 67.1 1.16 2.90 

33 24 27.99 40 67.99 66.05 1.94 4.85 

34 25 31.78 40 71.78 68.5 3.28 8.20 

35 25 32.39 40 72.39 70.53 1.86 4.65 

36 26 28.13 40 68.13 66.1 2.03 5.08 

37 26 32.09 40 72.09 69.8 2.29 5.73 

38 27 33.53 40 73.53 71.93 1.6 4.00 

39 28 32.93 40 72.93 71.25 1.68 4.20 

40 28 32.28 40 72.28 68.56 3.72 9.30 

41 29 34.9 40 74.9 72.99 1.91 4.78 

42 29 34.26 40 74.26 73.27 0.99 2.47 

43 Control  33.2 40 73.2 71.79 1.41 3.52 

       

4.89 

 

Table 6.6: Soil organic matter content 
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     Slope 

  The slopes of less than 5 degrees have a higher average SOM value of 5.18 

percent and maximum value of 11.05 percent (Table 6.7).  The fields with a slope of 5 

degrees and greater had an average of 4.42 percent and a maximum value of 8.35 percent. 

Flatter gradients often are more stable than the steeper slopes and can thus develop higher 

SOM percentages.  Slopes five degrees and steeper are prone to greater erosion and have 

less topsoil.   

Table 6.7: Slope and soil organic matter content   

 Less than 5 degrees 5 degrees and greater 

Number  18 15 

SOM % Range 2.12-11.05 2.27-8.35 

SOM % Average 5.18 4.42 

 

     Erosion Control Structure 

  Erosion control structures had an average SOM value of 5.14 percent 

(Table 6.8). This is a larger value than the 4.54 percent value of the fields which did not 

utilize erosion control techniques.  The stabilization of the soil provided by erosion 

control structures allows for the generation of SOM, which in turn further secures the 

soil.   
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Table 6.8: Soil organic matter content on fields with and without erosion control 

structures 

 Erosion Control Structures No Erosion Control Structures 

Number  25 18 

SOM % Range 2.47-11.05 2.12-8.35 

SOM % Average 5.14 4.54 

 

  The types of erosion control technique were again classified by the most 

dominant on each field. Each one had a similar SOM percentage, which varied from 4.64 

to 6.98 percent.  Riverside trincheras at 6.98 percent appeared to have the highest SOM 

followed by check dams at 6.24 percent.  Retaining walls had the lowest SOM percentage 

at 4.64.  Future work on the erosion control techniques of the Tarahumara must analyze a 

larger sample and include other factors to better determine the relationship to SOM, but 

based on these results the riverside trincheras and check dams appear to be the best at 

increasing SOM content. 
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Table 6.9: Soil organic matter content and specific erosion control structures 

 Semi-

Terrace 

Terrace Scattered 

Rocks  

Retaining 

Wall 

Check 

Dam  

Riverside 

Trinchera 

Number  4 1 1 15 3 1 

SOM % Range 3.53-8.43   2.47-8.2 3.68-11.05  

SOM % Average 

 

5.56 5.6 5.3 4.64 6.24 6.98 

 

     Fertilizer  

  A quick analysis of fertilizer application shows that natural fertilizer 

consistently produces a higher SOM percentage than chemical fertilizer.  The 27 samples 

that consisted entirely of natural fertilizer, primarily animal manure, had an average of 

5.12%.  This is higher than the fields that applied chemical fertilizer, which had an 

average of 4.22%.  As well, there was one sample taken from an area where the farmer 

claimed to not use any type of fertilizer, which had an even higher percentage of 9.3.  

Another sample was taken from a woodland pine forest that was used as a control and it 

showed a marked difference in soil organic matter at 3.52 percent.  Future studies would 

benefit from taking a larger sample size, and particularly focusing on forest soil and 

natural fertilizer SOM percentages.  What the data show is that overall the application of 

animal manure as fertilizer creates higher SOM than chemical fertilizer.  It also 
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demonstrates that the continual application of manure can increase SOM percentages in 

the forest soil.       

Table 6.10: Soil organic matter and the varying fertilizer applications 

 Chemical  Natural No Fertilizer Control Sample  

Number  14 27 1 1 

SOM % Range 2.12-7.25 2.48-11.05   

SOM % 4.22 5.12 9.3 3.52 

 

6.4 Soil Texture   

  Through the soil texture analysis it became quite clear that the soil was 

dominated by the presence of sand.  The average sand among Tarahumara soils was 

59.86 percent (Table 6.11).  The maximum soil value was 80 percent and the minimum 

was 32 percent.  The average clay percentage was 21.23 percent and the silt was 18.91 

percent. All of the samples could be described as sandy clay loam, loam, or sandy loam.  

Loams produce the greatest agricultural output because they contain proportionate 

amounts of sand, silt, and clay.  However, there is no critical level of these ratios that is 

necessary for agriculture.  Soil texture is only one of several factors that determine soil 

fertility.  Several of the samples have percentages of sand that may be too high and 

reduce soil fertility.  High sand percentages can lower cation exchange capacity and have 

difficulty retaining nutrients and soil moisture.  Because the sand percentages are 
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consistently so much larger and fluctuate they are the most appropriate particle size to 

analyze further.  

      Induced Slope Erosion  

  The first analysis of soil texture is clearly illustrated by the plot that 

practiced induced slope erosion. The sandy hill from which the first sample was taken 

was considered a sandy clay loam. It had a sand/silt/clay ratio of 68/8/24.  There was 

nothing grown on this slope, as it had been purposefully denuded.  The soil was allowed 

to wash down to the plot below.  In the area directly beneath the sandy slope, the sand 

percentage was even higher. It had a value of 80/6/14. It seems as though much of the 

smaller particles, had been washed down and the sand is what was left behind. The crops 

were clearly poor in this area and could not thrive in such a soil.  About 20 meters further 

down slope the third sample was taken, which had a value of 56/21/23.  The effects of the 

heavy erosion did not seem to affect the crops further down the slope. Much of the 

sediment had been channeled and thus did not directly deposit sand onto the crops further 

below.  This technique, as mentioned by the farmer, did not function efficiently.  It may 

have worked well at the beginning, but now clearly was ineffective.   
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Soil 

Sample  Interview # % Sand % Clay  % Silt Type 

1 1 64 24 12 Sandy Clay Loam  

2 1 74 22 4 Sandy Clay Loam  

3 1 60 28 12 Sandy Clay Loam  

4 2 68 22 10 Sandy Clay Loam  

5 2 58 22 20 Sandy Clay Loam  

6 3 58 22 20 Sandy Clay Loam  

7 4 46 26 28 Loam 

8 5 68 24 8 Sandy Clay Loam  

9 5 80 14 6 Sandy Loam 

10 5 56 23 21 Sandy Clay Loam  

11 7 56 20 24 Sandy Loam/Sandy Clay Loam  

12 7 66 17 17 Sandy Loam 

13 8 44 28 28 Clay Loam 

14 9 56 20 24 Sandy Loam/Sandy Clay Loam  

15 9 58 16 26 Sandy Loam 

16 10 66 18 16 Sandy Loam 

17 11 62 21 17 Sandy Clay Loam  

18 12 60 20 20 Sandt Loam/Sandy Clay Loam  

19 13 48 32 20 Sandy Clay Loam  

20 14 60 22 18 Sandy Clay Loam  

21 15 56 20 24 Sandy Loam/Sandy Clay Loam 

22 16 44 26 30 Loam 

23 17 55 20 25 Sandy Loam/Sandy Clay Loam  

24 18 66 18 16 SandyLoam  

25 19 62 20 18 Sandy Loam/Sandy Clay Loam 

26 19 64 20 16 Sandy Loam/Sandy Clay Loam 

27 20 61 18 21 Sandy Loam 

28 20 58 17 25 Sandy Loam 

29 21 72 14 14 Sandy Loam 

30 22 48 24 28 Loam 

31 23 58 16 26 Sandy Loam 

32 23 66 18 16 Sandy Loam 

33 24 60 18 22 Sandy Loam 

34 25 32 38 30 Clay Loam 

35 25 62 22 16 Sandy Clay Loam  

36 26 58 22 20 Sandy Clay Loam  

37 26 78 16 6 Sandy Loam 

38 27 58 20 22 Sandy Loam/Sandy Clay Loam 

39 28 68 20 12 Sandy Loam/Sandy Clay Loam 

40 28 74 20 6 Sandy Loam/Sandy Clay Loam 

41 29 52 24 24 Sandy Clay Loam  

42 29 54 24 22 Sandy Clay Loam  

43 Control 60 17 23 Sandy Loam 

  

59.86 21.23 18.91 

         

Table 6.11: Soil texture 
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         Slope 

  A slope analysis shows little differentiation between sand percentages. The 

slopes of less than 5 degrees were almost identical to the slopes of 5 degrees and greater 

(Table 6.12).  The only noticeable difference came from the sand ranges.  The flatter 

slopes had much greater fluctuations of sand percentages, while the steeper slopes had 

more consistent sand percentages.  This is most likely due to the fact that flatter slopes 

are more heavily influenced by flood events in plots located near rivers. Overall, there 

does not appear to be a correlation between soil texture and slope, and fertility.   

Table 6.12: Slope and sand percentage 

 Less than 5 degrees 5 degrees and greater 

Number  18 15 

Sand % Range 32-80 44-66 

Sand % Average 58.78 58.53 

 

     Erosion Control Structures 

  A comparison of sand percentages and erosion control structures shows 

little difference between the two categories.  The average sand percentage for fields with 

erosion control structures is 58.64 percent and the field without them was 61.46 percent 
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(Table 6.13).  With so many different factors affecting soil, it does not appear that the 

presence of erosion control structures affects sand percentages. 

Table 6.13: Sand percentage on plots with and without erosion control structures 

 Erosion Control Structures No Erosion Control Structures 

Number  25 18 

Sand % Range 32-78 44-80 

Sand  % Average 58.64 61.56 

 

  These values confirm the previous findings.  There does not appear to be a 

relationship between average sand percentages and specific erosion control structures.  

Five of the six different erosion control devices have similar average values for sand 

percentage which vary from 57.47 to 68 percent (Table 6.14). The lowest value was the 

riverside trinchera, which consisted of 44 percent sand, 30 percent silt and 26 percent 

clay.  This sample was heavily influenced by alluvial sediment and appears to be the best 

for agricultural. Erosion control structures are only one factor and it appears that location 

may be more important to soil texture.    
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Table 6.14: Sand percentage and specific erosion control structures 

 Semi-

Terrace 

Terrace Scattered 

Rocks  

Retaining 

Wall 

Check 

Dam  

Riverside 

Trinchera 

Number  4 1 1 15 3 1 

Sand % Range 60-74   32-78 56-60  

Sand % Average 65 58 68 57.47 58 44 

 

     Fertilizer 

  Since the 41 of the 43 samples had either chemical or natural fertilizer 

applied, these two categories are the most appropriate for analysis.  Again, there does not 

seem to be noticeable difference. Fields with chemical fertilizer had an average of 61.93 

percent and those with only natural fertilizer were 58.26 percent (Table 6.15).  The 

sample with no fertilizer does have an abnormally high percentage value at 74, yet the 

mechanism that created this value is unclear.  Overall, it would seem intuitive that 

fertilizer application would have little to do with soil texture.  Fertilizer application does 

not provide the weathering or transportation mechanism to alter soil texture.    
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Table 6.15: Sand percentage and fertilizer use 

 Chemical  Natural  No Fertilizer Control Sample 

Number 14 27 1 1 

Sand % Range 44-80 32-74   

Sand % Average 61.93 58.26 74 60 

 

6.5 Chemical Analysis 

  The results from the Texas A & M chemical analysis are the best indicator 

of soil fertility.  SOM content and soil texture values may vary and still provide high 

agricultural output.  However, if soils do not have a proper pH or lack essential 

macronutrients, cultivation will not be successful. Each sample was analyzed for soil pH 

and also the three essential macronutrients, nitrate, phosphorus, and potassium.   

  Soil pH varies greatly amongst the 43 samples (Table 6.16).  The lowest 

pH value was 4.3, which is considered strongly acidic and the highest pH value was 7.9, 

moderately alkaline.  The average pH value is 5.87, which is moderately acidic.  Corn, 

the primary crop in the Sierra Tarahumara prefers a soil pH between 5.8 and 7.0 

(Espinoza and Ross, 2006).     

  Among all of the samples there was a great variation in nitrate.  The lowest 

concentration of nitrate was 1 parts per million (ppm) and the highest was 252 ppm.   The 
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average nitrate value was 89.23 ppm.  Nitrate is an essential macronutrient, yet there is 

not a critical threshold that must be met.  Each value will be looked at comparatively.  

The higher nitrate values indicated a greater nutrients and a larger agricultural output.   

  Phosphorus is another essential macronutrient, yet it is easier to analyze 

because it has a critical level of 50 ppm, based on the soil fertility recommendations for 

vegetable production provided by the Agrilife Extension at Texas A & M University 

(T.L. Provin, personal communication, March 15, 2011).  If there is any less phosphorus, 

seed and early plant growth will be negatively affected, thus lengthening the time 

necessary for plants to mature and decreasing harvest size (Maddox, 1974).  The lowest 

phosphorus value was 11 and the highest was 435 ppm.   The average value was 84.6 

ppm.  Of the 43 samples, only 16 did not have adequate levels of phosphorus and thus 

need to be ameliorated by an addition of fertilizer. 

  The most consistent essential macronutrient was potassium.  In all 43 

samples it surpassed the critical levels.  No matter what farming techniques, slope or type 

of fertilizer application, the level of potassium was sufficient in all areas.  A comparative 

analysis of the potassium between different agricultural techniques would thus be 

unnecessary.  Nothing would be needed to increase them.   The lowest potassium value 

was 138 ppm and the highest value came out to 1,846 ppm.  The average value for all of 

the potassium values was 658.98 ppm.  Several Tarahumara farmers respond to this 

consistent level of potassium and chose a chemical fertilizer, known as “El 18”, which 



 

93 
 

contains no potassium.  Even the control sample surpasses the critical level implying that 

the soil has naturally sufficient levels of potassium.  

      Induced Slope Erosion 

          pH 

  The three samples have pH levels and that are all moderately acidic.  The 

sample taken from the denuded slope has a value of 5.8.  The sample at the bottom of the 

slope has a 5.4 pH and the sample 20 meters always was 5.3.  These pH values continue 

to become more acidic as they move further away from the denuded lope. The process of 

erosion promotes lower pH values, which are too acidic for corn cultivation (Espinoza 

and Ross, 2006).        
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Soil Sample  Interview  Soil PH  Description Nitrate  Phosphorus Potassium 

1 1 5.7 Mod. Acid 252 127 530 

2 1 5.3 Strongly Acid 201 69 325 

3 1 7.5 Slightly Alkaline 63 119 808 

4 2 5.8 Mod. Acid 128 83 313 

5 2 5.3 Strongly Acid 110 60 1432 

6 3 5.8 Mod. Acid 122 118 431 

7 4 4.7 Strongly Acid 71 33 665 

8 5 5.8 Mod. Acid 8 14 138 

9 5 5.4 Mod. Acid 64 38 283 

10 5 5.3 Mod. Acid 135 89 455 

11 7 5.5 Mod. Acid 50 20 795 

12 7 4.7 Strongly Acid 112 58 544 

13 8 6.7 Slightly Acid 1 68 481 

14 9 5.6 Mod. Acid 140 84 520 

15 9 5.6 Mod. Acid 73 21 238 

16 10 7.7 Mod. Alkaline 118 148 898 

17 11 7.4 Slightly Alkaline 114 83 1448 

18 12 5.5 Mod. Acid 229 88 475 

19 13 6.8 Slightly Acid 60 88 299 

20 14 5.8 Mod. Acid 125 68 1203 

21 15 7.9 Mod. Alkaline 170 435 1799 

22 16 6.6 Slightly Acid 72 47 747 

23 17 7.5 Slightly Alkaline 1 66 248 

24 18 5.5 Mod. Acid 73 95 468 

25 19 4.8 Strongly Acid 44 15 143 

26 19 7.2 Slightly Alkaline 81 77 280 

27 20 5.9 Mod. Acid 154 28 465 

28 20 5.9 Mod. Acid 35 11 187 

29 21 6.8 Slightly Acid 149 258 944 

30 22 5.6 Mod. Acid 12 46 40 

31 23 6.3 Slightly Acid 152 84 418 

32 23 4.3 Strongly Acid 92 83 383 

33 24 4.6 Strongly Acid 74 126 1113 

34 25 5.3 Mod. Acid 37 27 1158 

35 25 6 Mod. Acid 31 69 427 

36 26 5 Strongly Acid 77 15 609 

37 26 7.5 Slightly Alkaline 33 158 1846 

38 27 5.2 Strongly Acid 83 63 642 

39 28 5.4 Mod. Acid 108 64 1325 

40 28 6 Mod. Acid 92 39 641 

41 29 5.5 Mod. Acid 26 27 827 

42 29 4.6 Strongly Acid 15 39 586 

43 Control  4.8 Strongly Acid 50 13 339 

  

5.9 

 

89.23 78.16 649.21 

 

Table 6.16 Complete chemical analysis (ppm) 
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          Nitrate, Phosphorus and Potassium 

  All three of the essential macronutrients increase greatly as the distance 

from the sandy slope increases (Table 6.17).  The first sample taken from denuded slope 

had phosphorus values that are well below critical levels of 50 ppm.  Potassium levels 

throughout the Sierra Tarahumara are all above critical levels, yet they did increase 

further away from the denuded slope along with nitrate.  The second sample, at the 

bottom of the hill, had increased macronutrient levels, but it is clear that the sandy soil 

has decreased its ability for cultivate.  The phosphorus levels at 38 ppm are still below 

critical levels.  The third sample taken 20 meters further away from the bottom of the hill 

has the highest level of nitrate at 64 ppm, and the 89 ppm phosphorus value is the only 

one to surpass critical levels.    

  The pH values as well as the essential macronutrients provide one more 

example of the negatives involved in induced slope erosion agriculture.  The erosion of 

the nutrient-poor sediment lowers the fertility of the soil located near the bottom of the 

slope.  This appears to be the reason why it was not prevalent.  
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Table 6.17: Induced slope erosion and the increase in essential macronutrients 

 Nitrate  Phosphorus  Potassium 

Denuded Slope 8 14 138 

Bottom of Slope 64 38 283 

20 meters from Slope 135 89 455 

 

     Slope 

           pH 

  The two slope categories of slope gradients show slightly different results.  

The slope of less than 5 degrees has a pH of 5.85 and the slope of 5 degrees and greater 

has a pH value of 5.97 (Table 6.18).  Both of these values are considered to be 

moderately acidic.  Based on the pH preferences of corn, the steeper slopes have more 

desirable pH values for cultivation because they are less acidic. However, due to the 

similar values, slope does not appear to be a deciding factor for soil pH.     
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Table 6.18: Field slope and soil pH 

 Less than 5 degrees 5 degrees and greater 

Number  18 15 

pH Range 4.6-7.9 4.3-7.5 

pH Average 5.85 5.97 

 

     Slope 

          Nitrate 

  The fields with less than five degrees slope had a lower average nitrate 

value at 73.89 ppm than the fields of 5 degrees and greater at  93.13 ppm (Table 6.19).  

The 5 degrees and greater also had larger nitrate range from 1 to 229.  The results appear 

counter-intuitive.  Steeper slopes are more prone to erosion and often have lower levels 

of essential micronutrients, including nitrate.  These results show that slopes of 5 degrees 

and greater can hold nitrate values better than flatter slopes and are appropriate for 

agriculture.  
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Table 6.19: Field slope and soil nitrate levels 

 Less than 5 degrees 5 degrees and greater 

Number  18 15 

Nitrate Range 1-149 1-229 

Nitrate Average 73.89 93.13 

 

           Phosphorus  

  The average phosphorus values on the slopes of less than 5 degrees are 

87.61 ppm, which is 47% higher than steeper slopes average of 59.73 both of which 

surpass critical levels (Table 6.20). The slopes of less than 5 degrees have a greater 

variation, as well. The highest value was 435 ppm for slopes of less than 5 degrees, while 

the slopes of 5 degrees and greater has a maximum value of only 99 ppm.  The data show 

that slopes with higher gradients have a consistently greater phosphorus value. Flatter 

slopes are less prone to erosion and are more likely to maintain soil macronutrients. 

Table 6.20: Field slope and soil phosphorus levels 

 Less than 5 degrees 5 degrees and greater 

Number  18 15 

Phosphorus Range 14-435 11-99 

Phosphorus Average 87.61 59.73 
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     Erosion Control Structures 

          pH 

  There is a large discrepancy between pH values of fields with erosion 

control structures and those with none.  Fields that contain some type of erosion control 

structure have a 6.03 pH average, which is slightly acidic (Table 6.21).  Those fields with 

no erosion control structure had a 5.63 pH average, which is moderately acidic.  By this 

comparison, erosion control structures have a significantly higher pH than those without.  

The slightly acidic soil is best for corn and thus fields with erosion control structures are 

the most appropriate for cultivation.   It is likely that farmers that build erosion control 

structures would also have larger access to other resources and thus be better equipped to 

raise soil pH from its naturally acidic level.  Unfortunately, more data is needed to 

determine exactly what creates such a difference in pH values.   

Table 6.21: pH values on plots with and without erosion control structures 

 Erosion Control Structures No Erosion Control Structures 

Number  25 18 

pH Range 4.6-7.9 4.3-7.2 

pH Average 6.03 5.63 
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  The majority of the averages for each specific erosion control structure pH 

value fall within 5.8-7, the desirable soil pH values for corn. Only the 5.3 moderately 

acidic value for the terrace is outside of this critical threshold (Table 6.22).  The semi-

terraces (6.48 pH), check dam (6.3 pH), and riverside trinchera (6.6 pH) have less acidic 

values that provide the optimal pH for corn growth and look to be the best for type of 

erosion control structures to maintain an appropriate soil pH.   

Table 6.22: Soil pH on fields with specific erosion control structures 

 Semi-

Terrace 

Terrace Scattered 

Rocks  

Retaining 

Wall 

Check 

Dam  

Riverside 

Trinchera 

Number 4 1 1 15 3 1 

pH Range 5.3-7.4   4.6-7.9 5.2-7.9  

pH Average 

 

6.48 5.3 5.8 5.89 6.3 6.6 

 

          Nitrate 

  There is little difference between the average nitrate and nitrate range 

values of the categories.  The field with erosion control structures has a value of 88.68 

ppm and the fields with no erosion control structures have a value of 90 ppm (Table 

6.23).  Again, nitrate values are difficult to predict.  Values of phosphorus are clearly 

affected by slope and erosion control structures, but nitrate does not follow the same 

pattern.  Fields with or without erosion control structures have the same levels of nitrate.    
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Table 6.23: Nitrate values on plots with and without erosion control structures 

 Erosion Control Structures No Erosion Control Structures 

Number  25 18 

Nitrate Range 1-252 1-229 

Nitrate Average 88.68 90 

 

  Table 6.23 shows that there is not a relationship between nitrate values and 

presence of erosion control structures, thus an analysis of the specific techniques is not 

vital.  The average values vary from 157.5 to 59.93 ppm and the minimum to maximum 

value from 1 to 252 ppm (Table 6.24).  Semi-terraces have the highest nitrate value at 

157.5 ppm, followed by check dams at 126 ppm.  These two techniques have the higher 

average nitrate values on a quick analysis, but the superiority of these techniques to 

maintain high nitrate levels is uncertain based on the variation of their values.   

Table 6.24: Nitrate values on fields with specific erosion control structures 

 Semi-

Terrace 

Terrace Scattered 

Rocks  

Retaining 

Wall 

Check 

Dam  

Riverside 

Trinchera 

Number 4 1 1 15 3 1 

Nitrate Range 63-252   1-154 83-170  

Nitrate Average 157.5 110 72 59.93 126 72 
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          Phosphorus 

  The field with erosion control structures has a phosphorus value of 93 ppm, 

which is 62% higher than the field that has no erosion control structures value of 57.56 

ppm (Table 6.25).  The stabilization provided by the erosion control structures appears to 

allow for higher phosphorus contents, and thus a more fertile soil.   

Table 6.25: Phosphorus values on fields with or without erosion control structures 

 Erosion Control Structures No Erosion Control Structures 

Number  25 18 

Phosphorus Range 11-435 13-148 

Phosphorus Average 93 57.56 

 

  All of the fields meet the critical level of 50 ppm of phosphorus except for 

the riverside trinchera (Table 6.26).  The check dams show a great variation of values 

from 63 to 435 ppm, and have the highest phosphorus average at 188.67 ppm.  The semi-

terraces are a distant second with a value of 99.5 ppm.  These two erosion control 

structures are the best at maintaining high levels of phosphorus. The presence of erosion 

control structures clearly aid in phosphorus retention.  
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Table 6.26: Phosphorus values on fields with specific erosion control structures 

 Semi-

Terrace 

Terrace Scattered 

Rocks  

Retaining 

Wall 

Check 

Dam  

Riverside 

Trinchera 

Number 4 1 1 15 3 1 

Phosphorus Range 69-127   11-258 63-435  

Phosphorus Average 99.5 60 83 78.07 188.67 47 

 

     Fertilizer 

          pH 

  The average pH levels between the soils with different fertilizer 

applications vary and illustrate some remarkable results.  The field with only natural 

fertilizer has an average value of 5.9, whereas the fields with chemical fertilizer have an 

average value of 5.72 (Table 6.27).  The application of chemical fertilizer has a tendency 

to lower soil pH, which is now occurring.  The natural fertilizer values fall within the 

desirable range for corn, while the chemical fertilizer creates a soil pH that is too acidic.  

Without amelioration, possibly through the addition of lime, the fields may lose 

productivity. The control sample is even more acidic, due to the fact that it was taken 

from a pine forest.  The decomposition of pine needles also lowers the soil pH.  The plot 

with no fertilizer had a similar value to the fields with added chemical fertilizer.  By these 

results the natural fertilizer‟s pH values fell closest within the desirable soil pH range.   



 

104 
 

Table 6.27: pH values and fertilizer use 

 Chemical  Natural  No Fertilizer Control Sample  

Number 14 27 1 1 

pH Range 4.6-7.5 4.3-7.9   

pH Average 5.72 5.97 6 4.8 

 

           Nitrate 

  The fields with natural fertilizer had the highest nitrate values at 99.3 ppm 

(Table 6.28) and the field with no fertilizer had a similar value at 92.  The chemical 

fertilizer field had a value of 72.43 ppm.  This shows that the natural fertilizer does a 

better job at providing an ample amount of essential macronutrients. The control sample 

had a low value of 50 ppm, showing that the soil natural does not have a large amount of 

nitrate.  The additions of fertilizer help to raise the nitrate level and make cultivation 

possible. However, it must also be noted that that chemical fertilizers have low residence 

time so that soil tests may not show adequate nutrients to available crops (G.W. Knapp, 

personal communication, April 25, 2011). For more accurate results, samples should be 

taken directly after chemical fertilizer application to best determine the available 

nutrients they provide.  
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Table 6.28: Nitrate values and fertilizer use 

 Chemical  Natural  No Fertilizer Control Sample  

Number 14 27 1 1 

Nitrate Range 1-154 1-252   

Nitrate Average 72.43 99.3 92 50 

 

          Phosphorus 

  The field with natural fertilizer had an average phosphorus value of 

91.11ppm and the fields with applied chemical fertilizer had a value of 60.64 ppm (Table 

6.29).  The natural field had 8 samples that had less than the critical levels of phosphate 

of 50 ppm which make up 29.63 percent of the samples.    In the chemical fertilizer fields 

42.86 percent of the samples did not meet the critical levels of phosphorus.  The field 

with no fertilizer and the control sample both did not reach the critical levels necessary 

for phosphorus.  There is not enough phosphorus in the soil naturally.  The only way to 

maintain high levels of phosphorus is through the addition of natural fertilizer.  The 

addition of chemical fertilizer will also raise soil phosphorus, but not to the same levels 

as natural fertilizer.   
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 Table 6.29: Phosphorus values and fertilizer use 

 Chemical  Natural   No Fertilizer Control Sample  

Number  14 27 1 1 

Phosphate Range 11-158 15-435   

Phosphate Average 60.64 91.11 39 13 

 

 6.6 Overall Soil Arability 

  After a thorough analysis, the success of Tarahumara agriculture is further 

apparent.  The soil analyses values do not portray a degraded landscape that cannot 

support agriculture, but instead shows with high values of soil macronutrients and 

organic matter, and a loamy texture.  The average pH value of 5.87 is low, but still fits 

within the desirable range of corn.   

  There is an inherent irony when using soil analysis designed for large-scale 

commercial agriculture to determine the success of traditional agriculture.  Tarahumara 

farmers know nothing of the specific soil macronutrients and do not worry about the soil 

pH or gravel content.  During field work, when asked whether samples could be taken 

and analyzed they were perplexed.  They understand the importance of having fertile soil, 

but they look at the crop output and health as a way to determine it.  However, to 
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quantifiably determine soil quality and analyze the efficiency of specific techniques a soil 

analysis is the only appropriate method. The results illustrate important patterns in 

Tarahumara agriculture that may already have been known by individual farmers, but can 

help shape their future and governmental aid.   

      Induced Slope Erosion  

  By all accounts the current application of induced slope erosion does not 

work. On every soil analysis, except pH, the first two samples taken, from the sandy hill 

and at the bottom of it, the soil was inappropriate for cultivation. Only the third sample, 

taken 20 meters away from the effects of induced slope erosion, was able to maintain 

productive agriculture.  This technique may have been effective during the first few years 

of production, but it is now detrimental. The paucity of fields that use this method shows 

that the Tarahumara seem to understand its detrimental effects.   

     Slope 

  An analysis of Tarahumara agriculture by slope gradient comparison shows 

there is no clear winner in terms of higher soil fertility.  It would seem intuitive that the 

flatter slopes have higher levels of SOM, and essential macronutrients, but most of the 

results were nearly identical or varied between the two slope categories. The fields with 

less than 5 degrees had higher SOM content, and phosphorus values, and nearly identical 

sand percentages.  The steeper slopes had more desirable soil pH, and higher nitrate 

values.  It appears that Tarahumara farmers have learned to farm steeper slopes, whether 
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by creating erosion control structures or planting crops that thrive on steep gradients.  

They have overcome this possible environmental limitation and utilized many of the 

benefits of slope cultivation.   

     Erosion Control Structures 

  The presence of erosion control structures was universally beneficial to soil 

fertility, though there does not appear to be one certain type that is more advantageous 

than others. Soil Organic matter percentage is higher among fields that work to protect 

from soil erosion.  As well, fields with erosion control structures have more desirable soil 

pH, than fields that lack them.  Nitrate values are close between fields with or without 

erosion control structures.  Phosphorus is higher with erosion control structures.  

Tarahumara farmers understand the importance of erosion control structures for their 

agriculture.  This analysis quantifiably confirms their importance.  They serve a myriad 

of purposes and though they have a large upfront cost and need maintenance, they can 

last for decades.   

     Fertilizer 

  Because of the recent addition of chemical fertilizer by Tarahumara, it is 

crucial to understand the effects on overall soil fertility.  On nearly all of the soil 

analyses, natural fertilizer showed more desirable effects.  Soil color displayed overall 

darker soil colors among natural fertilizer application than fields which used chemical 

fertilizer, meaning higher soil fertility. Soil organic matter content in fields with added 
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natural fertilizer also showed noticeably higher SOM percentages than chemical 

fertilizer. Soil pH was more acidic in soil with chemical fertilizers, than natural fertilizer 

application, which could limit corn cultivation that prefers a slightly acidic soil. Both 

nitrate and phosphorus values were also significantly higher in the fields with only 

natural fertilizer.  Through a comparative analysis the results are quite clear.  The 

addition of natural fertilizer is better in every measure. Chemical fertilizer application is 

not only expensive and must be continually applied because of their low residence times, 

but they also have potentially disastrous consequences.  As more chemical fertilizer is 

used, soil pH will continue to drop and thus lose soil productivity.  The soil may then 

become strongly acidic   

  The results from the control sample taken from the pine forest are also 

illuminating.  This sample shows the natural values of Tarahumara soil. The application 

of natural fertilizer, as well as the construction of erosion control structures, raise the soil 

fertility and allow for cultivation.  The control sample has a low SOM percentage, and 

inadequate values of both phosphorus and nitrate.  The most-limiting factor, however, 

may be the strong acidity. The agricultural techniques by the Tarahumara turn infertile 

soils into productive agriculture.    
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Chapter 7: Conclusion 

7.1 Conclusion Concerning Original Goal 

  The original goal of the thesis was completed. The Tarahumara have 

adapted their agricultural strategies to now include more modern techniques and this does 

threaten their sustainability.  They have joined their traditional methods of agriculture 

with new fertilizers, new types of plowing, and different corn seeds.  But the agriculture 

methods are still based primarily on traditional Tarahumara agriculture, and for good 

reason. They work well and are specifically adapted to a climate and topography that can 

make farming difficult.   

  The agricultural methods of the Tarahumara may seem backwards to the 

untrained eye. It is common for lay people to belittle the „indigenous‟ techniques used by 

listing them as primitive. An outsider might see the agricultural techniques of the 

Tarahumara, especially the constant grazing of livestock as detrimental to the 

environment and inherently unsustainable, but they would be greatly mistaken.  The 

Tarahumara, particularly those who live further away from mestizo settlements, are 

excellent agriculturalists. They have simply adapted to what has occurred in the region, 

such as the alleged drought that killed a large number of livestock.  Much of the 

government aid, has not helped, but rather pulled Tarahumara out of the agricultural 

economy and into wage-labor jobs. Governmental representatives have encouraged a new 

model of agriculture that relies on heavy inputs and genetically modified seeds.  Though 
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this model does produce large outputs, it leads the Tarahumara out of their world and 

they lose their independence.   

  The isolated existence and culture of the Tarahumara is undoubtedly 

threatened.  If they are left alone and climate conditions continue to allow livestock 

grazing, then they have the possibility to maintain their unique traditions, which are 

inherently sustainable. However, the Tarahumara can do little but adapt to new pressures 

and changes to their environment, as they have always done.  These new challenges may 

be the greatest threat to their way of life than they have ever faced.   

7.2 Future Areas of Research 

  It is unknown what will happen to the Tarahumara, it would be imprudent 

of this thesis to make a prediction.  There are too many variables.  This thesis has 

exposed a number of issues in the region and looked at ways to solve them, but a more 

thorough study needs to be conducted that employs a larger number of soil samples and a 

more in-depth analysis of statistical significance. The 28 interviews and soil samples in 

this thesis were spread out amongst several villages, but primarily amid the upland 

country. Future research in the Sierra Tarahumara must cover a larger swath of the 

Tarahumara.  The results may be different if a study also includes information from the 

Tarahumara who live deeper within the canyons.  They may be more isolated and have 

experienced different outside population pressures or possible changes in climate.  As 

well, several agriculture techniques would yield more accurate results if a larger number 
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of samples could be obtained.  There are a great number of terraces and other types of 

erosion control structures, but they are isolated, which currently makes them dangerous to 

access.  Future research would also benefit from speaking with Tarahumara who decided 

to leave the traditional way of life.  A better understanding of what drove them away 

would be beneficial. This work must be done swiftly as outside population pressures are 

increasing.  Previously isolated areas, such as the town of Norogachic, are now linked by 

two-lane highways that are the infrastructure to the tourist industry and aid in resource 

extraction from the region. The mestizo population already greatly outnumbers the 

Tarahumara, but their presence is now much stronger as they further encroach on isolated 

Tarahumara territory.       

7.3 Recommendations 

  It is often quite precarious to give recommendations to an indigenous group 

who survive without much interaction with the outside world. If anything could be done 

to help, it would largely be to leave them alone.  Support from the government in the 

form of monetary compensation does not appear to be helpful in maintaining their 

traditional practices. It emboldens many young Tarahumara to leave and look for jobs in 

nearby cities. It also encourages the use of chemical fertilizer which is expensive and 

needs repeated application to maintain essential nutrient levels.  More appropriate aid 

could directly buy livestock for the Tarahumara to help replace those lost in the alleged 

drought.  These animals are the lynch pin to their sustainability. Without a large number 

of grazing animals they cannot maintain soil fertility and also have no „insurance policy‟ 
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during years of poor harvests.  The building of erosion control structures would also be of 

help, particularly in areas where road building or new mestizo settlements have increased 

soil erosion. Many Tarahumara simply lack the capital and labor to build these structures 

which could last for decades if properly maintained.  Much of this aid is difficult to 

disperse.  There is no central Tarahumara government, which leaves important decisions 

to the smaller communities.   Aid must be catered to the needs of each specific 

Tarahumara community.   

  More importantly, a decision must be made by the Tarahumara.  The older 

generation seems content to continue traditional practices, as it is all they know.  

However, the collective future of the Tarahumara is up to the younger generation.  They 

may choose wage-labor jobs over traditional agriculture.  Just as many other indigenous 

groups have throughout the world when faced with increasing pressures of globalization.  

The younger generation may adapt to globalization, by actively playing a role in it. The 

choice is entirely up to them.     
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