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Abstract. The purpose of this study was to determine what agricultural practices are taking place 

on either side of the Rio Grande/Rio Bravo River Basin.  The area of study is an arid to semi-arid 

climatic region, in both Texas and Mexico.  This study will examine Quemado, Texas in 

Maverick County, and three agricultural communities: Santa Maria, Madero del Rio, and 

Purisima in Piedras Negras municipos in the state of Coahulia, Mexico as case study.  The goal 

of this project is to produce a comparative analysis which is intended to contribute to a better 

understanding of the implementation of water conservation practices in this region.  The ultimate 

research goal is to encourage a more sustainable water use in the Rio Grande/Rio Bravo Basin 

through empirical data collection, analysis and presentation of this applied work.  Results gained 

from this study found that farmers were practicing sustainable practices in the U.S. and in 

Mexico.  
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INTRODUCTION 

There is a saying coined by Mark Twain, “Whiskey is for drinking and water is for 

fighting” (Watkins and Berntell, 2006).  In many semiarid regions of the world this is the case 

(Singh, 2007).  Water is important to health, agriculture, and economic development (Singh, 

2007).  It is also necessary to maintain and enhance the biodiversity and quality of the 

environment (Singh, 2007).   Water is a heavily disputed commodity in the Rio Grande/Rio 

Bravo River Basin (See Figure 1) especially among the farming community because agricultural 

use of water in this Basin is the largest (Ward, 2007).  Significant research is being conducted in 

the Basin in terms of water conservation, managing drought, farmer preferences, effects of 

climate change, resolving river basin conflicts, and meeting diverse water needs.  This study 

seeks to add to this growing study area through the lens of sustainable irrigation practices.  In 

this regional case study, practices occurring in Quemado, Tx and three agricultural communities 

outside of Acuna, Mexico will be outlined.  While these communities are practicing some 

conservation methods, more education and research could help to make agriculture along the Rio 

Grande more sustainable.  

      This paper is organized by sections.  First, a background of water resources and water 

use in the Rio Grande Basin will be provided.  Second, an overview of relevant literature related 

to this region.  Next, details of the study area surveyed.  Then, data collection, surveys, and 

methods used in this study are outlined.  Finally, the analyses conducted are presented in terms 

of sustainable practices in the Maverick County/Piedras Negras Municipos region of the Rio 

Grande Basin.  Concluding remarks will follow.  
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Rio Grande Basin Background: including the U.S. and Mexico 

    The water rights between the U.S. and Mexico are governed by a treaty signed in 1944. 

This water treaty was brokered between the U.S. and Mexico regarding the utilization of the 

Colorado, Tijuana, and Rio Grande Rivers (West, 2003).   As a result, the International Boundary 

Commission was changed to the International Boundary and Water Commission (IBWC) and 

established a formal procedure for sharing water resources in these three international watersheds 

(IBWC, 2009).  

 

Figure 1. The Rio Grande River Basin (Made by Kristina Towers from the Rivers Systems 
Institute, San Marcos, TX, 2009) 
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More recently, effects of regional population growth and record drought conditions have 

combined to create problems in these linked watersheds.  For example, although the trans-

boundary portion of the Rio Grande Basin is now home to over ten million people, irrigated 

agriculture still accounts for 80 to 90% of surface water diversions (Ward et al., 2007).  

Decreasing amounts of instream flow and a concomitant decrease in water availability in the last 

several years has exposed increasingly apparent system vulnerabilities (Ward et al., 2007).  

 

Figure 2. The Rio Grande just below Amistad Dam  

 

 It is, therefore, crucial to the future health of the Rio Grande Basin to examine factors 

that influence agricultural use of water within the watershed.  The diverse water uses throughout 

this region are central to humans and ecosystem well-being.  Water utilization is closely linked to 

food production, economic livelihoods, quality of life, ecosystem functions, energy, and human 

health (Schoik, 2004).   

Major water use factors that affect this study area include water rights, irrigation 

methods, crop selection, population growth, invasive species (salt cedar has damaged many bank 

structures along the Rio Grande), dams (See Figure 2), pollution from agriculture, maquiladoras 

(foreign owned factories in Mexico at which imported parts are assembled by lower-paid 

workers into products for export), mismanagement of natural resources, global climate change 

effects and relations between Mexico and the United States.  This next section will seek to 



5	  
	  

discuss these factors as they are cited throughout the relevant literature regarding regional 

agricultural use of water.  

Major Regional Water Projects 

 Dams have long been a source of hydroelectric power and large irrigation projects for 

many municipalities in both the U.S. and Mexico.  Such projects were initiated in the U.S. within 

the Rio Grande Basin, in 1905, by the Secretary of Interior, through the Rio Grande Project.  The 

Rio Grande Project included Elephant Butte Dam, Caballo Dam, Percha Diversion Dam, 

Leasbury Diversion Dam, Mesilla Diversion Dam, American Diversion Dam, and Riverside 

Diversion Dam (Padilla, 2008).  These dams provided for power generation in the winter and 

irrigation in the summer.  They also apportion the amount of water that the United States sends 

south annually to Mexico under the 1944 Water Treaty between the two countries (West, 2003).   

Silvy (2002) points to these dams as being one reason that the Rio Grande no longer flows into 

the Gulf of Mexico.  Particularly, he cites fluctuations in dam releases, drought, and 

overallocation of water as the major culprits with regard to instream flow reductions.   

Amistad Dam is the largest dam in the region and was dedicated in 1969 under United 

States President Richard M. Nixon and Mexican President Diaz Ordaz.  This dam was built for 

the dual purposes of flood control and water conservation storage.  The dam is 6.1 miles (10 km) 

long, stands 254 feet (77.4 meters) above the riverbed and consists of a concrete gravity spillway 

section within the river canyon flanked by earth embankments.  Amistad Dam has sixteen (16) 

spillway gates capable of releasing 1,500,000 cubic feet (42,670 cubic meters) per second (See 

Figure 3).   It is operated and maintained jointly by the United States and Mexico Sections of the 

IBWC.  The reservoir impounded by the dam, Amistad Lake, extends up the channel of the Rio 

Grande River approximately 75 miles has a surface area of 65,000 acres (26,300 hectares) and a 
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volume of 3,124,260 acre feet (3,886,578,000 cubic meters) at the conservation elevation of 

1117.00 feet (340.460 meters) above mean sea level (IBWC, 2009).  

 

Figure 3. Amistad Dam showing U.S. and Mexico boundary (IBWC) 

 

Regional Irrigation Methods 

Irrigation methods have also negatively affected instream flow quantities and the current 

water table levels in the Rio Grande Basin.  The river is fed by snowmelt from the San Juan 

Mountains in Colorado.  This source of water is integral in supplying water to two nations: three 

states in the United States: Colorado, New Mexico, and Texas, and four in Mexico: Chihuahua, 

Coahuila, Nuevo Leon, and Tamaulipas.  It is crucial that the irrigators in the upstream states of 

Colorado and New Mexico also begin to incorporate conservation methods, as well as 

downstream users.  Since 1922, both upstream and downstream regions have used flood or 

furrow techniques for irrigating crops.  Another name for this style of irrigation is “gravity 
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flow”.  This type of irrigation floods the field of crops and hence, leads to high 

evapotranspiration rates as well as run-off laden with fertilizers, subsequently allowing this 

irrigation run-off to be leached into the water table.  Many farmers do not know how much water 

their crops actually need, and through this common flood irrigation method many cubic feet of 

water are lost and wasted.  

      More water metering as well as water conserving irrigation techniques, such as drip 

irrigation, could curb this problem.  Drip irrigation requires more equipment but allows for a 

controlled drip of water directly to each individual plant.  Water loss is, therefore, low and the 

plant is able to more efficiently use the applied water (Burt, 2000).  Water meters are not 

practical at this time because water is not yet valuable enough in economic terms to make meters 

necessary.  This low cost of water is also the main reason that many farmers in New Mexico and 

Colorado have been slow to adopt more water conservative measures (Burt, 2000). 

International Border Water Conflict  

 Border relations between the United States and Mexico have been strained by the duel 

management of the international Rio Grande Basin.  Balancing management and use between 

two nations has been a difficult task.  In 1992, Mexico claimed “extraordinary drought” and 

began a ten year cycle of failing to make annual treaty water “payments” at an average of 

350,000 acre feet each year (Ward et al., 2007).  This failure led to tension between the United 

States and Mexico regarding water rights that exists to the present day.  According to Ron 

Cooley, from the Maverick County Water and Control Improvement District Number One 

(personal communication, 2009), there is still significant mistrust existing between the two 

nations over past water allocation history and attendant conflict.  Also, NAFTA regulations and 

requirements have increased stress levels of farmers on both sides of the border.  There has been 
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competition with price gouging and overproduction of agricultural goods.   As a result of these 

issues, many farmers and others in the United States believe that Mexico has failed to abide by 

treaty obligations and address their issue of Rio Grande Water debt. Mexico also believes that 

they are owed more water.  The reality is that Mexico has since paid back their water debt to the 

United States, according to Erasmo Yarrito, (personal communication, 2009) a Texas Water 

Master for Texas Commission on Environmental Quality (TCEQ).  Mexico has slowly paid back 

their water debt through deliverables of 300,000 acre feet of water or more at a time (Shields, 

2003).  

Agricultural Regulation Context 

The United States is a wealthier and more developed nation than Mexico.  In the past, 

Mexico has lacked the government-backed resources that U.S. farmers have often taken 

advantage of in terms of farm crop and infrastructure subsidies.  However, during this study, 

there was clear evidence of government support to Mexico from its PROCAMPO program. 

PROCAMPO or Program of Direct Payments to the Countryside, was implemented in late 1993 

to compensate farmers for the anticipated negative effect of NAFTA on the price of basic crops 

(PROCAMPO, 2009).  In the community of Santa Maria, Mexico’s PROCAMPO is funding a 

project to rebuild the pipe system which intakes water from the Rio Grande and then releases it 

into irrigation canals for farmers (See Figure 4), according to the Agricultural Secretary 

(personal communication, 2009) in Coahuila, Mexico.   
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Figure 4. Piping system that will soon be replaced by PROCAMPO, Santa Maria, Mexico 

 

Farmers in the United States have profited from government support for much longer 

when compared to Mexico.  Looking at the region in terms of relative poverty, the U.S. concern 

for environmental and agricultural livelihood sustainability is countered by the Mexican 

necessity for sustenance (Schoik, 2004).  There is more of a connection to land and community 

in Mexico because of resource exiguity.   Clearly, these two countries are on different economic 

footing and not experiencing the same types of uses and limitations on water resources.  
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Figure 5. U.S. farmer outside of Quemado, TX 

 

Crop Selection  

      The type of crop selected can also be a challenge to maintaining instream flow of water in 

the Rio Grande.  Farmers on either side of the Rio Grande international border have no real 

government incentives to change their farming methods to more water-saving irrigation 

practices.  Likewise, crop selection has been historically based upon choosing the highest yield 

crops and/or the highest dollar crops.  Where water is costly, high-valued crops are produced; 

where it is cheaper, lower valued crops are grown (Rochin, 1985).   Normally, in areas of low 

water costs, forage and grain crops predominate, such as corn, alfalfa, and sorghum (Kent, 1983).   

In regions with higher water costs, citrus, vegetables, and cotton become the principle crops 

(Kent, 1983).  In the semi-arid to arid regions of the Rio Grande with low water values, crops 

such as alfalfa, pecan, and sugar cane are grown.  These are crops with high water demand.  For 

example, alfalfa requires 86% more water when compared to sorghum.  Alfalfa mainly serves as 

a feed crop for dairy operations.  Currently, it is being grown in these regions along the border, 

in both Texas and Mexico, along with pecans, apples, corn, and cotton (Combs, 2004).  
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Figure 6. Alfalfa grown in Madero del Rio, Mexico 

 

Irrigated crop production in this area has increased 236% since 1980.   Milk production 

has also increased in northern Mexico from 1,320,860,262 gallons in 1989 to 2,641,720,524 

gallons in 2003 (Rosson et al., 2003).  The increased milk production is partially due to an 

increase in herd size, but is predominately due to better access to fresh drinking water and 

increase nutrition from irrigated alfalfa feed sources.  Heterogeneity in crops planted also 

accounts for changes to the water table.  Salts often accumulate in the soils after years of heavy 

irrigation, such as through the flood irrigation methods that predominate in the region.  This 

ultimately leads to soil degradation and unusable, infertile land.  If predominantly flood 

irrigation practices continue, such outcomes could greatly affect the fertility within the irrigated 

watershed of the Rio Grande in the near future. 

Regional Urbanization  

 Urbanization has also begun to compete directly with the amount of water that is 

regionally available for agricultural use.  Major shifts toward urbanization in the Rio Grande 

Valley began with the introduction of the railroad.  In the 1850s, the Rio Grande Valley saw its 

first trains in the Texas Lower Valley.  By the 1890s, the railroad had reached El Paso, and by 
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1904, the railroad had reached many other cities in the watershed.  The resulting increase in 

population along the border has led to significant impacts to the regional environment and to the 

overall health of the Rio Grande River Basin.  In the 1970s, seven U.S. cities on the U.S.-

Mexican border had growth rates at three to five times the national average of 11 percent.  

Mexican cities during this period had growth rates of 67 percent to 97 percent (Hansen, 1981).  

In 1980, the total population of people living near the river exceeded 5 million.  In 1994, 8 

million Mexican nationals, alone, lived on the river.  This was four times the number of people 

on the entire U.S. portion side of the border (U.S. Geologic Survey, 1999). 

 New Mexico and Colorado, the upper basin states, have also seen significant increases in 

population and urbanization.  Their increasing population rates, although nowhere near to the 

U.S. border region, is largely due to Mexican immigration to the U.S. Major cities on the river in 

New Mexico include Santa Fe, Albuquerque, Socorro, Truth or Consequences, Mesilla, and Las 

Cruces.  Major Texas cities on the Rio Grande include El Paso, Presidio, Del Rio, Eagle Pass, 

Laredo, Rio Grande City, McAllen, and Brownsville.  Cities in Mexico include Ciudad Juárez, 

Ojinaga, Ciudad Acuna, Piedras Negras, Nuevo Laredo, Camargo, Reynosa, and Matamoros.  

Many of these Mexican cities lack infastructure to provide clean water or other services to their 

residents.  This, in addition to the economic opportunities offered in the U.S., spurs much of the 

immigration of Mexicans to the southwestern U.S. Impacts resulting from lack of services in 

Mexican cities include increased pollution from maquiladoras, the addition of ever more and 

partially treated waste-water, especially from unincorporated towns or colonias, and runoff from 

streets and lawns.  

Maquiladoras, specifically, have greatly affected the health of the Rio Grande.  The 

pollution created by these industries has had a negative impact for water uses and users further 
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downstream.  When contaminants run off into the water, agricultural producers often suffer 

greatly.  This factory- based industry has thrived in the border regions of Mexico and the United 

States because of the cheap labor, tax-free importation, and lax environmental laws.   

NAFTA (North American Free Trade Agreement) has promoted this influx of new 

maquiladoras established along the border to take advantage of the economics of free trade.  Data 

accounting for point source pollution by maquiladoras is scarce.  However, it is estimated that as 

little as 30% of maquiladora toxins are being properly disposed.  Indirectly, maquiladoras 

contribute to environmental degradation by attracting people to the already overwhelmed, 

increasingly urbanized, border for jobs (Williams et al., 2001). 

 

Figure 7. Maquiladora located on the outskirts of Acuna, Mexico 

 

Non-point Source Agricultural Pollution 

 Pollution and run-off from agriculture have altered the molecular structure of water 

quality in the Rio Grande.  The main source of this pollution from agriculture comes in the form 

of pesticides.  Pesticides were found in 94% of the surface waters, tributaries, and drains in the 

upper half of the river during a recent USGS study (U.S. Geologic Survey, 1998).  However, 

these pesticide levels were not above the state of Texas or national U.S. standards.  The use of 
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organochlorine pesticides was banned in the U.S. in the 1970s due to their inability to breakdown 

in the environment as well as their high toxicity levels (such as DDT).  These chemicals are 

hydrophobic in that they bond to carbon in sediments instead of breaking down in the water 

table.  The persistence of these substances leads to bioaccumulation in sediments and in species 

that use and live in the water.  Many fish species have been found to have high amounts of these 

persistent chemicals in their systems (USGS, 1998).   

There are also more recently applied pesticides found throughout the waters of the Rio 

Grande Basin.  They have been found in shallow aquifers and in deep ground water wells 

throughout the basin.  These modern pesticides have been designed to break down quickly in 

order to lessen the risk of toxic effects.  In the surface waters of the upper portion of the basin, 

156 samples were taken and, of these samples, 125 showed 332 occurrences of 23 different types 

of pesticides.  The chemicals found most often were DCPA, metolachor, prometon, and simazine 

(Levings et al., 1998). 

Invasive Species Concerns  

 Invasive species have affected the geomorphic structure of many banks along the Rio 

Grande River and, as a result, native riparian vegetation has suffered greatly.  Riparian 

vegetation is dependent on an intact hydrological regime including natural surface water flows 

and floods (USGS, 1998). These phenomena are very important to creating and maintaining the 

habitats on which species depend on in the river for their life cycles and survival.  In addition, 

these processes maintain vegetation groupings unique to the area.   

In the southwest, cottonwoods and willows are trees found only along the banks of the 

river.  The alteration of the flooding regimes from dams, overgrazing, construction of roads and 

infrastructure projects, and increased levels of salt due to irrigation from agriculture have altered 
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the sensitive riparian vegetation dynamics of the Rio Grande Basin.  The flooding and shifting of 

river channels is necessary for establishment of tree seedlings, especially cottonwood (USGS, 

1998).  As a result, the tree communities are not reproducing and the existing communities are 

dying due to old age and fires.  Dominance of salt-cedar, Russian-olive, and Siberian elm has 

occurred, taking advantage of changing conditions.  Therefore, in most of the Basin, salt-cedar 

has taken over riparian areas.  It out-competes the native vegetation because it is drought tolerant 

and has a deep root system.  Salt-Cedar takes over as the dominant vegetation and lowers the 

water table, making it harder for other plants to reach the ground water. They also increase soil 

salinity and are highly flammable (USGS, 1998). 

Global Climate Change 

Global climate change has also played a part in the environmental changes seen in the 

Rio Grande Basin.  Currently, there is a study being conducted by scientists from the University 

of Vienna in Austria, called GLORIA or (Global Observation Research Initiative in Alpine 

Environments, 2009).  This project is a long-term observation network for the comparative study 

of climate change impacts on mountain biodiversity, especially plants.  There are more than 30 

GLORIA target regions worldwide, but only four are located in North America.  One of these 

sites is focusing on the San Juan Mountains in Colorado.  The snow melt from these mountains 

feeds the headwaters of the Rio Grande.  With increases in temperature, this would indicate less 

snow melt and therefore less water to contribute to the Rio Grande.   As a result, agriculture 

would no doubt suffer due to resultant decreased flows and increased competition for decreased 

water supplies (GLORIA, 2009).  

Water use practices greatly affect diverse regions and ecosystems along the Rio Grande. 

The complex ecosystem that surrounds this dynamic river basin demands adequate water supply 
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for diverse uses (Ward et al., 2006).  Agricultural water use is one of the many necessary and 

beneficial uses.  As the regional population continues to grow along both the U.S. and Mexico 

side of the border, agriculture may suffer under this increased water use competition.  This could 

mean the loss of livelihood and potentially subsistence for many farmers and ranchers.  Diverse 

researchers continue to promote policies and behaviors that will lead to sustainable regional use 

of water sources (for example: water banks to store unused water supplies), but their innovative 

ideas are often cast aside (Ward et al., 2006).  Many border residents do not perceive that the 

water supply is dwindling, nor do they understand the impacts of their often unsustainable water 

use on local water availability. Without national and international action, little change will result.  

Water needs to be priced at the value that encompasses the many needs and tradeoffs inherent in 

water use in this semi-arid region.  Mexico and the United States will need to work together to 

promote the linked human and ecosystem health and resultant sustainability throughout this 

region.  Until significant changes are made, these issues will continue to intensify and weaken 

the health of the Rio Grande River. 

 

 

Figure 8. The Rio Grande River in Santa Maria, Mexico 
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Study Region 

 

Figure 9. Map of the study region (Made by Kristina Towers from the Rivers Systems 
Institute, San Marcos, TX, 2009) 
 

 

Quemado, Texas 

	  	  	  	  	  	  Quemado is a small agricultural community located one and a half miles east of the Rio 

Grande and eighteen miles northwest of Eagle Pass in the Quemado Valley region of 

northwestern Maverick County.  The Quemado Valley, for which the community is named, was 

designated the "burned valley" by Spanish explorers who believed the area had been parched by 
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volcanic eruption (Germann and Janzen, 1936).  In April, 1932, a large gravity-irrigation canal 

went into operation, due to an initiative act from the local level, bringing Quemado Valley region 

under extensive cultivation for the first time.  The canal drew water from a Rio Grande intake 

forty miles from Eagle Pass.  A total of 34,500 acres in the area had been brought under gravity 

irrigation by the 1940s; by then an additional 6,500 acres could be irrigated by pumping water 

from the canal.  By the early 1970s, the main canal was 108 miles long and fed more than 200 

miles of lateral canals.  At that time, the main canal was the largest of its type in the state 

(Pingenot, 1971).  The community of Quemado, TX still uses these canals and laterals today for 

their delivery of water to farms. 

 

 

Figure 10. Lateral pipe transporting water from canal to alfalfa fields, Quemado, TX 
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Maverick County Water Control and Improvement District No.1 (WCID No.1) 

This study area was surveyed because of availability of agriculture statistics from the 

2007 USDA Census (USDA, National Agriculture Statistics Service, 2009).  Upon researching 

the counties in the Rio Grande/Rio Bravo Basin, it was found that Maverick County stood out as 

an anomaly with regard to irrigation practices.  According to Census data, out of 175 farms, 148 

of these farms irrigated 13,044 acres.  Total cropland in this county equaled 30, 800 acres.  Val 

Verde and Kinney Counties, just north of Maverick, irrigated 2,622 and 2,254 acres, 

respectively.  Dimmit and Web Counties, south of Maverick County, irrigated 5,519 and 5,082 

acres, respectively (USDA, 2009).  

      The Water Control and Improvement District No. 1 is a political subdivision of the State 

of Texas, organized in 1929 under Article XVI, Section 59 of the Texas Constitution, and 

operates under the provisions of Chapters 49 and 55 of the Texas Water Code.  The WCID holds 

a State of Texas water rights permit which authorizes the diversion and consumptive use of over 

137,000 acre-feet of Rio Grande water for irrigation and municipal/domestic purposes.  This 

permit also authorizes the non-consumptive diversion of approximately 1.1 million acre-feet of 

water annually for hydroelectric power generation (WCID No. 1, 2002).  

      In the Rio Grande Basin, above Amistad Dam, water rights are managed as a “first in 

time, first in right” fashion as they are in other parts of Texas.  Water rights in the Middle and 

Lower Rio Grande are served by the Falcon-Amistad system.  Water below Amistad Dam is 

allocated on an account basis, much like having a bank account with a constantly changing 

balance.  Priority is given to all municipal accounts so, at the beginning of each year, each 

municipal account’s storage balance is set to the equal authorized water-right amount (TCEQ, 

2009).  The municipal priority is guaranteed by the monthly reestablishment of a municipal 
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reserve in the system of 225,000 acre-feet.  That is equivalent to one year’s average diversions 

for all municipal demands below Amistad Dam for Texas users.   

Irrigation accounts, on the other hand, are not reset each year and must rely on balances 

carried forward.  Each month, a determination is made as to how much unallocated water 

assigned to the United States is within the Falcon-Amistad system.  If surplus water is identified, 

it is allocated to irrigation accounts on a monthly basis.  When water is used, it is subtracted from 

the respective account by type of use from the account’s usable balance.  This system of 

accounting for water usage was put in place after an international treaty with Mexico was 

established and in accordance with a district court ruling of 1969 (TCEQ, 2009).  The 

responsibility to determine water use for agricultural purposes lies in the hands of the Rio 

Grande Watermaster, not the IBWC, if the water is available (TCEQ, 2009).  

If there are offers to sell or contract water in the Rio Grande Basin, rules and guidelines 

will apply.   In accordance with Section 49.504 (2) (A) of Senate Bill 3, as passed by the 80th 

Texas Legislature, 2007, Regular Session, the following advertisement(s) to sell or contract for 

the use of water is posted for a period of 90 days (TCEQ, 2009).  Currently there are no postings. 

There are directions and a form to fill out if a farmer would like to sell or contract water which is 

then e-mailed back to TCEQ for approval. 

Agriculture in Quemado, Texas 

Agriculture dominates in Quemado, Texas.  Crop production and pecan production are 

the top activities that provide income to local farmers.  Alfalfa grown for hay has a higher 

percentage of acres farmed, than does pecan production.   In fact, over 990 acres are dedicated to 

alfalfa in Quemado (USDA, 2009).  Almost every farm in this region has a sign at the edge of 
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their property that reads ‘Hay for Sale’ proceeded by a local phone number so the farmer can 

move about freely with his daily chores and tasks.   

Pecan production in Quemado has been a long established agricultural activity.  Many of 

the trees in this area are 30 to 40 years old.  With over 235 acres in production, pecans make up 

more than just a niche market in this region.  Other crops such as wheat, silage, klein grass, 

onions, tomatoes, jalapenos, and melons are also grown in this region on a smaller scale (USDA, 

2009).      

 

Figure 11. A storage area for hay grown in Quemado, TX 
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Figure 12. Pecan grove saturated by rain. This is also similar in appearance to when flood 
irrigation is administered. 

 

Santa Maria, Madero del Rio, and Purisima, Mexico 

Santa Maria, Madero del Rio and Purisima, Mexico are small agricultural communities  

located about seventeen miles south of Acuna, Mexico.  The population of these  

communities is about 500 people.  These small communities irrigate their fields of crops  

with water from the Rio Grande.  Flood or furrow irrigation is the primary technique used  

in this area, according to the Agricultural Secretary (personal communication, 2009) in Coahuila,  

Mexico.  Little else is known about the history and establishment of these  

communities.  

Water Rights in Mexico 

The development of major public irrigation projects was initiated under the Calles  

governorship in the 1920s; this government also emphasized agricultural research,  
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established a public agricultural credit bank, and facilitated the provision of purchased  

inputs for farming (Freebairn, 1983).  In Mexico, the expansion of agriculture could not  

have happened without the development of large-scale irrigation projects.  Because much  

of Mexico’s farming is practiced in areas of marginal rainfall, the importance of water  

resource development has long been emphasized.  Until the late 1960s, almost 90 percent  

of agricultural investment in Mexico was related to water development (Freebairn, 1983).  

 By 1970, about 70 percent of lands that included formal irrigation districts were located  

in Chihuahua, Coahuila, Nuevo Leon, and Tamaulipas in northern Mexico (Rodriguez,  

1972).  Today, the state of Coahuila, located in Northern Mexico continues to maintain  

an irrigated agriculture system. 

Water is considered a national asset in Mexico.  Water administration corresponds to the  

President of Mexico, who delegates this duty to the National Water Commission.  The  

National Water Commission (CONAGUA) is an administrative, normative, technical,  

consultative and decentralized agency of the Ministry of the Environment and Natural  

Resources (SEMARNAT). CONAGUA’s tasks include: a) Administration of the  

National Waters b) Management and control of the hydrologic system and c) promotion  

of social development (CONAGUA, 2009).  

       Under Article 27 of the Mexican Constitution, water is among the natural resources  

belonging to the Mexican State.  Only by its authority can water be made private property.  In 

 addition, under article 115, Mexican municipalities have the authority to determine the laws  

governing water distribution.  The absence of private property rights concerning Mexico’s water    

resources has made it difficult to provide incentives for conservation (Center for Strategic and  

International Studies, 2003).  
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Agriculture in Santa Maria, Madero del Rio, and Purisima, Mexico  

Agriculture in these three communities located directly across the Rio Grande River from 

Quemado, Texas constitutes similar activities compared to their U.S. counterparts.  Crop 

production and pecan production also provide incomes to Mexican farmers.  Alfalfa for hay is 

grown on 86 acres in this region of Mexico, according to the Agricultural Secretary (personal 

communication, 2009) in Coahuila, Mexico.  Oats, which provide food to horses, cows, and 

other animals, is grown on 1,729 acres.  While the exact acreage of pecans in production in these 

communities is unknown, estimates similar to the U.S. were observed.  A non-GM (genetically 

modified) canola project was recently introduced to this region by the Mexican government.  

This project will help to provide oil from this canola to the local populous of this area.  Acreage 

for this project was not disclosed, because it was so new.  Other crops such as sorghum, melons, 

and watermelons were also grown on a smaller scale.  Every farmer in each community also 

owns a small piece of land on the banks of the Rio Grande, that was inherited from his/her 

family.  This land provides crops to sustain the farmer and his/her family.  For example, 

tomatoes, peppers, and onions are grown for daily consumption in each household, according to 

the Agricultural Secretary (personal communication, 2009) in Coahuila, Mexico.  
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Figure 13. Field in Purisima, Mexico used for grazing animals 

 

Figure 14. Agriculture Secretary in Mexico alongside surveyor in a field of alfalfa 
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METHODOLOGY 

     During September 2009, a survey was created to ascertain sustainable agriculture 

practices on both the U.S. and Mexican side of the Rio Grande River.  A small number of 

surveys were administered and deemed representative due to the case study of Quemado, TX and 

that of Santa Maria, Madero del Rio, and Purisima in Mexico’s Piedras Negras Municipos.  

According to the U.S. Census in 2000, the population of Quemado, TX was 243.  The population 

of the three villages in Mexico and was estimated at no more than 500, according to the 

Agricultural Secretary (personal communication, 2009) in Coahuila, Mexico.  Survey data were 

collected in-person (See Table 1) to determine (1) what kinds of crops were grown and what 

types of irrigation methods were applied (2) what kinds of fertilizers were used and how often 

they were applied (3) if governments or organizations gave incentives to farmers in this region to 

conserve water within irrigation practices and (4) what conservation techniques were applied.  

 

Table. 1 Survey questions administered in Texas and Mexico to farmers 

Survey	  Questions	  
1.	  Is	  your	  farm	  located	  in	  Maverick	  County,	  TX	  or	  which	  Mexican	  Municipos?	  
2.	  What	  crops	  are	  you	  growing	  and	  what	  is	  their	  growth	  season?	  How	  many	  years	  have	  you	  grown	  these	  crops?	  
3.	  What	  kind	  of	  irrigation	  methods	  are	  used	  to	  irrigate	  your	  crops?	  
4.	  Where	  do	  you	  obtain	  information	  on	  how	  to	  irrigate	  specific	  crops?	  
5.	  How	  many	  years	  have	  you	  been	  practicing	  these	  types	  of	  irrigation?	  	  
6.	  What	  kinds	  of	  fertilizers	  are	  being	  used	  in	  on-‐farm	  applications?	  If	  used,	  how	  often	  are	  fertilizers	  used?	  
7.	  Do	  you	  receive	  any	  government	  or	  other	  incentive(s)	  from	  any	  organizations	  to	  save	  water?	  	  
8.	  Do	  practice	  any	  measures	  to	  save	  water?	  
9.	  Has	  recent	  drought	  affected	  your	  farm/crops?	  How?	  Long	  term	  effects?	  
10.	  Size	  of	  the	  farm?	  	  

 

  These questions were devised based on similar studies conducted by Frank Ward from 

New Mexico State University.  Two specific committee members from Texas State University 
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also helped to influence the structure and wording of this survey.  This case study research 

method was adapted from Robert K. Yin in 1984.  He defined this research method as an 

empirical inquiry that investigates a contemporary phenomenon within its real life context; when 

the boundaries between phenomenon and context are not clearly evident; and in which multiple 

sources of evidence are used (Yin, 1984).  Many well-known case study researchers such as 

Robert E. Stake, Helen Simons, and Robert K. Yin have written about case study research and 

suggested techniques for organizing and conducting the research successfully.  Six steps were 

suggested by Susan K. Soy, based on the works of these researchers.  The first step is to 

determine and define the research questions, the second step is to select the cases and determine 

data gathering and analysis techniques.  The third step is to prepare to collect the data followed 

by collecting the data in the field.  The fifth step is to evaluate and analyze the report.  Finally, 

preparation of the report is the sixth step (Soy, 1997).  These were the steps taken while 

conducting research for this case study in the Rio Grande Basin.   

  Data on the U.S. side were collected by administering a questionnaire survey during in-

person interviews with individual farmers.  However, the researcher was advised for safety 

reasons not to attempt to do this on the Mexican side of the border and so information was 

collected with the Agriculture Secretary in Acuna, Mexico. The Agricultural Secretary toured the 

surrounding farms with the researcher and provided information on specific crops and irrigation 

practices in Mexico.  The data collected from the Agricultural Secretary was justified by first 

hand observation while traveling to all three communities in the region.    

This survey was conducted in order to determine whether there are trans-boundary 

differences between the agricultural and related irrigation practices of farmers in Texas and 

Mexico and to determine if agricultural communities are practicing environmentally sustainable 
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practices on either side of Rio Grande.  The 10-question, multiple-choice survey collected 

information in five categories: crop distribution, water use, government incentives, conservation 

techniques, and fertilizer application.  This survey was reviewed by Dr. Stroup, a professor at 

Texas State University involved in this case study research and was validated by Dr. Cade, also a 

professor at Texas State University involved in this case study research. Surveys were 

administered in person during the month of September 2009.  The majority of the farmers 

surveyed were responsive to the interview and eager to relay their input.  The coding of data was 

organized into different categories for each subject matter.  For example, pecan data for the U.S. 

and Mexico were organized together and then tabulated into Microsoft excel to show results.  

 

RESULTS  

 Farmers in the U.S. practiced more commercial farming and were on site to be 

able to interview, whereas, from observation, Mexican farmers were more involved in 

sustenance farming and growing for their daily needs.  Therefore, it was observed that 

agriculture seemed more of an occupation for U.S. farmers and a way of life for Mexican 

farmers.  Sustenance farming, limitations to sustainable farming, vulnerability of the agricultural 

sector in the Rio Grande Basin, and progressive Integrated Pest Management for local farmers 

will be embodied into the “bigger picture” of water conservation through agricultural 

management in the following results and discussion. 

Crop Distribution 

 The first category of sought information concerned farm acreage as well as specific crops 

grown.  As stated previously, where there is a low water cost, low forage crops are grown (Kent, 

1983).  This is true in Quemado, TX and in Santa Maria, Madero del Rio, and Purisima, Mexico.  
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In the U.S., coastal alfalfa, silage, klein grass, burmuda hay and sorghum are grown as the 

majority of agricultural acreage.  Coastal alfalfa accounts for 760 acres, silage and klein grass 

both account for 800 acres, burmuda hay accounts for 220 acres and sorghum accounts for 75 

acres in Quemado, TX.  Pecans are grown on 235 acres in Quemado, TX. Grapes are grown on 

14 acres further North of Quemado, in Del Rio, TX.  Vegetables such as tomatoes, peppers, 

garlic, cucumbers, onions, pomegranates and melons are grown on 12 acres in Quemado, TX.  

One farm, in particular, provides a local market for produce to surrounding farmers in the area.  

In Mexico, every family grows crops such as these on plots divided along the banks of the Rio 

Grande in each agricultural community.  Oats and coastal alfalfa make up the majority of land 

under cultivation in Mexico.  Oats account for 1,729 acres and alfalfa accounts for 86 acres.  

Pecans, canola, sorghum, and melons are also grown in these Mexican communities, but specific 

acreage was not disclosed.   

 

Table 2. Crop Distribution in the U.S. and Mexico 
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Water Use 

 As water is the only factor completely indispensible for plant growth, its management is 

crucial to crop production (Rydzewski, 1990).  Water is crucial to the livelihoods of farmers in 

this study area on both sides of the border.  The primary technique used to irrigate farms is flood 

or furrow irrigation.  With flood irrigation, water is over-applied at the upper end of the field and 

under-applied at the far, lower end of the field (Selley, 1997).  In the U.S. and in Mexico, this 

method has been in practice since the 1920s.  Secondary techniques include drip irrigation and 

pivot irrigation.  Drip irrigation was used on young grape vines in Del Rio, TX.	  Drip, or micro-

irrigation, technology uses a network of plastic pipes to carry a low flow of water under low 

pressure to plants.  Drip irrigation delivers water slowly immediately above, on or below the 

surface of the soil.  This minimizes water loss due to runoff, wind and evaporation (Wilson, 

2005).  Pivot irrigation was used on silage and klein grass production in Quemado, TX. The 

center-pivot systems have a number of metal frames (on rolling wheels) that either drip or spray 

the water onto the fields.  Electric motors move each frame in a big circle around the field (the 

tube is fixed at the water source at the center of the circle).  The depth of water applied is 

determined by the rate of travel of the system.  Single units are ordinarily about 1,250 to 1,300 

feet long and irrigate about a 130-acre circular area (USGS, 2009).  In Case 1, only 6 acres are 

irrigated by drip irrigation, whereas in Case 4, 800 acres are irrigated by pivot irrigation.  
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Table 3. Primary and Secondary Techniques of Irrigation in U.S. and Mexico 

 

  

Surface water from the Rio Grande is pumped or released to U.S. and Mexico farms and 

is delivered by a canal system.  Most canals are concrete lined; however, there are earthen canals 

on both sides of the Rio Grande (See Figures 15 and 16).  There are recommendations for 

improvements to these canals because of the current water loss.  This water loss is due to 

concrete canals in poor condition with cracks or leaks that deter water movement throughout this 
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Figure 15. Concrete Lined Canal Quemado, TX & Figure 16. Earthen canal in Purisima, 
Mexico 
 
 
Government or Organizational Incentives 
 
 Farmers were asked whether or not their respective governments or organizations were 

encouraging on-farm water savings.  Only one farmer in Quemado, TX expressed some 

involvement in on-farm water savings (See Table 4).  This involvement included attending 

educational meetings to encourage saving water which did not include incentive driven savings.  

County Extension Agents in the U.S. carry current information regarding federal programs which 

could encourage individual farmers to save water, yet many farmers do not take advantage of 

these programs.  In Mexico, PROCAMPO was taking an active role to re-build infrastructure that 

would deliver water to farms more efficiently.  In fact, PROCAMPO was financing this new 

system in Santa Maria, Mexico. According to the Agriculture Secretary, an equivalent to $80,000 

U.S. dollars was slotted to be invested in this system.  
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Table 4. Farm Participation in Incentive Programs in U.S. and Mexico 
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Utilized Conservation Methods 

 The USDA provides information on many aspects of conservation; programs are readily 

available to those farmers in the U.S. with internet access to assist owners of America’s private 

land with conserving water, soil, air, and other natural resources.  Many farmers in both the U.S. 

and Mexico were, in fact, practicing some method of conservation.  In Figure 20, all but one 

interviewee was practicing at least one method of conservation.  The methods of conservation 

used included: no till practices, furrow diking, application of organic material, measuring 

specific amounts of water applied to fields, dead level irrigation, and land leveling.  

 By not tilling fields, farmers can save labor and fuel costs, reduce soil erosion and 

preserve precious nutrients (Jain, 2005).  No till also increases the accumulation of soil organic 

carbon, thereby resulting in sequestration of atmospheric carbon dioxide.  About 18 percent of 

cropland in the U.S. and about 30 percent of cropland in Canada is under no-till (Jain, 2005).  

Data for Mexico was undisclosed.  

Case	  Study	   Government/Organizational	  Incentives	  
Case	  1	   No	  
Case	  	  2	   No	  
Case	  3	   No	  
Case	  4	   meetings	  to	  encourage	  water	  savings	  
Case	  5	   No	  
Case	  6	   No	  
Case	  7	   No	  
Case	  8	   No	  
Case	  9	   No	  
Case	  10	   No	  
Mexico	  Case	  Study	  11	   PROCAMPO	  investing	  in	  new	  pumps	  
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Another method, furrow diking not only saves water, but reduces irrigation waste 

therefore making it economically efficient, according to Agricultural Research Service (ARS) 

scientists (2009).  Furrow diking is a tiling system where soils are plowed into ridge-like barriers 

running alongside row crops.  The ridges hold irrigation and rain water, allowing it to soak into 

the soil instead of washing away (O’Brien, 2009).  

Land application of organic waste material is a desirable disposal and fertilizing 

alternative. Not only are costs usually lower relative to other disposal methods, but the waste 

material is beneficial for the soil and crop production.  Organic material contains nutrients 

needed for crop growth and also to improves soil tilth, increases water holding capacity, lessens 

wind and water erosion, improves aeration, and promotes soil biological activity (Ohio State 

University Extension, 2009).   

 Measuring water usage takes time and will require instruments to be able to do so.  If the 

farmer is present when water is released from an irrigation canal, measuring water and hence, 

reducing waste is possible.  However, water meters could also be an effective alternative.  For 

example, installation of a water meter where water is released to an irrigation canal could 

monitor and measure the amount allocated, remotely.  Water savings could be amount to 

significant if such measures were implemented effectively (O’Brien, 2009). 

 Dead level irrigation allows the grower to apply only the water needed to directly supply 

the root zone of the plant.  For this method to work properly, the volume of water needed for 

irrigation must be applied as rapidly as possible in order to allow the same time for infiltration 

throughout the whole border.  Graded border strips are graded to a uniform slope lengthwise in 

the field and usually level at right angles to the flow direction.  Graded border strips involve 

more earth moving than other variations of border strips.  Small variations in longitudinal and 
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lateral slope are not detrimental.  This method composes the most common “modern” form of 

border strips, as the land grading is possible with laser guided equipment (Burt, 2000).  Irrigation 

efficiencies for dead-level irrigation can be as high as 80-85 percent while irrigation efficiencies 

for graded borders normally run about 50-60 percent (Herrera, 2000). 

 Land leveling, practiced in Mexico specifically, requires a reshaping of the surface of 

land to be irrigated to planned grades.  This permits uniform and efficient application of 

irrigation water to leveled land (NRCS, 2001).  Land leveling is important in terms of saving 

land, saving water, and saving labor.  It improves drainage and helps avoid crop damage. It also 

helps in the efficient use of other farm resources (Ahmad and Tinnermerie, 1974).  

A secondary conservation method used in this study was brush control.  Brush control is 

the removal of brush from rangeland.  This can be achieved through herbicide application or by 

physically removing the species of brush.  The USDA Natural Resources Conservation Service 

(NRCS) estimated that brush in Texas uses over 3.5 trillion gallons of water annually.  Control of 

brush such as mesquite, salt cedar, poison ivy, and Russian olive present a viable option for 

increasing the availability of water for various beneficial water needs (TSSWCB, 2009).  
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Table 5. Primary and Secondary Conservation Methods in U.S. and Mexico 

Case	  Study	   Primary	  Conservation	  Method	   Secondary	  Conservation	  Method	  
Case	  1	   No	  till	  practices	   	  	  
Case	  	  2	   Furrow	  diking	   	  	  
Case	  3	   Application	  of	  organic	  material	  	   Brush	  control	  	  
Case	  4	   Application	  of	  organic	  material	  	   	  	  
Case	  5	   Measurements	  of	  Water-‐	  No	  Waste	   	  	  
Case	  6	   Application	  of	  organic	  material	  	   	  	  
Case	  7	   Furrow	  diking	   	  	  
Case	  8	   Dead	  level	  irrigation	   	  	  
Case	  9	   Furrow	  diking	   	  	  
Case	  10	   none	   	  	  
Mexico	  Case	  Study	  11	   Land	  leveling	   	  	  

 

 

Fertilizer Application 

 Five of the eleven cases surveyed, including Mexico, fertilized organically (Figure 21). 

Applications of organic fertilizers included: grape skins, integrated pest management, chicken 

manure, organic material, and compost.  Grape skins provide potassium to the soils, allowing 

vines to use this nutrient for growth.  Manures and composted plant materials add organic matter, 

which helps retain soil moisture and structure and prevents compaction, as well as helps to 

prevent nutrients from leaching away.  They also balance extremes in soil pH (Owens, 2009). 

Poultry manure (chicken in particular) is the richest animal manure in Nitrogen, Phosphorous, 

and Potassium.  However, chicken manure is considered "hot" and must be composted before 

adding it soils.  Otherwise, it will burn any plants it comes in contact with (Owens, 2009).  

Organic materials are comprised of yard trimmings, food scraps, and wood waste.  Many of these 

materials can be collected into a pile which will decompose over time.  This material is called 

compost.  Compost has the ability to help regenerate poor soils.  The composting process 

encourages the production of beneficial micro-organisms (mainly bacteria and fungi) which in 
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turn break down organic matter to create humus.  Humus, a rich nutrient-filled material, 

increases the nutrient content in soils and helps soils to retain moisture.  Compost has also been 

shown to suppress plant diseases and pests, reduce or eliminate the need for chemical fertilizers, 

and promote higher yields of agricultural crops (EPA, 2009).  

 Liquid nitrogen and ammonium sulfate were used as fertilizers in the remaining cases 

surveyed.  Nitrate is a storage form of nitrogen in soils, waters, or plants.  It is the product of 

nitrification or ammonium ion rising from organic matter ammonification, ammonium-

containing fertilizers, or urea of fertilizer by Nitrosomonas spp. and Nitrobacter spp., acting in 

that order (Viets, 1971).  Ammonium nitrogen is a stable, but plant-available N source.  There 

are three main mechanisms by which N can be lost from the soil-volatilization, dentrification, 

and leaching.  Ammonium sulfate is less susceptible to ammonia volatilization losses than urea 

or UAN nitrogen losses.  It can be applied on the surface of acid soils without the risk of 

ammonia volatilization.  Ammonium sulfate can retard dentrification and leaching losses because 

it is converted to nitrate more slowly than some other N fertilizers.  It remains longer in the 

ammonium form, which is held on the soil particles and not leached (Agronomy Group, 2003).  

In Mexico, Nitrogen, Phosphorous, and Potassium (N-P-K) were applied when financially 

viable.  This application seemed to happen more often on larger parcels of acreage.  Family plots 

located on the banks of the Rio Grande were not applied with synthetic fertilizers.  

Integrated Pest Management  

Integrated pest management requires active participation of the farmer to his farm.  

According to the EPA (Environmental Protection Agency), Integrated Pest Management (IPM) is 

the coordinated use of pest and environmental information with available pest control methods to 

prevent unacceptable levels of pest damage by the most economical means and with the least 
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possible hazard to people, property, and the environment (EPA, 2009).  The farm surveyed in 

Quemado, TX that practices Integrated Pest Management stocks resources and sells merchandise 

to achieve an operative balance with nature. This local farm could be a resource for the future of 

other famers in the area and even farmers across the border.  Integrated Pest Management could 

become an efficient, widespread method to promote a more sustainable Rio Grande Basin.  

The opportunities for this farm to promote sustainability through Integrated Pest 

Management could lead to other outreach opportunities to engage farmers in this area.  Farmers 

would most likely respond more to other farmers practicing sustainable practices, than to 

researchers demanding change.  Sustainability in the Rio Grande Basin will most likely happen 

from this bottom-up approach.  Farmers need to begin to discuss water needs as well as 

agricultural practices if change is going to happen.  This farm could indeed be the connector to 

the local region for support and assessment.  Recommendations for this sustainability outreach to 

the local community will be expressed to this Integrated Pest Management farm in the Quemado 

area via e-mail.   

 

Table 7. Fertilizer Application in U.S. and Mexico 

Case	  Study	  
Fertilizer	  Application	  and	  Integrated	  
Pest	  Management	  

Case	  1	   Grape	  Skins	  
Case	  	  2	   Liquid	  Nitrogen	  
Case	  3	   Integrated	  Pest	  Management	  
Case	  4	   Liquid	  Nitrogen	  
Case	  5	   Ammonium	  Sulphate	  
Case	  6	   Chicken	  Manure	  
Case	  7	   Liquid	  Nitrogen	  
Case	  8	   Organic	  Material	  
Case	  9	   Granulated	  Nitrogen	  
Case	  10	   Compost	  
Mexico	  Case	  Study	  11	   N-‐P-‐K	  (when	  can	  afford	  it)	  
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DISCUSSION 

 Farmers on both sides of the Rio Grande, in the U.S. and in Mexico, share many of the 

same agricultural practices according to the findings of this case study.  Forage crops and tree 

crops, such as alfalfa, sorghum, and pecans, were grown in the U.S. and Mexico.  The majority 

of farmers also irrigated their crops the same way, with flood or furrow irrigation techniques 

predominant.  However, there were significant differences between these two nations with regard 

to governmental incentives for sustainable conservation practices.  Differences also appeared in 

conservation methods and in fertilizer applications utilized.  

 Crop selection for farmers in both countries depends upon many factors.  For example, 

one variable is soil acidity or alkalinity.  Depending upon the weather, water availability, 

economic value, and overall production costs, the variety of species that can be grown is limited 

in certain agricultural areas.  Farmers that participated in this survey had been growing low 

forage crops and tree crops for many decades, or had purchased the land with already established 

trees.  They have also been irrigating with the same methods since the canals were established in 

the 1920s and 1930s.  Changing management practices seems risky to many because many 

farmers have little room for economic error (Blesh and Barrett, 2006).  This principle is 

especially true for farmers in Mexico where sustenance is dependent upon crop growth.  Changes 

in agricultural production and management practices require that tradeoffs be made among the 

often conflicting interests of producers, consumers, and the environment (Campbell, 1991).  

Water is one of these factors where management practices may require tradeoffs.   

 Ward and Pulido-Veazquez (2008) have written numerous studies regarding agriculture 

in the Rio Grande Valley.  Their paper, “Water Conservation in Irrigation can increase water 
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use,” gives a new perspective on water conservation with regards to drip irrigation replacing this 

flood or furrow method, 

 Evapotranspiration (ET) from the watershed’s surface is the depletion or loss of water from a  

hydrologic basin associated with plant water use.  Water diverted from its natural course through 

a canal, pipe, or other conveyance measure and applied in irrigation in excess of ET is not lost  

 because it returns into the basin from which it was withdrawn via surface runoff or deep  

 percolation.  This water can be available to other users at other times in other locations. One  

 user’s water inefficiency often serves as the source of another user’s water supply (Ward and   

             Pulido-Veazquez 2008, p. 18216). 

This new perspective sheds light on the irrigated scenario presented in this case study. 

For these farmers, changing from flood irrigation to drip irrigation would be a costly and 

uncertain task.  However, continued research, innovation, and new methods could help to 

encourage water savings. Switching from flood/furrow irrigation to drip irrigation may not be the 

answer to the needs of farmers in both the U.S. and Mexico, especially if drip irrigation could 

increase the overall use of water in the Basin. 

Vulnerability of the agricultural sector will continue to increase as the demand for water 

grows.  This demand will most likely come from the growing municipal and generally increasing 

human water demand.  The use of water produces considerable economic value in a modern 

household.  Beyond satisfying basic human requirements, water has been extensively analyzed as 

an economic resource for which there is considerable urban demand, particularly in the desert 

southwest.  Besides cooking, washing, cleaning, and sanitation, the typical Rio Grande Basin 

household in the United States uses water for outdoor cleaning and to sustain a domestic 

landscape environment (Ward et al., 2006).  Changes need to be made in the agricultural sector 
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with regards to irrigation practices.  Changes also need to be made with regards to the human 

water demand.  The sooner such changes are made, the less vulnerable these systems will be.  

 Many farmers in Texas and Mexico are taking the initiative in practicing more 

sustainable conservation methods as well as sustainable fertilizer applications without 

governmental or organizational incentives.  Sustainability is more than the action of a single 

actor.  It is the composite of many decisions and actions by people in a region working together 

toward a common future (Schoik, 2004).  There are limitations however, to sustainable farming 

due to globalization and government subsidies.  These larger issues do play a part in Texas and 

Mexico.  For example, farming in these regions is practiced from an economic perspective.  The 

farmer in both nations is concerned with the monetary value of his or her efforts.  Competition in 

a global market is a struggle for many farmers.  Mexican farmers do not always have the 

government backed subsidies that U.S. farmers do.  If the money is available, then assistance is 

provided.  Security of funds is not always guaranteed and many farmers struggle to survive.  

Sustainability is then considered a luxury for many farmers, considering the influence of 

globalization and government subsidies.   

Farmers in Quemado, TX, are practicing such methods as furrow diking, application of 

organic materials, brush control, no-till practices, and dead level irrigation.  These methods not 

only benefit the farmer, they are benefitting the land on which the farms thrive.  One of these 

methods of conservation, no-till practice, is still up for debate.  According to a recent study by 

Blesh and Barrett, who surveyed farmers in Kansas, Indiana, and Georgia, reported that tillage 

causes erosion.  Yet, no-till agriculture is not a catch-all solution because it is not effective when 

practiced in several regions and soil types (Blesh and Barrett, 2006).  More research is needed 
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regarding no-till farming and whether or not it is effective as a conservation practice in the Texas 

and Mexico border regions.  

Farmers in Mexico are practicing land leveling methods.  The purpose of precision land 

leveling is to produce a best-fit uniform plane soil surface that makes optimum use of soil and 

water resources for agricultural purposes.  Precision land leveling amongst other methods is 

achieved with the help of laser technology (Ahmad et al., 2001).  Currently, this region is not 

using laser technology.  PROCAMPO has instead invested in infrastructure repair at the present 

time.  However, in the future, this laser technology could be an investment into which Mexican 

farmers would benefit.  While surveying agricultural communities in Santa Maria, Madero del 

Rio, and Purisima with the assistance of the Agricultural Secretary, many goals for Mexican 

agriculture were discussed.  One goal in particular, initiated by organizations such as 

PROCAMPO, was to encourage Mexican farmers to continue farming in Mexico.  For example, 

if a farmer in one of these three communities needed to purchase a windmill, the Mexican 

government was helping farmers purchase such tools.  In fact, $70 of the $100 US equivalent 

dollars would be paid for by the Mexican government, if the farmer could pay for the remaining 

$30 US dollars.  Programs that supported farmers’ families were also in progress.  For example, 

sewing machines for wives of farmers were purchased by the Mexican government.  According 

to the Agricultural Secretary, these small steps have helped to revive these farming communities 

and not encourage the further displacement and outmigration of Mexican families.  

Fertilizer applications such as grape skins, chicken manure, organic material, and 

compost have been initiated by farmers in both Texas in Mexico.  By using these materials, most 

collected on-farm, farmers are practicing more sustainable methods.  The majority of farmers in 

both the U.S. and Mexico surveyed in this case study have taken the initiative to promote a more 
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sustainable Rio Grande Valley through various conservation methods and fertilizer applications.  

There are future challenges, such as increasing water usage, which will continue to affect the 

ability to feed a growing population without degrading the environment and natural resource 

base.  Improvement of agricultural practices along the Rio Grande depends critically on regional 

research to understand the dynamics of this River Basin, the human-environment interaction, as a 

whole.  

 

CONCLUDING REMARKS 

Agriculture must become a primary concern for farmers and non-farmers alike, as safe 

and effective food production it is necessary for the development and maintenance of a 

sustainable society (Blesh and Barrett, 2006).  Understanding agriculture on a regional scale will 

be fundamental to the future of the Rio Grande River Basin. There are many diverse, heavily 

irrigated acres of agriculture along the Rio Grande in both the U.S. and Mexico.  This small 

regional survey extrapolated clear data gaps between the U.S. and Mexico.  Before this survey 

was conducted, little to no information was available for the agricultural communities of Santa 

Maria, Madero del Rio, and Purisima, Mexico.   

There is a need for accurate and reliable information on crop inventory, land cover, soils, 

distribution of irrigated areas, and irrigation techniques used throughout this Basin in both 

countries.  Some of this data currently exists for the U.S., but most often this data does not 

include Mexico.  GIS and remote sensing tools could help to produce and relay such information 

on a Basin-wide scale. 
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Figure 17. The Mighty Rio Grande River 

 

As previously discussed, the International Boundary and Water Commission and its 

Mexican counterpart Comision Internacional de Limites y Aquas manage water resources long 

the U.S.-Mexican border.  Scholars of border water resource issues have suggested alternate 

means by which IBWC and CILA can address water resource management issues.  Many 

advocate for some form of a border-wide science advisory council or board that would more 

aggressively bring academic-based research into the debate (Schoik et al., 2004).  This border-

wide science advisory council could also bring U.S. and Mexico farmers together through 

stakeholder meetings.  Such meetings could encourage communication between agricultural 

producers.  Ultimately, a more comprehensive understanding of agriculture in the Rio Grande 

Basin could be achieved.  

Agriculture in Quemado, TX and in Santa Maria, Madero del Rio, and Purisima, Mexico 

will continue to depend on the Rio Grande River for water to irrigate their farms.  As researchers 

advance in studying methods and techniques that could reduce water use, these farmers will still 

be irrigating the same way they have been.  Yet, out of their own initiative, they will preserve 

and hopefully maintain sustainable methods for which they should be rewarded, encouraged, and 

incentivized.  
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