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Water Conservation on the High Plains

FOR NEARLY 20 YEARS, THE SOUTHERN  
Sustainable Agriculture Research and Education 
(SSARE) program has funded nearly $1.5 million 
in grants to Texas Tech University, Texas Coalition 
for Sustainable Integrated Systems (TeCSIS), Texas 
Alliance for Water Conservation (TAWC), and their 
many partners to develop alternative production 
systems to monoculture cotton that address the 
growing need for water conservation, while keeping 
soils fertile, crop yields profitable, cattle produc-
tion thriving, and surrounding communities viable 
in the Texas High Plains. 

This model of sustainable agroecosystems in the 
Texas High Plains is changing the face of agricul-
ture in the region and helping to conserve water, 
improve soil health, boost ag profits and keep the 
High Plains region thriving for generations to 
come.

Addressing Critical Water Issues
THE GOAL OF U.S. AGRICULTURE IS FOOD 
and fiber security and an economically viable 
production system that does not deplete resources 
nor diminish the environment upon which this 
depends. Increasingly, agriculture is called on to 
provide additional services including clean air and 
water, wildlife habitat, recreational opportuni-
ties, and landscape aesthetics, while agriculture is 

also blamed for using inordinate amounts of fresh 
water for irrigation. Agriculture uses 61 percent of 
the total U.S. withdrawals of fresh water (exclud-
ing that used for power plant cooling, http://
pubs.usgs.gov/circ/1405/), and uses 95 percent of 
groundwater withdrawals in the Texas High Plains 
(www.twdb.texas.gov).

To meet these challenges, knowledge of the 
functioning of agricultural ecosystems is essential. 
Such knowledge must be derived from long-term, 
systems-level research that leads to understanding 
interrelationships of basic biophysical processes, 
human needs and manipulation of the system, and 
impacts of policies, economics, and market forces.

The Texas High Plains serves as a model region 
when studying factors affecting agricultural sus-
tainability, especially for the efficient use of water 
and protective management of soil. 

High Plains and the Ogallala Aquifer 
THE TEXAS HIGH PLAINS IS A LARGE SWATH 
of area, roughly 22 million acres, in the Texas 
Panhandle and south to Midland-Odessa that 
historically was a nearly level, treeless, semiarid 
grassland. In the early decades of the 1900s, with 
the advent of rural electrification and pumping 
technology, tapping into the Ogallala Aquifer for ir-
rigation made row crop cultivation, mainly cotton,
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possible. Today, roughly 30 percent of the total U.S. 
cotton crop is produced in this region. In addition, the 
High Plains serves as a grazing resource for stocker 
cattle before they enter feedlots. Wheat, alfalfa, warm-
season grasses and other forages have served as feed 
for decades.

In the Texas High Plains, an area that receives only 
18 inches of rainfall annually in an average year, the 
Ogallala Aquifer is a crucial, but finite resource. The 
Ogallala was formed millions of years ago from the 
erosion of the Rocky Mountains and now traverses 
through portions of eight states—Colorado, Kansas, 
Nebraska, New Mexico, Oklahoma, South Dakota, 
Texas and Wyoming—providing 30 percent of the 
United States’ irrigation, and contributing to an 
astounding 20 percent of the country’s entire agricul-
tural output. 

As droughts across the Texas Panhandle increase, 
intensify and endure, it is quickly becoming clear that 
the increasing number of irrigation wells, and lack 
of adequate recharge from more northern states, is 
bringing High Plains agriculture to a crisis point. 

Studies have indicated that water levels in the 
Ogallala are dropping at an alarming rate, with some 
studies estimating the aquifer will run dry in just 50 
years time. In this semi-arid region, agriculture ac-
counts for over 40 percent of the economy, including 
support of numerous rural communities, but depends 
heavily on irrigation from the Ogallala Aquifer at non-
sustainable withdrawal rates. Recharge is negligible 
and well output is dropping to the point that farmers 
are having to adopt new systems to maintain profit-
able survival of their businesses and the communities 
that depend on their economic activity.

An old world bluestem/alfalfa 

mix. - Photo by Victoria Xiong, 

Texas Tech University

Vivien Allen spearheaded 

SSARE research on alternative 

crop and livestock systems 

beginning in 1997. 

- Photo Texas Tech University

Sustainable Agroecosystems 
ACCORDING TO THE U.S. DEPARTMENT OF 
Agriculture, the definition of agroecosystems is a 
“system where communities of plants, microbes 
and animals inhabiting farmed land, pastures, 
grasslands or rangelands, interact with each other 
and their physical environment.” 

In the late 1990s, a committed and dedicated 
team of researchers from Texas Tech University 
in Lubbock, TX took one of the first steps to begin 
exploring a sustainable agroecosystems approach to 
implement agricultural production alternatives in 
the south Texas High Plains.

The Texas High Plains serves as a model region 
when studying factors affecting agricultural sustain-
ability with respect to water, soil, nutrients, energy, 
and community stability. 

The importance of crops, forages, and livestock to 
the Texas High Plains has highlighted the need to 
develop systems that enhance profitability, im-
prove conservation of soil and water resources, and 
expand marketing opportunities for a more sustain-
able agricultural system. 

The impetus for this research is the declining 
supply of groundwater from the Ogallala Aquifer 
used in large scale, row-crop farming, and therefore 
the need for systems that use less water while build-
ing soil quality and maintaining profitability.

Cropping choices by producers largely follow 
crop prices and input costs and can lead to exces-
sive water use, but limited cropping of strategically 
irrigated crops and a perennial grass grazing-based 
beef industry could be sustained indefinitely.

WHAT IS SYSTEMS RESEARCH?

When trying to define an elusive term like systems research, it’s easier to start with what we know it is not. 

Most agricultural field research is component research. Component research is easy to understand — alter something, say, the amount of 
fertilizer two plots receive. Then measure something, such as the yield from each of the two plots. Assume the difference in yield resulted 
from the two different fertilizer rates and call that, well, your results.

Systems research is by design and definition different from traditional research approaches. With systems research, production is only one 
component of an agricultural system. 

“Systems research is dynamic. It cannot be measured by snapshots. It must be tested across time and locations,” said Vivien Allen, retired 
Texas Tech University, Thornton Distinguished Chair of Plant & Soil Science. “It is an understanding of the whole and the reasons for its 
behavior that allow us to begin to move in directions that accomplish our research purposes, i.e. water savings, profitability, environmental 
protection, as well as productivity.

“This could never be accomplished in short-term small plot or animal experiments because we are looking at pieces taken from the system 
that no longer behave as they did within the system,” said Allen. “Once we have the chance to study the system, then we can begin to look at 
the pieces because we are doing so within the system itself. Now they behave in response to all of the influences and interrelationships that 
cause them to react as they do.”
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The Texas Tech University Texas Coalition for Sus-
tainable Integrated Systems (TeCSIS) effort focuses 
on the use of grazing systems with beef cattle which, 
when integrated into farming systems involving 
annual crops, can reduce inputs of irrigation water, 
fertilizers, and pesticides, while building up soil 
organic matter and microbial diversity. 

Researchers have found that grazing stocker steers 
on perennial warm-season grass pastures and on 
small grains in rotation with cotton requires 25 per-
cent less irrigation water, 36 percent less nitrogen, 
fewer pesticide inputs, and provides more flexibility 
in marketable products with similar net cash returns 
per acre than growing cotton in monoculture.

Short-term impacts include reduced soil erosion, 
improved water and nutrient management guide-
lines, reduced pesticide use, and improved cash flow 
and marketing opportunities. 

Long-term benefits include flexibility in agricul-
tural production, reduced water use, less financial 
risk, long-term economic stability, and continued 
agricultural productivity in the High Plains region.

Results feed directly into a current outreach pro-
gram (Texas Alliance for Water Conservation) and 
offer answers on how to reallocate diminishing irri-
gation water to annual row crops and forage systems 
to maximize economic returns.

The premise is that there are novel methods of 
managing forages that are as climate-resilient as 
native grasslands, but more economically produc-
tive, and which entail user-friendly technologies for 
monitoring use of water and making more informed 
economic decisions. 

Crops and Soils 
OVER 30 PERCENT OF THE NATION’S COTTON 
crop is produced in the Southern High Plains region 
of Texas, primarily as a continuous monoculture 
crop under conventional tillage practices. Intensive 
tillage operations have been associated with acceler-
ated decomposition of soil organic matter (SOM) 
and subsequent loss of carbon to the atmosphere as 
carbon dioxide.

Cultivated intensively since about 1940, irrigated 
agricultural production in the Texas High Plains has 
been at the expense of high water use that has ex-
ceeded the recharge potential of the Ogallala Aquifer 
in an already low-rainfall region. This practice has 
provided high economical profit but exposes bare 
soil during winter fallow periods, leading to in-
creased wind soil erosion and significant reductions 
in SOM content. Today, regional challenges imposed 
by impending loss of the Ogallala Aquifer for ir-
rigation, low fertility soils, high soil erosion, and 
stressful climatic conditions have prompted produc-
ers to reconsider their production options.

Researchers with Texas Tech University assessed 
the capacity of long-term, integrated crop and live-
stock systems in the Texas High Plains to enhance 
soil quality by evaluating soil microbial diversity and 
its link to soil processes including carbon sequestra-
tion and greenhouse gas fluxes.

While the potential to sequester carbon is strongly 
associated with water supply, this semi-arid region is 
positioned to play an important role because de-
graded soils whose SOM reserves have been depleted 
due to excessive tillage hold the largest potential for 

Texas Tech University researchers hypothesized that by integrating crops, forage, and live-
stock in production systems, their complementary benefits would allow a more sustainable use 
of water and soil while maintaining an appropriate level of crop and livestock production..

Research within sustainable integrated systems is providing information on energy balance, 
greenhouse gas emissions, carbon cycling, soil organic carbon fractions, soil compaction, soil 
quality, carbon cycling through the grazing animals, shifts in botanical composition within the 
systems, effects of cover crops on allelopathic effects on the following target crops, potential 
variation in alfalfa varieties to persist and yield under limited irrigation, effects of different 
legume species or nitrogen fertilization under limited irrigation on carbon and nitrogen in soils 
and plants, as well as yield and forage quality, and other vital information.

SUSTAINABLE INTEGRATED SYSTEMS

Cattle grazing on WW-B.

Dahl old world bluestem 

in one phase of the 

Texas Tech University 

research.  

- Photo by Texas Tech 

University

“Cotton is king in the 

High Plains, but it’s a 

thirsty crop, and we are 

running out of water.”  

- Philip Brown, Texas 

Tech University TeCSIS 

program senior research 

associate. Photo by 

Texas Tech University
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soil organic carbon sequestration. In addition, many 
acres are available in this vast landscape to con-
tribute to sequestering carbon and with impending 
scarcity of water for irrigation, cropland is increas-
ingly being returned to grass production. 

Perennial forages protect fragile soils, convert 
atmospheric carbon to SOM, and reduce water and 
fertilizer requirements compared with current crop-
ping practices. Pastures have the potential to store 
significant amounts of soil organic carbon because 
their dense and deep root systems contribute to 
aggregate formation and the inclusion of carbon 
within, which is less susceptible to oxidation and 
eventual loss to the atmosphere. 

With this in mind, Texas Tech University re-
searchers are exploring perennial forage systems 
for their ability to increase soil carbon in the Texas 
High Plains to counteract the rapid degradation of 
SOM found with the low production of residues in 
intensively tilled cotton.

Future of High Plains Agriculture
PRODUCERS ARE MOVING TOWARD A MORE 
integrated strategy to match water with soil fertility 
to target realistic yield goals rather than maximum 
production.

In the context of transitioning to low-irrigation 
management, Texas Tech University researchers 
foresee the following trends in Texas High Plains 
agriculture in the coming decades:
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    • Smaller acreages of irrigation of value-added  
     crops;
     • Continual improvements in water use efficiency  
     of major row crops such as cotton;
     • Partial replacement of irrigated row crops with  
     perennial grasses and legumes and with dryland  
     crops, especially sorghum;
     • Greater use of precision water management  
     technologies such as ultra-low and variable-rate  
     irrigation;
     • Greater dependence on online decision aides for  
     guiding inputs;
     • Warmer temperatures leading to greater 
     evaporative demand and more droughts.

These trends require constant testing of forage 
systems across the range of weather conditions ex-
perienced to offer options to landowners on how to 
maintain profitability. Researchers continue to seek 
ways to solve the ever pressing issues of sustain-
ability and the challenges to agriculture in the High 
Plains region.

For over a decade, producers across the Texas High Plains 
have been educating other producers on production methods 
and new technologies that help save water.

The Texas Alliance for Water Conservation (TAWC) consists 
of about 30 producers across 9 counties who use 6,000 acres of 
land to demonstrate a range of agricultural practices, including 
monoculture cropping systems, crop rotations, no-till and tillage 
practices, land applications of manure and fully integrated crop 
and livestock systems. The demo sites, along with resources, 
events and other activities, follow an outreach/educational 
model similar to the Cooperative Extension Service.

TAWC director Rick Kellison said that SARE funding helped 
launched the TAWC. “It helped create an avenue to disseminate 
information and to better maximize production, while conserv-
ing natural resources,” said Kellison.

In 2004, information generated from a SSARE-funded 

research grant project, “Forage and Livestock Systems for 
Sustainable High Plains Agriculture,” was the basis in obtaining a 
$6.2 million grant from the Texas Water Development Board to 
test concepts of integrated systems in an on-farm demonstra-
tion project. The TAWC was born.

“The one thing that the TAWC helps farmers understand 
is that there is no ‘one size fits all’ system,” said Kellison. “As 
someone once told me, there is no silver bullet, but a bunch of 
silver BBs, and if you throw enough of them, you’re bound to hit 
something. The TAWC helps provide producers with a toolbox 
of options.”

The outreach effort in the TAWC project has been very 
successful in reaching farmers and disseminating information on 
best practices for managing irrigation. An additional $3.6 million 
was obtained from the Texas Water Development Board to 
continue TAWC through 2019. 

TEACHING FARMERS HOW TO MANAGE WATER LIKE MONEY

Learn more about the Texas Al-

liance for Water Conservation 

at www.tawc.us   
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Texas Tech University soil 

microbiologist Veronica 

Acosta-Martinez provides 

a breakdown of soil carbon 

sequestration and microbial 

activity research, funded by 

SSARE. 

- Photo by Candace Pollock-

Moore, Southern SARE
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