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Progress Report 

The Ogallala Aquifer Program (OAP) is a research and education consortium seeking solutions to problems arising from 
declining water availability from the Ogallala Aquifer on the Southern High Plains. The consortium includes Kansas State 
University, Texas A&M AgriLife Research and Extension Service, Texas Tech University, West Texas A&M University, and 
the USDA ARS NP211 research projects at Bushland and Lubbock, TX. OAP funding is from the USDA ARS at Bushland, 
and OAP management is led by ARS at Bushland with cooperation of a management team composed of the principal 
investigators for the funding agreements with the four universities. 

University and ARS collaborators in the OAP produced 30 publications in FY23 and in prior years that were not reported 
previously. These are listed in the publications for this research project. These publications support the ten substantive 
accomplishments reported here. 

 
Accomplishments 

Crop water use data from direct measurements used to establish daily crop water use estimates for the 
continental USA. Freshwater available for irrigation is decreasing, especially in regions where water for irrigation is from 
aquifers with limited recharge like the Ogallala in the Southern High Plains; therefore, there is a need to maximize the 
efficient use of irrigation water through correct irrigation scheduling. However, accurate daily estimates of crop water use 
in specific fields over wide areas are lacking though they are needed to decide on irrigation quantities. Scientists from ARS 
at Bushland, Texas contributed a database of multiple years of directly measured daily crop water use data for calibration 
of five models that base daily water use estimates on a combination of satellite and local weather data. The Bushland data 
are the most accurate available and were used in establishment of the OPENET platform that provides daily crop water 
use estimates at 100-foot resolution over the USA. See Volk et al. (2023a,b) and Evett et al. (2022. The Bushland, Texas 
Maize for Grain Datasets). 

Better crop growth and water use models aid management. If they accurately describe yield and water use, crop 
growth models can be useful tools for assisting in the management of crops as well as for predicting the likely effects of 
future climate change. An important aspect that determines the ability of crop growth models to simulate growth and yield 
is their ability to simulate the rate of water consumption or evapotranspiration (ET) of the crop. An inter-comparison of 
41 corn growth, water use, and yield models was done by USDA ARS and university scientists using comprehensive 
datasets from two locations: Bushland, TX, and Mead, NE. There was significant variation among the models in their 
simulated ET. Nevertheless, several models performed well at simulating ET, as well as yield. Older, well-used models that 
have been tested over a wide range of conditions did best. Approaches used in the better models were identified. Those 
models that predicted ET well will help present-day and future farmers and agricultural researchers, and of course all food 
consumers. See Kimball et al. (2023) 

Conversion to cotton cropping saves water in northern Texas High Plains. Decades of pumping combined with 
limited recharge has resulted in decreased groundwater levels in the southern Ogallala Aquifer. Alternative cropping 
systems using less water-intensive crops such as cotton may extend limited groundwater resources in the Texas Panhandle 
region. Traditionally, cotton was grown predominately in the Texas Southern High Plains (SHP) but recently, cotton 
acreage has increased in the Texas Northern High Plains (NHP). Researchers from Texas A&M and USDA-ARS Bushland 
simulated crop water use for watersheds in the SHP and NHP using the Soil and Water Assessment Tool (SWAT) 
equipped with their recently developed management allowed depletion (MAD) auto-irrigation function. Simulations of 



cotton production in the NHP resulted in reductions of 18%, 7%, and 44% in annual irrigation, crop water use, and runoff, 
respectively, to produce a profitable crop. These reductions are likely understated due to the lack of cotton production 
data for the NHP, which use anecdotally less water than that shown by the simulations. See Li et al. (2023). 

Subsurface drip irrigation saves 3 to 5 inches of water compared with sprinklers. Effective irrigation systems 
that increase crop water productivity by minimizing evaporative losses are paramount for extending the longevity of finite 
groundwater resources in the semi-arid U.S. Southern High Plains (SHP). Although subsurface drip irrigation (SDI) is 
becoming more prevalent, sprinkler systems remain the dominant method of irrigation in the SHP. Researchers from 
USDA-ARS and Texas A&M AgriLife Research compared lysimeter-derived crop water use values for SDI-irrigated and 
sprinkler-irrigated corn fields near Bushland, TX to characterize sprinkler application losses. Compared with SDI, sprinkler 
irrigation lost 3 to 5 inches of water per season to evaporation. Sprinkler drop heights used were 1.5 feet and 5 feet. 
Findings suggested that sprinkler drop height had little effect on losses as they were largely mitigated under full canopy 
conditions. However, cumulative losses from sprinkler irrigation were considerable during early season conditions when 
coupled with hot and dry conditions. Knowledge of these findings are useful for both producers and water mangers when 
considering irrigation management strategies. See Marek et al. (2023). 

Mixing grass and legume forage crops improves protein content and quality. In the semi-arid Texas Panhandle 
region, water for crop production is limited as the main water source is the highly depleted Ogallala Aquifer. Improving 
crop water productivity along with producing a high-quality forage are paramount to support the beef and cattle industry. 
While forage sorghum (a grass) can be grown with less water than grain crops, it is deficient in crude protein and other 
nutrients. Cropping forage sorghum with a legume, such as sunn hemp, could increase crude protein and its relative feed 
value. However, studies on sunn hemp have not been conducted in a semiarid region, and the optimum seeding ratio of 
sunn hemp to forage sorghum to ensure production of a nutritive forage with high dry matter content is unknown. 
Researchers from USDA-ARS, Bushland, Texas, and West Texas A&M University studied intercropping of forage sorghum 
and sunn hemp and found that the combination could produce a high value of crude protein. However, the planting 
geometry and seed ratios for the intercropping of sunn hemp and sorghum requires further investigation to produce an 
optimal forage. See Mosqueda et al. (2023). 

Mobile drip irrigation – a new technology to increase production per unit of water used. Limited water 
resources in the Southern Great Plains area are driving local producers to grow crops that use less water and to find more 
efficient methods to apply irrigation. With climate change, cotton can now be produced in the Texas High Plains region 
using limited water. Mobile drip irrigation technology outfits surface dripline onto existing center pivot systems, allowing 
water to be applied on the ground near the plants with less evaporation loss than sprinkler systems. However, the 
advantages of mobile drip irrigation (MDI) have not been well documented. In this two-year study, USDA ARS scientists 
compared MDI with low elevation sprinkler application (LESA). Overall lint yield was greater for MDI cotton as compared 
with LESA in both years. Lint yield per unit of water applied was greater in the first year, yet not significantly different in 
the second year, likely due to a late intensive rainfall event. The MDI technology has the potential to improve lint yield per 
unit of water applied. See O’Shaughnessy & Colaizzi (2023). 

Groundwater management can be helped by technology but boils down to policy. As depletion of the Ogallala 
aquifer affects more farming populations and surrounding communities, it is understandable that one would question the 
effectiveness of federal and state research efforts aimed at improving irrigation methods and management, finding 
alternatives to irrigated production, and understanding the aquifer hydrology and connection to climate change. Scientists 
from Colorado State University, Kansas State University, Texas A&M AgriLife, and USDA ARS reviewed the literature and 
concluded that groundwater management was fundamentally a governance issue. They recommended shifts in research, 
extension, and policy priorities towards sustaining communities dependent on the aquifer. See Schipanski et al. (2023). 

Adapting crop models for better water management in the High Plains. The High Plains (Ogallala) aquifer is an 
important source of water for irrigation throughout the U.S. Great Plains. Approximately 32% of groundwater used for 
irrigation in the U.S. is pumped from the High Plains Aquifer. This irrigation water generates 10% of the crop sales in the 
United States. In the Texas High Plains and western Kansas, the aquifer is slowly being depleted resulting in reduced well 
yields. Inability to meet peak water demands of corn and other crops under limited irrigation reduces yield and 
profitability, especially in years with below normal precipitation. Crop models can provide guidance to growers in selecting 
appropriate management interventions required to maximize profitability when irrigation water is limited. For example, 
reducing the area irrigated may increase or decrease net returns, depending on crop yields in the irrigated area and costs 
of production. Crop models can generate how profitability changes with irrigated area so that growers can make informed 
decisions. USDA ARS scientist determined the necessary model adaptations required to simulate center pivot irrigation of 
corn and provide realistic results under the climate and constraints typical of the Texas High Plains. See Schwartz et al. 
(2022). 



Guidelines for dryland crop production developed over 70 years. Insufficient soil water is the major factor 
responsible for low yields in seasonally dry and semiarid regions, including the Southern High Plains where dryland crop 
production is an alternative to irrigated production. Dryland farming generally is defined as agriculture without irrigation 
where lack of available water limits crop or pasture production in a part of the year. Successful water management under 
dryland farming conditions invariably involves capturing precipitation and storing it as soil water during fallow periods for 
subsequent use by dryland crops. During the growing season, management interventions are employed that have the 
potential to improve crop productivity under water stress. Scientists from ARS-USDA (Bushland, Texas) and Texas A&M 
AgriLife Research addressed current and past research developments highlighting the effectiveness of management 
interventions that influence components of the soil water balance and crop water use and yield during the growing season 
of dryland crops. See Unger et al. (2023). 

Accurate crop growth, water use, and yield data provided to enable accurate cropping systems models. A 
wide variety of cropping systems models are being used to predict outcomes from changes in crop type, management, 
irrigation method and level, and other agronomic changes that could enable sustainable economic crop production on the 
Southern High Plains. However, these models are only as good as the crop growth, water use and yield data used by model 
developers to improve, test, and calibrate the models; and there was a distinct lack of accurate data for this region. In 
response, scientists and engineers from the USDA ARS at Bushland, Texas, published more than 30 years of highly 
accurate and complete crop growth, water use, and yield data based on the very accurate large weighing lysimeter 
research program at Bushland. Crop data published were for alfalfa, corn, cotton, sorghum, soybean, sunflower, and winter 
wheat under a variety of irrigation application methods, levels, and under dryland conditions in some cases. The data were 
supplemented with soil water content data to 10-foot depth taken throughout the cropping seasons, and quality controlled 
weather data at 15-minute intervals, 365 days per year, both of which are needed by modelers to improve, test, and 
calibrate the models. Data are available to all at the USDA ARS National Agricultural Library Ag Data Commons 
(https://agdatacommons.nal.usda.gov/) for: 

The Bushland, Texas, Alfalfa Datasets. See Kiraga et al. (2023). 
The Bushland, Texas, Cotton Datasets. See Evett et al. (2022, 2023a,b) 
The Bushland, Texas, Maize for Grain Datasets (grain corn). See Evett et al. (2022); Kimball et al. (2023). 
The Bushland, Texas, Soybean Datasets. See Evett et al. (2023c) 
The Bushland, Texas, Sorghum Datasets. See Evett et al. (2023e) 
The Bushland, Texas, Sunflower Datasets. See Evett et al. (2022) 
The Bushland, Texas, Winter Wheat Datasets. See Evett et al. (2022) 
Soil Water Content Data for The Bushland, Texas Large Weighing Lysimeter Experiments. See Evett 
et al. (2023d) 
Standard Quality Controlled Research Weather Data. See Evett et al. (2022) 
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