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ABSTRACT 

A vital part of the Texas High Plains economy, agricultural production is 

sustained by using the Ogallala aquifer as a source of irrigation water, but the aquifer is 

in decline.  Organizations like the Texas Alliance for Water Conservation (TAWC) seek 

to diminish the depletion of the aquifer while maintaining agricultural productivity.  The 

TAWC has worked to encourage producers to utilize water conservation techniques 

through irrigation management, but it is unclear what methods producers outside of the 

TAWC project have actually adopted.  It is important to understand what producers are 

using to determine their educational, technological, and legislative needs and to make 

projections in long term decision making.  Following survey research methodology, this 

study drew from the Theory of Planned Behavior to explore Texas High Plains 

producers’ adoption of water conservation practices.  

Findings indicate producers had positive attitudes toward utilizing advanced 

irrigation application technologies, monitoring soil moisture, and evaluating crop water 

demand, and they perceived to have control over performing these water conservation 

behaviors. Subjective norms for each of the behaviors reflected a neutral stance, negating 

both strong feelings of social pressure and denial of any social pressure at all.  While the 

theory’s constructs provided insight into producers’ adoption behavior, the theory models 

were unable to predict producers’ adoption intentions. Additionally, producers’ current 

water conservation methods were identified, and their level of involvement in the TAWC 

was ascertained. There were positive correlations between TAWC involvement and water 

conservation behavior.  The research questions are followed by post hoc analyses and 

recommendations for research and practice.  
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CHAPTER I 

INTRODUCTION 

Overview 

Water management is one of the world’s most important challenges (Flint, 2004).  

The need for water is illustrated by every aspect of our lives.  Water provides 

nourishment for our bodies in its original form and in the form of foods we consume, as it 

supports plant and animal life. Without water, we would not have building materials, 

natural fabrics, paper, and other goods obtained from trees and plants.  Water’s natural 

cycles play a role in maintaining stable weather patterns, which allow for a sustainable 

economy and lifestyle and even protection from flooding, drought, and other impacts of 

climate (Adler, 2004).  Simply stated, all life depends on and is shaped by water (Palmer, 

2010).  

Despite the value of freshwater sources, human societies worldwide have not 

always appreciated the need to protect and maintain them (Adler, 2004).  Whether it 

materializes as the absence of quality drinking water or economic declines from losses in 

industries dependent upon water, the effects of losing this precious resource are far 

reaching (Flint, 2004).  The region of the Texas High Plains in the northwestern portion 

of the state has felt the pangs of the latter deficit through the agricultural industry.   

Agricultural irrigators have had varying reactions to the diminished water supply. 

Therefore, this study sought to identify irrigation management strategies that agricultural 

producers in the Texas High Plains region are currently using for water conservation as 

well as determine their intentions for adopting these practices in the future.   
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The Texas High Plains and Ogallala Aquifer   

The Texas High Plains is comprised of 39 counties in the Texas Northern High 

Plains and Southern High Plains, defined by the Texas Agricultural Statistics Service as 

Districts 11 and 12, respectively.  All of these counties fully or partially overlie the 

Ogallala aquifer (Colaizzi, Gowda, Marek, & Porter, 2009).  Spanning beneath eight 

states from South Dakota to Texas, the Ogallala aquifer is one of the world’s largest 

underground sources of freshwater, as illustrated by Figure 1.1(U.S. Department of the 

Interior, U.S. Geological Survey, 2015).   

 

 

 

 

 

 

 

 

 

 

The Ogallala aquifer was discovered by the United States Geological Survey 

(USGS) in the 1890s, but due to its near inaccessibility, it was considered to be of little 

importance to the agricultural industry.  However, following World War II, innovations 

in groundwater extraction enabled an increase in the use of groundwater irrigation, even 

from the Ogallala (Hornbeck & Keskin, 2014).  This newly-gained access to the aquifer 

Figure 1.1. Depiction of the Ogallala aquifer overlying eight U.S. states 

(U.S. Department of the Interior, U.S. Geological Survey, 2015)  
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transformed the land above it into one of the most agriculturally productive regions in the 

world (Peterson, Marsh, & Williams, 2003).   

Like many other regions situated above the aquifer, the Texas High Plains 

sustains agricultural production by utilizing the Ogallala as a source of irrigation water.  

Supplementing with irrigation has allowed producers in the area to substantially increase 

yields and produce crops that would not normally be as economical in a drier climate 

(Almas, Colette, & Wu, 2004).  Additionally, feed grains from the irrigated corn and 

grain sorghum contributed to the popularity of the region as a cattle feeding area (Terrell, 

1998).  As a result, agriculture has become a vital part of the Texas High Plains economy.  

According to the Texas Alliance for Water Conservation (TAWC), the region generates a 

combined annual economic value of crops and livestock exceeding $9.9 billion (TAWC, 

2013).   

The Texas High Plains is experiencing declines in groundwater availability from 

the Ogallala aquifer.  Since the 1950s, total water storage in the aquifer has decreased by 

266.7 million acre-feet because extraction from this aquifer surpassed its natural recharge 

rate.  In fact, its recharge rate is so low that it is considered to be a closed aquifer, 

basically making it a nonrenewable resource (Hornbeck & Keskin, 2014).  Depletion of 

the Ogallala aquifer became apparent during the 1970s (Peterson et al., 2003), and water-

level monitoring by the USGS and other water resources entities has provided further 

evidence of water-level declines since the 1980s (McGuire, 2014).  The greatest decline 

of water in storage has been in Texas with a decrease of 158.2 million acre feet 

(McGuire, 2014).  This has serious implications for the livelihoods of those who are 

dependent upon the aquifer as well as the economy of the entire region.  
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As a result, organizations and government agencies have committed to reducing 

the depletion of the aquifer through special programs. The USDA Natural Resources 

Conservation Service (NRCS) offers technical and financial assistance to landowners and 

land managers in the states overlying the aquifer through its program the Ogallala 

Aquifer Initiative (OAI) (USDA NRCS, 2012).  The goal is to equip participants in the 

program with a comprehensive set of conservation practices to reduce the quantity of 

water removed from the aquifer, improve water quality, and enhance the economic 

viability of farming and ranching.  The conservation practices include converting 

irrigated land to dryland farming, replacing inefficient flood-irrigated systems with more 

efficient center pivot and Sub-surface Drip Irrigation (SDI), and adjusting crop rotations.  

In 2011, more than $15.3 million was dedicated to supporting OAI projects in the eight 

states overlying the aquifer.  Texas received the most financial support with more than 

$7.3 million obligated to contracts for projects in the state.  Some of that funding was 

granted to another organization working to reduce the depletion of the Ogallala aquifer, 

the Texas Alliance for Water Conservation (USDA NRCS, 2012).         

Texas Alliance for Water Conservation  

 In response to the growing need to extend the life of the Ogallala aquifer, the 

Texas Alliance for Water Conservation (TAWC) project was established in 2005 through 

a grant from the Texas Water Development Board (TWDB) (TAWC, n.d.).  The TWDB 

itself was established in 1957 by legislative act and constitutional amendment (TWDB, 

n.d.).  As of 1985, the TWDB serves as a separate agency from the Texas Water 

Commission and is responsible for long-term planning and water project financing.  The 

agency serves both rural and urban water needs with responsibilities including providing 
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agricultural water conservation funding, facilitating the transfer, sale, or lease of water 

and water rights, and supporting local governments with loans for water supply projects.  

The Board is comprised of three members appointed by the Texas Governor (TWDB, 

n.d.).   

 Serving the Texas High Plains, the TAWC is a partnership of agriculture 

producers, industries, universities, and government agencies with the mission to 

“conserve water for future generations by collaborating to identify those agricultural 

production practices and technologies that, when integrated across farms and landscapes, 

will reduce the depletion of groundwater while maintaining or improving agricultural 

production and economic opportunities” (TAWC, 2015b, para. 1).  The TAWC uses on-

farm demonstrations of cropping and livestock systems to collect data for the project 

(TAWC, n.d.).  Examples of the demonstrations include soil capacitance probes, canopy 

temperature thermometers, and various irrigation application technologies.  Cotton 

monocultures, fields in crop rotation, and perennial forages with livestock are a few 

examples of the systems demonstrated in the project.  

 The Water Conservation Demonstration Producer Board, composed of producer 

representatives from Hale and Floyd counties, oversee the demonstration aspect of the 

project. The Board collaborates with personnel from Texas Tech University’s College of 

Agricultural Sciences and Natural Resources, Texas A&M AgriLife Research and 

Extension, USDA Agricultural Research Service and Natural Resources Conservation 

Service, and the High Plains Underground Water District No. 1 (TAWC, 2013).  At the 

time of this study, 24 producers provided field sites comprising more than 6,000 acres in 

nine counties or on-farm demonstrations (Samantha Borgstedt, personal communication, 
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June 17, 2015; TAWC, 2015b).  Other partners in the project are responsible for 

documenting production-related activities; installing and monitoring data collection 

equipment; developing economic models that evaluate the various cropping and livestock 

systems; and sharing information about the project.  All of the information regarding the 

demonstration sites is shared within the partnership, but the producers are responsible for 

production-related decisions.  The TAWC is able to extract various types of data from the 

sites, which represent a wide range of agricultural production practices and crops 

(TAWC, n.d.).  

 The sites are equipped with data collection technologies to determine total water 

applied from the Ogallala aquifer, solar radiation, temperature, rainfall, timing and 

amount of irrigation, and soil moisture.  Special processing equipment records, stores, 

and transmits the data to a single database accessible to all of the project participants.  

This collaboration has allowed the TAWC to study different crop species, irrigation 

delivery systems, and tillage types.  The TAWC also evaluates production concerns such 

as crop yields, costs of production, and net economic returns per acre-inch of water from 

irrigation and rainfall, (TAWC, n.d.).  The TAWC considers its extensive records of field 

operations, management decisions, weather, irrigation, crop yields, and purchased inputs 

to be a unique data set and a major accomplishment of the project (TAWC, 2013b).   

 A product of the TAWC’s data analysis is the development of best management 

practices for irrigation system management, irrigation scheduling, soil fertility, and crop 

selection.  The field-based testing of new technologies at demonstration sites has allowed 

the TAWC to assess the effectiveness of equipment and provide unbiased evaluations for 

producers.  Furthermore, the TAWC has used project data in the development of two 
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online irrigation management tools (Resource Allocation Analyzer and Irrigation 

Scheduling Tool), which aid producers in the decision making process.  These tools help 

producers analyze crop production alternatives for maximizing profitability for a 

specified level of water availability and determine irrigation schedules using factors such 

as evapotranspiration estimates.   The TAWC has shared these best management 

practices, online tools, and other insights with producers via field days, field walks, 

project summaries, and the TAWC website (TAWC, 2013b). 

 The TAWC hosts field days with an on-farm demonstration component so 

producers can have hands-on experience with the project as well as a presentation 

component during which multiple speakers discuss crop specific considerations, 

irrigation management, water research, and how to use various technologies.  Results of 

the project have been shared though educational workshops conducted in Texas and New 

Mexico, trade show displays, and showcases at various events such as farm shows, cotton 

ginner meetings, and the Beltwide Cotton Conference in San Antonio. Additionally, the 

TAWC has sought to provide information to crop consultants and other industry-related 

stakeholders (TAWC, 2013b). The TAWC has made great efforts to encourage producers 

to adopt these strategies to conserve water while maintaining profitability.   

Statement of the Problem 

 At the time of the investigation, the TAWC project was in its 10th year of 

working to integrate water conservation techniques and technologies into the agricultural 

industry of the Texas High Plains.  Evidence exists that producer-members of the project 

have successfully integrated water conservation practices on their demonstration sites to 

improve their irrigation management and use their water more efficiently and effectively.  
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However, adoption of practices and technologies outside of the project is much more 

elusive.  There is not a measure that has identified the water conservation efforts non-

member producers in the Texas High Plains region have integrated.  To move forward in 

improving irrigation management, it is important to understand where producers in the 

Texas High Plains stand now.  Without a clear picture of what agricultural producers are 

actually using, it is difficult to determine their educational, technological, and even 

legislative needs.  It is also difficult to make projections for the future without an initial 

starting point.  Therefore, this study explored Texas High Plains agricultural producers’ 

water conservation practices to capture a snapshot of the current status regarding the 

adoption of water conservation practices.  This benchmark can serve as a comparison of 

advancements in water conservation over time as new technologies and strategies 

develop and producers’ adoption rates change. For example, according to Texas Water 

Development Board Chairman, Bech Brunn, the number one water management strategy 

in the state water plan for developing a new water supply in Region O, which is part of 

the study area, is agricultural conservation (TAWC, 2015a).  The status of current 

adoption can help provide a measure for the success of this strategy, as one example of 

this benchmark’s use.  Additionally, through the Theory of Planned Behavior, the study 

provides an approximation of producers’ intentions to adopt certain practices, which 

informs long-term decision making.  It would be much more difficult to alleviate the 

issues stemming from the Ogallala aquifer without a reference to the current state of the 

efforts being made.  
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Purpose and Research Questions 

 The purpose of this research was to explore Texas High Plains agricultural 

producers’ adoption of water conservation practices.  The following research questions 

were used to guide this study: 

1. What are respondents’ attitudes toward the water conservation practices of 

utilizing advanced irrigation application technologies, monitoring soil moisture, 

and evaluating crop water demand?  

2. What are respondents’ subjective norms regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand?  

3. How do respondents perceive their behavioral control in regard to adopting the 

water conservation practices of utilizing advanced irrigation application 

technologies, monitoring soil moisture, and evaluating crop water demand?  

4. What are respondents’ behavioral intentions regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand? 

5. To what extent do respondents’ behavioral beliefs, normative beliefs, and control 

beliefs influence their intentions to utilize advanced irrigation application 

technologies, monitor soil moisture, and evaluate crop water demand?  

6. To what extent are respondents currently using advanced irrigation application 

technologies and methods of monitoring soil moisture and evaluating crop water 

demand?   
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7. What is the relationship between the intensity of respondents’ TAWC 

involvement and respondents’ level of current adoption of water conservation 

practices as well as behavioral intentions to adopt practices in the future?  

Significance of the Study 

 The National Research Agenda: American Society for Agricultural Education’s 

Research Priority Areas 2011-2015 (Doerfert, 2011) described a need for research that 

can improve “the design of mitigation and adaptation-oriented diffusion strategies” in 

priority two, New Technologies, Practices, and Products (p. 2).  The findings of this 

study provide a starting point for understanding the diffusion of these practices in this 

region.  The findings also provide a point of reference for comparisons of the diffusion of 

these practices in the Texas High Plains.  Additionally, research priority two includes an 

evaluation aspect that “validates effective educational methods that help individuals and 

groups make informed decisions and behavioral choices” (p. 1).  Not only does this study 

provide a snapshot of the new technologies, practices, and products that producers have 

embraced, but also insight into the influence the TAWC has had on producers’ adoption 

decisions.  

  Furthermore, the vitality of the aquifer has a substantial effect on irrigated 

agriculture’s $1.6 billion gross output for the Texas High Plains economy (Wagner, 

2012).  Projections by the Texas Tech University Center for Geospatial Technology 

estimate the Ogallala aquifer could be reduced to devastatingly low water levels within 

the next 15 to 30 years and even less than 15 years in some areas (n.d.).  It is imperative 

for agricultural producers to continually improve their irrigation management strategies 

for water conservation when considering the future prospects of agricultural productivity 
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enhancements through technology development (Bian, 2015).  Without agricultural 

producers’ support, water conservation technologies and strategies will not make a 

difference.  Studying producers’ attitudes, subjective norms, and perceived behavioral 

control regarding water conservation practices through the Theory of Planned Behavior 

provides valuable insight that can help explain why some producers have adopted these 

behaviors and others have not and why producers have adopted some methods more than 

other methods.  

Overview of Theoretical Framework 

 Production agriculture is always changing.  As a research organization and 

information provider, it is important for the TAWC to stay well-informed of the current 

water conservation practices producers are using and intend to use in the future.  To 

predict producers’ intentions for adopting these methods, the Theory of Planned of 

Planned Behavior was used.  An extension of the Theory of Reasoned Action, the theory 

guides prediction of human behavior by measuring intention to perform a behavior.  

According to Ajzen (1991), behavioral intention is estimated by studying three 

constructs: 1) one’s attitudes toward the behavior, which may be favorable or 

unfavorable; 2) subjective norm or perceived social pressure to perform the behavior; and 

3) perceived behavioral control, which is the perceived level of ease or difficulty for 

performing the behavior.  The combination of these three constructs leads to the 

formation of a behavioral intention, which is the immediate antecedent of behavior.  

Generally, the more favorable the attitudes and subjective norms and the greater the 

perceived behavioral control, the stronger should be an individual’s intention to perform 
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the behavior (Ajzen, 1991).  Identifying producers’ current practices and intent to adopt 

some practices in the future can help the TAWC make more informed research decisions 

and produce relevant information to meet the informational needs of agricultural 

producers.     

Limitations 

 The following limitations were identified for this study: 

1. Despite researcher efforts to encourage participation in the study, the survey 

garnered a low response rate.  

2. To obtain producers’ mailing addresses, the researchers procured a list from a 

marketing database service. Therefore, the study is limited by the use of a 

convenience sample. 

3. The study relies on self-reported data, which may be influenced by individual 

response bias, participant understanding or interpretation of questions, and 

introspective ability (Hoskin, 2012).    

Delimitations 

1. This study is delimited to agricultural producers in the Texas High Plains.  

2. This study is delimited to data collected through written survey methodology as 

interviews were not conducted.  

3. This study is delimited to the constructs of the Theory of Planned Behavior. 

Although it provides a starting point, the Theory of Planned Behavior model may 

not be fully sufficient to explain all of the systematic variance in human behavior 

(Beedell & Rehman, 2000).  
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4. This study is delimited to established Theory of Planned behavior studies for the 

development of the survey instrument.    

5. This study is delimited to a sampling frame that was provided by a third party 

data marketing service. While the data was triple verified by the company, there 

may have been mistakes in the information beyond the researcher’s control.  

6. This study is delimited to a period of data collection that coincided with some 

producers’ busy, harvest season activities.  

Basic Assumptions 

 The following basic assumptions were made about this study: 

1. All questions were answered honestly and accurately by each respondent. 

2. Survey participants could read and understand English. 

3. The sample was comprised of agricultural producers in the Texas High Plains. 

4. Those who responded understood agricultural production practices.  

5. There was correct postal delivery and return of survey materials.  
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CHAPTER II 

LITERATURE REVIEW 

Overview 

 This chapter begins with a description of water demand trends in the United 

States, particularly in agriculture.  Next, the researcher describes irrigation water 

management strategies that support the conservation of water resources and steps 

agricultural producers have taken to utilize these strategies.  The chapter continues with a 

discussion about the origin of the Theory of Planned Behavior, its constructs, and its 

applications.  As the chapter concludes, particular attention is given to research studies 

that have drawn upon the Theory of Planned Behavior for studying conservation 

behaviors.  

Water Demand and Use in Agriculture 

 Multiple factors are contributing to a growing demand for water resources in the 

United States.  In their report from the Economic Research Service, Schaible and Aillery 

(2012b) identified population and economic growth, changing social values about the 

importance of water quality and the environment, and expansion of the U.S. energy sector 

as a few of these factors.  The U.S. Geological Survey (USGS) has illustrated evidence of 

this increased demand for water , which has calculated water-use estimates for major 

water demand sectors of the U.S. including public use, rural/domestic use, livestock use, 

irrigation, and thermoelectric power generation every five years since 1950 (Schaible & 

Aillery, 2012b).  Between 1950 and 2005, total withdrawals have increased by 128%.  

Irrigated agriculture and the thermoelectric power sector are traditionally the dominant 
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sources of water demand and have increased the most water withdrawals since 1950 

(Schaible & Aillery, 2012b).   

 In addition to growing demands for water, climate change is threatening water 

sources (Schaible & Aillery, 2012b).  Climate change predictions project warming 

temperatures, shifting precipitation patterns, and declining snowpack.  These 

consequences of climate change are expected to reduce water supplies and further 

increase water demand (Schaible & Aillery, 2012b).  The importance of water 

management and conservation, especially for the sustainability of irrigated agriculture, 

becomes more evident as these factors add pressure to existing water allocations.   

 Irrigated agriculture accounts for 80-90% of consumptive water use in the United 

States (Schaible & Aillery, 2012b).  According to the USGS, consumptive water use is 

the removal of water from an immediate source that is not returned (Shaffer, 2008).  For 

example, the water is evaporated, transpired, incorporated into products or crops, or 

consumed by people or livestock (Shaffer, 2008).  This percentage is not surprising as 

more than 56 million acres or 7.5% of all cropland and pastureland was irrigated in 2007 

(Schaible & Aillery, 2012b).  The majority of the irrigation occurs in 17 Western states, 

including Texas.  Irrigated agriculture is economically valuable considering it accounts 

for about 40% or $118.5 billion of the value of U.S. agricultural production.  Both 

irrigated and dryland agriculture contribute to the farm value of livestock and poultry 

production though animal forage and feed production.  However, in regard to production 

value, the worth of an irrigated farm was more than three times the average value for a 

dryland farm in 2007 (Schaible & Aillery, 2012b).   
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 Irrigated agriculture also plays a large role in the economy of the Texas High 

Plains, which is one of the world’s most productive agricultural regions (Weinheimer, 

Johnson, Mitchell, Johnson, & Kellison, 2013).  More than 25 different crops are 

produced in the region including corn, cotton, grain sorghum, and wheat.  There are 13.5 

million acres of cropland in the region with 4.6 million of that acreage in irrigated 

agriculture (Weinheimer et al, 2013).  It is estimated that 5.6 million acre-feet of water is 

pumped annually for irrigation accounting for about 93% of the region’s total water use 

(Weinheimer et al., 2013).  

 The impact of irrigated agriculture on the economy of the Texas High Plains is 

substantial.  If all of the irrigated acres were converted to dryland farming, the region 

would face an annual net loss of more than $1.6 billion of gross output and over $616 

million of value added components (e.g. employee compensation, proprietor’s income, 

and indirect business taxes), plus the loss of nearly 7,300 jobs (Yates et al., n.d.).   

 Although agricultural production in this semi-arid region has flourished, 

production success and economic health are heavily dependent on the Ogallala aquifer as 

a source for irrigation.  This poses a challenge for producers who are now facing a 

decline in the aquifer because the water use has exceeded its recharge rate (Weinheimer 

et al., 2013).  The decline in the Ogallala aquifer is an example of how water resources 

are becoming more limited as demand for water increases.  

Water Conservation in Agriculture 

 According to the Texas Water Development Board and Texas Commission on 

Environmental Quality (2012), water conservation is “practices, techniques, and 

technologies that reduce the consumption of water, reduce the loss or waste of water, 
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improve the efficiency in the use of water, or increase the recycling and reuse of water” 

(p. 14).  Water use efficiency, also known as irrigation efficiency, is determined by the 

ratio of the harvestable yield of a crop per unit of water used or applied (Texas A&M 

AgriLife Extension Service, n.d.).  Efficiency can be improved by producing more crop 

yield for a given amount of water and/or maintaining crop yield with less water.  

Utilizing advanced irrigation application technologies and committing to thorough 

irrigation scheduling can help producers improve irrigation efficiency.  In-depth 

irrigation scheduling includes harnessing techniques to determine when and how much to 

irrigate.  Monitoring soil moisture and evaluating crop water demand are commonly used 

techniques for determining an efficient irrigation schedule (Texas A&M AgriLife 

Extension Service, n.d).      

 The increased competition for water brings to the forefront the need to 

strategically manage irrigation applications, such as with more efficient water delivery 

systems and with greater precision in timing the need for water.  Application methods 

have improved to increase efficiency, which plays a large role in decreasing potential 

water waste.  The methods of flood and furrow irrigation have been joined by center 

pivot irrigation systems that continue to evolve (Wagner, 2012). 

   In Texas, irrigation efficiency has increased from 60% to 88-95% irrigation 

efficiency due to the adoption of new low-pressure pivot systems and the decreasing use 

of furrow and flood irrigation, which use roughly 54% more water than the pivot systems 

(Schaible & Aillery, 2012a; Wagner, 2012).  Although increasing the efficiency 

contributes to water conservation, it does not necessarily guarantee it.  Strategic irrigation 

management should also include water management practices that aim to meet the crop’s 
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water requirement at the right time to optimize production (Weinheimer et al., 2013).  

The combination of irrigation efficiency and water management practices, such as 

measuring crop water demand and soil moisture availability, improves the strategic 

management of irrigation applications (Weinheimer et al., 2013).  

 Producers are making strides to improve irrigation water use in agriculture.  

According to the 2013 Farm and Ranch Irrigation Survey, producers spent $521.9 million 

on water conservation efforts affecting 2.7 million acres (USDA, 2014).  Irrigators are 

continuing to invest in irrigation equipment and infrastructure for their operations 

(Schaible & Aillery, 2012a).  In 2008, an estimated $2.1 billion was spent on irrigation 

systems, not including costs for maintenance and repairs.  According to Schaible and 

Aillery (2012a), irrigated agriculture in the 17 Western states has decreased its 

dependence on water application systems that use gravity to disperse water like furrow 

irrigation from 70% of all water applied for irrigated crops in 1984 to less than half of all 

irrigation water by 2008.  While irrigated acres in the West increased by 2.1 million acres 

from 1984 to 2008, the amount of water applied decreased by nearly 100,000 acre-feet, 

which reflects improved water-use efficiency (Schaible & Aillery, 2012a).  Furthermore, 

Texas farmers improved irrigation water management on more than one million acres 

from 2008 to 2012 through USDA Natural Resources Conservation Service (NRCS) and 

Texas State Soil and Water Conservation Board programs (Wagner, 2012).   

According to the USDA (n.d.), in 2014, Texas had more than 3,000 active and 

completed NRCS Environmental Quality Incentives Program (EQIP) contracts covering 

almost two million acres.  EQIP establishes these contracts with agricultural producers to 

provide them with financial and technical assistance for planning and implementing 
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conservation practices regarding not only water but also soil, plant, animal, air, and 

related natural resources on agricultural land and non-industrial private forestland 

(USDA, n.d.).  These contracts provided Texas agricultural producers more than $21.8 

million for technical assistance and more than $84 million for financial assistance.  In 

regards to water conservation, from 2009 to 2014 approximately1.6 million acres in the 

nationwide EQIP program were contracted for assistance in irrigation efficiency, which 

included more than 350,000 acres receiving irrigation water management practices 

(USDA, n.d).   

 For the purpose of this study, the researcher focused on the advanced irrigation 

application technologies and methods producers use for determining when and how much 

to irrigate for more efficient irrigation scheduling.  According to the Texas A&M 

AgriLife Extension Service (n.d.), advanced irrigation application technologies, which 

are the equipment used to disburse water for a crop, include low pressure center pivot 

irrigation and microirrigation.  This study asked specifically about the following low 

pressure center pivot irrigation types: Low Energy Precision Application (LEPA), Low 

Elevation Spray Application (LESA), Mid-Elevation Spray Application (MESA), and 

Low Pressure In-Canopy (LPIC).  Subsurface Drip Irrigation (SDI) and Precision Mobile 

Drip Irrigation (PMDI) were two types of microirrgation considered in this study.  All of 

these technologies, except for PMDI, were supported by the Texas A&M AgriLife 

Extension Service as technologies that can help improve irrigation efficiency.  The 

technologies can be managed to have high application efficiency and excellent 

distribution uniformity (Texas A&M AgriLife Extension Service, n.d.).  Because they 

operate at relatively low pressures, they require less energy per volume of water than 
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high pressure sprinkler methods; therefore, they contribute to lower energy costs.  They 

also have lower surface water runoff and deep percolation losses than surface irrigation.  

In other words, these technologies can be less expensive and less wasteful than other 

irrigation methods (Texas A&M AgriLife Extension Service, n.d.). 

 When it comes to irrigation scheduling, there are multiple methods to determine 

when and how much to irrigate (Texas A&M AgriLife Extension Service, n.d.).  This 

study focused on soil moisture monitoring, weather-based methods, and plant indicator 

methods.  Monitoring soil moisture can be accomplished in several ways, but this study 

focused on the “look and feel” method or hand sampling and using three different tools— 

tensiometers, capacitance probes, and gypsum resistance blocks (Texas A&M AgriLife 

Extension Service, n.d.).  Weather-based methods and plant indicator methods were 

combined into one category called crop water demand evaluation.  Estimating 

evapotranspiration is a weather-based method that helps provide information about crop 

water use.  The plant indicator methods included in the crop water demand evaluation 

category were measuring canopy temperature, time-temperature threshold method, and 

plant water potential (pressure chambers, “pressure bomb”).  A combination of multiple 

methods for irrigation scheduling is better than relying on one.  For example, 

evapotranspiration estimates can be used as a primary scheduling method, but soil 

moisture monitoring can be used to test for accuracy of the estimates (Texas A&M 

AgriLife Extension Service, n.d.). 
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Barriers to Adopting Conservation Practices 

With and without the help of government and local programs, agricultural 

producers in the U.S. have made changes to adopt conservation practices, but Nowak 

(1992) said there remain obstacles that can render farmers unable and/or unwilling to 

implement production technologies and techniques.  Being unable to adopt a behavior 

means there is an obstacle or situation that makes it more rational and reasonable to not 

adopt.  On the other hand, being unwilling demonstrates that the producer has not been 

persuaded that the new technology or technique will work or is appropriate for their 

operation.  Therefore, the producer still feels that the correct decision is to refrain from 

adopting.   Nowak (1992) argued that in order to increase adoption it is more important to 

understand the reasons why producers feel unable and/or unwilling to adopt.  With 

adoption of residue management systems in mind, he provided the following nine 

obstacles that make a producer unable to adopt: 

1. Information is lacking or scarce. 

2. Costs of obtaining information are too high. 

3. Complexity of the system is too great. 

4. Too expensive of a residue management system.  

5. Labor requirements that are considered to be excessive. 

6. Planning horizon is too short.  

7. Availability and accessibility of supporting resources is limited. 

8. Inadequate managerial skills.  

9. Little or no control over the adoption decisions (Nowak, 1992, pp. 14-15). 
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 Although Nowak (1992) focused on residue management systems in his 

explanation, these reasons can easily be applied to other conservation behaviors such as 

adopting a comprehensive irrigation management strategy.  Although it is similar to the 

above list, Nowak (1992) did establish a list of reasons why producers do not adopt based 

on the premise that they are unwilling rather than unable to perform the behaviors.  The 

list of reasons why producers are unwilling to adopt included concern due to conflicting, 

inconsistent, and irrelevant and inapplicable information; practice does not fit the 

physical setting, conflicts with current production goals, or increases risk of negative 

outcomes; producer or promoter of the technology does not fully understand the basic 

economic and agronomic facts of the technology; and belief in traditional practices.  The 

reasons why farmers do not adopt are complex and numerous, but identifying these 

reasons can allow one to provide specific assistance to address producers’ needs in a way 

that is compatible with his or her capabilities (Nowak, 1992). 

 Taking a different approach, Hoag, Luloff, and Osmond (2012) focused on 

reasons why agricultural producers do actually adopt conservation practices.  From 2004 

to 2011, the USDA National Institute of Food and Agriculture and NRCS funded 13 

agricultural watershed projects to evaluate the effects of cropland and pastureland 

conservation practices on trends in water quality.  The projects were a part of the overall 

Conservation Effects Assessment Project (CEAP), which was mainly retrospective.  In 

other words, most of the conservation practices and water quality monitoring efforts were 

implemented already through programs that occurred before the CEAP project began.  

According to Hoag et al. (2012), results from the CEAP project were synthesized to study 

the social and economic factors that influenced the implementation and maintenance of 
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the conservation practices.  The researchers found that conservation practices that 

increase profits, have a farm benefit that is easy to observe, serve more than just a 

conservation role, and involve flexibility and inclusion have a higher change of being 

adopted.  A strong network of financial, technical and peer support and a strong personal 

stewardship or conservation belief were influential as well as producers’ trust in the 

business that developed the technology.  Overall, Hoag et al. (2012) said the most 

important factor in conservation practice adoption is that it earns the producer money 

directly or indirectly.  

  Still, there were more non-economic factors that influenced adoption (Hoag et 

al., 2012).  For instance, control was a factor as some farmers were concerned they would 

lose control in giving up land or decision making authority such as what should then be 

grown on the land.  Similarly, Hill (2013) found that producer members of the TAWC 

project joined to improve their water use to avoid potential water use governance.  

According to Hoag et al. (2012), producers also consider their family obligations.  One 

concern was that a producer may feel obligated to an older family member’s insistence 

that the farm be managed a certain way much like Nowak’s (1992) example of producers 

keeping a tight grip on traditional farming practices.   

Hoag et al. (2012) also argued that awareness and disbelief are factors that affect 

producers’ adoption.  Some producers may not recognize the need for the adoption while 

others completely deny the existence of the problem.  Hoag et al. (2012) acknowledged 

that as more people are involved, the prospect of adopting can become increasingly 

complicated.  First, there is the consideration that the producer is not the actual 

landowner.  Poor communication between landowners and renters as well as the 
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contractual arrangement of the lease can significantly inhibit producers from adopting 

conservation practices.  Next, because many conservation practices are initiated with 

government agency cooperation, the agencies have an influence on conservation 

profitability.  Standards and practices issued by these agencies can be too rigid for some 

producers making the cost increase to prices beyond what the producers are willing to 

pay.  Finally, other organizations apart from the government affect conservation 

adoption, too.  If relationships between these groups do not cooperate well, they may 

undermine their own goals and inhibit the acceptance of the conservation practices.  

Overall, the conservation practice must work for the producer instead of cause harm, and 

while financial incentives may be necessary, they are not sufficient for most adoption 

decisions (Hoag et al., 2012). 

 Although Hoag et al. (2012) and Nowak (1992) described a number of reasons 

why agricultural producers do and do not adopt conservation practices, their descriptions 

did not consider producers’ attitudes toward the behaviors like Baumgart-Getz, Prokopy, 

and Floress’ (2012) study did.  Baumgart- Getz et al. (2012) conducted a meta-analysis of 

the agricultural Best Management Practices (BMPs) adoption literature.  The researchers 

identified 46 studies that met their criteria for the study forming a body of literature 

spanning 25 years.  Using a coding framework developed by Prokopy, Floress, Klotthor-

Weinkauf, and Baumgart-Getz (2008), the researchers categorized the variables from 

each study into three categories: 1) capacity, 2) attitude, and 3) environmental awareness.  

Capacity variables include farm size, age, education, farming experience or number of 

years farming, information, networking, and tenure.  Baumgart-Getz et al. (2012) found 

that farm size, which can be considered as a measure of capital, has a relatively large 
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impact on the adoption of BMPS; however, a large farm depends on the local geography.  

Age had a significant and negative impact on adoption, which suggests that older 

producers may have a shorter planning horizon than younger producers.  This finding 

echoes number six on Nowak’s (1992) list of reasons why producers feel unable to adopt.  

Another variable in the capacity category that does affect adoption was extension 

education, which had a positive impact on adoption; however, the formal education and 

the overall education category were insignificant.  The information variable captured 

producers’ access to and quality of information and had a relatively high impact on 

adoption along with the percentage of income from farming producers earn.  Finally, the 

overall networking category and the tenure variable were both positive predictors of BMP 

adoption (Baumgart-Getz et al, 2012). 

 Drawing from the Theory of Planned Behavior, Baumgart-Getz et al. (2012) 

included an attitude category in their meta-analysis.  The researchers acknowledged that 

differences in adherence to the theory made it difficult to identify a clear link between 

attitudinal and awareness indicators and BMP adoption.  Baumgart-Getz et al. (2012) 

found that the overall attitudes variable was insignificant as well as the risk variable.  

Furthermore, the influence of risk lessened over time, which implies that over time BMPs 

are perceived as less of a risk.  Perceived quality of the ecosystem was also insignificant.  

However, the overall environmental awareness category was a significant predictor of 

BMP adoption.  Also in the environmental awareness category, the knowledge variable, 

which represents producers’ knowledge of general terms or facts related to environmental 

quality, and the program variable, which represents producers’ knowledge of non-point 

source programs or efforts, were both positive significant predictors of adoption.  
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Overall, these findings suggest that policymakers should target producers most likely to 

adopt, but continue to increase individual farmers’ capacity and awareness by using 

networks to inform other farmers about the benefits of adoption (Baumgart-Getz et al., 

2012). 

 In their efforts to understand the factors that motivate producers to perform 

conservation behaviors, Thompson, Reimer and Prokopy (2015) drew from the Dual 

Interest Theory.  Their study used mail-survey data collected from 277 Illinois farmers in 

the La Moine River watershed to establish new ways to measure farmers’ environmental 

attitudes and determine the influence of attitude on their use of BMPs.  First, Thompson 

et al. (2015) established their two, separate competing psychological frames for the Dual 

Interest Theory approach.  Following previous literature, the researchers used a 

“stewardship view of the environment and a farm as a business (or profit maximization) 

view of the environment” (p. 385) to create a questionnaire with 20 items that included 

both positively and negatively worded statements about the environment to represent the 

competing frames (Thompson et al., 2015). 

The stewardship frame exemplifies strong positive views of the environment, and 

farmers with this frame recognize that their farming actions have an impact on 

environmental quality.  They see their farm as an important part of the overall rural 

environment; therefore, they realize that they have an active role to play in protecting that 

environment.  Even more, they see environmental protection as a characteristic of a 

farmers’ identity (Thompson et al., 2015).  On the other hand, producers with the farm as 

a business view see production and efficiency as the ultimate goal with special emphasis 

on maximizing yields.  Thompson et al. (2015) posited that these farmers see advances in 



Texas Tech University, Libby Durst, May 2016 

 

27 

 

technology as solutions to improving environmental quality.  Furthermore, they feel it is 

necessary to increase the size and intensity of production in order for their operation to 

survive.  Along with the attitude questions, the researchers used five examples of BMPs 

to determine if 1) respondents currently use the practices on their farm and 2) whether or 

not they are willing to begin or continue to use the practice in the future.  The five BMPs 

were grass waterways, no-tillage practices, reduced tillage practices, cover crops, and 

vegetated buffers (Thompson et al., 2015). 

 Next, Thompson et al. (2015) classified the survey respondents based on their 

responses to the items representing the two frames using cluster analysis.  They found the 

following four distinct groups based on the two attitude frames: 1) low stewardship, 

moderate to high farm as business attitudes; 2) high stewardship, low business; 3) high 

stewardship, high business; and 4) very high stewardship, very low business.  Using 

independent samples t-tests, Thompson et al. (2015) found that the number of acres 

owned varied significantly between the groups.  Group 1 (low stewardship, high 

business) had the greatest acreage while Group 4 (very high stewardship, very low 

business) had significantly fewer acres than any of the other groups.  Although it is good 

that Group 4 had positive attitudes toward conservation efforts, Thompson et al. (2015) 

said their small land holdings may actually limit their “usefulness in achieving desired 

environmental outcomes” (p. 396).  Thompson et al. (2015) also found that Group 1 with 

the lowest stewardship score and high farm as business score reported a lower 

willingness to begin or continue to use BMPs than Group 2, which held the opposite 

attitudes (high stewardship, low business).  However, overall there was little difference in 

BMP adoption (current use of, willingness) even when the farmers’ attitudes were very 
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different.  Thompson et al. (2015) said this suggests a need to develop measures that 

include a broader range of behaviors to better understand the direct influence of farmers’ 

views of the environment on behavior.   

Thompson et al. (2015) did find that although they differed on the farm as 

business scale, Groups 2 and 3 (high stewardship) both supported sustainable agriculture 

and ecosystem management as opposed to Group 1 (low stewardship, moderate to high 

business), which reported the strongest disagreement with these goals.  This implies that 

stimulating the environmental stewardship frame is essential for engaging farmers in 

conservation efforts.  The researchers suggested that appeals to farmers’ stewardship 

identity or sympathy motivation that emphasizes the collective impact of farm 

conservation behaviors on the community and environment as a whole may benefit 

conservation efforts.  Furthermore, the fact that there were shared attitude frames across 

groups such as with Groups 2 and 3, which share high stewardship, indicates the potential 

for appeals to social norms (Thompson et al., 2015). 

 Another interesting finding by Thompson et al. (2015) was the agreement 

between all four groups that “future environmental regulation of farming is linked to 

whether or not the public believe that farmers are capable of protecting this landscape” 

(p. 398).  While Baumgart-Gertz et al. (2012) found that risk did not play a significant 

predictor of adoption, Thompson et al. (2015) posited that the threat of regulatory action 

may stimulate the risk aversion aspect of the farm as a business frame and the 

stewardship frame.  This factor may be playing a role in many decisions producers make 

when balancing production and environmental protection goals.  In response, Thompson 

et al. (2015) recommended stressing the importance of voluntary conservation efforts to 
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avoid regulation.  Yet, they also pointed out that other competing attitudinal frames exist 

and are likely to influence farmers' decisions to adopt conservation behaviors.  

TAWC Research 

At the time of this study, the TAWC was in its 10
th

 year of existence.  Since its 

inception, the TAWC has completed numerous studies and published scholarly articles, 

theses, and dissertations written on behalf of the organization.  These studies involve 

economics and plant and soil sciences.  Data from the project have been used to study 

economic impacts of irrigated versus dryland agriculture (Yates et al., 2010), center-pivot 

irrigation systems (Rajan et al., 2015), soil moisture status estimations (Shafian, 2014), 

crop water use estimations (Rajan & Maas, 2014), and effects of extreme drought (Rajan, 

Maas, & Cui, 2014).  From the research using data from the TAWC field sites, the 

TAWC has been able to identify best management practices that can be recommended to 

agricultural producers such as shifting to more efficient irrigation methods and 

scheduling irrigation based on evapotranspiration estimates (West, Johnson, Kellison, 

Brown, & Pate, 2015).  

Additionally, TAWC studies have spanned into the social sciences.  A social 

network analysis described the interpersonal relationships of TAWC producer members 

and their preferred communication channels (Hill, 2013).  This study demonstrated that 

water management information from the TAWC had clearly reached beyond the 

producers directly involved in the project.  Producer members of the project preferred 

interpersonal communications methods, and used them to share information with 

producers both in and outside the project (Hill, 2013).   
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Other TAWC research studies have sought to better understand TAWC website 

users’ activity on the site (Harkey, 2014) and to determine what role water plays in 

producers’ annual crop-related decision making process (Leigh, 2008).  Leigh (2008) 

found that for producer members of the TAWC demonstration project, ground water 

availability, economic consequences, and personal factors such as family and availably of 

laborers are major factors in the decision making process.  However, according to 

Leigh’s (2008) annual cropping decision making model, an adequate ground water supply 

was the producers’ first consideration meaning availability of water has a significant 

impact on producers’ decisions (Leigh, 2008).   

Another study that explored producers’ communication channels was Graber’s 

(2011) thesis Traditional and Social Media used by Texas Agricultural Producers, which 

focused on producers throughout the entire state regardless of their affiliation with the 

TAWC.  The findings of this study identified Texas agricultural producers’ go-to media 

channel for agriculture information, media characteristics important to producers, and the 

influence of long-term versus short-term decision making on media channel use.  Graber 

(2011) found the majority of respondents (n = 368, 67.9%) did not use social media 

channels; therefore, it was concluded that Texas agricultural producers, as a whole, were 

in the beginning stages of social media adoption.  Still, there were some producers who 

indicated participating in social media use (n = 82, 15.1%), and others who reported 

reading posts in social media (n = 49, 9.0%).  While social media use was not popular 

with agricultural producers, they did indicate relying more on different media including 

agriculture magazines, peers, agriculture newspapers, Extension agents, and agriculture 

TV shows and websites, and radio shows.  When it came to the information channel 
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characteristics important to producers, Graber (2013) said accuracy, credibility, and 

reliability were the top three most important for Texas agricultural producers.  Graber 

(2013) also found that there were minimal differences between the information channels 

respondents used for short-term and long-term decision making.  For short-term 

decisions, producers indicated using magazines most frequently followed by their peers, 

newspapers, Extension agents, and Internet sites.  For long-term decisions, producers 

reportedly relied on the same top four media channels as short-term decision making 

followed by farm/ranch shows (Graber, 2013).  Graber’s (2013) study provided valuable 

insight into the media channels used by Texas agricultural producers.     

While there have been other studies in the realm of agricultural science and social 

science surrounding these issues, there have not been any studies conducted through the 

TAWC to determine how Texas High Plains agricultural producers are using 

conservation practices in their irrigation management strategies to most efficiently 

disburse their water.  This study will explore producers’ current use of three water 

conservation practices and predict their intentions to adopt the practices by drawing from 

the Theory of Planned Behavior.     

Theoretical Framework 

 The theory of planned behavior served as the theoretical framework for this study.  

The development of this theory is described below starting with its beginnings as the 

theory of reasoned action.  Then, the theory of planned behavior is explained with 

emphasis on studies dealing with conservation behaviors. 
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Theory of Reasoned Action 

 The theory of reasoned action, developed by Fishbein and Ajzen (1975), has been 

used as a model for predicting behavioral intentions and behavior (Madden, Ellen, & 

Ajzen, 1992).  The theory posits that intent to perform a behavior precedes the act and is 

determined by one’s salient beliefs or information.  Figure 2.1 demonstrates how the 

salient beliefs, which are categorized as behavioral and normative, are the antecedents for 

behavioral intention, and behavioral intention is the antecedent for the actual performance 

of the behavior (Madden et al., 1992).   

 

 In the theory, salient beliefs are categorized as behavioral and normative (Madden 

et al., 1992).  Behavioral beliefs concern a particular behavior and its consequences.  

These beliefs influence attitudes toward the behavior creating favorable or unfavorable 

perceptions (Ajzen, 2002).  For example, Beck and Ajzen (1991) used five semantic 

differential scales to measure college students’ attitudes toward dishonest behaviors.  

Attitudes toward the behavior included good/bad, pleasant/ unpleasant, and useful/useless 

(Beck & Ajzen, 1991).  Normative beliefs refer to the standard expectations of other 

people, particularly important referent individuals.  In other words, normative beliefs 

Behavior 
Behavioral 
Intention 

Attitude 

Subjective 
Norm 

Figure 2.1. Theory of Reasoned Action adapted from Madden et al. (1992). 
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address the social approval or disapproval of a behavior resulting in perceived social 

pressure or the subjective norm (Ajzen, 1991).  For instance, Beck and Ajzen (1991) 

asked respondents to consider how referents would feel about them performing dishonest 

behaviors.  One question read, “If I cheated on a test or exam, most of the people who are 

important to me would not care—disapprove [emphasis original]” (Beck & Ajzen, 1991, 

p. 292).  Salient beliefs lend themselves to behavioral intentions.  Ajzen (1991) described 

behavioral intentions as indicators of one’s willingness to try and the amount of effort 

they plan to exert to perform the behavior.  Intentions also capture the motivational 

factors that influence a behavior.  Generally, as the strength of the behavioral intention 

increases so does the likelihood of its performance (Ajzen, 1991).      

 Although the theory of reasoned action has proven to be effective, it assumes that 

the behaviors in question are under full volitional control.  According to Ajzen (1991), if 

a person can decide at will to perform or not perform the behavior, then the behavior is 

under full volitional control.  Ajzen (2002) argued many behaviors pose difficulties that 

may limit volitional control. To address the non-volitional elements, the concept of 

perceived behavioral control was incorporated in the theory of reasoned action to form 

the theory of planned behavior (Ajzen, 2002).  

Theory of Planned Behavior 

 As an extension of the theory of reasoned action, the theory of planned behavior 

(TPB) provides a model for predicting human action by evaluating one’s behavioral 

intention though the study of a subject’s behavioral beliefs, normative beliefs, and control 

beliefs (Ajzen, 2002).  Control beliefs differentiate the theory of planned behavior from 

the theory of reasoned action (Madden et al., 1992).  These beliefs include ideas 
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regarding factors that may enable or hinder performance of the behavior, and they may be 

based on various sources such as past experiences with the behavior and second-hand 

information about the behavior (Ajzen, 1991, 2002).  An individual’s control beliefs form 

his or her perception of the ease or difficulty of performing the behavior; this is also 

known as perceived behavioral control.  In other words, perceived behavioral control 

represents the degree of control over performance of the behavior based on an 

individual’s own subjective evaluation (Ajzen, 2002).  For instance, a student may 

believe that teachers watch students more closely during exams based on past experience; 

therefore, it would be difficult to cheat.  Beck and Ajzen (1991) measured students’ 

perceived behavior control of performing dishonest behaviors by asking questions such 

as “For me to cheat on a test or exam is easy—difficult [emphasis in original]” and “If I 

want to, I can cheat on a test or exam, true— false [emphasis in original]” (p. 293).  

 Perceived behavioral control can influence behavior in two ways.  Like attitude 

and subjective norm, perceived behavioral control has an indirect effect on behavior 

through intention (Madden et al., 1992).  The indirect path from intentions to behavior is 

based on the assumption that perceived behavioral control has motivational implication 

for intentions, as behavioral intention is assumed to capture motivational factors in the 

theory (Ajzen, 1991; Madden et. al, 1992).  If a person does not believe he or she has 

control over performing the behavior because of a lack of resources, then the person’s 

intentions may be low even though he or she has favorable attitudes and subjective norms 

regarding the behavior (Madden et al., 1992).  In contrast, a person who believes he or 

she possesses more resources and opportunities with fewer obstacles should perceive 

greater control over the behavior (Ajzen, 1991).   
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 Perceived behavioral control also has a unique, direct path to behavior through 

one’s actual control over performing the behavior.  Actual control is represented by the 

combination of one’s availability of non-motivational factors, such as resources like 

money or time, and motivational factors or intention (Ajzen, 1991).  The direct effect of 

perceived behavioral control on behavior should be significant when some aspect of the 

behavior is not under volitional control and when perceptions of control are accurate 

(Madden et al, 1992).  Of course, there must be an adequate degree of actual control in 

order to perform the behavior.  As long as subjects are realistic in their perceived 

behavioral control, a measure of perceived behavioral control can represent actual control 

(Ajzen, 1991).  Figure 2.2 illustrates perceived behavioral control’s direct effect on 

behavior and an indirect effect on behavior through intentions (Madden et al., 1992). 

 

 

 

 

 

 

 

 

 

 In their meta-analysis of the theory of planned behavior, Armitage and Conner 

(2001) found perceived behavioral control adds to the prediction of intention more so 

than attitude and subjective norm.  Therefore, their findings further supported perceived 

Figure 2.2. Theory of Planned Behavior (Ajzen, 2013) 
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behavioral control’s direct and indirect influence on behavior (Armitage & Conner, 

2001).   

 The TPB has been applied across disciplines to investigate diverse behaviors such 

as leisure participation (Ajzen & Driver, 1991), alcohol consumption (Hagger et al., 

2012), healthy eating (Fila & Smith, 2006), social network Web site use (Pelling & 

White, 2009), and unsafe driving (Parker, Manstead, Stradling, Reason, & Baxter, 1992).   

 It has also been used to explore pro-environmental and conservation behaviors 

(Beedell & Rehman, 2000; Taylor & Todd, 1997).  Using a sample of more than 1,400 

respondents who each completed a mailed survey instrument and a two-week diary of 

their composting activities, Taylor and Todd (1997) compared three waste management 

behavior models in their study of consumer composting behavior.  They found the 

integrated waste management model, which is based on the theory of planed behavior, 

provided higher predictive power than the theory of reasoned action and an 

environmental belief-behavior model.  In their study, attitude was a key determinant of 

behavioral intention with the integrated waste management model.  Subjective norms 

were negatively related to behavioral intention, which suggests social pressure to 

compost is a detriment to performing the behavior.  Conversely, perceived behavioral 

control was positively related to behavioral intention.  As a result, Taylor and Todd 

(1997) surmised composting is not a purely volitional behavior.  Instead, it requires 

certain knowledge and resources.  According to Taylor and Todd (1997), these findings 

have implications for policy.  Policymakers should focus on mechanisms that affect 

attitude and perceived behavioral control in order to influence waste management 

behaviors.  Overall, the researchers argued the theory of reasoned action did not provide 
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an adequate explanation of environmental behavior as their findings were consistent with 

other studies (Taylor & Todd, 1997).   

 Beedell and Rehman (2000) studied 125 Bedfordshire farmers’ conservation 

landscape management using mail survey methodology as well.  The respondents were 

designated into three groups for comparison: the Farming Wildlife Advisory Group 

(FWAG) farmers, farmers group, and conservationists group.  There were significant 

differences in attitude and subjective norms between the groups.  The FWAG farmers had 

more favorable attitudes toward the conservation behaviors and appeared more 

influenced by important referents than the other two groups.  Yet, when considering the 

importance of different referents, few appeared important to the farmers in each group.  

Based on that discovery, Beedell and Rehman (2000) suggested farmers feel a self-

generated internal obligation to perform the conservation behavior rather than perceiving 

a social pressure.  All of the groups indicated high perceived behavioral control over the 

behaviors in question.  However, the farmers’ had different perceptions of what each 

behavior fully entailed (Beedell & Rehman, 2000).  The researchers argued this study 

demonstrates that farmers who are most in need of advice and training regarding 

conservation management are the least likely seek it or take advantage of grants and other 

incentives available to them.  To overcome this divide, the researchers recommend 

further research to establish a way to recruit “such non-conservationists to the cause of 

conservation” (Beedell & Rehman, 2000, p. 126).  Beedell and Rehman (2000) also said 

there is a need for a shift in farmers’ attitudes toward countryside management in order 

for the benefits of policymakers’ voluntary programs to be successful and sustain long-

term benefits.   
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 Considering water conservation behavior, the theory has been used to study rural 

and urban residents’ intention to conserve water (Trumbo & O’Keefe, 2001) and adopt 

water conservation technologies (Lam, 2006).  Trumbo and O’Keefe (2001) sought to 

predict the water conservation intentions of three communities that share a watershed.  

Telephone interviews were conducted and yielded a sample size of 733 rural and urban 

residents.  Trumbo and O’Keefe (2001) found that respondents’ attitudes and subjective 

norms were influenced by their exposure to and acquisition of water conservation 

information.  The effects of the information did lend itself to the prediction of behavior.  

However, this influence of information was not associated with respondents’ perceived 

behavioral control.  Therefore, Trumbo and O’Keefe (2001) explained one implication 

for conservation promoters is the need to focus on enhancing residents’ perceived 

behavioral control.  They recommended a formative evaluation to address strategies for 

improving perceived behavioral control.  They also concluded that strategically planned 

information programs can be influential on behavior.  

  In addition to the effects of exposure to and acquisition of water conservation 

information, Trumbo and O’Keefe (2001) studied the effects of environmental values, 

which they adapted from the work of Dunlap and Van Liere (1978).  Studying 

environmental values is meant to ascertain more specific attitudes based on the values 

and beliefs of respondents’ regarding the environment.  The researchers found these 

values “essentially dropped out of a predictive model of water conservation behaviors” 

(Trumbo & O’Keefe, 2001, p. 897).  In other words, the researchers concluded 

respondents’ affinity to water conservation that could be accounted for by the 

environmental values construct is likely represented by other variables in the theory of 
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planned behavior model.  Furthermore, all of the variables of the theory of planned 

behavior functioned appropriately in this study providing 18% or two-thirds of the total 

amount (27%) of variance explained in their model (Trumbo & O’Keefe, 2001).   

 In contrast, Lam’s (2006) found the theory of planned behavior alone did not 

capture respondents’ intentions to save water by installing dual-flush toilets compared to 

modified versions of the model.  Lam (2006) conducted two studies testing multiple 

versions of a theory of planed behavior model.  With a convenience sample of 166 

residents of Kaohsiung, which is one of the two largest and most populated cities in 

Taiwan, Lam’s (2006) survey research found theory of planned behavior constructs 

accounted for 18% of the variance in intention to install dual-flush toilets.  Using an 

expanded model of the theory of planned behavior, which included demographics and 

three other constructs, Lam (2006) was able to account for 36% of the variance.   

 Similar patterns emerged in Lam’s (2006) second study conducted two years later.  

Meant to replicate the first study, this second effort garnered a sample of 210 Kaohsiung 

residents to complete a questionnaire.  As in the first study, Lam (2006) found that 

expanded versions of the theory of planned behavior accounted for more variance in 

intentions to install dual-flush toilets.  The results of the second study showed the theory 

of planned behavior constructs alone only accounted for less than 13% of the variance in 

residents’ intentions to retrofit their toilets with dual-flush controllers.  By adding other 

variables to expand the model, 37% of the variance was explained (Lam, 2006).  Lam 

(2006) said one explanation for the ineffectiveness of the unexpanded model is the 

newness of the technology that may have caused respondents’ attitudes, subjective norm, 

and perceived behavioral control to be vague.  Furthermore, the effects of perceived 
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behavioral control were not significant in either study.  Lam (2006) suggested the 

influence of perceived behavioral control may depend on the subjects involved in the 

study based on a comparison of these two studies and an earlier study conducted in the 

90s.  Lam (1999) found the effects of perceived behavioral control could predict 

intentions to retrofit toilets; however, the respondents of the study were all government 

employees instead of residents.  Lam (2006) reported the residents did not seriously 

consider their capabilities to perform the behavior.  Therefore, the usefulness of the 

theory of planned behavior may depend on the survey respondents.  Findings of the study 

also support the assertion that the effects of demographic variables are not always 

consistent across studies.  Although age and gender did not have significant effects in 

these two studies, Lam (2006) said that other studies have shown women to be more pro-

environment than men.  This implication supports that different types of causal variables 

are important for different environmental behaviors.  To conclude the study, Lam (2006) 

recommended additional studies to assess people’s actual behaviors to go beyond 

behavioral intention and determine how and which variables affect actual behavior.  

 The theory of planned behavior has been used to research agricultural producers’ 

water conservation intentions (Lynn, Casey, Hodges, & Rahmani, 1995; Yazdanpanah, 

Hayati, Hochrainer-Stigler, & Zamani, 2013).  Lynn et al. (1995) administered a 

questionnaire via phone interviews to 44 commercial strawberry farmers in Florida.  The 

study sought to examine the producers’ decision to adopt or not adopt drip irrigation 

systems and subsequently how much money to invest in conservation technology.  For 

the study, perceived behavioral control was important for explaining producers’ 

decisions, which suggests that farmers did not have complete control in the decision to 
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invest in the drip irrigation systems.  The subjective norms construct was also significant 

in this study.  Thus, Lynne et al. (1995) surmised farmers can be influenced by their 

subjective norms when it comes to water conservation behavior.  Furthermore, the results 

implied that farmers who are more influenced by their subjective norms are more likely 

to adopt and will adopt more intensely.  However, the significance of the perceived 

behavioral control variable showed that when the community’s influence or subjective 

norms is too forcible or coercive, perceived behavioral control may be reduced, which 

could hinder the speed and intensity of investment in adoption conservation technologies.   

 Lynne et al. (1995) also determined that financial capability does influence 

perceived behavioral control; however, there are other aspects of perceived behavioral 

control, which in this case was the control exerted by the water management districts.  

Another implication of this study affects policy.  Lynne et al. (1995) said using 

persuasive means to encourage a change in farmers’ beliefs and evaluations may be the 

only way to enlist farmers’ full support with total technology compliance.  If there is not 

a departure from excessive, micro-management type controls, policymakers may 

continue to experience a backlash effect by some farmers.  “With more (internal) control, 

farmers are more likely to take action, [sic] and to invest more intensely” (Lynne et al., 

1995, p. 596).  The researcher said this finding is consistent with the minimal justification 

principle of social psychology, which would contend that the internal perception of 

control by the farmer may be more effective than a “highly visible, more demanding 

external control” (Lynne et al., 1995, p. 596).  In other words, smaller requests to 

conserve may lead to more long-term conservation as opposed to more demanding 
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requests.  All in all, results from the study suggested strong support for the construct 

validity of the theory of planned behavior (Lynn et al. 1995).   

 In another application of the theory of planned behavior, Yazdanpanah et al. 

(2013) studied the water conservation behaviors of 330 farmers in the semi-arid, drought-

prone Boushehr province of southern Iran via face-to-face interviews.  Following Lam’s 

(2006) finding that this theory may not provide adequate explanation for people’s water 

conservation intentions, Yazdanpanah et al.’s (2013) analysis incorporated three 

additional constructs. The constructs were moral norms (one’s internal moral rules or 

values), self-identity (how one perceives oneself), and perceived risk (includes an 

individual’s mental processing of risk information and the coping mechanisms that 

people use when they are faced with uncertain outcomes).  The researchers found 

farmers’ risk perception of a water crisis was high as well as their intentions and moral 

norms regarding water conservation.  The farmers’ subjective norms and attitudes toward 

water conservation were positive, too.   

 Yazdanpanah et al. (2013) concluded that farmers’ attitudes, subjective norm, 

moral norm, and self-identity group categorized as “normative inclination” and farmers’ 

perceived risks were the major influencers on the farmers’ water conservation intentions 

and actual behavior while perceived behavioral control played in insignificant role.  

Therefore, the researchers said policymakers should be aware that it may be useful to 

consider positive, self-rewarding feelings when making policy decisions.  Furthermore, 

because perceived behavioral control was not a significant influence, the researchers 

surmised the theory of reasoned action framework would have been a more valid model 

for their study.  One explanation for this phenomenon may be the presence of sub-groups 
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such as farmers who have already adopted new strategies and those who have not.  

Continuing with this idea of sub-groups, Yazdanpanah et al. (2013) recommended 

policymakers should consider their specific situations when establishing policies to 

increase conservative water management.  The researchers said that establishing effective 

policies requires a “discriminant approach, rather than smearing farmers out across a 

behavioral and attitudinal spectrum” (Yazdanpanah et al., 2013, p. 70).   
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CHAPTER III 

METHODOLOGY 

Overview 

 The purpose of this study was to explore Texas High Plains agricultural 

producers’ current adoption of three water conservation practices: using advanced 

irrigation application technologies, monitoring soil moisture, and evaluating crop water 

demand.  The producers’ behavior beliefs, normative beliefs, and control beliefs 

regarding these practices were assessed to determine their intent to adopt the practices in 

the future.  This chapter describes the descriptive survey research methodology used in 

this study from defining the population and sample, to instrument development and 

review, and to data collection and analysis.  It also includes the steps taken by the 

researcher to reduce sampling and coverage errors and identify threats to internal validity.  

Research Questions 

 The following research questions were used to guide this study:  

1. What are respondents’ attitudes toward the water conservation practices of 

utilizing advanced irrigation application technologies, monitoring soil moisture, 

and evaluating crop water demand?  

2. What are respondents’ subjective norms regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand?  

3. How do respondents perceive their behavioral control over adopting the water 

conservation practices of utilizing advanced irrigation application technologies, 

monitoring soil moisture, and evaluating crop water demand?  
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4. What are respondents’ behavioral intentions regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand? 

5. To what extent do respondents’ behavioral beliefs, normative beliefs, and control 

beliefs predict their intentions to utilize advanced irrigation application 

technologies, monitor soil moisture, and evaluate crop water demand?  

6. To what extent are respondents currently using advanced irrigation application 

technologies and methods of monitoring soil moisture and evaluating crop water 

demand?   

7. What is the relationship between the intensity of respondents’ TAWC 

involvement and respondents’ level of current adoption of water conservation 

practices as well as behavioral intentions to adopt practices in the future?  

Research Design 

 To address the research questions, this study used descriptive survey research 

methodology with a questionnaire mailed to agricultural producers in the Texas High 

Plains.  The survey instrument allowed the researcher to reach a large number of people 

and ask a variety of questions.  Additionally, the researcher favored the mail survey 

approach as opposed to an online survey because there was a possibility that not all 

members of the population would have access to the Internet or utilize the Internet in 

general.  The researcher recognized the risk that the results could be skewed using an 

online survey.  A mailed questionnaire may also elicit more truthful responses than would 

be obtained with a personal interview because it assures confidentiality or anonymity 

(Ary, Jacobs, & Sorensen, 2010).  Others have used the mail survey approach to study 
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and predict behaviors, such as hunting (Hrubes, Ajzen, & Daigle, 2001), ranchers’ 

wildlife conservation behavior (Wilcox, 2010), and farmers’ landscape conservation 

(Beedell & Rehman, 2000).  Specifically, mail surveys targeting agricultural producers in 

Texas have been successful (Graber, 2011; Spraberry, 2011).       

 When conducting survey research, it is important to consider the types of error 

that are possible.  Dillman (2007) identified four sources of survey error: sampling error, 

coverage error, non-coverage error, and measurement error. It is essential for these 

sources of error be reduced to acceptable in order to conduct a quality survey (Dillman, 

2007).  Recommendations for minimizing each type of error were used in this study and 

are discussed later in this chapter. 

 The Institutional Review Board (IRB) at Texas Tech University approved this 

study before data collection began.  The approval letter is in Appendix A.   

Population and Sample 

 The target population for this study was agricultural producers in the Texas High 

Plains encompassing a 39-county area of the Northern and Southern High Plains of Texas 

as illustrated by Figure 3.1 (Colaizzi et al., 2009).  According to the 2012 USDA Census 

of Agriculture, there are 17,709 principal operators in the study area.  The sample frame 

is the list from which the sample is to be drawn in order to represent the entire population 

(Dillman, 2007).  The sample frame for this research was a list of about 1,500 agricultural 

producers’ mailing addresses in the study area purchased from U.S. Farm Data, a 

database marketing service.   
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 The researcher made efforts to reduce potential coverage error.  This type of error 

occurs when members of the population do not have a certain or equal chance of being 

included in the sample (Dillman, 2007).  Coverage error occurs when the population list 

from which the sample is drawn is not fully representative of the population.  Therefore, 

aspects of the population are excluded “making it impossible to give all elements of the 

population an equal or known chance of being included in the sample survey” (Dillman, 

2007, p. 9).  Purchasing a list of 1,500 names provided more opportunities for members 

of the population to be selected and granted flexibility for the researcher to remove names 

while maintaining a large sample size.  The additional 500 names did not significantly 

add to the cost.  Adhering to Dillman’s (2007) recommendations for reducing coverage 

while using sample lists, the researcher addressed the following questions: 

1. Does the list contain everyone in the survey population? 

2. Does the list include names of people who are not in the study population? 

Figure 3.1. The 39 counties of the Texas High Plains approximately 

overlying the Ogallala aquifer (Colaizzi et al., 2009). 
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3. Are the same sample units included on the list more than once?  

4. How is the list maintained and updated? 

5. Does the list contain other information that can be used to improve the survey? 

(p.199-200)  

 First, the list included agricultural producers from each of the 39 counties in the 

study area.  To prevent the inclusion of individuals not in the study population, such as 

absentee landowners, the researcher requested that the list represent farm operators only.  

The success of this exclusion is dependent upon the accuracy of the database marketing 

service’s list.  Members of the TAWC were also excluded from the study population 

because their membership creates unique circumstances for adopting water conservation 

practices that differ from other agricultural producers in the study area.  Therefore, the 

researcher removed two TAWC producers from the sample list.  U.S. Farm Data used 

filters to exclude duplicates from the list as well.  The company guarantees triple-verified 

information and updates its lists at least once a year using publicly available sources such 

as the National Change of Address.  It obtains information by working with the state, 

county, and city government as well as various publications (Tom DeLong, personal 

communication, June 19, 2015).  Although the list did provide additional information, 

such as the type of crops grown and total acreage, this information was not considered 

when selecting the final sample.  After the list was prepared, simple random sampling 

was used to select 1,000 members of the sample.  The list was then sent to Slate Group, 

the company providing the printing and mailing services.   



Texas Tech University, Libby Durst, May 2016 

 

49 

 

The researcher also made efforts to reduce potential sampling error.  Dillman 

(2007) described sampling error as a matter of precision.  Sampling error occurs when the 

precision of the sample survey estimates is limited by the number of subjects surveyed.  

In other words, sampling error results from sampling from only a portion of the sampling 

frame rather than sampling from all members of the sampling frame (Dillman, 2007).  

Sampling error decreases as sample size increases (Ary et al., 2010).  According to Ary et 

al. (2010), the minimum sample size required for a five percent margin of error at the .95 

confidence level with a p value of .10 or .90 is 139.  Using SurveyMonkey’s® online 

Sample Size Calculator with the population of 17,709, a confidence interval of 95 

percent, and a five percent margin of error the researcher determined the optimum sample 

size for this study is 377. Sample size is more likely to be influenced by survey costs than 

calculation of the limits of sample sizes (Dillman, 2007).  That was the case for this 

study.  Considering the availability of research funds and the effects of a larger sample 

size on sampling error, the researcher selected a sample size of 1,000 producers.  

Selecting 1,000 addresses for the sample size also served to account for the typical 

response rate for mail survey research. In their analysis of 309 mail surveys published in 

2000 and 2005, Baruch and Holtom (2008) calculated a 44.7% average response rate.  

Furthermore, Graber’s (2011) study of Texas agricultural producers’ traditional and 

social media use had a 26.8% using a mail survey research design.           

Simple random sampling, which is the most common type of sampling used for 

self-administered surveys, was used to select a sample of 1,000 from the sample frame of 

1,500 agricultural producers (Dillman, 2007).  Sampling was performed via Microsoft 

Office Excel 2012 through the use of a random number generating function.  Using the 



Texas Tech University, Libby Durst, May 2016 

 

50 

 

function tool, each name in the sample frame was assigned a random number.  Then, the 

random numbers were changed into true values so that the function would not regenerate 

random numbers each time the file is opened.  Next, the sort function was used to rank 

each member of the sampling frame from the lowest random number to the highest.  

Lastly, the first 1,000 producers on the randomized list were selected to comprise the 

sample. 

Instrumentation 

The researcher-developed instrument contained four parts.  The development of 

the survey followed Dillman’s Tailored Design Method (2007).  According to Dillman 

(2007), this method seeks to obtain the best possible responses by identifying and 

addressing aspects of the survey process that affect the quality or quantity of responses.  

The second aspect of Tailored Design is the focus on survey organization efforts in order 

to fulfill design intentions (Dillman, 2007).   

 Part one of the questionnaire (Appendix D) included questions pertaining to the 

constructs of the theory of planned behavior.  There are three sections of part one in order 

to address producers’ attitudes, subjective norms, and perceived behavioral control 

regarding three water conservation practices: the utilization of advanced irrigation 

application technologies, the estimation of soil moisture, and the evaluation of crop water 

demand.  These three sections are comprised of Likert-type and semantic differential 

scale questions.  Overall, the purpose of part one is to identify producers’ attitudes, 

subjective norms, and perceived behavioral control for each of the water conservation 

practices and to predict future water conservation behavior.  
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 Part two focused on producers’ involvement with TAWC outreach efforts to 

determine respondents’ contact with the TAWC.  Almost all of these questions elicit a 

“yes” or “no” response; however, there is one Likert-type scale question.  Part three of 

the questionnaire sought information about producers’ demographics and farm/ranch 

characteristics with fill-in-the-blank type questions.  In part four, producers’ indicated the 

water conservation technologies and practices they currently use with “yes” or “no” 

responses.  Lastly, the researcher provided a space for additional comments.  

 Prior to disseminating the survey, it was reviewed by a panel of experts for face 

and content validity.  Then, post hoc analysis was used to determine the reliability of the 

instrument.  Relying on post hoc analysis to account for reliability allowed the 

researchers to preserve as many names as possible in the sampling frame and reduce the 

survey’s cost.  The researcher was confident in this approach because the constructs of 

the Theory of Planned Behavior are well studied and supported and studies using these 

constructs guided the development of the questionnaire.    

Initial question development 

 Prior studies that used the theory of planned behavior to describe respondents’ 

attitudes, subjective norms, and perceived behavioral control and to predict intent to 

perform a behavior were consulted when developing the instrument for this study.  

Guides for constructing theory of planned behavior questionnaires were also used (Ajzen, 

2013; Francis et al., 2004).  Additionally, a questionnaire developed by the researcher for 

previous research was used to develop the questions that seek information about 

respondents’ involvement with the TAWC and demographics and farm/ranch 

characteristics (Durst & Meyers, 2015).    
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 Part one of the survey instrument used the theory of planned behavior constructs 

to study agricultural producers’ water conservation behavior.  The practices in question 

were utilizing advanced irrigation application technologies, monitoring soil moisture, and 

evaluating crop water demand.  According to Texas A&M AgriLife Extension (n.d.), 

these behaviors are important for improving irrigation efficiency, which helps conserve 

water.  The advanced irrigation application technologies, soil moisture monitoring 

technologies and techniques, and crop water demand technologies and techniques 

included in the survey instrument were provided by Texas A&M AgriLife Extension 

(n.d.) and verified by this study’s panel of experts.  Upon selecting the behaviors to be 

studied, the researcher began writing questions based on other theory of planned behavior 

studies.       

Attitude items. 

 Each theory of planned behavior section of the questionnaire begins with 

semantic differential scales to assess producers’ attitudes toward the conservation 

behaviors.  These measures use bipolar adjectives or pairs of opposites, such as 

Pleasant/Unpleasant. Francis et al. (2004) and Ajzen (2013) recommended using both 

instrumental items and experiential items.  Instrumental items describe whether the 

behavior achieves something.  One example of this type of item would be 

Useful/Worthless.  Experiential items describe how it feels to perform the behavior, such 

as Pleasant/Unpleasant (Francis et al., 2004).  Following this recommendation, this 

study’s instrument featured both types of items measured on a semantic differential scale.  

Francis et al.’s (2004) theory of planned behavior questionnaire construction guide 
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suggested also including an item with Good/Bad in order to ascertain respondents’ 

overall evaluation of the behavior. 

 Multiple studies (Beedell & Rehman, 2000; Conner, Norman & Bell, 2002; Lynn, 

Casey, Hodges, & Rahmani, 1995) included the Harmful/Beneficial scale on their 

instruments.  The researcher chose to incorporate a scale based on Shrestha’s (2013) mail 

survey instrument, which has three versions of a similar scale.  The versions seek to 

measure the social, economic, and environmental harmfulness and usefulness of the 

studied behaviors.  For this study, the researcher felt that incorporating these three 

specific categories would provide more detailed information about producers’ attitudes 

toward the water conservation behaviors while retaining the Harmful/Beneficial 

language.   

 In addition to the three Harmful/Beneficial scales, Shrestha’s (2013) study 

measured Oregon deer hunters’ attitudes toward participating in hunting using 

Unpleasant/Pleasant, Boring/Interesting, and Unenjoyable/Enjoyable semantic 

differential scales.  The Chronbach’s alpha for reliability of the attitude items was .91. 

This reliability score is more than Nunnally and Bernstein’s (1994) recommendation of a 

minimum value of .70 for the reliability of measuring a multi-item construct, according to 

Shrestha (2013).    

 In another study regarding hunting behavior, Hrubes et al. (2001) used only two 

bipolar adjective scale items to measure outdoor recreationists’ attitudes toward deer 

hunting: Good/Bad and Pleasant/Unpleasant.  Reliability was determined by calculating 

Pearson correlations for the item pair.  According to Hrubes et al. (2001), the correlation 

was of an acceptable magnitude of .96.  Although all of the attitude scales in these two 
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studies (Hrubes et al., 2001; Shrestha, 2013) are not exactly the same as those of the 

current study, several of them are and the others are quite similar.   

Perceived Behavioral Control items. 

 The final semantic differential items of No Control versus Complete Control and 

Possible/Impossible support the perceived behavioral control construct of the theory of 

planned behavior (McCullough, 2011; Lynn, Casey, Hodges, & Rahmani, 1995).Two 

other questions within the instrument sought to gauge producers’ perceived behavioral 

control over the conservation practices as well.  “If I wanted to I could. . .” and “It is 

mostly up to me whether or not I . . .” were presented in the form of 7- point Likert-type 

scales with the endpoints 1=Strongly Disagree and 7=Strongly Agree.  Other studies also 

included these three questions (Conner et al., 2002; McCullough, 2011; Yazdanpanah et 

al., 2013).  In a study of sporting event attendees’ recycling behavior, McCullough 

(2011) used all four of these items because these items measure both an individual’s 

capability to perform the behavior and control over performing the behavior.  The 

Cronbach’s alpha reliability score for the four items was .74 (McCullough, 2011).   

Subjective Norms items. 

  On this instrument, Likert- type scales were also used to measures respondents’ 

subjective norms and intentions.  There were four questions regarding the subjective 

norms including: 

1. Most people who are important to me think I should. . . 

2. It is expected of me to. . . 

3. The people whose opinions I value would approve of me. . . 
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4. Many agriculture producers like me. . . 

 These questions were adapted from multiple studies (Hrubes et al., 2001; 

McCullough, 2011; Norman, Conner, & Bell, 1999; Shrestha, 2013).  McCullough 

(2011) calculated the Cronbach’s alpha reliability score for these four items in the context 

of recycling behavior plus “Most people who are important to me. . .” and “The people in 

my life whose opinion I value. . .”  The result was .71.  Studying deer hunting intentions, 

Hrubes et al. (2001) used two items to measure subjective norms.  These items asked 

respondents if they thought the most important people to them think that they should hunt 

and if they would approve or disapprove of them hunting.  While this study uses the first 

item exactly, the second item is very similar to question number three on this instrument.  

In Hrubes et al.’s (2001) study, these items had a Cronbach’s alpha reliability score of 

.84.  Francis et al. (2004) and Ajzen (2006) also provided several of these questions 

measuring subjective norms in their questionnaire development guide.  For example, 

Francis et al. (2004) included “People who are important to me want me to. . .” and “It is 

expected of me to. . .”  

Intention items. 

 To measure intention, Francis et al. (2004) and Ajzen (2013) suggested using 

Strongly Disagree/Strongly Agree scales with the question “I intend to. . .”  A study may 

use this single question to measure intention (Trumbo & O’Keefe, 2011); however others 

(Cunningham & Kwon, 2003; Hrube et al., 2001; Yazdanpanah et al., 2014) have used it 

in conjunction with other items.  The researcher adopted this portion of the instrument 

from Cunningham and Kwon (2003), McCullough (2011), and Shrestha (2013) who used 



Texas Tech University, Libby Durst, May 2016 

 

56 

 

“I intend to. . .,” “ I will try to. . .,” and “I am planning to. . .”  Studying deer hunting 

behavior, Shrestha (2013) calculated a Cronbach’s alpha reliability score for these items 

as .95 while McCullough found it to be .65 when studying recycling behavior.  However, 

when reviewing the instrument, the researcher and expert panel members were concerned 

that this language was not pointed enough to differentiate the levels of intention.  

Therefore, the wording was changed to “I intend to. . .,” “I have firm plans in place to. . 

.,” and “I am making preliminary plans to. . .”   

TAWC Involvement items. 

 The next portion of the questionnaire sought to determine respondents’ level of 

involvement in the TAWC.  Questions in this portion of the instrument were adapted 

from a previous TAWC survey conducted at the 2015 Water College (Durst & Meyers, 

2015).  A 5-point Likert- type scale was used to measure respondents’ familiarity with 

the TAWC.  The scale ranged from 1=Not at all familiar to 5=Extremely familiar.  This 

question was followed by a series of “yes” or “no” responses to identify the TAWC 

activities attended by respondents such as field days and field walks.  Respondents were 

also asked to indicate if they obtain information about the TAWC from different sources 

such as the organizations website, Field talk radio program, or a producer in the TAWC 

project.  These questions were also structured as “yes” or “no” responses. 

Demographics and Farm/Ranch Characteristics items. 

 The next section of the instrument focused on producers’ demographics and 

farm/ranch characteristics.  Respondents’ were asked to provide their age, gender, 

number of years farming/ ranching, the total number of acres operated, counties of 

farming operation, and the type of crops produced.  Graber (2011) used similar 
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demographic questions in her mail survey study on Texas agricultural producers’ use of 

traditional and social media.  These questions were also adapted from a previous TAWC 

survey conducted at the 2015 Water College.  

Current Practices items. 

 Following the demographic questions, respondents were asked to indicate the 

water conservation practices they currently use by responding “yes” or “no” to a series of 

options.  The “other” response was provided with a space to specify a practice not 

included by the researcher in attempt to capture all possible practices.  Lastly, a space 

was provided on the inside of the back cover for respondents to provide additional 

comments.  

Questionnaire format 

 The four-part instrument was formatted as a questionnaire to be administered 

following mail survey procedures.  According to Dillman (2007), booklets are a preferred 

method of questionnaire formatting.  This study used an 8.5” by 5.5” booklet.  Per 

Dillman’s (2007) recommendations, it was not printed in landscape orientation, did not 

feature unusual folds or page shape, and did not consist of pages printed on the front and 

back with a single staple to hold the pages together (Dillman, 2007).  Instead, the booklet 

was printed on both sides of the pages with saddle-stitch stapling to resemble the 

formatting like that of a book.   

 The front cover of the questionnaire included the study title, the Texas Tech 

University Coat of Arms logo with the Department of Agricultural Education and 

Communications name, and the TAWC name and logo.  Inside the front cover was a brief 

description of the study and its completion time, respondents’ participation options and 
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rights, and contact information for the researcher and the Human Research Protection 

Program.  On the back cover, the respondents were thanked for their time and asked to 

return the questionnaire using the enclosed envelope.  An opportunity to enter a drawing 

for one of two $50 gift cards was also available.  The bottom of the back cover was 

formatted as a tear-away portion so respondents’ could provide their name and preferred 

contact information in a way that could be separated from their responses.  All of the 

pages were printed in black and white.     

 To increase response rate, Dillman (2007) suggested creating a format that is 

representative of a “respondent-friendly questionnaire,” which emphasizes ease of 

reading and response (p. 150).  The researcher made efforts to follow Dillman’s advice.  

In this study, the types of questions varied throughout the instrument in order to collect 

data that addressed each research question.  As recommended by Dillman (2007), 

instructions for answering the different types and topics of questions were placed in their 

corresponding sections instead of at the very beginning of the instrument.  Each section 

of the questionnaire was also carefully organized into an “item in-a-series” format 

(Dillman, 2007, p. 100).  For example, many questions could be answered using the 

Likert-type scale with the same answer categories Strongly Disagree/Strongly Agree.  

Each question only elicited one response, instead of encouraging respondents to answer 

two or more questions at once.  Other design elements, such as shading, using different 

font sizes, and creating emphasis with italics and bold features were employed to attract 

respondents’ attention to important information and establish groupings of visual 

elements (Dillman, 2007).  For example, the instructions for all four parts of the 

questionnaire were italicized.  In accordance with Dillman’s (2007) recommendations, 
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answer spaces were consistently placed to one side of category labels, and the same 

response boxes were used throughout.  The same direction of scales were used 

throughout was well.  Overall, simplicity, regularity, and symmetry were utilized 

wherever possible to make the response task easier (Dillman, 2007).   

 Dillman (2007) also recommended personalizing correspondence.  The researcher 

personalized the letter accompanying the survey (Appendix B).  Measures taken to 

increase personalization include beginning the letter with the inside name and address of 

each recipient, using actual names instead of a generic salutation, and stating the 

importance and usefulness of the respondent’s participation in the study.  In follow-up 

mailings the researcher also included a similar statement to the recommended message, 

“To the best of our knowledge, you have not yet responded” (Dillman, 2007, p.152).  

Real stamps were used on the return envelopes instead of business reply envelopes as 

well.  The envelopes were to be returned to the Agricultural Education and 

Communications Department, the questionnaire cover showed the department and 

TAWC logo, and the cover letter was printed on official departmental letterhead.  

Dillman (2007) said demonstrating sponsorship by a legitimate authority increases the 

likelihood that people will respond because it establishes trust with the questionnaire 

recipient.  Additionally, the researcher sought to provide verbal appreciation for 

completing the questionnaire.  Each contact and the questionnaire contain a “thank-you” 

message.    

Instrument Review Process 

As previously stated, it is critical to minimize each type of survey error. 

Measurement error occurs when a respondent provides an answer that is “inaccurate or 
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uninterpretable” (Dillman, 2007, p. 11).  Poor wording and questionnaire construction 

contribute to measurement error (Dillman, 2007).  Ary et al. (2010) recommended 

submitting a draft of the instrument for evaluation.  Individuals familiar with the study 

can offer their opinions on the instrument’s validity and any problems or concerns they 

may have (Ary et al., 2010). 

 To decrease possible measurement error, the instrument was reviewed by a panel 

of experts (n = 10).  The panel was comprised of agricultural producers, various affiliates 

of the TAWC, and agricultural education and communications faculty members.  Panel 

experts were selected based upon their level of knowledge regarding the questionnaire 

subject matter and the overall survey research process.  The panel of experts helped 

determine if respondents will perceive the instrument is measuring what it is supposed to 

measure, or its face validity.  According to Ary et al. (2010), face validity is important to 

ensure respondents’ acceptance of the questionnaire and cooperation.  “Subjects should 

perceive questions to be relevant” (Ary et al., 2010, p. 409).  The panel’s review also 

sought to establish construct validity by examining each item on the questionnaire to 

determine if the measures are appropriate.  This review was conducted in July 2015.  

Following the review, the panel’s suggestions were evaluated and used to amend the 

instrument prior to mailing.  

 After data collection, post hoc analyses were conducted to determine reliability, 

which indicates whether an instrument is consistently measuring what it is supposed to be 

measuring (Ary et al., 2010).  The researcher chose to forgo a pilot test in favor of the 

panel of experts’ review and post hoc analysis to preserve as many names in the sampling 

frame as possible.  The cost of materials and postage for a pilot study was prohibitive as 
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well.  However, as previously stated, the items used in this study had been used in other 

studies to measure the same constructs of interest with success.   

 Table 3.1 displays the Cronbach’s alpha reliability scores for the respondents’ 

attitudes toward the behavior, subjective norms, perceived behavioral control, and 

intentions to perform the behavior.  Reliability scores ranged from .74 to .94, which 

indicates all scores were at an acceptable value.  According to Fields (2013) a Cronbach’s 

alpha reliability score of .70 is acceptable.  

Table 3.1 

Reliability of Instrument Constructs Using Cronbach’s Alpha  

Conservation Practice 

Utilize Irrigation 

Application 

Technologies 

 Monitor 

Soil 

Moisture 

 Evaluate 

Crop Water 

Demand 

 n α  n α  n α 

Intentions to perform behavior 94 .91  90 .94  91 .92 

Attitudes toward behavior 88 .87  88 .90  90 .90 

Perceived behavioral control 90 .83  92 .77  91 .85 

Subjective norms 93 .74  93 .87  94 .91 

 

Data Collection 

 The data collection process had three points of contact for members of the sample.  

First, 1,000 members of the sample received a cover letter describing the study 

(Appendix B), an information sheet (Appendix C), the survey instrument (Appendix D), 

and a return envelope. This was mailed September 18, 2015.  Approximately two weeks 

after the first mailing of the instrument, on October 1, 2015, a reminder postcard 

(Appendix E) was mailed to all sample members.  Following the postcard, on November 

5, another complete mailing with a new cover letter (Appendix F), an information sheet, 
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the survey instrument, and return envelope was mailed only to those who had not yet 

responded.  The researcher was able to identify which members had not returned survey 

instruments by following Dillman’s (2007) recommendation to include an identification 

number in plain sight on each questionnaire.  The identification number is located on the 

bottom of the back cover of the survey instrument.  Data collection ceased on November 

30.  A lottery type incentive was offered on a voluntary basis for respondents.  

Participants had the chance to enter a drawing for one of two $50 gift cards by providing 

their name and preferred contact information on a tear-away portion of the back cover of 

the survey instrument.  Dillman (2007) noted that these types of incentives have the 

potential to increase response rates although they are not as effective as incentives that 

are sent with the questionnaire.  

 Respondents were asked to mail their completed instrument back to the researcher 

in the Texas Tech University Department of Agricultural Education and 

Communications.  Following Dillman’s (2007) recommendation, the return envelopes 

were pre-addressed and affixed with real stamps in order to increase response rate.  

Data Analysis 

 The researcher used SPSS® v. 22 for Windows™ to calculate each statistic. 

Descriptive statistics were selected for nominal and scale data. Measures of central 

tendency including means and modes were calculated as well as measures of variability 

including frequencies, standard deviation, and ranges.  Chi- square statistics and 

independent samples t-tests compared early and late respondents in terms of demographic 

characteristics.  Multiple linear regressions were computed to identify the amount of 
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variance in behavioral intention to adopt water conservation practices that can be 

explained by the constructs of the Theory of Planned Behavior.  Correlations were 

calculated to examine the relationships TAWC familiarity, event attendance, and use of 

information sources and intentions to adopt water conservation methods and actual 

current water conservation behaviors.  

Description of Respondents 

Following data collection, descriptive statistics were used to analyze 

characteristics of the respondents.  Demographics collected in this survey were: age, 

gender, number of years farming or ranching, total number of acres operated, location of 

farm by county, and type of crops produced.  Table 3.2 describes the demographic 

characteristics of respondents including gender, age, number of years farming, and total 

acres farmed.  Some demographic questions have missing responses because they were 

included at the end of the instrument and several respondents did not complete the survey 

in its entirety.   

Table 3.2 

Characteristics of Survey Respondents  

 n f %  

Gender 114    

     Male  108 94.7  

     Female   6   5.3  

Age 113    

     30-39 years  8   7.1  

     40-49 years  13 11.5  

     50-59 years  39 34.5  

     60 -69 years  35 31.0  

     70  or more years   18 15.9  

Years Farming/Ranching 110    



Texas Tech University, Libby Durst, May 2016 

 

64 

 

     Less than 10  2 1.8  

     10-19 years  12 10.9  

     20-29 years  18 16.4  

     30-39 years  37 33.6  

     40-49 years  25 22.7  

     50-59 years  10 9.1  

     60 or more years  6 5.5  

Total Acres 109    

     Less than 500 acres  17 15.6  

     500-1,499 acres  37 33.9  

     1,500-2,499 acres  22 20.2  

     2,500-3,499 acres  14 12.8  

     3,500-4,499 acres  7 6.4  

     4,500- 5,499acres    4 3.7  

     5,500 or more acres  8 7.3  

 

 Descriptive analysis indicated the majority of respondents were male (n = 108, 

94.7%), and there were 6 females (5.3%).  Respondents’ ages ranged from 28 to 86 years 

old with a mean of 58.40 (SD = 11.65) and mode of 59. One hundred fourteen 

respondents reported their gender, and 113 respondents reported their age.   

 One hundred ten respondents provided the number of years they have been 

farming or ranching.  The mean number of years farming/ranching was 34.7 years (SD = 

13.43), with a minimum of one and a maximum of 70.  Thirty-five and 40 years were the 

modes indicated by 11 respondents each.  

 One hundred nine respondents provided their total number of acres which ranged 

from less than 500 acres (n = 17, 15.6%) to 5,000 or more acres (n = 8, 7.3%).  The mean 

for total acreage was 2,049.7 (SD = 2002.44).  Thirty-seven respondents’ total acreage 
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fell in the 500 to 1,500 range (33.9%).  The 4,500 to 5,499 range of acres had the least 

number of respondents (n = 4, 3.7%).    

 The respondents represented 42 counties (Table 3.3).  Andrews, Briscoe, 

Glasscock, Hansford, and Oldham County were five counties in the 39-county study area 

that were not represented by respondents.  However, some respondents represented 

several counties outside the study area: Borden, Donley, Eastland, Garza, Mills, Pecos, 

Reagan, and Runnels County.  As shown in Table 3.2, Lubbock County was the most 

frequently reported county (n = 17, 16.4%) followed by Hale (n = 11, 10.6%) and 

Swisher Counties (n = 10, 9.6%).  Fourteen of the counties were represented by one 

respondent each.  Thirty-three of the respondents indicated farming/ranching in multiple 

counties (31.7%).  

Table 3.3 

Respondents’ Farm/Ranch Operation Locations by County (N = 104)  

County f % 

Lubbock 17 16.4 

Hale 11 10.6 

Swisher 10 9.6 

Carson  7 6.7 

Hockley 7 6.7 

Gray 6 5.8 

Parmer 6 5.8 

Terry  6 5.8 

Crosby  5 4.8 

Lamb 5 4.8 

Lynn 5 4.8 

Floyd 4 3.9 

Yoakum  4 3.9 

Armstrong 3 2.9 

Bailey 3 2.9 

Deaf Smith 3 2.9 

Hartley 3 2.9 

Moore 3 2.9 
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Randall 3 2.9 

Sherman 3 2.9 

Borden 2 1.9 

Castro 2 1.9 

Cochran 2 1.9 

Dallam 2 1.9 

Dawson 2 1.9 

Howard 2 1.9 

Lipscomb 2 1.9 

Ochiltree 2 1.9 

Donley 1 1.9 

Eastland 1 1.9 

Gaines 1 1.9 

Garza 1 1.9 

Hemphill 1 1.9 

Hutchinson 1 1.9 

Martin 1 1.9 

Midland 1 1.9 

Mills 1 1.9 

Pecos 1 1.9 

Potter 1 1.9 

Reagan 1 1.9 

Roberts 1 1.9 

Runnels 1 1.9 

Note. Respondents could select multiple counties. Percentages do not equal 100%.
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 One hundred three respondents reported the crops that they grow (Table 3.4).  The 

most frequently reported crop produced was cotton (n = 69, 67.0%) followed by wheat (n 

= 66, 64.1%) and grain sorghum (n = 63, 61.1%).  Other crops included corn, hay, and 

peanuts.  Eighty-five respondents (84.2%) indicated producing multiple crop species 

while 16 respondents (15.8%) reported only one type of crop grown. 

Table 3.4 

Crops Reported by Respondents(N= 103) 

Crops f % 

Cotton 69 67.0 

Wheat 66 64.1 

Grain Sorghum 63 61.1 

Corn 33 32.0 

Hay 10 9.7 

Grass 9 8.7 

Cattle 5 4.9 

Peanuts 5 4.9 

Haygrazer 3 2.9 

Black-eyed Peas 2 1.9 

CRP 2 1.9 

Grain  2 1.9 

Sunflowers 2 1.9 

Alfalfa 1 1.0 

Cover Crop 1 1.0 

Dryland Wheat 1 1.0 

Haygrazer Dryland 1 1.0 

Improved Grasses 1 1.0 

Nursery Crop 1 1.0 

Oats 1 1.0 

Produce 1 1.0 

Ranching 1 1.0 

Seed Millet 1 1.0 

Sudangrass 1 1.0 

Squash  1 1.0 

Triticale 1 1.0 

Turnip 1 1.0 

Watermelons 1 1.0 

Wine Grapes 1 1.0 

Note. Respondents could select multiple crops. Percentages do not equal 100%.  
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 In an effort to reduce non-response error, the researcher also conducted analysis 

to compare early versus late responders.  Lindner, Murphy, and Briers (2001) 

recommended identifying late respondents based on responses generated by a stimulus 

such as a reminder postcard or second complete mailing.  They suggest that the stimulus 

be the last contact made with the respondents, if it yields at least 30 responses (Lindner et 

al., 2001).  In the case of this study, the last stimulus was a second complete mailing of 

the survey materials, which yielded 69 responses.  Therefore, late responders are 

considered those who participated in the survey after November 5, 2015. 

The average age for early respondents (n = 74) was 57.97 (SD = 11.29) while the 

mean age for late respondents (n = 40) was 59.20 (SD = 12.42).  An independent samples 

t-test indicated no significant difference between early and late respondents in regard to 

age t(112) = -.54, p > .05. 

The mean number of years farming for early respondents (n = 73) was 34.66 (SD 

= 13.23) while the mean number of years farming for late respondents (n = 37) was 34.86 

(SD = 14.01).  An independent samples t-test indicated no significant difference between 

early and late respondents in regard to years farming/ranching t(108) = -.08, p > .05. 

Early respondents (n = 69) had an average of 2,008.52 acres (SD = 1762.29) 

while late respondents (n = 40) had an average of 2,119.30 acres (SD = 2383.48).  An 

independent samples t-test indicated no significant difference between early and late 

respondents in terms of acres t(107) = -.28, p > .05. 

On average, early respondents (n = 72) had a minimal level of TAWC familiarity 

(M = 2.22, SD = 0.98) as did late respondents (n = 36) with a mean of 2.22 (SD = 0.96). 

The comparison of early and late respondents using an independent samples t-test found 
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no significant difference in familiarity with the Texas Alliance for Water Conservation 

t(106) = .00, p > .05.    

Threats to Internal Validity 

 It is possible that there were various threats to internal validity with this study, 

particularly non-response and data collector error.  Ary et al. (2010) said nonresponse can 

bias survey data.  According to Ary et al. (2010) respondents and non-respondents differ 

in characteristics such as motivation, interest in the topic of the study, and intelligence 

which can be detrimental to a study.  Although efforts were made to reduce non-response 

error, there was a substantial amount of non-response.  However, Ary et al. (2010) 

reported that recent studies have found that low response rates may not necessarily 

indicate bias.   

 Comparing early and late respondents can help identify whether or not 

respondents differ from non-respondents because research has shown that non-

respondents are often similar to late respondents (Ayr et al., 2010).  Intently analyzing 

early and late respondents’ data can reveal if there are any major differences.  If no 

important differences emerge, Ary et al. (2010) said it can be assumed that the 

respondents are an unbiased sample.  As previously explained, the researcher conducted 

independent samples tests in order to compare early and late responders.  Independent 

samples t-tests showed that there were no significant differences between early and late 

respondents in regard to their age, number of years framing/ranching, number of acres, or 

familiarity with the TAWC.  As for gender, there were so few female respondents that a 

Chi-square test could not be properly conducted.   
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 Some data collection error occurred through the mail survey methodology 

process.  Relying on a database marketing service for agricultural producers’ addresses 

allowed for the chance to send materials to individuals outside of the survey population 

and to incorrect addresses.  The printing, organization, and mailing of surveys was 

completed by more than one person, which can contribute to errors and inconsistency in 

the procedure.  For example, at least one questionnaire was left out of a recipient’s packet 

of information and two recipients only received the second mailing.  For various reasons, 

it is possible that members of the sample did not receive a questionnaire, and therefore; 

could not participate in the study.  The researcher also acknowledges that the timing of 

the second mailing was not prompt and fell during a busy time of harvest for some 

producers, which could have deterred completion of the survey.   
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CHAPTER IV 

FINDINGS 

Introduction 

 The purpose of this study was to determine Texas High Plains agricultural 

producers’ current water conservation practices regarding the utilization of advanced 

irrigation application technologies, monitoring of soil moisture, and evaluating of crop 

water demand.  Using the theory of planned behavior, the study also sought to predict 

producers’ intent to adopt these practices in the future.  Producers’ behavioral beliefs, 

normative beliefs, control beliefs, and intentions were assessed for the prediction.  Lastly, 

post hoc analyses provided correlations between respondents’ demographic 

characteristics, current water conservation behaviors, and adoption intentions.  Data 

analysis was conducted using SPSS® version 22 for Windows™.  A total of 183 

responses were collected.  

 This chapter provides an analysis of the data in response to the seven research 

questions.  The research questions included the following:  

1. What are respondents’ attitudes toward the water conservation practices of 

utilizing advanced irrigation application technologies, monitoring soil moisture, 

and evaluating crop water demand?  

2. What are respondents’ subjective norms regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand?  
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3. How do respondents perceive their behavioral control over adopting the water 

conservation practices of utilizing advanced irrigation application technologies, 

monitoring soil moisture, and evaluating crop water demand?  

4. What are respondents’ behavioral intentions regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand? 

5. To what extent do respondents’ behavioral beliefs, normative beliefs, and control 

beliefs predict their intentions to utilize advanced irrigation application 

technologies, monitor soil moisture, and evaluate crop water demand?  

6. To what extent are respondents currently using advanced irrigation application 

technologies and methods of monitoring soil moisture and evaluating crop water 

demand?   

7. What is the relationship between the intensity of respondents’ TAWC 

involvement and respondents’ level of current adoption of water conservation 

practices as well as behavioral intentions to adopt practices in the future? 

Research Question One 

 Research question one inquired of respondents’ attitudes toward the water 

conservation practices of utilizing advanced irrigation application technologies, 

monitoring soil moisture, and evaluating crop water demand.  Table 4.1 displays 

respondents’ attitudes toward each of the conservation practices.  Respondents’ attitudes 

were measured using six semantic differential scales where, for instance, 1= Good and 7= 

Bad.  All of the means were less than three.  The Good/Bad item for utilizing advanced 
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irrigation application technologies had the lowest mean score (M= 1.51, SD= 0.95) while 

the Socially Beneficial/Socially Harmful item had the highest mean (M= 2.54, SD= 1.53).  

Table 4.1  

Respondents’ Attitude Toward Water Conservation Practices  

Conservation Practice 

Utilize Irrigation 

Application 

Technologies 

Monitor Soil 

Moisture 

Evaluate Crop 

Water Demand 

 n M SD n M SD n M SD 

Economically 

Beneficial/ 

Economically Harmful 

97 2.09 1.50 100 1.89 1.32 100 1.88 1.30 

Socially Beneficial/ 

Socially Harmful 
96 2.06 1.33 98 2.54 1.53 96 2.45 1.42 

Pleasant/ Unpleasant 95 2.00 1.18 97 2.36 1.39 96 2.20 1.32 

Worthwhile/ Not 

Worthwhile 
97 1.85 1.27 100 1.89 1.32 97 1.79 1.22 

Environmentally 

Beneficial/ 

Environmentally 

Harmful  

99 1.73 1.11 99 1.94 1.29 99 1.90 1.27 

Good/ Bad 97 1.51 0.95 101 1.68 1.06 98 1.54 0.88 

Note. Scores based on semantic differential scale with 1 = Good and 7 = Bad.   

 After determining the individual respondents’ mean scores for respondents’ 

attitude toward performing the water conservation practices, the researcher used 

descriptive analysis to compute the overall mean scores for attitude.  Table 4.2 displays 

overall attitude toward utilizing advanced irrigation application technology, monitoring 

soil moisture, and evaluating crop water demand.  Because this construct was measured 

on 7-point semantic differential scales where 1= Good and 7= Bad, the lower the mean 
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score, the more positive the attitude.  Utilizing advanced irrigation application technology 

had the lowest mean score of 1.87 (SD = 0.96).  The greatest mean score was for 

monitoring soil moisture (M = 2.03, SD= 1.08).  This practice also had the greatest range 

of responses (Range = 6).  The mode for each practice was one.  

Table 4.2  

Overall Attitudes Toward Water Conservation Practices  

Conservation Practice n M SD Mode Range 

Monitor Soil Moisture  93 2.03 1.08 1.00 6.00 

Evaluate Crop Water Demand  95 1.97 1.02 1.00 4.50 

Utilize Irrigation Application 

Technology 

93 1.87 0.96 1.00 4.00 

 Note. Scores based on semantic differential scale with 1 = Good and 7 = Bad, but were 

reverse coded.  

Research Question Two 

 Research question two focused on respondents’ subjective norms regarding the 

three types of water conservation behavior.  Table 4.3 shows respondents’ subjective 

norms for utilizing advanced irrigation application technology, monitoring soil moisture, 

and evaluating crop water demand.   For this construct, the higher mean score represents 

stronger agreement.  All of the mean scores on the table were greater than four but less 

than six.  The statement, “The people whose opinions I value would approve of me 

utilizing advanced irrigation application technologies” had the greatest mean score (M = 

5.54, SD= 1.29).  The lowest mean score was 4.35 (SD= 1.58) for the statement, “It is 

expected of me to monitor soil moisture.”   
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Table 4.3  

Respondents’ Subjective Norms for Adopting Conservation Practices  

Conservation Practice 

Utilize Irrigation 

Application 

Technologies 

Monitor Soil 

Moisture 

Evaluate Crop 

Water Demand 

 n M SD n M SD n M SD 

The people whose 

opinions I value would 

approve 

 of me. . .  

101 5.54 1.29 99 5.09 1.44 101 4.99 1.63 

Many agricultural 

producers like me. . . 

102 5.10 1.37 101 4.50 1.61 101 4.61 1.74 

Most people who are 

important to me think I 

should . . . 

100 4.85 1.48 100 4.62 1.62 99 4.83 1.57 

It is expected of me  

to . . . 

99 4.83 1.41 102 4.35 1.58 100 4.70 1.69 

Note. Scores based on a Likert type scale with 1 = Strongly Disagree and 7 = Strongly 

Agree.  

 The researcher used descriptive analysis to compute the overall mean scores for 

subjective norms.  Table 4.4 displays overall subjective norms for each of the water 

conservation practices.  Because this construct was measured using a 7-point Likert-type 

scale where 1= Strongly Disagree and 7= Strongly Agree, the higher the mean score, the 

stronger the subjective norms.  Utilizing advanced irrigation application technologies had 

the highest mean score of 5.09 (SD = 1.03).  The lowest mean score was for monitoring 

soil moisture (M = 4.65, SD= 1.31).  The modes for utilizing advanced irrigation 

application technologies, evaluating crop water demand, and monitoring soil moisture 

were 5.50, 4, and 5.50, respectively.  
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Table 4.4  

Overall Subjective Norms for Respondents Regarding Water Conservation Practices  

Conservation Practice n M SD Mode Range 

Utilize Irrigation Application 

Technology 

99 5.09 1.03 5.50 5.50 

Evaluate Crop Water Demand  99 4.79 1.46 4.00 6.00 

Monitor Soil Moisture  98 4.65 1.31 5.50 6.00 

 

Research Question Three 

 Research question three sought to determine how respondents perceived their 

behavioral control over performing the water conservation behaviors.  Table 4.5 displays 

respondents’ perceived behavioral control over adopting the conservation practices.  

Because this construct was measured using a 7-point Likert-type scale where 1= Strongly 

Disagree and 7= Strongly Agree and 1= No Control and 7= Complete Control, the higher 

the mean score, the stronger the perception of control over the behavior.  The fourth item 

measuring this construct used a 7-point semantic differential scale where 1= Possible and 

7= Impossible and was reverse coded for consistency with the three other items.   

 The semantic differential item that stated, “For me, monitoring soil moisture 

would be. . . Possible/Impossible” had the highest mean score of 6.00 (SD = 1.33) 

followed by “It is mostly up to me whether or not I monitor soil moisture” (M = 5.95, SD 

= 1.26) and “It is mostly up to me whether or not I evaluate crop water demand” (M = 

5.94, SD = 1.33).  The statement, “If I wanted to, I could utilize advanced irrigation 

application technologies” had the lowest mean score of 5.11 (SD = 1.70).  
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    Table 4.5 

Respondents’ Perceived Behavioral Control over Adopting Conservation Practices  

Conservation Practice 

Utilize Irrigation 

Application 

Technologies 

Monitor Soil 

Moisture 

Evaluate Crop 

Water Demand 

 n M SD n M SD n M SD 

It is mostly up to me 

whether or not I. . .
a 

101 5.62 1.43 101 5.95 1.26 101 5.94 1.33 

Possible/ Impossible
b*

 98 5.57 1.72 101 6.00 1.33 98 5.93 1.44 

How much control do 

you believe you have 

when it comes to. . .
c 

102 5.36 1.85 102 5.72 1.70 102 5.81 1.60 

If I wanted to I could. . .
a
 99 5.11 1.70 100 5.45 1.50 101 5.61 1.48 

a
Scores based on a Likert type scale with 1 = Strongly Disagree and 7 = Strongly Agree. 

b
Scores based on semantic differential scale where 1 = Possible and 7 = Impossible. 

*Item was reverse coded. 
c
Scores based on a semantic differential scale where 1 = No 

Control and 7 = Complete control.  

 Using descriptive analysis, the researcher determined the overall mean scores for 

perceived behavioral control for each of the constructs and water conservation practices.  

Table 4.6 displays respondents’ overall mean score for perceived behavioral control over 

performing water saving behaviors.  Because this construct was measured using a 7-point 

Likert-type scale where 1= Strongly Disagree and 7= Strongly Agree and 1= No Control 

and 7= Complete Control, the higher the mean score, the stronger the perception of 

control over the behavior.  The fourth item measuring this construct used a 7-point 

semantic differential scale where 1= Possible and 7= Impossible and was reverse coded 

for consistency with the three other items.   
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 Evaluating crop water demand had the highest mean score of 5.84 (SD = 1.21).  

Utilizing irrigation application technologies had the lowest mean score of 5.43 (SD= 

1.35). The modes for evaluating crop water demand and monitoring soil moisture were 

7.00 while utilizing advanced irrigation application technologies had a mode of 6.50.  

Table 4.6 

Overall Perceived Behavioral Control over Water Conservation Practices  

Conservation Practice n M SD Mode Range 

Evaluate Crop Water Demand 97 5.84 1.21 7.00 5.25 

Monitor Soil Moisture 98 5.80 1.12 7.00 5.25 

Utilize Irrigation Application 

Technology 

94 5.43 1.35 6.50 6.00 

 

Research Question Four 

 Research question four was meant to identify respondents’ behavioral intentions 

for each of the three water conservation practices.  Table 4.7 displays the respondents’ 

level of intention to utilize advanced irrigation application technologies, monitor soil 

moisture, and evaluate crop water demand.  Greater mean scores represent stronger 

agreement with the items, as the items were measured on a 7-point Likert type scale 

where 1= Strongly Disagree and 7= Strongly Agree.  “I intend to utilize advanced 

irrigation application technologies,” had the highest mean (M = 5.51, SD = 1.41) while 

the statement “I am making preliminary plans to monitor soil moisture” had the lowest 

mean (M = 4.24, SD = 1.57).   
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Table 4.7 

Respondents’ Intentions to Adopt Water Conservation Practices  

Conservation 

Practice 

Utilize Irrigation 

Application Technologies 

Monitor Soil 

Moisture 

Evaluate Crop 

Water Demand 

 n M SD n M SD n M SD 

I intend to. . .   102 5.51 1.41 99 4.96 1.57 100 5.26 1.51 

I have firm plans 

in place to. . .  

101 4.98 1.63 99 4.45 1.75 98 4.68 1.70 

I am making 

preliminary plans 

to. . .  

101 4.82 1.59 99 4.24 1.57 99 4.73 1.56 

Note. Scores based on Likert type scale with 1 = Strongly Disagree and 7 = Strongly 

Agree.  

 After determining the individual respondents’ mean scores for their intention to 

perform the water conservation practices, the researcher used descriptive analysis to 

compute the overall mean scores for behavioral intention.  Table 4.8 displays overall 

intentions to utilize advanced irrigation application technology, monitor monitoring soil, 

and evaluate crop water demand.  Because this construct was measured using a 7-point 

Likert-type scale where 1= Strongly Disagree and 7= Strongly Agree, the higher the 

mean score, the stronger the intent to perform the behavior.  Utilizing advanced irrigation 

application technologies had the highest mean score of 5.11 (SD = 1.42).  The lowest 

mean score was for monitoring soil moisture (M = 4.54, SD= 1.54).  The mode for 

utilizing advanced irrigation application technologies was 5.33 while the modes for 

evaluating crop water demand and monitoring soil moisture were 6.00.  
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Table 4.8 

Overall Intentions to Perform Water Conservation Practices  

Conservation Practice n M SD Mode Range 

Utilize Irrigation Application 

Technology 

101 5.11 1.42 5.33 6.00 

Evaluate Crop Water Demand 98 4.89 1.48 6.00 6.00 

Monitor Soil Moisture 97 4.54 1.54 6.00 6.00 

 

Research Question Five 

Research question five sought to determine the extent to which respondents’ 

attitude toward the behavior, subjective norms, and perceived behavioral control predicts 

their intentions to practice water conservation behaviors.  The attitude construct was 

reverse coded so all constructs were based on the same directional scales where lower 

values indicate more negative attitudes or less agreement and higher values indicate more 

positive attitudes or more agreement.  First, a multiple linear regression model was used 

to examine if respondents’ attitude, subjective norms, and perceived behavioral control 

predicted their intentions to utilize advanced irrigation application technologies (Table 

4.9).  The model was not significant (R
2
 = .61, F(87) = 44.83, p > .05); attitude (p > .05), 

subjective norms (p < .05), perceived behavioral control (p < .05). 
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Table 4.9 

 

Multiple Linear Regression Analysis for Variables Predicting  Intention to Utilize 

Advanced Irrigation Application Technologies 

Variable  B t p F R
2 

(Constant) 
-.99 -1.46 .15 44.83 .61 

Attitude toward behavior 
.05 .41 .68   

Subjective norms* 
.62 5.70 .00   

Perceived behavioral control* 
.49 5.65 .00   

*Indicates significance at p < 0.05 

A multiple linear regression model was used to examine if respondents’ attitude, 

subjective norms, and perceived behavioral control predicted their intentions to monitor 

soil moisture (Table 4.10). This model was not significant (R
2
 = .51, F(83) = 28.52, p > 

.05); attitude (p > .05), subjective norms (p < .05), perceived behavioral control (p < .05). 

 

Table 4.10 

 

Multiple Linear Regression Analysis for Variables Predicting Intention to Monitor Soil 

Moisture  

Variable B t p F R
2 

(Constant) -.84 -1.01 .31 28.52 .51 

Attitude toward behavior .11 .78 .44   

Perceived behavioral control* .33 2.47 .02   

Subjective norms* .61 5.02 .00   

*Indicates significance at p < 0.05 
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A multiple linear regression model was used to determine if respondents’ attitude, 

subjective norms, and perceived behavioral control predicted their intentions to evaluate 

crop water demand (Table 4.11).  This model was not significant (R
2
 = .62, F(86) = 

46.37, p > .05); attitude (p > .05), subjective norms (p < .05), perceived behavioral 

control (p < .05). 

Table 4.11 

 

Multiple Linear Regression Analysis for Variables Predicting  Intention to  Evaluate 

Crop Water Demand 

Variable B T p F R
2 

(Constant) -.19 -.29 .77 46.37 .62 

Attitude toward behavior -.03 -.21 .84   

Perceived behavioral control* .30 2.60 .01   

Subjective norms* .66 8.10 .00   

*Indicates significance at p < 0.05 

Research Question Six 

 Research question six focused on respondents’ current methods of irrigating, 

monitoring soil moisture, and evaluating crop water demand.  Table 4.12 displays 

respondents’ current use of water conservation practices.  LEPA was the most commonly 

reported irrigation application technology (n = 61) followed by SDI (n = 35).  The least 

reported technology was PMDI (n = 4).  Forty respondents (49.4%) indicated using 

multiple types of this technology.  In addition to the list of potential irrigation application 

technologies that producers are using, there was space designated for “Other” methods 

respondents could use.  Five respondents reported using row water or furrow irrigation.  
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Hand sampling was the most frequently reported method for monitoring soil 

moisture (n = 80, 82.5%) followed by capacitance probes (n = 31, 34.8%).  Only five 

respondents reported using tensiometers and gypsum resistance blocks.  One respondent 

commented that he or she uses a rain gauge to monitor soil moisture while another 

respondent reported that he or she consults an agronomist.  Twenty- six respondents 

(30.2%) indicated using multiple soil moisture monitoring methods.    

Table 4.12 

Respondents’ Current Use of Advanced Irrigation Application Technologies, Soil 

Moisture Monitoring Methods, and Crop Water Demand Evaluation Methods  

Behavior Category  n f % 

Irrigation Application 

Technologies 

LEPA 95 61 64.2 

 SDI 88 35 39.8 

   LESA 91 34 37.4 

 LPIC 89 18 20.2 

 MESA 86 7 8.10 

 PMDI 82 4 4.90 

     

Soil Moisture 

Monitoring Methods 

Hand sampling/ look 

and feel 

97 80 82.5 

 Capacitance Probes 89 31 34.8 

 Tensiometers 89 5 5.6 

 Gypsum resistance 

blocks 

90 5 5.6 

     

Crop Water 

Evaluation Methods 

Plant water potential  93 50 53.8 

 Estimating 

evapotranspiration 

92 43 46.7 

 Time-temperature 

threshold 

89 12 13.5 

 Measuring canopy 

temperature 

90 11 12.2 
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 Plant water potential was the most frequently identified method for evaluating 

crop water demand (n = 50, 53.8%) followed by estimating evapotranspiration (n = 43, 

46.7%).  Measuring canopy temperature was the least common method for evaluating 

crop water demand (n = 11, 12.2%).  Thirty- five respondents (40.7%) reported using 

multiple methods for evaluating crop water demand.  

Research Question Seven 

 Research question seven was posed to ascertain the relationship between the 

intensity of respondents’ involvement in the TAWC and their level of current use of 

water conservation practices as well as behavioral intention to adopt the practices in the 

future.  First, respondents’ indicated their level of familiarity with the TAWC on a 5-

point Likert type scale where 1= Not at all and 5= Extremely.  Thirty-eight respondents 

(35.2%) said they are Somewhat familiar with the TAWC followed by Slightly familiar 

(n = 31, 28.7%) and Not at all familiar (n = 31, 28.7%).  Seven (6.5%) chose Moderately 

familiar and only one (0.9%) chose Extremely familiar.  

  Respondents also indicated the TAWC events they had attended. Table 4.13 lists 

the frequency for respondent’s TAWC event attendance.  Respondents’ indicated the 

highest attendance for booths at a farm show or trade show (n = 37, 35.6%).  The TAWC 

Water College was the lease reported event attended (n = 2, 2.0%).  Fifteen respondents 

(15.1%) indicated attending multiple TAWC events.  
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Table 4.13 

Respondents’ TAWC Event Attendance 

  Yes No 

Events  n f % f % 

Booth at farm show or trade 

show 

104 37 35.6 67 64.4 

Winter Meeting 103 14 13.6 89 86.4 

Field Walk 102 11 10.7 92 89.3 

Summer Field Day 102 8 7.8 94 92.2 

TAWC Water College 102 2 2.0 100 98.0 

 

 Additionally, respondents indicated the sources they use to ascertain information 

about the TAWC.  Table 4.14 lists respondents’ sources of TAWC information.  The 

most frequently reported source of information was TAWC publications (n = 31, 31.0%) 

followed by the TAWC Field Talk Radio Program (n = 21, 21.2%) and the TAWC 

website (n = 20, 19.8%).  The least identified sources of information were the TAWC 

YouTube channel (n = 1, 1.0%) and Twitter feed (n = 1, 1.0%).  Nineteen respondents 

(20.7%) reported using multiple sources of information.  

Table 4.14 

Respondents’ Source of TAWC Information 

  Yes No 

Resources n f % f % 

TAWC publication 100 31 31.0 69 69.0 

TAWC Field Talk radio 

program  

99 21 21.2 78 78.8 

TAWC Website 101 20 19.8 81 80.2 

Producer not in the project 95 13 13.7 82 86.3 

TAWC project member 100 3 3.0 97 97.0 

TAWC Facebook page 98 2 2.0 96 98.0 

TAWC YouTube channel 85 1 1.0 97 99.0 

TAWC Twitter feed 98 1 1.0 97 99.0 
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 A Pearson product moment correlation analysis was done to determine if any 

relationships existed between the level of familiarity with TAWC, attendance at TAWC 

events, use of TAWC information sources, and actual water conservation behaviors.  The 

behaviors were methods of crop irrigation, soil moisture monitoring, and evaluating crop 

water demand.  The strength of the relationships is based on Davis (1971): 1.00 perfect 

relationship, .70-.99 very high relationship, .50-.69 substantial relationship, .30-.49 

moderate relationship, .10-.29 low relationship, and .01-.09 negligible relationship.  

The average number of crop irrigation methods was 1.57 (SD = 1.81) with a range 

from 0 to 5 with a mode of 1, which 30.9% (n = 25) of respondents used.  The average 

number of soil moisture monitoring techniques used was 1.19 (SD = .71) with a range 

from 0 to 4. The mode was 1 with 55.8% (n = 48) of respondents selecting this option.  

The average number of ways respondents evaluated crop water demands was 1.16 (SD = 

1.18) with a range from 0 to 4. Thirty-five respondents (40.7%) didn’t use any techniques 

to evaluate crop water demands, which was the mode for this question. 

 Level of familiarity with TAWC was measured on a 5-point Likert type scale 

where 1= Not at all and 5= Extremely.  Table 4.15 shows the correlations between the 

level of familiarity with TAWC and actual water conservation behaviors.   
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Attendance at TAWC events and use of information sources were totaled for each 

respondent.  The mean for TAWC event attendance was 0.64 (SD = 1.00) and ranged 

from 0 to 5, although 60.6% (n = 60) did not attend any TAWC events. Table 4.16 

displays correlations between attendance at TAWC events and actual water conservation 

behaviors. 

Table 4.16 

 

Relationships Between Attendance at TAWC Events and Use of Crop Irrigation Methods, 

Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation Techniques 

 Attendance at TAWC Events 

Current Behaviors Pearson’s r 

Crop Irrigation Methods .16 

Soil Moisture Monitoring Techniques .33** 

Crop Water Demand Evaluation Techniques .34** 

** Correlation is significant at the 0.01 level 

 

The mean for use of TAWC information sources was 0.78 (SD = 1.21) and ranged 

from 0 to 5.  Again, 59.8% (n = 55) did not use any TAWC information sources. Table 

4.17 provides correlations between use of TAWC information sources and actual water 

conservation behaviors. 

Table 4.15 

 

Relationships Between Familiarity with TAWC and Use of Crop Irrigation Methods, Soil 

Moisture Monitoring Techniques, and Crop Water Demand Evaluation Techniques  

 Familiarity with TAWC 

Current Behaviors Pearson’s r 

Crop Irrigation Methods .15 

Soil Moisture Monitoring Techniques .31** 

Crop Water Demand Evaluation Techniques .45** 

** Correlation is significant at the 0.01 level 
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Table 4.17 

 

Relationships Between Use of TAWC Information Sources and Use of Crop Irrigation 

Methods, Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation 

Techniques 

 Use of TAWC Information Sources 

Current Behaviors Pearson’s r 

Crop Irrigation Methods .09 

Soil Moisture Monitoring Techniques .23* 

Crop Water Demand Evaluation Techniques .23* 

* Correlation is significant at the 0.05 level 

 

A Pearson product moment correlation analysis was done to determine if any 

relationships existed between the level of familiarity with TAWC, attendance at TAWC 

events, use of TAWC information sources, and intentions to adopt water conservation 

behaviors.  The behaviors were methods of crop irrigation, soil moisture monitoring, and 

evaluating crop water demand.  Table 4.18 shows the correlations between the level of 

familiarity with TAWC and intentions to adopt the behaviors.   

Table 4.18 

 

Relationships Between Familiarity with TAWC and Intentions to Adopt Crop Irrigation 

Methods, Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation 

Techniques  

 Familiarity with TAWC 

Intentions to Adopt Pearson’s r 

Crop Irrigation Methods .23* 

Soil Moisture Monitoring Techniques .22* 

Crop Water Demand Evaluation Techniques .41** 

*Correlation is significant at the 0.05 level 

** Correlation is significant at the 0.01 level 

 

Table 4.19 shows the correlations between attendance at TAWC events and 

intentions to adopt water conservation behaviors.   
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Table 4.19 

 

Relationships Between Attendance at TAWC Events and Intentions to Adopt Crop 

Irrigation Methods, Soil Moisture Monitoring Techniques, and Crop Water Demand 

Evaluation Techniques 

 Attendance at TAWC Events 

Intentions to Adopt Pearson’s r 

Crop Irrigation Methods .12 

Soil Moisture Monitoring Techniques .13 

Crop Water Demand Evaluation Techniques .13 

 

Table 4.20 provides correlations between use of TAWC information sources and 

actual water conservation behaviors. 

Table 4.20 

 

Relationships Between Use of TAWC Information Sources and Intentions to Adopt Crop 

Irrigation Methods, Soil Moisture Monitoring Techniques, and Crop Water Demand 

Evaluation Techniques 

 Use of TAWC Information Sources 

Intentions to Adopt Pearson’s r 

Crop Irrigation Methods .20 

Soil Moisture Monitoring Techniques .16 

Crop Water Demand Evaluation Techniques .14 

 

Post Hoc Analyses 

The data collected in this study allowed for additional data analysis using Pearson 

product moment correlations.  The additional analyses provided further insight into the 

data and possible implications beyond the research questions.  The correlations sought to 

determine relationships between respondents’ current water conservation behaviors, 

intentions, and demographic characteristics.  Crop irrigation methods, soil moisture 

monitoring techniques, and crop water demand evaluation techniques were the water 
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conservation behaviors (measured as the number of practiced behaviors in each 

category).  Respondents’ age, number of acres farmed, and number of years farming were 

the demographic variables used for the correlations.  These were all interval-level data. 

Respondents’ ages ranged from 28 to 86 years old with a mean age of 58.40 (SD 

= 11.65).  Table 4.21 displays the correlations between respondents’ age and actual water 

conservation behaviors.  There were no statistically significant relationships between 

these variables. 

Table 4.21 

 

Relationships Between Respondents’ Age and Current Use of Crop Irrigation Methods, 

Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation Techniques  

 Age 

Current Behaviors Pearson’s r 

Crop Irrigation Methods .02 

Soil Moisture Monitoring Techniques -.09 

Crop Water Demand Evaluation Techniques .03 

 

Table 4.22 shows the correlations between respondents’ age and their intentions 

to adopt water conservation behaviors.  There was a low, negative association between 

age and intentions to use of crop irrigation methods. 
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Table 4.22 

 

Relationships Between Respondents’ Age  and Intentions to Adopt Crop Irrigation 

Methods, Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation 

Techniques  

 Age 

Intentions to Adopt Pearson’s r 

Crop Irrigation Methods -.22* 

Soil Moisture Monitoring Techniques -.05 

Crop Water Demand Evaluation Techniques -.03 

*Correlation is significant at the 0.05 level 

**Correlation is significant at the 0.01 level 

 

In addition to age, respondents also provided the total number of acres they farm.  

Respondents’ acreage ranged from less than 500 acres (n = 17, 15.6%) to 5,000 or more 

acres (n = 8, 7.3%).  The mean total acreage was 2,049.7 (SD = 2,002.44).  Table 4.23 

displays the correlations between total acres farmed and current water conservation 

behavior.  There was a moderate, positive relationship between acres farmed and social 

moisture monitoring techniques and a low, positive relationship between acres farmed 

and crop water demand evaluation techniques. 

Table 4.23 

 

Relationships Between Number of Acres Farmed and Use of Crop Irrigation Methods, 

Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation Techniques  

 Acres Farmed 

Current Behaviors  Pearson’s r 

Crop Irrigation Methods -.00 

Soil Moisture Monitoring Techniques .33** 

Crop Water Demand Evaluation Techniques .22* 

*Correlation is significant at the 0.05 level 

** Correlation is significant at the 0.01 level 
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Table 4.24 provides correlations between the number of acres farmed and 

respondents’ intentions to perform the water conservation behaviors.  There was a low, 

positive association between acres farmed and the intention to use crop water demand 

evaluation techniques. 

Table 4.24 

 

Relationships Between Number of Acres Farmed and Intentions to Adopt Crop Irrigation 

Methods, Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation 

Techniques  

 Acres Farmed 

Intentions to Adopt Pearson’s r 

Crop Irrigation Methods -.08 

Soil Moisture Monitoring Techniques .14 

Crop Water Demand Evaluation Techniques .28** 

** Correlation is significant at the 0.01 level 

The last demographic variable considered was respondents’ number of years 

farming.  The mean for number of years farming was 37.4 years (SD = 13.43) with a 

range from one to 70 years.  Table 4.25 shows the correlations between total years 

farming and actual water conservation behaviors.  No relationships were statistically 

significant. 

Table 4.25 

 

Relationships Between Number of Years Farming and Use of Crop Irrigation Methods, 

Soil Moisture Monitoring Techniques, and Crop Water Demand Evaluation Techniques  

 Years Farming 

Current Behaviors Pearson’s r 

Crop Irrigation Methods .02 

Soil Moisture Monitoring Techniques -.05 

Crop Water Demand Evaluation Techniques .15 
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Table 4.26 provides correlations between number of years farming and intentions 

to adopt water conservation behaviors.  No relationships were statistically significant. 

Table 4.26 

 

Relationships Between Number of Years Farming and Intentions to Adopt Crop 

Irrigation Methods, Soil Moisture Monitoring Techniques, and Crop Water Demand 

Evaluation Techniques  

 Years Farming 

Intentions to Adopt Pearson’s r 

Crop Irrigation Methods -.16 

Soil Moisture Monitoring Techniques .02 

Crop Water Demand Evaluation Techniques .08 
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CHAPTER V 

DISCUSSION 

Overview 

Research has shown that the Ogallala Aquifer is not being replenished at an 

adequate rate to maintain easily accessible and high quality freshwater (Hornbeck & 

Keskin, 2014).   The Texas High Plains is heavily dependent upon the aquifer for 

irrigated agriculture (TAWC, 2013).  Organizations such as the Texas Alliance for Water 

Conservation strive to help agricultural producers manage their water supply in a way 

that reduces aquifer depletion while maintaining agricultural production and profitability 

(TAWC, 2015b).  Managing water for conservative irrigated agriculture involves 

multiple strategies including utilizing advance irrigation application technologies, 

monitoring soil moisture, and evaluating crop water demand (Texas A&M AgriLife 

Extension Service, n.d.).  The purpose of this study was to explore West Texas 

agricultural producers’ adoption of these three particular water conservation practices at 

present and predict their intentions of using these methods in the future.  Three constructs 

of Ajzen’s (1991) Theory of Planned Behavior – attitude toward the behavior, subjective 

norms, and perceived behavioral control – were used to predict producers’ intentions to 

adopt these practices.  This study also sought to identify the relationship between 

producers’ involvement in the TAWC and their adoption behaviors.   

The following research questions were used to guide this study:  
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1. What are respondents’ attitudes toward the water conservation practices of 

utilizing advanced irrigation application technologies, monitoring soil moisture, 

and evaluating crop water demand?  

2. What are respondents’ subjective norms regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand?  

3. How do respondents perceive their behavioral control over adopting the water 

conservation practices of utilizing advanced irrigation application technologies, 

monitoring soil moisture, and evaluating crop water demand?  

4. What are respondents’ behavioral intentions regarding the water conservation 

practices of utilizing advanced irrigation application technologies, monitoring 

soil moisture, and evaluating crop water demand? 

5. To what extent do respondents’ behavioral beliefs, normative beliefs, and control 

beliefs predict their intentions to utilize advanced irrigation application 

technologies, monitor soil moisture, and evaluate crop water demand?  

6. To what extent are respondents currently using advanced irrigation application 

technologies and methods of monitoring soil moisture and evaluating crop water 

demand?   

7. What is the relationship between the intensity of respondents’ TAWC 

involvement and respondents’ level of current adoption of water conservation 

practices as well as behavioral intentions to adopt practices in the future?  
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A convenience sample of agricultural producers in the Texas High Plains was 

selected to receive a mail survey.  Chapter 4 provided data analysis and results, which are 

based on 183 subjects for an overall response rate of 18.3%.  This chapter presents the 

key findings, implications, recommendation for theory and practice, and conclusions.  

Key Findings, Implications, and Discussion 

Attitudes Toward Water Conservation Practices 

 In this study, attitudes toward conservation practices were measured using six 

semantic differential scales where, for instance, 1= Good and 7= Bad.  All of the mean 

scores for the questionnaire items regarding attitude toward utilizing advanced irrigation 

application technologies, monitoring soil moisture, and evaluating crop water demand 

were less than three and ranged from 1.51 to 2.54.  This range indicates that respondents’ 

have more favorable attitudes toward the three water conservation practices.  According 

to the mean scores, respondents’ find the behaviors to be good, pleasant, worthwhile, 

socially beneficial, economically beneficial, and environmentally beneficial as opposed 

to bad, unpleasant, not worthwhile, socially harmful, economically harmful, and 

environmentally harmful.  Similarly, Yazdanpanah et al. (2014) found farmers’ attitudes 

toward water conservation to be relatively favorable in their case study of Iranian 

farmers.   

 Some of the reasons producers do not adopt these conservation practices 

identified in prior research are not supported in the current research. First, Nowak (1992) 

argued that producers may be unable to adopt due to the expenses associated with 

adoption, and Hoag et al. (2012) stated that the most important factor in conservation 
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practice adoption is that it earns the producer money directly or indirectly.  According to 

the current study’s results on the individual items, the mean score for the Economically 

Beneficial/Economically Harmful item favored Economically Beneficial, which implies 

respondents view water conservation as something that makes economic sense.  

Respondents also indicated that these water conservation practices would be Worthwhile, 

which implies another economic component was satisfied.  The Worthwhile/ Not 

Worthwhile item also speaks to Nowark (1992) and Hoag et al.’s (2012) assertions that 

planning horizons may be too short for some producers who are close to retirement or at a 

place in time where the adoption would not be beneficial.  Yet, the mean score for this 

item was favorable despite 58.40 years being the mean age of respondents.  The 

respondents also indicated favorable attitudes toward the potential environmental benefits 

as a result of these water conservation practices.  While this does not directly indicate that 

producers acknowledge a need for adoption, it does imply that they are aware that 

improvements can be made.  Awareness is important for producers to consider adopting 

new practices (Hoag et al., 2012).  Overall, the producers affirmed that using these water 

conservation practices would be beneficial for them.       

   When comparing producers’ attitudes toward each of the water conservation 

behaviors based on their overall mean scores, respondents had the most favorable 

attitudes toward evaluating crop water demand (M = 1.87, SD = 0.96) followed by 

utilizing advanced irrigation application technologies (M = 1.97, SD= 1.02), and 

monitoring soil moisture (M = 2.03, SD= 1.08).  These mean scores also indicate that 

respondents have more favorable attitudes toward the water conservation behaviors.    
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Subjective Norms of Adopting Water Conservation Practices 

 Four items were used to measure this construct using a 7-point Likert-type scale 

where 1= Strongly Disagree and 7= Strongly Agree, so higher mean scores represent 

stronger agreement.  Respondents’ mean scores for each of the four items regarding the 

three types of water conservation behavior ranged from a 4.35 to 5.54, which indicate 

agreement close to Neither Agree or Disagree and Somewhat Agree.  Therefore, 

agricultural producers’ subjective norms or social pressure for performing water 

conservation behaviors reflected a neutral stance.  The fact that producers can easily see 

if other producers have adopted advanced irrigation application technologies such as the 

low pressure center pivot irrigation systems, may explain why the question, “Many 

agricultural producers like me utilize irrigation application technologies,” had the second 

highest mean score (M = 5.10, SD = 1.37).  Because they can see this technology, they 

may be more aware of others who have already adopted it.  This also may explain why 

the irrigation behavior also had the highest overall mean score. Overall mean scores for 

each of the behaviors’ subjective norms items showed the greatest social pressure was for 

utilizing advanced irrigation application technologies (M = 5.09, SD = 1.03) followed by 

evaluating crop water demand (M = 4.79, SD= 1.46) and monitoring soil moisture (M = 

4.65, SD= 1.31).   

 Considering the subjective norms construct and barriers to adopting new 

technologies and techniques, Hoag et al’s (2012) assertion that familial obligations may 

hinder adoption may apply in this case.  Hoag et al. (2012) argued that a family member 

may insist that the operation be managed a certain way, particularly elderly family 

members.  However, in the current study, there were not strong subjective norms at play 
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as the mean scores were more neutral, particularly the item, “It is expected of me to. . .” 

This implies that there are not firm expectations being placed upon the respondents to 

perform these behaviors.  Still, Hoag et al. (2012) argued that a strong network of peer 

support is influential in producers adopting conservation practices.      

Perceived Behavioral Control for Adopting Water Conservation Practices 

 Perceived behavioral control for adopting water conservation practices was 

measured using three items on a Likert-type scale where 1= Strongly Disagree and 7= 

Strongly Agree  and one item on a semantic differential scale where 1= Good and 7= Bad, 

which was reverse coded.  Therefore, higher mean scores reflect stronger agreement.  The 

mean scores for the items regarding perceived behavioral control and each of the water 

conservation practices were greater than five but less than six and ranged from 5.11 to 

6.00.  This means there was agreement with the item statements.   

 Agreement with the item statement, “If I wanted to I could. . .” implies that 

producers have the means and ability to adopt these technologies.  This is counter to 

several of Nowak’s (1992) reasons why producers do not adopt technologies and 

techniques.  For example, Nowak (1992) stated that some producers may believe that 

they are not capable because they lack adequate management skills.  Irrigation 

management that utilizes these water conservation practices requires skill, but this item 

statement implies producers believe that they are capable of performing the behaviors if 

only they had the desire to do so.  Nowak (1992) and Hoag et al. (2012) posited that 

producers may not have control over the adoption decisions.  They may share the 

decision making with a partner or landlord or even have to obtain the approval from their 

source of financial credit (Nowak, 1992; Hoag et al., 2012).  The producers in this study 
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indicated that they do believe they have control when it comes to adopting the water 

conservation practices and that it is mostly up to him or her whether or not they do.  The 

mean scores for the two item statements that measured these perceptions of control were 

all greater than five, which indicates agreement.  The mean score for the item statement 

Possible/Impossible indicated that respondents perceive adopting the water conservation 

practices as “Possible,” which negates that these producers are unable to perform these 

behaviors.  

Overall, producers’ had the highest perceptions of control over evaluating crop 

water demand (M = 5.84, SD = 1.21) followed by monitoring soil moisture (M = 5.80, SD 

= 1.12).  The weakest perceptions of control over performing the water conservation 

practices were for utilizing advanced irrigation application technologies (M = 5.43, SD = 

.35).  However, the differences in mean scores for perceptions were small.  One possible 

implication for that is producers feel somewhat in control over implementing each of 

these water conservation practices, which insinuates these water conservation practices 

have an almost equal opportunity of being adopted based on perceived behavioral control 

alone.  Furthermore, Lynne et al. (1995) said farmers need to perceive at least some 

control in order for them to move forward with technology decisions.  In fact, with a 

perception of personal control, farmers are more likely to take action and to invest more 

intensely (Lynn et al., 1995).  Additionally, it could be the case that producers in this 

study struggle with a barrier of unwillingness to adopt as opposed to being unable to 

perform these behaviors.  Nowak’s (1992) reasons for nonadoption based on inability to 

perform the behavior would be negated by this study’s affirmation that its producers do 

perceive to have control; therefore, they feel capable of performing the behaviors. 
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Nonetheless, the findings from this study suggest that agricultural producers in the Texas 

High Plains do indeed perceive to have control over these water conservation practices.  

 

Intentions to Adopt Water Conservation Practices  

 This study measured producers’ intentions to adopt water conservation practices 

with three items on a 7-point Likert-type scale where 1= Strongly Disagree and 7= 

Strongly Agree.  Therefore, higher means represent stronger agreement.  The mean scores 

for the items regarding respondents’ intentions to utilize advanced irrigation application 

technologies, monitor soil moisture, and evaluate crop water demand ranged from 4.24 to 

5.51.  This indicates agreement close to Neither Agree or Disagree and Somewhat Agree.   

Respondents’ were less certain about making plans and using pre-established 

plans to perform the water conservation behaviors.  This suggests that these behaviors are 

not strongly pre-planned.  Although respondents agreed that they intended to perform the 

behaviors, the mean scores indicated that they have a neutral stance when it comes to 

following a plan. This is counter-intuitive because these technologies can be time 

consuming and expensive.  Because of the investment, it would seem that producers’ 

would carefully plan the adoption and implementation of these water conservation 

practices.  

 The overall mean scores for each of the water conservation behaviors showed 

respondents’ had the strongest agreement with intentions to utilize advanced irrigation 

application technologies (M = 5.11, SD = 1.42) followed by intentions to evaluate crop 

water demand (M = 4.89, SD = 1.48).  Items for measuring intention to utilize advanced 

irrigation application technologies had the highest mean scores all-around ranging from 
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5.51 to 4.82, so it was not surprising that this behavior would have the highest overall 

mean score.  Monitoring soil moisture had the lowest overall mean score for intentions 

(M = 4.54, SD = 1.54).        

Theory of Planned Behavior and Predicting Water Conservation Adoption 

The constructs of the Theory of Planned Behavior were used in this study to 

predict producers’ adoption of water conservation practices.  Multiple linear regression 

models were created to examine if respondents’ attitudes, subjective norms, and 

perceived behavioral control predict intention to utilize advanced irrigation application 

technologies, monitor soil moisture, and evaluate crop water demand.  The regression 

model for predicting adoption of utilizing irrigation application technologies was not 

significant (R
2
 = .61, F(87) = 44.83, p > .05).  However, the constructs of subjective 

norms and perceived behavioral control were significant at the p < 0.05 level.  

The second multiple linear regression model was used to explore attitude, 

subjective norms, and perceived behavioral control’s ability to predict producers’ 

intentions to monitor soil moisture.  This model was not significant (R
2
 = .51, F(83) = 

28.52, p > .05), but the constructs of perceived behavioral control and subjective norms 

were significant at the p < 0.05 level.   

The final multiple linear regression model used the constructs of the Theory of 

Planned Behavior to predict producers’ intentions to evaluate crop water demand.  

Although the constructs subjective norms and perceived behavioral control were 

significant at p < 0.05, attitudes were not significant and neither was the overall model 

(R
2
 = .62, F(86) = 46.37, p > .05).   
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While the subjective norms and perceived behavioral control constructs of the 

Theory of Planned Behavior were statistically significant in each of the three water 

conservation behaviors’ multiple linear regression models, the overall models were not 

statistically significant.  Like Lam’s (2006) study, the Theory of Planned Behavior alone 

did not capture respondents’ intentions to adopt new technology.  However, in Lam’s 

(2006) model as well as Yasdanpanah et al. (2013)’s model, it was the perceived 

behavioral control construct that was insignificant.  In this study, it was the attitude 

construct.  As in Baumgart-Getz et al.’s (2012) study, attitudes were not a significant 

predictor of conservation practice adoption.  Furthermore, Thompson et al. (2015) 

observed that although attitudes were very different across their groups of farmers, there 

was little difference in their BMP adoption.  For this study, respondents’ attitudes were 

similar with favorable mean scores, but it did not lead to significance in predicting 

behavior.   

Both perceived behavioral control and subjective norms were significant in the 

multiple linear regression models.  Perceived behavioral control was positively related to 

behavioral intention.  For Taylor and Todd’s (1997) and Lynne et al.’s (1995) studies, 

perceived behavioral control also played a significant role in predicting intentions for 

pro-environmental behaviors.  Because respondents did not have complete volitional 

control over performing the water conservation practices (Lynne et al. 1995; Taylor & 

Todd, 1997) the behavior must not be under full volitional control.  Therefore, policy 

makers should focus on mechanisms that affect producers’ perceived behavioral control 

(Taylor & Todd, 1997).  Because this construct was statistically significant for predicting 
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intentions to adopt the behaviors, it stands that the Theory of Planned Behavior was more 

appropriate for use than its predecessor, the Theory of Reasoned Action.  

Similar to other studies (Lynne et al., 1995; Yazdanpanah et al., 2013), the 

subjective norms construct was statistically significant in predicting intentions to adopt.  

The subjective norms were positively related to behavioral intention, which suggests that 

social pressure to adopt these water conservation practices is beneficial.  As in Lynne et 

al.’s (1995) study, the findings of this study imply that farmers can be influenced by 

subjective norms when it comes to water conservation.  However, the actual mean scores 

calculated for the respondents’ subjective norms may limit interpretation of this finding.  

The scores ranged from 4.65 to 5.09 representing a more neutral stance when it came to 

social pressure.  For Taylor and Todd (1997), the subjective norms construct was 

negatively related to behavioral intention, which suggested that social pressure was a 

detriment to performing the behavior.  If the respondents’ mean scores for subjective 

norms had been higher indicating stronger agreement for the presence of social pressure, 

subjective norms would have been negatively related to behavioral intention.  Still, it is 

encouraging to note Lynne et al.’s (1995) implication that farmers who are more 

influenced by their subjective norms are more likely to adopt and will adopt more 

intensely.      

Current Use of Water Conservation Practices  

The researcher sought to identify the methods producers are using to irrigate their 

crops, monitor soil moisture, and evaluate crop water demand.  Forty respondents 

(49.4%) indicated using multiple types of advanced irrigation application technologies, 

but LEPA was the most commonly reported (n = 61, 64.2%) followed by SDI (n = 35, 
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39.8%) and LESA (n = 34, 37.4%).  The least reported technology was PMDI (n = 4, 

4.9%).  While many producers indicated using low-pressure pivot systems, several 

reported using furrow irrigation, which is known to be less efficient.   

In congruence with advanced irrigation application technologies, it is important 

for irrigators to monitor soil moisture and evaluate crop water demand.  Hand sampling 

was the most frequently reported method for measuring soil moisture (n = 80, 82.5%) 

followed by using capacitance probes (n = 31, 34.8%).  Few producers reported using 

tensiometers and gypsum resistance blocks.  Twenty- six respondents (30.2%) reported 

using multiple soil moisture monitoring methods.     

The most common methods for evaluating crop water demand were using plant 

water potential (n = 50, 53.8%) and estimating evapotranspiration (n = 43, 46.7%).  

Measuring canopy temperature was the least reported method (n = 11, 12.2%).  Thirty-

five (40.7%) respondents indicated using multiple methods for evaluating crop water 

demand.   

Each of the examples of water conservation behavior methods from utilizing 

advanced irrigation application technologies with LEPA to monitoring soil moisture by 

hand sampling to evaluating crop water demand by estimating evapotranspiration had at 

least four respondents who indicated their use of the practice. The use of different 

methods for irrigating, monitoring soil moisture, and evaluating crop water demand 

imply that producers in the Texas High Plains have diverse technical and educational 

needs.  Understanding these needs can help the TAWC and other water conservation 

organizations set research goals with specific concerns, technologies, and techniques at 
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the forefront as well as develop programs that address producers’ specific areas of 

interest.   

TAWC Involvement and Producers’ Current Practices and Adoption Intentions   

The TAWC seeks to provide valuable information about water conservation 

practices to producers.  The TAWC uses activities such as Field Walks to encourage 

participation with the organization.  The most commonly attended event was booths at 

farm shows or trade shows (n = 37, 35.6%).  The least reported activity was Water 

College (n = 2, 2.0%); however, this is a new program that had only been held once at the 

time of the study.   

In addition to activities, the TAWC provides resources to inform producers about 

the project and its research including its website.  TAWC publications were the most 

frequently reported source of TAWC information (n = 31, 31.0%) followed by the Field 

Talk radio program (n = 21, 21.2%) and the organization’s website (n = 20, 19.8%).  

Although the website was popular, the TAWC’s other online resources were not popular.  

Its Facebook page was used by two producers (2.0%) while its YouTube channel and 

Twitter feed were reported by one user each.   One explanation for the low number of 

respondents accessing the TAWC’s Facebook page, YouTube channel, and Twitter feed 

is that Texas agricultural producers are still in the beginning stages of social media 

adoption (Graber, 2011).  Graber (2011) found that many agricultural producers still have 

not joined social media.  On the other hand, Graber (2011) found that agricultural 

magazines were the producers’ most popular communication channels for gaining 

information about agriculture.  This preference for hard copy, magazine-like media may 
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explain why TAWC publications were the most commonly used source of TAWC 

information in this study.  

The combination of attending TAWC events and gaining information about it 

through various sources establishes the opportunity for producers to become familiar with 

the project.  Therefore, producers’ familiarity with the project was measured using a 5-

point Likert-type scale were 1= Not at all and 5= Extremely.  Most of the producers 

indicated they are Somewhat familiar (n = 38, 35.2%), Slightly familiar (n = 31, 28.7%), 

and Not at all familiar (n = 31, 28.7%) with the TAWC.  Only one producer (0.9%) said 

he or she was Extremely familiar with the project.   

From these findings, it is evident that agricultural producers in the Texas High 

Plains are attending and using an array of the TAWC’s events and information resources.  

Durst and Meyers (2015) had similar findings in their survey research study conducted at 

the TAWC’s 2015 Water College with a convenience sample of 33 event attendees.  

However, Durst and Meyers (2015) found that Field Days were the most frequently 

attended TAWC event, and the TAWC website was the most popular source of 

information as opposed to booths at farm shows or trade shows and TAWC publications, 

respectively.  Furthermore, respondents in both studies reported TAWC members as well 

as producers not in the project as sources of information (Durst & Meyers, 2015).  This 

finding is consistent with Hill’s (2013) assertion that TAWC information extends beyond 

its members and is shared through a complex network of communication.  Graber (2011) 

also found that Texas agricultural producers rely on their peers for agricultural 

information when it comes to both short-term and long-term decision making.  Overall, 

these findings imply that agricultural producers like to receive information in a variety of 
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formats; therefore, the TAWC should continue to offer different opportunities and ways 

for both members and non-members to be involved with and learn about the project.  

Also, the majority of respondents in the Durst and Meyers (2015) study reported 

being Somewhat to Extremely familiar with the TAWC project while respondents in this 

study were less familiar.  One explanation for the difference is respondents’ level of 

TAWC involvement (attending events, using TAWC information sources).  Durst and 

Meyers (2015) found that more than 50% of their respondents reported previously 

attending a TAWC activity, and more than 70% had engaged with TAWC information 

resources.  The respondents in their study were attending a TAWC event at the time of 

data collection.  However, in the current study, less than 40% of respondents (n = 39, 

39.4%) reported attending a TAWC event, and 40.2% (n = 37) indicated using TAWC 

information resources.  Unsurprisingly, this implies that agricultural producers who 

attend TAWC activities and use its information sources are more familiar with the project 

than those who do not.  Familiarity with the project becomes important because there is a 

correlation between TAWC familiarity and producers’ current use of water conservation 

practices, as will be discussed in the following paragraphs.   

A Pearson product moment correlation analysis was used to determine if any 

relationships existed between the level of familiarity with TAWC, attendance at TAWC 

events, use of TAWC information sources, and actual water conservation behaviors 

(methods of crop irrigation, soil moisture monitoring, and evaluating crop water 

demand).   

There were statistically significant, moderate relationships between familiarity 

with TAWC and use of soil moisture monitoring techniques (r = .31, p < .01) and crop 
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water demand evaluation techniques (r = .45, p < .01).  This means that respondents with 

more familiarity with TAWC are more likely to use more techniques to monitor soil 

moisture or crop water demand.  The low relationship between TAWC familiarity and the 

use of crop irrigation methods was not statistically significant.  

There were statistically significant, moderate relationships between attendance at 

TAWC events and use of soil moisture monitoring techniques (r = .33, p < .01) and crop 

water demand evaluation techniques (r = .34, p < .01).  Respondents who had attended 

more TAWC events were more likely to use more strategies to monitor soil moisture and 

crop water demand.  The low relationship between TAWC event attendance and the use 

of crop irrigation methods was not statistically significant.    

There were statistically significant, low relationships between the use of TAWC 

information sources and the use of soil moisture monitoring techniques (r = .23, p < .05) 

and crop water demand evaluation techniques (r = .23, p < .05). Therefore, respondents 

who use more TAWC information sources are more likely to use more techniques to 

monitor soil moisture and evaluate crop water demand.  The negligible relationship 

between the use of TAWC information sources and the use of crop irrigation methods 

was not statistically significant.  

 The positive relationships between TAWC familiarity, event attendance, and use 

of information sources and the current use of soil moisture monitoring methods and crop 

water demand evaluation implies that the TAWC plays a supporting role for producers 

who have already adopted more practices or producers who will adopt more practices in 

the future because TAWC involvement is correlated with use of these water conservation 

practices.  The relationships between TAWC involvement and respondents’ current use 
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of crop irrigation methods ranged from negligible to low in strength, but none were 

statistically significant correlations.  This implies that the TAWC may have a stronger 

influence of respondents’ water conservation practices when it comes to monitoring soil 

moisture and evaluating crop water demand than crop irrigation methods, especially since 

respondents’ reported the strongest agreement for intentions to utilize advanced irrigation 

application technologies.       

In addition to current practices, the TAWC has the opportunity to influence 

agricultural producers’ intentions to adopt the water conservation practices in the future.  

A Pearson product moment correlation analysis was used to determine if any 

relationships existed between the level of familiarity with TAWC, attendance at TAWC 

events, use of TAWC information sources, and respondents’ intentions to adopt water 

conservation behaviors (utilizing advanced irrigation application technologies, 

monitoring soil moisture, and evaluating crop water demand).   

There were statistically significant, low relationships between familiarity with the 

TAWC and intentions to adopt crop irrigation methods (r = .23, p < .05) and soil moisture 

monitoring techniques (r = 22, p < .05).  Additionally, there was a moderate statistically 

significant relationship between familiarity with the TAWC and intentions to adopt crop 

water demand evaluation techniques (r = .41, p < .01).  This means respondents who were 

more familiar with TAWC indicated more positive intentions to adopt advanced 

irrigation application technologies, soil moisture monitoring methods, and crop water 

demand evaluation techniques.  However, relationships between TAWC event 

attendance, the use of TAWC information sources, and intentions to adopt each of the 

three water conservation behaviors ranged from low to moderate in strength but were not 
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statistically significant.   While overall familiarity with the TAWC was significantly 

correlated with producers’ intentions to perform the water conservation behaviors, the 

components that contribute to producers’ familiarity were not significantly correlated 

with behavioral intentions.  One explanation is that producers who are interested in 

adopting conservation practices familiarize themselves with the TAWC using events and 

information resources after they have already adopted the behavior rather than before 

adoption.  This would explain why there are statistically significant relationships between 

producers current use of the practices and TAWC involvement (familiarity, event 

attendance, and information sources), but only TAWC familiarity had a statistically 

significant relationship with producers’ intentions to adopt two of the water conservation 

practices.   

Demographic Characteristics, Current Practices, and Intentions 

Post hoc analyses using Pearson product moment correlations sought to determine 

relationships between respondents’ demographic characteristics, current practices, and 

intentions to adopt water conservation practices.  Age, farm size, and number of years 

farming were the interval-level demographic variables which the respondents reported via 

fill-in-the-blank style items.  Using advanced irrigation application technologies, 

monitoring soil moisture, and evaluating crop water demand were the water conservation 

behaviors.  The mean age of respondents was 58.40 (SD = 11.65) with a range of 28 to 86 

years old.  There were no statistically significant relationships between respondents’ age 

and their current water conservation behaviors.  The strength of the correlations were all 

negligible, and there was a negative correlation between age and using soil moisture 
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monitoring techniques.  There was one statistically significant, low and negative 

relationship between age and respondents’ intentions to adopt crop irrigation methods (r 

= -.22, p < .05).  This means that as respondents’ age increases they are less likely to 

have positive intentions to adopt crop irrigation methods.  There were low, negative 

relationships between age and intentions to adopt crop water demand evaluation 

techniques and soil moisture monitoring techniques, but these correlations were not 

statistically significant.  

Pearson product moment correlations were also used to determine the 

relationships between the number of acres farmed and respondents’ current behaviors and 

intentions to adopt water conservation behaviors.  There was a statistically significant, 

moderate relationship between number of acres farmed and current use of soil moisture 

monitoring techniques (r = .33, p < .01).  Also, there was a statistically significant, low 

relationship between farm size and current use of crop water demand evaluation 

techniques (r = .22, p < .05).  This means that the larger the farm size, the more likely 

respondents are to currently use more soil moisture monitoring and crop water demand 

evaluation techniques.  Still, there was not a statistically significant relationship between 

number of acres farmed and respondents’ current use of advanced irrigation application 

technologies.  The relationship between farm size and respondents’ intentions to adopt 

crop water demand evaluation techniques was statistically significant and low in strength 

(r = .28, p < .01).  Therefore, the higher the number of acres farmed, the more likely 

respondents are to have positive intentions to adopt crop water demand evaluation 

techniques.  However, there were no statistically significant relationships between farm 
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size and intentions to use soil moisture monitoring techniques and crop irrigation 

methods.   

Lastly, relationships between number of years farming, current behaviors, and 

intentions were evaluated using Pearson product moment correlations.  Respondents’ 

number of years farming or experience ranged from one to 70 years with a mean of 37.4 

years (SD = 13.43).  There were no statistically significant correlations between number 

of years farming and current water conservation behaviors.  There was a negative 

correlation and negligible relationship between experience and use of soil moisture 

monitoring techniques.  Using crop water demand evaluation techniques and crop 

irrigation methods had low and negligible relationships with number of years farming, 

respectively.  Correlations between experience and intentions to adopt water conservation 

behaviors were not statistically significant.  There was a negative correlation between 

experience and intentions to adopt crop irrigation methods, which was low in strength of 

the relationship.  Relationships between number of years farming and intentions to adopt 

soil moisture monitoring techniques and crop water demand evaluation techniques were 

negligible.      

Although Baumgart-Getz et al. (2012) found that age has a significant and 

negative impact on BMP adoption, there were no significant correlations between age 

and respondents current water conservation behavior in this study.  However, there was 

one significant and negative relationship between age and intentions to adopt crop 

irrigation methods.  This finding is consistent with Baumgart-Getz et al.’s (2012) finding 

that older farmers may have a shorter planning horizon than younger farmers and are 

therefore less likely to adopt BMPs.  Nowak (1992) said short planning horizons can 
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make producers unable to adopt, too.  Overall, these findings are inconsistent with the 

literature.  The findings imply that age is not a significant factor that influences these 

particular respondents’’ current water conservation behavior or adoption intentions. 

Consistent with Baumgart-Getz et al.’s (2012) findings, this study found that farm 

size can have an impact on the adoption of conservation behaviors.  There were 

significant relationships between number of acres farmed and use of soil moisture 

monitoring techniques and crop water demand evaluation techniques.  There was also a 

significant relationship between farm size and respondents’ intentions to use crop water 

demand evaluation techniques.  On the other hand, Thompson et al. (2015) found that the 

farmers with the greatest number of acres in their study had the lowest scores in the 

stewardship category but the highest scores in the farm as business category.  In this 

study, respondents’ mean attitude scores were favorable regarding the economic and 

environmental benefits of the water conservation practices; therefore, it seems these 

respondents could be high in both the stewardship and farm as business categories.  As a 

result, the TAWC should work to appeal to both categories in its outreach efforts. 

  There were not any statistically significant relationships between number of 

years farming, current water conservation behaviors, and adoption intentions.  Baumgart-

Getz et al. (2012) also did not report statistically significant relationships between 

farming experience and the adoption of BMPs.  However, those researchers did find that 

over time BMPs are perceived as less of a risk.  Furthermore, producers who have been 

farming longer would be exposed to the practices longer than those with less experience.  

Baumgart-Getz et al. (2012) did not address the possibility of a link between number of 

years farming and risk perception though.  Overall, the experiences, knowledge, and 
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skills that accompany many years of farming did not influence the current practices or 

intentions of respondents in this study.    

Recommendations 

Research  

Because this study quantitatively captures a broad view of the advanced irrigation 

application technologies, soil moisture monitoring methods, and crop water evaluation 

techniques agricultural producers are using for irrigation management, a qualitative study 

that provides information rich, detailed data would be an insightful complement to this 

study.  Although this study gained information about the number of technologies and 

methods used to manage irrigation for conservative water use, it did not divulge the 

comprehensive collaboration of these tools and techniques.  According to the Texas 

A&M AgriLife Extension Services (n.d.), the effectiveness of these practices is improved 

with the integration of multiple practices in an irrigation management strategy.  A 

qualitative approach could more deeply explore the extent to which producers are using 

each of these water conservation practices together.   

Additionally, further research is needed to explain the factors that influence 

producers’ adoption of water conservation practices.  Although the Theory of Planned 

Behavior can be useful in predicting behavioral intention to adopt, in this study it did not 

fully explain all of these factors.  Other barriers to adoption and factors influencing 

producers’ decisions should be identified to help determine whether Texas High Plains 

are unable and/or unwilling to adopt these water conservation practices.  The researcher 
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recommends conducting studies that address the aforementioned missing information and 

build upon the findings of the current study.  

One finding of this study to be further explored is TAWC’s influence on 

respondents’ soil moisture monitoring and crop water demand evaluation techniques.  

Based on the results of the Pearson Product Moment correlation between respondents’ 

TAWC involvement and the current use of the three water conservation practices, it 

seems that the TAWC may have a stronger influence on producers’ adoption of these two 

techniques than producers’ utilization of advanced irrigation application technologies.  

This is important to determine because the TAWC seeks to encourage the responsible use 

of all three of the water conservation behaviors in conjunction with one another instead of 

just one or two of the behaviors.  

Also, this study did not find there to be statistically significant relationships 

between respondents’ number of years farming, current water conservation practices and 

adoption intentions.  Although this finding was consistent with Baumgart et al.’s (2012) 

study, it is counterintuitive to their position that risk perception of new practices 

diminishes over time. Therefore, it would be interesting to determine if there were any 

correlations between number of years farming and risk perception of new management 

practices.  For practices that have been established for longer periods of time, it should 

then follow that they would less likely be perceived as a risk.  On the other hand, this 

study did find correlations between farm size and producers’ current water conservation 

behavior and intentions.  This implies that there are additional barriers to adoption for 

producers with less acreage.  However, the study did not identify what the barriers are for 

this particular demographic.  Potential reasons for the discrepancy between producers 
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with less acreage and producers with more acreage should be investigated as well as 

strategies for specifically addressing the concerns of producers with small farms who 

may be hesitant to adopt water conservation practices due to farm size.  

Another approach to further this research would be to conduct this study on 

members of the TAWC project.  Conducting a second study with TAWC members would 

allow researchers to compare members’ and nonmembers’ water conservation attitudes, 

subjective norms, behavioral control, intentions, and current behavior.  Identifying 

similarities and differences between the two groups of agricultural producers could 

provide insights into their adoption decision process, which may help understand the 

reasons producers do or do not adopt water conservation practices.  For instance, there 

may be similarities between members and nonmembers attitudes toward the water 

conservation practices, but their perceptions of control may be different.   

In addition to using the constructs of the theory of planned behavior to compare 

and contrast members and nonmembers, these constructs suggest ways to discuss water 

conservation that promote adoption.  Messages can be created that address producers’ 

attitudes, subjective norms, and perceived behavioral control regarding water 

conservation behavior.  These messages should be tested using an experimental design to 

determine the ones that truly resonate with agricultural producers and lead to change in 

behavior.  Other messages that encourage producers to utilize the TAWC information 

sources and attend activities could be framed using these constructs and should be tested 

as well.       
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Practice 

The TAWC has sought to help Texas High Plains agricultural producers utilize 

water conservation practices that promote the efficient water use that diminishes the 

depletion of the Ogallala aquifer. The organization has worked to establish itself in this 

region and has been supported by multiple universities, agencies, and organizations 

including the Texas Water Development Board.  While TAWC members were not 

included in this study, the influence of the TAWC on nonmember producers was under 

consideration.    

 

To the TAWC, the researcher recommends continuing to offer multiple 

opportunities for producers to interact with organization representatives and producers 

such as at farm shows and trade shows, Field Days and Walks, and the Field Talk radio 

program.  The researcher also recommends that the TAWC continue to produce and 

disseminate informational publications about the organization and its findings as multiple 

respondents indicated learning more about the TAWC from its hard copy materials.  The 

TAWC website was another popular resource for producers interested in the organization.  

Therefore, the TAWC should continue to invest in the maintenance and continual 

improvement of the website as a valuable resource for producers.  In all of its outreach 

endeavors, the purveyors of TAWC information should strive for accuracy, credibility, 

and reliability to meet the expectations that agricultural producers have of their 

communication channels (Graber, 2011).  Keeping with these characteristics will 

continue to promote trust between the TAWC organization and the producers it seeks to 

support (Graber, 2011).      
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 The findings of the study also have implications for the content provided in 

TAWC resources and during events.  As a leader in innovation, the TAWC must provide 

information about the latest technologies improving water conservation.  However, the 

data provide a snapshot of the technologies and methods producers are currently using.  

Some of these technologies are very new such as Precision Mobile Drip Irrigation 

(PMDI), but others are tried and true methods such as hand sampling to monitor soil 

moisture.  It is imperative for the TAWC to consider all of the practices carried out by its 

audience as it conducts research, hosts speakers, and develops content for publication.   

Furthermore, while age and farming experience were not significantly correlated 

to conservation behavior and adoption intentions, farm size was.  This indicates that the 

TAWC should continue to market itself to producers of all ages and farming experience.  

It also implies that there are additional barriers to adoption for producers with less 

acreage.  For example, a producer with a smaller farm may underestimate the effects of 

their water use due to fewer acres under irrigation.  As Hoag et al. (2012) explained, 

some producers may not recognize a problem or need for adoption resulting in disbelief 

or unawareness.  The reasons for this discrepancy are not pinpointed within this study; 

however leaders of the TAWC should take farm size into consideration when they select 

strategies for promoting water conservation practices. Focusing on large farms may 

increase adoption as there were correlations, but it is still important to address the barriers 

that producers with smaller farms may face.     

It is also important for the TAWC to consider the implications for its content 

based on the constructs explored in this study.  First, perceived behavioral control was 

significant for explaining the variance in predicting intentions to adopt water 
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conservation practices.  Lynn et al. (1995) explained that it is important for farmers to 

feel like they have some control over adopting a conservation technology.  It affects not 

only their decision to take action, but also the intensity of their investment. Strategies for 

enhancing producers’ perceptions of their control over adopting these water conservation 

practices should be explored and considered.  The perception of control also implies that 

producers feel capable of performing the behaviors.  Therefore, it may be producers’ 

unwillingness to adopt that is preventing them from making that decision.  To help 

producers overcome their unwillingness, the TAWC should consider Nowak’s (1992) 

strategies for persuading producers to adopt new technologies and techniques.  

Furthermore, the fact that the subjective norms construct was also significant in 

accounting for variance in predicting adoption of water conservation practices implies 

that perceived behavioral control is not the only variable that helps explain behavior.  

Producers did report approval from those who are important to them and those whose 

opinions they value in regard to performing the water conservation behaviors.  Other 

studies also illustrate the importance of providing producers with a network of financial, 

technical, and peer support (Baumgart-Getz et al., 2012; Hill, 2013; Hoag et al., 2010; 

Nowak, 1992).  Strategies for promoting the social approval of  utilizing advanced 

irrigation application technologies, monitoring soil moisture, and evaluating crop water 

demand  should be used.  One example could be that the TAWC work with its producer 

members to identify and build rapport with opinion leaders. Another example could be 

including contact information of those who could offer technical support in TAWC 

presentations and publications where appropriate.       



Texas Tech University, Libby Durst, May 2016 

 

121 

 

REFERENCES 

7 C.F.R. § 4284.3 Definitions. (n.d.). Retriefed from Justia Law: 

http://law.justia.com/cfr/title07/7-15.1.17.2.4.1.25.3.html 

Adler, R.W. (2007). Fresh water. In J.C. Dernback (Ed.). Stumbling Toward 

Sustainability (pp. 197-225). Washington D.C.: Environmental Law Institute.  

Aillery, M. & Gollehon, N. (2003). Agricultural resources and environmental indicators 

(Agricultural Handbook No. AH-722). U.S. Department of Agriculture, Economic 

Research Service. Retrieved from http://www.ers.usda.gov/publications/ah-

agricultural-handbook/ah722.aspx  

Ajzen, I. (1988). Attitudes, personality, and behavior. Chicago, IL: The Dorsey Press 

Ajzen, I. (2002). Perceived behavioral control, self-efficacy, locus of control, and the 

theory of planned behavior. Journal of Applied Social Psychology, 32(4). 665-

683.  

Ajzen, I. (2013). Theory of planned behviour questionnaire. Measurement Instrument 

Database for the Social Science. Retrieved from 

http://www.midss.org/content/theory-planned-behaviour-questionnaire 

Ajzen, I., & Driver, B. L. (1991). Prediction of leisure participation from behavioral, 

normative, and control beliefs: an application of the theory of planned behaviour. 

Leisure Sciences, 13(3), 185-204. doi:10.1080/01490409109513137 

Ali, M.H. (2010) Fundamentals of Irrigation and on-farm water management: Volume 1. 

doi: 10.1007/978-1-4419-6335-2 



Texas Tech University, Libby Durst, May 2016 

 

122 

 

Almas, L.K., Colette, W. A., & Wu, Z. (2004, February). Declining Ogallala aquifer and 

Texas Panhandle economy. Poster session presented at the Southern Agricultural 

Economics Association Annual Meeting, Tulsa, Oklahoma.   

Armitage, C.J. & Conner, M. (2001). Efficacy of the theory of planned behaviour: A 

meta-analytic review. British Journal of Social Psychology, 40, 471-499.  

Ary, D., Jacobs, L.C., & Sorensen, C. (2010). Introduction to research in education (8
 
ed.) 

Belomont, CA: Wadsworth.  

Baruch, Y. Holton, B.C. (2008). Survey response rate levels and trends in organizational 

research. Human Relations, 61(8), 1139-1160. doi: 10.1177/0018726708094863 

Baumgart-Getz, A., Prokopy, L.S., & Floress, K. (2012). Why farmers adopt best 

management practice in the United States: A meta-analysis of the adoption 

literature. Journal of Environmental Management, 96, 17-25.  

Beck, L., & Ajzen, I. (1991). Predicting dishonest actions using the theory of planned 

behavior. Journal of Research in Personality, 25, 285-301.  

Colaizzi, P.D., Gowda, P.H., Marek, T.H., & D.O. Porter, (2009). Irrigation in the Texas 

High Plains: A brief history and potential reductions in demand. Irrigation and 

Drainage, 58, 257-274. doi: 10.1002/ird.418 

Colaizzi, P.D., O’Shaughnessy, S.A., Evett, S.R., & Howell, T.A. (2012). Using plant 

canopy temperature to improve irrigated crop management.  Proceedings of the 

24
th

 Annual Central Plains Irrigation Conference, Colby, Kansas, 203-223. 

Conner, M., Norman, P., & Bell, R. (2002). The theory of planned behavior and healthy 

eating. Health Psychology, 21(2), 194-201. doi: 10.1037//0278-6133.21.2.194 



Texas Tech University, Libby Durst, May 2016 

 

123 

 

Dacheng, B. (2015). Factors affecting groundwater depletion in the Ogallala aquifer: An 

application of the to the Texas High Plains. (Doctoral Dissertation). Retrieved 

from http://repositories.tdl.org/ttu-ir/handle/2346/521  

Davis, J.A. (1971). Elementary survey analysis. Englewood, NJ: Prentice-Hall. 

Dillman, D.A. (2007). Mail and internet surveys: The tailored design method. Hoboken, 

New Jersey: John Wiley & Sons, Inc.  

Doerfert, D. L. (Ed.) (2011). National research agenda: American Association for 

Agricultural Education’s research priority areas for 2011-2015. Lubbock, TX: 

Texas Tech University, Department of Agricultural Education and 

Communications. Retrieved from 

http://aaaeonline.org/Resources/Documents/National%20Research%20Agenda%2

0Priority%20Two.pdf  

Durst, L.S. & Meyers, C.A. (2015, May). Influencing change: Agricultural producers’ 

use of the Texas Alliance for Water Conservation’s communications efforts. 

Poster session presented at the 2015 National Conference of the American 

Association for Agricultural Education, San Antonio, TX.    

Fila, S. A., & Smith, C. (2006). Applying the theory of planned behavior to healthy 

eating behaviors in urban Native American youth. International Journal Of 

Behavioral Nutrition And Physical Activity, 3, 10. doi:10.1186/1479-5868-3-11 

Fields, A. (2013). Discovering statistics using IBM SPSS statistics. Thousand Oaks, CA: 

Sage.  

Fishbein, M. & Ajzen, I. (1975). Belief, attitude, intention, and behavior: An introduction 

to theory and research. Reading, MA: Addison-Wesley  



Texas Tech University, Libby Durst, May 2016 

 

124 

 

Flint, W.R. (2004). The sustainable development of water resources. Water Resources 

Update, 127 Retrieved from http://www.eeeee.net/sd_water_resources.pdf  

Food and Agriculture Organization of the United Nations, Natural Resources 

Management and Environment Department (n.d.) Irrigation water management: 

Irrigation water needs. Retrieved from 

http://www.fao.org/docrep/s2022e/s2022e07.htm#TopOfPage  

Francis, J.J., Eccles, M.P., Johnston, M., Walker, A., Grimshaw, J., Foy, R., Kaner 

E.F.S., Smith, L., Bonetti, D. (2004).  Constructing questionnaires based on the 

theory of planned behaviour: A manual for health services researchers. Newcastle 

upon Tyne, UK: Centre for Health Services Research, University of Newcastle 

upon Tyne. Retrieved from 

http://openaccess.city.ac.uk/1735/1/TPB%20Manual%20FINAL%20May2004.pd

f  

Graber, L.N. (2011). Traditional and social media used by Texas agricultural producers. 

(Unpublished master’s thesis). Texas Tech University, Lubbock, TX. 

Gutentag, E.D., Heimes, F.J., Krothe, N.C., Luckey, R.R., & Weeks, J.B. (1984). 

Geohydrology of the High Plains aquifer in parts of Colorado, Kansas, Nebraska, 

New Mexico, Oklahoma, South Dakota, Texas, and Wyoming. USGS 

Professional Paper 1400-B. U.S. Gov. Print. Office, Washington, DC. Retrieved 

from http://pubs.usgs.gov/pp/1400b/report.pdf 

Gypsum blocks for measuring dryness of soil. (2015, November 17). Retrieved from 

http://agriculture.vic.gov.au/agriculture/farm-management/soil-and-

water/soils/gypsum-blocks-for-measuring-the-dryness-of-soil  



Texas Tech University, Libby Durst, May 2016 

 

125 

 

Hagger, M. D., Lonsdale, A.J., Hein, V., Koka, A., Lintunen, T., Pasi, H., Lindwall, M., 

Rudolfsson, A., & Chatzisarantis, L. (2012). Predicting alcohol consumption and 

binge drinking in company employees: An application of planned behaviour and 

self-determination theories. British Journal Of Health Psychology, 17(2), 379-407 

Harkey, K. (2014). Examination of the desktop computer and mobile device of the Texas 

Alliance for Water Conservation website using Google Analytics. (Unpublished 

master’s thesis). Texas Tech University, Lubbock, TX.  

Hill, N. (2013). Social network analysis of Texas Alliance for Water Conservation 

producers. (Unpublished master’s thesis). Texas Tech University, Lubbock, TX.  

Hoag, D., Luloff, A.E., & Osmond, D.L. (2012). Lessons learned from the NIFA-CEAP: 

How farmers and ranchers make decisions on conservation practices.  

Hornbeck, R. & Keskin, P. (2014). The historically evolving impact of the Ogallala 

aquifer: Agricultural adaptation to groundwater and drought. American Economic 

Journal: Applied Economics, 6, 190-219. doi: 10.1257/app.6.1.190 

Hoskin, R. (2012, March 3). The dangers of self-report [Web log post]. Retrieved from 

http://www.sciencebrainwaves.com/the-dangers-of-self-report/ 

Hrubes, D., Ajzen, I., & Daigle, J. (2001). Predicting hunting intentions and behavior: An 

application of the theory of planned behavior. Leisure Sciences, 23, 165-178. 

Lam, S. P. (1999). Predicting intentions to conserve water from the theory of planned 

behavior, perceived moral obligation, and perceived water right. Journal of 

Applied Social Psychology, 29, 1058-1071. 

Lam, S. P. (2006). Predicting intention to save water: Theory of planned behavior, 

response efficacy, vulnerability, and perceived efficiency of alternative solutions. 



Texas Tech University, Libby Durst, May 2016 

 

126 

 

Journal Of Applied Social Psychology, 36(11), 2803-2824. doi:10.1111/j.0021-

9029.2006.00129.x 

Leigh, K. (2008). A qualitative investigation of the factors that influence crop planting 

and water management in West Texas. (Master’s thesis). Retried from Texas Tech 

University.  

Lindner, J.R., Murphy, T.H., & Briers G.E. (2001). Handling nonresponse in social 

science research. Journal of Agricultural Education, 42(4),  43-53.  Retrieved 

from 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.507.7093&rep=rep1&t

ype=pdf  

Madden, T.J., Ellen, P.S., & Ajzen, I. (1992). A comparison of the theory of planned 

behavior and the theory of reasoned action. Personality and Social Psychology 

Bulletin,18 (1), 3-9. doi: 10.1177/0146167292181001  

McCullough, B. P. (2011). The recycling intentions of sport spectators: A theory of 

planned behavior approach. (Doctoral dissertation). Retrieved from 

http://oaktrust.library.tamu.edu/handle/1969.1/ETD-TAMU-2011-05-9163  

McGuire, V.L. (2014). Water-level changes and change in water in storage in the High 

Plains aquifer, predevelopment to 2013 and 2011-13: U.S. Geological Survey 

Scientific Investigations Report 2014-5218 Retrieved from 

http://dx.doi.org/10.3133/sir20145218  

Norman, P., Conner, M., Bell, R. (1999). The theory of planned behavior and smoking 

cessation. Health Psychology, 18(1), 89-94.  



Texas Tech University, Libby Durst, May 2016 

 

127 

 

Nowak, P. (1992). Why farmers adopt production technology. Journal of Soil and Water 

Conservation, 4(1), 14-16.  

Nunnally, J., & Bernstein, I. (1994). Psychometric theory. New York, NY: McGraw-Hill. 

Palmer, M.A. (2010). Beyond infrastructure. Nature, 467, 534-535. Retrieved from 

http://www.nature.com/nature/journal/v467/n7315/pdf/467534a.pdf  

Parker, D., Manstead, A., Stradling, S., Reason, J., & Baxter, J. (1992). Intention to 

Commit Driving Violations: An Application of the Theory of Planned Behavior. 

Journal Of Applied Psychology, 77(1), 94-101. 

Pelling, E.L., & White, K.M. (2009). The theory of planned behavior applied to young 

people’s use of social networking web sites. CyperPsychology & Behavior, 12(6), 

755-759. doi:10.1089/cpb.2009.0109 

Physical Regions of Texas (n.d.). Retrieved from 

http://www.texasalmanac.com/topics/environment/physical-regions-texas 

Rajan, N., & Maas, S.J. (2014). Spectral crop coefficient approach for estimating daily 

crop water use. Advances in Remote Sensing, 3(3). doi: 10.4236/ars.2014.33013 

Rajan, N., Maas, S.J., & Cui, S. (2014). Extreme drought effects on summer 

evapotranspiration and energy balance of grassland in the Southern Great Plains. 

Ecohydrology. doi:10.1002/eco.1574 

Rajan, N., Maas, S.J., Kellison, R. Dollar, M., Cui, S., Sharma, S., & Attia, A. (2015). 

Emitter uniformity and application efficiency for centre- pivot irrigation systems. 

Irrigation and Drainage. doi: 10.1002/ird.1878 



Texas Tech University, Libby Durst, May 2016 

 

128 

 

Rice, R.E. (n.d.). Diffusion of innovations: Theoretical extensions. . In R. Nabi, & M. 

Oliver (Eds.), The SAGE handbook of media processes and effects (pp. 489-503). 

Thousand Oaks, CA: SAGE Publications, Inc.  

Schaible, G.D. & Aillery, M.P. (2012a). Agricultural resources and environmental 

indicators (EIB- 98). Retrieved from U.S. Department of Agriculture, Economic 

Research website: http://www.ers.usda.gov/publications/eib-economic-

information-bulletin/eib98.aspx  

Schaible, G.D. & Aillery, M.P. (2012b). Water conservation in irrigated agriculture: 

Trends and challenges in the face of emerging demands (EIB-99). Retrieved from 

U.S. Department of Agriculture, Economic Research Service website: 

http://www.ers.usda.gov/publications/eib-economic-information-

bulletin/eib99.aspx  

Shackel, K. (2016). The pressure chamber (the bomb). Retrieved from 

http://fruitsandnuts.ucdavis.edu/pressure_chamber/ 

Shaffer, K.H. U.S. Department of the Interior, U.S. Geological Survey (2008). 

Consumptive water use in the Great Lakes Basin (2008-3032). Retrieved from 

http://pubs.usgs.gov/fs/2008/3032/pdf/fs2008-3032.pdf  

Shafian, S., (2014). Estimation of soil moisture status in the Texas High Plains using 

remote sensing. (Unpublished doctoral dissertation). Texas Tech University. 

Lubbock, TX. 

Shrestha, S.K. (2013). Predicting deer hunting participation using theory of planned 

behavior and constraint integrated theory of planned behavior models: A study of 



Texas Tech University, Libby Durst, May 2016 

 

129 

 

Oregon big game hunters. (Doctoral dissertation). Retrieved from ProQuest 

Dissertations & Theses Global. (UMI No. 1426441307)  

Spraberry, J., (2011). Texas agricultural producers’ perceptions of the North American 

Free Trade Agreement (NAFTA). (Master’s thesis). Retrieved from Texas Tech 

University Library. (TTUL.2346.ETD.TTU.2011.05.1428) 

Taylor, S. & Todd, P. (1997). Understanding the determinants of consumer composting 

behavior. Journal of Applied Social Psychology, 27(7), 602-628.  

Terrell, B.T. (1998). Economic impacts of the depletion of the Ogallala aquifer: An 

application to the Texas High Plain (Unpublished master’s thesis). Texas Tech 

University, Lubbock, TX.   

Texas Alliance for Water Conservation. (n.d.). Water is our future. Retrieved from 

http://www.depts.ttu.edu/tawc/documents/Project%20Overview.pdf 

Texas Alliance for Water Conservation. (2013). 8
th
 Annual report to the Texas Water 

Development Board. Retrieved from 

http://www.depts.ttu.edu/tawc/ResearchSummaries/Year8TAWCAnnualReport.p

df   

Texas Alliance for Water Conservation. (2013b). Texas Alliance for Water Conservation 

project summary 2005-2012. Retrieved from 

http://www.depts.ttu.edu/tawc/ResearchSummaries/TAWCProjectSummary.pdf  

Texas Alliance for Water Conservation, (2015, September  23). Bech Brunn- Texas 

Water Development Board [Video file]. Retrieved from 

https://www.youtube.com/watch?v=0aGBSW8PnOo  



Texas Tech University, Libby Durst, May 2016 

 

130 

 

Texas Alliance for Water Conservation. (2015b). Retrieved from 

http://www.depts.ttu.edu/tawc/  

Texas A&M AgriLife Extension Service (n.d.) Irrigation management for improved 

efficiency. Retrieved from 

https://watermgmt.tamu.edu/pdf/Irrigation_Technologies_and_Management/Wate

r_Management_for_Improved_Efficiency.pdf  

Texas Water Development Board. (n.d.). About Texas Water Development Board. 

Retrieved from http://www.twdb.texas.gov/about/index.asp#twdb-history 

Texas Water Development Board & Texas Commission on Environmental Quality, 

(2012) Guidance for reporting on water conservation and water use. Retrieved 

from http://www.twdb.texas.gov/conservation/doc/SB181Guidance.pdf  

Texas Water Resources Institute. (2016). Irrigation training program. Retrieved from 

http://irrigationtraining.tamu.edu/south-texas/scheduling/evapotranspiration/ 

Thompson, A.W., Reimer, A. & Prokopy, L.S. (2015). Farmers’ views of the 

environment: The influence of competing attitude frames on landscape 

conservation efforts. Agriculture and Human Values, 32, 385-399. doi: 

10.1007/s10460-014-9555-x 

Trumbo, C.W., & O’Keefe, J.G. (2001). Intention to conserve water: Environmental 

values, planned behavior, and information effects. A comparison of three 

communities sharing a watershed. Society & Natural Resources: An International 

Journal, 14 (10), 889-899. doi: 10.1080/089419201753242797  



Texas Tech University, Libby Durst, May 2016 

 

131 

 

U.S. Department of Agriculture. (2012). Texas state and county profiles. Retrieved from 

http://www.agcensus.usda.gov/Publications/2012/Online_Resources/County_Prof

iles/Texas/       

U.S. Department of Agriculture, Natural Resources Conservation Service. (2012). 

Ogallala aquifer initiative 2011 report. Retrieved from 

http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1048827.pdf 

U.S. Department of Agriculture, Economic Research Service (2015). Glossary. Retrieved 

from http://www.ers.usda.gov/topics/farm-economy/farm-household-well-

being/glossary.aspx#farmoperator 

U.S. Department of Agriculture, National Agricultural Statistics Service (USDA/NAAS). 

(2014). Irrigation Results from the 2013 Farm and Ranch Irrigation Survey 

(ACH12-16). Retrieved from 

http://www.agcensus.usda.gov/Publications/2012/Online_Resources/Highlights/Ir

rigation/Irrigation_Highlights.pdf  

U.S. Department of Agriculture, Natural Resources Conservation Service. (n.d.). NRCS 

conservation programs: Environmental Quality Incentives Program (EQIP). 

Retrieved from 

http://www.nrcs.usda.gov/Internet/NRCS_RCA/reports/fb08_cp_eqip.html#contr

acts  

U.S. Department of the Interior, U.S. Geological Survey. (2015) Aquifer basics: High 

Plains aquifer. Retrieved from 

http://water.usgs.gov/ogw/aquiferbasics/ext_hpaq.html. 



Texas Tech University, Libby Durst, May 2016 

 

132 

 

Wagner, K. (2012). Status and trends of irrigated agriculture in Texas. (TWRI EM-115). 

Retrieved from Texas A&M University, Texas Water Resources Institute website: 

http://twri.tamu.edu/docs/education/2012/em115.pdf  

Weinheimer, J., Johnson, P., Mitchell, D., Johnson, J. & Kellison, R. (2013). Texas High 

Plains initiative for strategic and innovative irrigation management and 

conservation. Journal of Contemporary Water Research & Education, 151, 43-49.  

Werner, H. (2002). Measuring soil moisture for irrigation water management (FS- 876). 

Retrieved from South Dakota State University, Cooperative Extension Service 

website: https://www.sdstate.edu/sdces/store/  

West, C., Johnson, P., Kellison, R., Brown, P., & Pate, J. (2015). An integrated approach 

to water conservation for agriculture in the Texas Southern High Plains: Final 

report, phase one, 2005-2013. Retrieved from Texas Alliance for Water 

Conservation website: 

http://www.depts.ttu.edu/tawc/documents/TAWCFinalReport2005-2013.pdf 

Wilcox, A. S. (2010). Predicitng beef cattle producer wildlife conservation behavior and 

participation in cost share and technical assistance programs (Doctoral 

dissertation). Retrieved from ProQuest Dissertations and Theses database. (UMI 

No. 3532676) 

Yates, J., Smith, J., Pate, J., Weinheimer, J.A, Dudensing, R., & Johnson, J.W. (n.d.). 

Regional economic impact of irrigated versus dryland agriculture in the Texas 

High Plains. Retrieved from http://www.circleofblue.org/waternews/wp-

content/uploads/2013/04/irrigated-versus-dryland-agriculture-texas-high-

plains.pdf   



Texas Tech University, Libby Durst, May 2016 

 

133 

 

Yazdanpanah, M., Hayati, D., Hochrainer-Stigler, S., & Zamani, G.H. (2014). 

Understanding farmers’ intention and behavior regarding water conservation in 

the Middle-East and North Africa: A case study in Iran. Journal of Environmental 

Management, 135, 63-72.  

 

  



Texas Tech University, Libby Durst, May 2016 

 

134 

 

APPENDIX A 

Institutional Review Board Approval 

 



Texas Tech University, Libby Durst, May 2016 

 

135 

 

APPENDIX B 

First Mailing Recruitment Letter 

 



Texas Tech University, Libby Durst, May 2016 

 

136 

 

APPENDIX C 

Information Sheet 

 



Texas Tech University, Libby Durst, May 2016 

 

137 

 

APPENDIX D 

Researcher-Created Questionnaire 

 



Texas Tech University, Libby Durst, May 2016 

 

138 

 

 

 



Texas Tech University, Libby Durst, May 2016 

 

139 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

140 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

141 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

142 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

143 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

144 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

145 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

146 

 

 
 

 



Texas Tech University, Libby Durst, May 2016 

 

147 

 

 
 

  



Texas Tech University, Libby Durst, May 2016 

 

148 

 

APPENDIX E 

Reminder Postcard 

 

  



Texas Tech University, Libby Durst, May 2016 

 

149 

 

APPENDIX F 

Second Mailing Recruitment Letter 

  



Texas Tech University, Libby Durst, May 2016 

 

150 

 

GLOSSARY 

Advanced irrigation application technologies: equipment used to apply water for 

irrigation including low pressure center pivot irrigation (Low Energy Precision 

Application- LEPA; Low Elevation Spray Application- LESA; Mid-Elevation 

Spray Application- MESA; or Low Pressure In-Canopy- LPIC) and 

microirrigation (Subsurface Drip Irrigation- SDI) (Texas A&M AgriLife 

Extension Service, n.d.). 

Agricultural producer: farmers and ranchers engaged in the production of an agricultural 

product. Producers may or may not own the land or other production resources.  

Capacitance probe: a non-radioactive probe in an access tube installed in the soil that 

features an electric meter which senses the amount of moisture in the soil based 

on the soil’s electric properties (Werner, 2002).   

Canopy temperature: the temperature of the plant canopy (leaves) which can be measured 

noninvasively by remote sensing and used as an irrigation management tool 

because it is related to the water status of the plant and soil (Colaizzi, 

O’Shaughnessy, Evett, & Howell, 2012).  

Consumptive water use: the removal of water from an immediate source, which is not 

returned (Shaffer, 2008).   

Crop water demand: the amount of water needed by the plant to compensate for the loss 

of water through evapotranspiration (Ali, 2010) or the amount of water needed for 

optimal growth, which is influenced by sunshine, temperature, humidity, and 

wind speed (FAO, n.d.). 
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Evapotranspiration: a term that describes crop water demand by combining evaporation 

and transpiration. Water is removed from moist soil and wet surfaces 

(evaporation) and water is lost through the stomata on the leaves of the plant 

(transpiration) (Texas Water Resources Institute, 2016).  

Gypsum resistance block: in dry soil, measures soil water tension or the force a plant 

must overcome to get water from the soil; consist of two electrodes embedded in a 

block of gypsum (“Gypsum blocks,” 2015).  

Hand sampling: a method of estimating soil moisture whereby a soil probe is used to 

sample the soil profile, and soil moisture is evaluated by feeling the soil (Werner, 

2002).  

Irrigation efficiency: determined by the ratio of the harvestable yield of a crop per unit of 

water used or applied (Texas A&M AgriLife Extension Service, n.d.). 

Irrigation Scheduling Tool: an online tool produced from the research of the TAWC 

which aids producers in determining a more refined irrigation schedule by 

tracking soil water balance in relation to crop water demand and precipitation 

from the nearest West Texas Mesonet station (TAWC, 2013b) 

Irrigation water management: the managed allocation of water and related inputs in 

irrigated crop production, in a way that economic returns are enhanced relative to 

available water and drainage considerations (Aillery & Gollehon, 2003) 

Plant water potential: the deficit of water a plant experiences under water stress (Shackel, 

2016)  

Principal operator: the person who runs the farm, making the day-to-day management 

decisions who may be the owner, a hired manager, cash tenant, share tenant, 
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and/or partner that is designated as the principal operator in the case of multiple 

farm operators (USDA, 2015)  

Resource Allocation Analyzer: an online tool produced from the research of the TAWC 

to help producers match water supply to the cropping option with the maximum 

economic return per acre. Producers input information such as expected 

commodity prices, water availability, and enterprise options (TAWC, n.d.). 

Soil moisture monitoring: determining moisture levels in soil using various methods such 

as hand samples, gypsum resistance blocks, capacitance probes, and tensiometers 

(Texas A&M AgriLife Extension Service, n.d.)  

Tensiometers: in wet and moist soil, measure soil water tension or the force a plant must 

overcome to get water from the soil (“Gypsum blocks,” 2015).  

Texas Alliance for Water Conservation (TAWC): a “partnership of area producers, data 

collection technologies, and collaborating partners that include industries, 

universities, and government agencies” (TAWC, par. 2, 2011). The mission of the 

TAWC is to help conserve water by collaborating to identify agricultural 

production practices and technologies which will aid in reducing the depletion of 

ground water while maintaining and improving agricultural production and 

economic opportunities (TAWC, 2011). 

Texas High Plains: This area consists of the 39-county area of the Texas Agricultural 

Statistics Service District 11 (Northern High Plains) and District 12 (Southern 

High plains) which fully or partially overlie the Ogallala Aquifer (Colaizzi, 

Gowda, Marek, & Porter, 2009).   
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Time-temperature threshold method: “the accumulated time that the canopy temperature 

exceeds a threshold temperature is used as the criterion for an irrigation event” 

(Colaizzi et al., 2012, p. 209).  

Water conservation: “practices, techniques, and technologies that reduce the consumption 

of water, reduce the loss or waste of water, improve the efficiency in the use of 

water, or increase the recycling and reuse of water so that a water supply is made 

available for future or alternative uses” (Texas Water Development Board and 

Texas Commission on Environmental Quality, 2012). 


