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Executive Summary_________________________________________________
The focus of Texas State Soil and Water Conservation Board (TSSWCB) Project 10-11,
“Implementing Educational Components of the Arroyo Colorado WPP Focused on Agricultural
NPS Pollution”, was to continue efforts to alleviate impairments in the Arroyo Colorado
watershed through educational programs and direct mailings targeted at controlling agricultural
nonpoint source pollution. Texas Water Resources Institute (TWRI) and Texas AgriLife
Extension Service (Extension) conducted educational programs within the three county area of
the Arroyo Colorado watershed focused on best management practices (BMPs), nutrient
management, and sources of financial and technical assistance. The continuation of these vital
programs was made possible by funding from a Clean Water Act Section 319(h) grant from the
Texas State Soil and Water Conservation Board (TSSWCB) and the U.S. Environmental
Protection Agency (EPA).
This project began in 2010 and was a continued effort of previous agricultural education
programs in the watershed. Extension carried on prior programming that highlighted water
quality issues in the Arroyo Colorado with guidance on how the agricultural community could
aid in reducing pollutants. This was done primarily by educating producers on BMPs such as
nutrient and irrigation management as well as providing resources for producers on financial and
technical assistance for implementing these practices. By working closely with the TSSWCB,
U.S. Department of Agriculture – Natural Resources Conservation Service (USDA-NRCS) and
the local Soil and Water Conservation Districts (SWCDs), resources were utilized efficiently and
programs were current and relevant.
An evaluation conducted in the summer of 2013 identified educational needs and barriers to
adopting practices of agricultural producers. Water quantity variables ranked amongst the top
educational needs, specifically about the amount of irrigation water available and technologies
that reduce the amount of water used during irrigation. Key barriers to adopting practices were
related to economics where the initial cost of installing and cost share levels being too low were
the primary barriers. Other educational needs and barriers were identified as well.
Over the four years of this project, 4,023 individuals were reached through attendance of
educational programs, direct mailings, or participation in the annual soil testing campaign.
Approximately 225 individuals submitted over 1,700 soil samples, representing 45,404 acres in
the three county area.
Soil testing and agricultural education programs will continue to be a vital part of accomplishing
the goals outlined in the Arroyo Colorado Watershed Protection Plan. Considering that the
majority of the land within the watershed is under some type of agricultural production, these
efforts will play an important role in keeping the agriculture community engaged and reaching
new producers.
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Introduction_______________________________________________________
The Arroyo Colorado (AC) is a tributary of the Rio Grande River that at one time was part of a
diverse and unique semi-tropical, coastal environment. Today, the AC hardly resembles what it
once was with 95% of its natural habitat cleared for agricultural and urban development. Stream
bank destabilization due to habitat loss and major modifications to the channel for navigation and
flood water conveyance has degraded the AC to the point where it can no longer efficiently
assimilate pollutants. The combination of these factors has led to a severely impaired body of
water.
The Arroyo Colorado
watershed is an area
of approximately 706
square miles that
encompasses portions
of Hidalgo, Willacy
and
Cameron
Counties.
The
Arroyo
Colorado
begins in Hidalgo
County in the City of
Mission flowing 90
miles across the Rio
Grande Valley into Figure 1. Arroyo Colorado Watershed
the Lower Laguna Madre. The AC is classified as having two segments due to the difference in
physical characteristics; segment 2202 is the freshwater portion that is primarily used as a
floodway and for waste water conveyance for both urban and agricultural lands. Segment 2201
of the AC is tidally influenced and serves as an inland waterway for commercial barge traffic as
well as a nursery and forage area for fish, shrimp and crab.
The AC watershed primarily consists of agricultural land where 333,000 acres are designated as
agricultural land where cotton, grain sorghum, corn, sugar cane, citrus and a variety of vegetable
crops are produced. In addition, there are at least 15 cities within the watershed that are rapidly
growing and contributing to both urban point source and nonpoint source pollution. Flow in the
AC is sustained by urban wastewater and stormwater runoff, irrigation and other agricultural
return flows, as well as some base flow from groundwater. With the primary flows coming from
either wastewater or some type of runoff, the water quality of the AC does not always meet water
quality standards, which severely limits its use for municipal, industrial, recreational and
irrigation purposes.
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Both Segments of the AC have been on the Texas Integrated Report of Surface Water Quality
(303d list) since 1996; as of 2012, Segment 2201 is listed for bacteria, DDE (breakdown product
of DDT) in edible tissue, depressed dissolved oxygen, mercury in edible tissue and PCBs in
edible tissue. Segment 2202 is listed for bacteria, mercury in edible tissue and PCBs in edible
tissue. Since 1998, various efforts have been made to mitigate pollutant loads into the AC. A
Total Maximum Daily Load study began in 1998, but due to inconclusive results, the Texas
Commission on Environmental Quality (TCEQ) recommended further monitoring and modeling
of the AC watershed. In 2003, the Arroyo Colorado Watershed Partnership (ACWP) was formed
to help create a comprehensive plan to address the issues in the AC; the recommendations from
the ACWP were used to create the Arroyo Colorado Watershed Protection Plan (ACWPP),
which was published in 2007.
Agriculture contributes to nonpoint source pollution in the AC watershed, and due to the nonregulatory nature of controlling agricultural nonpoint source pollution, it is important to continue
encouraging producers to voluntarily adopt recommended best management practices (BMPs)
and implement conservation plans. Given that the AC continues to be listed as an impaired body
of water, there is a clear need to continue these programs.
This project, which began in 2010, was a continuation of previous educational efforts in the AC
watershed. The Extension Assistant worked with County Extension Agents (CEAs), local
SWCDs, the TSSWCB and the USDA-NRCS to deliver relevant programs and demonstrations to
encourage the adoption of BMPs that could improve producer operations and water quality in the
AC. In addition to the programs, an annual soil testing campaign
was held to encourage producers to utilize residual nutrients already
present in the soil, which could not only save them money, but also
reduce nutrient loading to the Arroyo Colorado.

Figure 2. Arroyo Colorado Watershed Land Use/Land Cover Map
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Objectives_________________________________________________________
This project began in October of 2010 with the goal of continuing educational programs for
agricultural producers about nonpoint source pollution issues facing the AC and practices that
could be implemented to help reduce nutrient and sediment loading into the AC. In order to
encourage adoption of water quality improving BMPs, the
project also highlighted associated programs that offer
financial and technical assistance to producers. To better
understand how to bolster the adoption of BMPs and
develop appropriate programs, an evaluation was created
to determine barriers for adopting more sustainable
farming practices over conventional ones.
The Texas Water Resources Institute (TWRI) was tasked
with handling the administration and coordination of the
project, while an Extension Assistant was hired to carry
out the project deliverables. The Extension Assistant
worked with TWRI, CEAs, and local partners (NRCS,
TSSWCB, SWCDs) to create relevant educational
materials such as fact sheets and presentations to be used at
educational programs. The Extension Assistant utilized Figure 3. Irrigation return flows from
the network of local partners to build upon existing a sub-surface drain flowing into a
programs and resources to host educational programs and drainage canal
events over the course of the project. The primary goal of
the program was to encourage landowner adoption of BMPs through the participation in
technical and financial assistance programs. Participation would improve landowner operations
and protect the water quality in the AC.

Project Coordination
Throughout the project, TWRI and project partners regularly communicated to ensure that
project tasks and deliverables were complete and consistent with the workplan as well as meeting
what is outlined in the ACWPP. To facilitate this, the Extension Assistant served as the lead for
the Arroyo Colorado Watershed Partnership Agricultural Issues Workgroup and participated in
the Partnership’s Habitat Workgroup and Steering Committee meetings to communicate
agricultural activities as well as participate in various entities’ meetings, which is outlined later
in this document. Further, the Extension Assistant ensured that the project website,
arroyocolorado.org, was continuously updated

Local Education Meetings
The primary purpose of this project was to alleviate agricultural NPS pollution in the AC. To do
so, the Extension Assistant organized and hosted multiple programs and events that focused on
3

topics such as: raising awareness of agriculture NPS pollution in the AC, educating producers on
the use of BMPs, promoting nutrient management and soil health, and encouraging voluntary
adoption of conservation plans. As a result of the wide array of potential impacts to water
quality, various programs, events, and direct mailings were developed ranging from pesticide
safety training to building water conserving landscapes. Throughout the four years of this
project, 4,023 individuals were reached through educational efforts directly related to the goals
of this project. It is estimated that at least another 3,000 individuals were reached at larger,
indirectly related events such as environmental expos, conferences, meetings, etc. Lastly, nearly
2,000 individuals were reached with direct mailings containing the Agricultural NPS in the
Arroyo Colorado Watershed one-pager.
In the first two years of
this project, an annual
Irrigation Expo was held
to display the latest
irrigation technology and
equipment. The Expos
helped
to
present
regional
conservation
efforts.
Tours of
demonstration sites with
expert speakers were
also offered.
Both
events
were
very
Figure 4. (Clockwise) Vendor booth, 2010 TX Irrigation Expo. Field tour, 2010
successful and had an
TX Irrigation Expo. Attendees of the 2011 TX Irrigation Expo at a pesticide
excellent line up of
safety training. Vendor booth, 2011 TX Irrigation Expo.
speakers and booths,
which
were
widely
received with over 150 people attending in 2010 and 200 people attending in 2011. Agendas
from both Irrigation Expos can be found in Appendix C.
A study conducted as part of the TSSWCB #06-10 project (Best Management Practices and
Water Quality Parameters of Selected Farms Located in the Arroyo Colorado Watershed)
showed that in addition to nutrient management, reducing irrigation water runoff played a major
role in preventing nutrient loading into the AC. Flood or furrow irrigation is the primary method
used in this area and often results in irrigation water loss to deep percolation and runoff. One
technology that can be used with this method of irrigation is the surge valve, and the Extension
Assistant worked with the Texas Project for Ag Water Efficiency
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and Rio Grande Regional Water
Authority to promote a program called
the Surge Valve Cooperative. Thanks
to funding received from the Bureau
of Reclamation, the Cooperative was
able to provide surge valves to
producers at a greatly reduced cost.
The Extension Assistant worked with
both groups to host several field days
to educate producers on the benefits of
surge valves and encourage them to
adopt this BMP.

Figure 5. Participants at the RGV Ag Water Issues program
held on August 20, 2014.

In addition to educational programs
focusing on BMPs and nutrient management, the Extension Assistant chose to focus some
programs on large topical issues such as water quality, availability, and conservation. For
example, the Rio Grande Valley (RGV) Ag Water Issues Program looked at broader issues such
as availability of irrigation water and regional projects working to increase irrigation efficiency
and water conservation through the irrigation districts. A panel of irrigation district managers
and local producers discussed issues facing the RGV, like the enormous task of improving a
greatly inefficient and aging irrigation water delivery system.
The Extension Assistant forged a partnership with the Texas International Produce Association
to collaborate on studying yield response in specialty crops when moved from furrow irrigation
to drip irrigation. This irrigation method is already widely used on watermelons, but also
showed yield increases in onions. Surveys conducted by the Texas International Produce
Association, in association with this study, found that many producers were already switching
onions over to drip irrigation in an effort to conserve water and improve yields. There is
potential for other crops, but drip irrigation can be costly to install and is not always conducive to
the current water delivery system. The Extension Assistant helped host two field days that were
held in conjunction with this study.
Through collaborative efforts involving partners from NRCS, Farm Services Agency, and
TSSWCB (who were always present to answer technical questions and offer assistance), various
financial assistance workshops were held where the Water Quality Management Plan Program
(WQMP) and Environmental Quality Improvement Program (EQIP) were promoted. Generally,
this occurred through formal presentations or educational fact sheets, but as mentioned above,
various field days were also an effective means of communicating. As a result of such efforts,
various conservation plans (both through WQMP and EQIP) have been developed.
A list of educational programs and events that the Extension Assistant either hosted, helped
organize or spoke at can be found in Appendix B. This list only includes programs where the
5

Extension Assistant spoke directly about the AC watershed and related activities. There were
numerous other meetings, programs and events that the Extension Assistant attended and
participated in.

Evaluation of Agricultural Producers
During the summer of 2013, an evaluation was conducted in an effort to identify the primary
educational needs and barriers to adopting management practices. The evaluation was mailed to
1,137 individuals where 274 were completed and returned. Results regarding educational needs
indicated that water quantity was the primary educational need and specifically, agricultural
producers were interested in the amount of irrigation water available and specific practices that
reduce the amount of irrigation water used. This is especially important to water quality because
as mentioned above, reducing the amount of water applied to agricultural fields can reduce the
amount of water coming off the field. Regarding barriers to adopting management practices,
results indicated that economic barriers were the primary reasons for non-adoption, but
specifically, the initial cost of installing and low incentive levels were the key barriers. Secondly,
information and education was the next highest barrier to adopting practices where the lack of
information about practice effectiveness and the lack of opportunities to see practices at
demonstrations were high barriers. This project was able to alleviate some of these barriers by
providing relevant information related to practices at field days; however, the results indicate that
such programs should continue. More information about results can be identified in Appendix E.

Soil Testing Campaign
Since 2002, an annual soil testing campaign has been offered free of cost to agricultural
producers in the Lower Rio Grande Valley to help them make educated decisions on nutrient
application for their crops. Not only does this provide them with an opportunity to reduce
fertilizer costs, but it helps to decrease nutrient losses into the AC. Originally the campaign was
funded by USDA – Cooperative State Research, Education, and Extension Service and then by
the Rio Grande Basin Initiative in Starr, Hidalgo, Willacy and Cameron Counties. From 2008 to
present, the campaign has been funded by various grants awarded to TWRI by the TSSWCB. As
those projects focused on the AC watershed, only counties within the AC watershed, Hidalgo,
Cameron and Willacy Counties, could participate in the campaign.
As per this project, the soil testing campaign began in October and ran through the end of
February. Soil sample bags and forms were available at the local County Extension Offices or at
the Texas A&M AgriLife Extension Service District 12 Office in Weslaco. Once the soil
samples were returned to those locations, they were shipped to the Texas A&M Soil, Water and
Forage Testing Laboratory in College Station. In addition to the soil analysis, the project’s
Extension Assistant and County Extension Agents were available to demonstrate how to properly
collect a soil sample and in some cases assisted in collecting samples. The free soil analysis was
mailed directly to the producer, where they could then consult with County Extension Agents or
representatives from NRCS or TSSWCB for further interpretation of those results.
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From 2010 through 2014, there were four
soil testing campaign seasons where 225
producers submitted 1,736 soil samples
representing approximately 45,404 acres.
This project marks years 10 through 13 that
the soil testing campaign has been offered,
and the data shows that producers are
benefiting from the availability of this
campaign. Through this project, it was
concluded that the producers in the RGV
may simply be better educated and are Figure 6. Arroyo Colorado Watershed Extension Assistant,
already applying the correct amount of Ashley Gregory, shows the tools used to collect soil
nutrients. The soil testing campaign and samples.
associated educational programs have been
effective in teaching producers about nutrient management and crop fertility needs. Of the
producers that have participated in the campaign in past years, 41% seemed to have a good idea
of the nutrient requirements for their crops and most had planned their fertilizer applications
well; soil lab recommendations matched very closely with what they planned to apply. For
producers who were new to the campaign or had not sampled their soil in the past 3 years (30%),
soil lab recommendations were an average of 4 lbs/acre less than what producers had planned to
apply. The remaining 29% of participants did not respond as to whether or not they had sampled
their soil in the past 3 years. Although there were not big numbers in nutrient reductions, we can
conclude that producers are only applying the supplemental nutrients required to grow their
crops. The plants are using the majority of these nutrients, and they are not being lost in
irrigation run off.
The soil testing campaign was promoted each season with a press release in the local
newspapers, flyers posted at cotton gins, feed and seed stores, hardware stores, and information
sent via email contact lists and by word of mouth. Soil testing was encouraged at nutrient
management programs, cost share programs and any other educational programs, where
appropriate. A public service announcement was filmed both in English and Spanish for airing
on local TV stations to publicize how soil testing can benefit the AC; both versions can be found
at the following link: http://arroyocolorado.org/projects/completed-projects/public-serviceannouncements/.
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Conclusions________________________________________________________
This project was a success based on the amount of individuals reached, educational publications
created, and information gathered. Continued education of agricultural NPS pollution will
remain an important endeavor in the AC watershed, even after water quality begins to improve.
The majority of the land in the AC watershed is comprised of some form of agriculture and
because implementation of BMPs and conservation plans are voluntary, it will be necessary to
keep promoting these practices along with technical and financial assistance. Key educational
needs and barriers to adopting BMPs were identified where results indicated that financial and
educational needs and barriers ranked amongst the top. The soil testing campaign has been a
huge success in the past and continues to be highly utilized by producers. Since we know that
nutrient and irrigation water management are two of the most impactful BMPs when it comes to
reducing nutrient and sediment loading into the AC, agricultural education programs, along with
soil testing, will continue to be vital to improving water quality in the AC.
During the course of this project, 4,023 individuals were reached through educational programs
or events and another 2,000 through direct mailings, which raised awareness of the issues in the
AC watershed. Their knowledge was increased on practices, technologies and programs that
could help them improve their operation thereby affecting the overall health of the AC. Over the
past 13 years, the soil testing campaign has remained a highly utilized program with 1,736
samples submitted during this project alone. This project supported existing TSSWCB programs
by collaborating to host events and promoting their goal of implementing WQMPs; 38 plans
have been written over the past four years. This project also worked closely with NRCS to
advertise their programs and encouraged producers to seek technical and financial assistance
with them as well.
The number of individuals reached through this project clearly shows that the agricultural
community is interested in learning how they can help. Agriculture is such a large part of the
AC watershed that we cannot move forward without the cooperation of the agricultural
community. By working with producers, we will keep getting closer to the goals outlined in the
ACWPP. However, we do know that there are barriers associated with adopting sustainable
agricultural practices.
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Appendix A – List of Educational Events, Descriptions, and # of Attendees
__________________________________________________________________________
Date

Event

County

Description

10/21/2010

Texas Irrigation
Expo
Texas Irrigation
Expo
ACWP Steering
Committee Meeting
Pesticide Safety
Training
Sod Growers
Meeting
Master Gardener
Class
Ag Producers
Meeting
Pesticide Safety
Training
Tour of Cotton
Trials
Sorghum Field Day

Hidalgo

Present water conservation efforts in the
RGV
Show case water conservation efforts in the
RGV
Update of Agriculture Issues in the ACW

10/22/2010
2/10/2011
4/5/2011
4/12/2011
4/21/2011
4/21/2011
5/4/2011
5/11/2011
6/2/2011

6/30/2011

Corn/Soybean Field
Day

10/19/2011

Ag Issues
Workgroup Meeting
Texas Citrus Mutual
and Texas Vegetable
Association
Meetings
Cotton & Grain
Producers Board
Meeting
Texas Irrigation
Expo 2011

10/31/2011

11/1/2011

11/9/2011

11/10/2011

Texas Irrigation
Expo 2011

1/18/2012

Cotton and Grain
Pre Plant Meeting

2/1/2012

La Feria Gin Co-op
grower meeting

Hidalgo
Hidalgo

# of
Attendees
40
35
18

Cameron,
Hidalgo
Cameron,
Hidalgo
Hidalgo

Topics cover the following areas: General,
IPM, Laws and Regs., Drift Minimization

30

Hidalgo

BMPs and Cost Share Opportunities

18

Cameron,
Hidalgo
Cameron,
Hidalgo
Cameron,
Hidalgo,
Willacy
Cameron,
Hidalgo,
Willacy
Hidalgo

Topics cover the following areas: General,
IPM, Laws and Regs., Drift Minimization
Dr. Gaylon Morgan, Extension Cotton
Specialist toured cotton variety trials

21

22
27

78
86

134

Cost Share Opportunities

20

Cameron,
Hidalgo,
Willacy

Soil Testing Campaign, Nutrient
Management and WQMPs

26

Cameron,
Hidalgo,
Willacy
Cameron,
Hidalgo,
Willacy
Cameron,
Hidalgo,
Willacy
Cameron,
Hidalgo,
Willacy
Cameron

Soil Testing Campaign, Nutrient
Management and WQMPs

23

Show case water conservation efforts in the
RGV

100

Show case water conservation efforts in the
RGV

100

Soil Testing Campaign, Nutrient
Management and cost share programs

100

BMPs and soil testing

15

9

4/19/2012

ACWP Ag
Workgroup Meeting

6/1/2012

Grain
Sorghum/Sunflower
Field Day
IBWC LRGV
Citizens Forum
Board Meeting
Rio Farms Field Day

7/18/2012

7/24/2012
7/29/2012
8/14/2012
8/24/2012
9/13/2012

Special IBWC
Meeting
TSSWCB Local
Board Meeting
Marketing
Workshop
Sugarcane Field Day

Cameron,
Hidalgo,
Willacy
Hidalgo,
Cameron
Cameron,
Hidalgo,
Willacy
Hidalgo
Starr
Hidalgo
Hidalgo

Cost Share Opportunities and soil
campaign results

12

Ag NPS Pollution, BMPs and cost share
opportunities

123

Arroyo Colorado Flood Control Project

37

Cotton and Sesame Field Day- Soybean
disease update
Concerned landowners/producers about
possible flooding of acreage
Board meeting and NRCS Producer
financial incentives presentation
Workshop for small acreage producers

135

Sugar Cane & Mill update, Irrigation
Water situation, Weather OutlookCropping Systems & Environmental
Stresses-Drought-Field Tour
Total number of people reached directly from October 2010 to September 2012
3/15/2013

4/16/2013
4/25/2013

7/1/2013
7/18/2013

7/24/2013
8/17/2013

8/29/2013
9/13/2013
9/17/2013

Hidalgo

53
9
33
76

1451

Financial
Opportunities for
Your Farm and
Ranch
Irrigation District
Managers Meeting
ACC Ag Workgroup
Meeting

Willacy

Soil Testing Campaign and Cost Share
Programs

21

Hidalgo

19

Personal Contact
ACC Habitat
Workgroup and
Steering Committee
Meetings
NRCS Local Work
Group Meeting
Ranch and Wildlife
Management
Workshop
Leadership Advisory
Board Meeting
Surge Valve
Demonstration
Surge Valve
Training

Hidalgo
Hidalgo

Presented on best management practices
and cost share programs.
Presented on Ag NPS pollution, best
management practices and cost share
programs
Sorghum Trial Harvest

Cameron

Gave update on ACC projects and goal

10

Cameron

Gave presentation on conserving water

20

Cameron

Gave update on ACC programs and goals

13

Hidalgo

Talked about cost share programs and
BMPs
Attended discussed how this is a BMP that
ties into water quality

15

Hidalgo

Hidalgo

12

5
17

8

10

10/2/2013

10/17/2013

10/14/2013
12/4/2013
12/10/2013
12/19/2013

1/16/2014

Rio Grande
Regional Water
Authority Meeting
ACC Habitat
Workgroup and
Steering Committee
Meetings
Surge Valve
Demonstration
NRCS Soil Health
Field Day
Fike Farms Field
Day
Raymondville
SWCD Meeting

Hidalgo

Attended meeting

25

Hidalgo

Participated in meetings

15

Hidalgo

Promoted the soil testing campaign and
cost share programs
Gave a presentation on soil sampling and
discussed the soil campaign
Attended and networked with producers

12

Attended meeting and gave update on
ACCW; discussed upcoming Cost Share
Education program
Gave a presentation about the ACW and
the soil testing campaign

10

Willacy
Hidalgo
Willacy

1/17/2014

Annual Cotton and
Grain Pre Plant
Meeting
Personal Contact

1/23/2014

Personal Contact

Hidalgo
and
Willacy

2/13/2014

RGV Coastal
Studies Expo

Hidalgo

2/20/2014

ACC Agriculture
and Habitat
Workgroups and
Steering Committee
Meetings
Annual Subtropical
Agriculture and
Environments
Society meeting
Farm Bill Meeting
2014 RGV Water
Summit
TWDB Meeting
Farm Bill Meeting

Hidalgo

2/21/2014

2/25/2014
3/7/2014
3/24/2014
4/8/2014
4/9/2014
4/22/2014

Storm Water
Conference
Rio Grande Basin
Partnering Meeting

Hidalgo

Cameron

45
30

120

Visited La Feria and Progresso Cotton Gins
to drop off fact sheets and soil sample
forms and bags
Visited Rangerville, Lyford, Willacy,
Frisbee/Bell, Ross, and RGV Cotton Gins
to drop off fact sheets and soil sample
forms and bags
Had a booth at the Expo, took the ACW
model and did mini presentations for
elementary school kids
Presented the draft of the ag section for
ACWPP Phase II

7

Hidalgo

Attended meeting and was elected to the
SAES board

100

Hidalgo
Hidalgo

Attended a farm bill meeting at Rio Farms
Attended, networked

120
150

Cameron
Hidalgo

Attended
Participated in discussion about new farm
bill
Attended conference

75
50

Participated in round table discussion of
Arroyo Projects that could possibly be
supported by US Corps of Engineers

60

Cameron
Cameron

18

200

30

200

11

4/24/2014
4/26/2014
4/29/2014

5/7/2014
5/8/2014

5/9/2014

5/22/2014

Riparian Workshop
Vida Verde
Technical and
Financial Assistance
Program
NRCS Soil Health
Program
Onion/Watermelon
Field Day

Hidalgo
Hidalgo
Hidalgo

Participated in the Riparian Workshop
Had a booth with the ACW model
Hosted and gave a presentation

15
800
50

Willacy

15

Jr. Master Gardner
Teacher Training

Hidalgo

Attended meeting, personal contact with
producers
Hosted field day focused on the economics
of different types of irrigation in onions
and watermelon
Attended, networked and got ideas about
trying to incorporate aspects of the ACW
into the Jr. Master Gardner Program
Attended

Hidalgo

60

28

Habitat/Steering
Hidalgo
Committee Meetings
6/11/2014
Fike Farms Field
Hidalgo
Attended and networked with producers
Day
6/12/2014
UTPA Science
Hidalgo
Hosted elementary/middle school science
Teachers Program
teachers. Gave a presentation on the ACW.
6/19/2014
Sugar Cane Aphid
Hidalgo
Attended and networked with producers
Field Day
Total number of people reached directly from February 2013 to September 2014

35

22

Total number of people reached directly throughout the course of the entire project

4,023

60

80
2,572
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Appendix B – Educational Meeting Agendas
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Appendix C – Fact Sheets Developed Throughout the Project
The following fact sheets were also created:
-

Filter Strips,
Forage Harvest Management,
Irrigation Land Leveling, Irrigation
Management,
Irrigation Polypipe, Irrigation
Sprinkler System,
Irrigation Storage Reservoir,
Irrigation Water Management,
Micro-irrigation Systems,
Nutrient Management,
Pest Management,
Prescribed Grazing,
Residue Management,

-

-

Surface and Subsurface Irrigation,
Surface Roughening,
Tailwater Recovery System,
Project fact sheet,
Investigation of Select Drainage
Ditches in the Arroyo Colorado
Watershed,
EM-113: Best Management Practices
(BMPs) and Water Quality
Parameters of Selected Farms
Located in the Arroyo Colorado
Watershed, and Agricultural NPS in
the Arroyo Colorado Watershed

These publications can be at the following link: http://arroyocolorado.org/publications/.
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Appendix D – Press Releases Developed Throughout the Project
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38
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Appendix E – Assessment of Educational Needs and Barriers to Adoption

An Evaluation of Educational Needs and
Barriers to Practice Adoption for
Agricultural Producers in the Arroyo
Colorado Watershed

September 2014
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ACRONYMS

BOD – Biochemical Oxygen Demand
BMP – Best Management Practice
EQIP – Environmental Quality Incentives Program
GLO – Texas General Land Office
SPSS – Statistical Package for Social Sciences
SWCD – Soil and Water Conservation District
TCEQ – Texas Commission on Environmental Quality
TMDL – Total Maximum Daily Load
TSSWCB – Texas State Soil and Water Conservation Board
USDA-NRCS – United States Department of Agriculture – Natural Resources Conservation Service
USEPA – United States Environmental Protection Agency
WPP – Watershed Protection Plan
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ABSTRACT
Delivering appropriate educational programs and mitigating barriers to adopting sustainable agricultural
practices are two of the most important factors when implementing agricultural sections of watershedbased plan. In this project, TWRI identified the primary barriers to adopting sustainable agricultural
practices of agricultural producers in the Lower Rio Grande Valley as well as identified key areas for
education programs. Of the 1,137 evaluations that were deliverable, 160 individuals responded with their
input. This report contains the overall results of the responses.
INTRODUCTION
The Federal Clean Water Act §303 (United States Environmental Protection Agency, 2012) requires that
states identify how water bodies in the state are used and establish criteria, or standards, needed to sustain
those uses. To determine which water bodies do not meet the standards, the state is required to monitor
for various parameters and report the findings. If water bodies do not meet the set standards, they are
placed on what is commonly referred to as the 303(d) List, named after §303(d) of the Clean Water Act.
In Texas, this is known as the Texas Integrated Report for Clean Water Act Sections 305(b) and 303(d).
Houck (1999) describes that once water bodies have been added to the 303(d) List, §303(d) of the Clean
Water Act requires states to:
1. Pinpoint water bodies that will still be polluted even after available technology has been applied.
2. Highlight the water bodies while taking into account the severity of their contamination; and
3. Develop “total maximum daily loads” that take into account seasonality, economic growth, and a
margin of safety to determine the maximum amount of pollution that a water body can receive
and still meet water quality standards.
Watershed based plans, whether they be a Watershed Protection Plan (WPP) or Total Maximum Daily
Load (TMDL) and Implementation Plan, have been developed across Texas. Figure 1 provides an
overview of Watershed Protection Plans and Total Maximum Daily Loads that have been adopted
statewide.
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Figure 1. Map of WPPs and TMDLs in Texas
Agriculture has been identified as the primary contributor to nonpoint source pollution (United States
Environmental Protection Agency, 2012) in the United States, and currently, there are no permitting
methods or regulations for this source. The Texas Agricultural Code, §201.026, which contains
information about nonpoint source pollution, charges the Texas State Soil and Water Conservation Board
as the primary agency for activity relating to mitigation of agricultural and silvicultural (forestry)
nonpoint source pollution. Specifically, this is done through voluntary efforts of planning, implementing,
and managing programs and practices that reduce sources of pollution (FindLaw, 2013).This agency,
along with other agencies in the state, take a watershed approach to prioritize efforts where nonpoint
source pollution from agricultural and silvicultural activities have been identified as causing water quality
impairments (Texas State Soil and Water Conservation Board, 2010). The TSSWCB’s primary means for
implementing agricultural management practices is through an incentive program called the Water
Quality Management Plan Program, as directed by Texas Senate Bill 503 (Texas State Soil and Water
Conservation Board, 2010). A Water Quality Management Plan is a plan developed by the landowner and
the local Soil and Water Conservation District (SWCD) that, according to the TSSWCB (2010) Reference
Guide, includes “appropriate land treatment practices, production practices, management measures,
technologies or combinations thereof.” The Water Quality Management Plan must be approved both at
the local level and at the state level (Texas State Soil and Water Conservation Board, 2010). Further,
other incentive programs, such as the United States Department of Agriculture-Natural Resource
Conservation Service (USDA-NRCS) Environmental Quality Incentives Program (EQIP), are available to
landowners to help pay for the adoption of sustainable agricultural practices. Challenges have become
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apparent in some areas of the state due to the lack of participation in incentive programs and lack of
adoption of sustainable agricultural practices. These challenges are partially related to economic,
programmatic, information and awareness, and other social barriers. An assessment of educational needs
and barriers to sustainable agricultural practice adoption is important to increase the effectiveness of the
overall efforts. Additionally, an evaluation of the overall implementation effort is needed to determine
what has been effective, what has been ineffective, and what areas of an implementation program need to
be enhanced.
The Arroyo Colorado River is located in Cameron, Hidalgo, and Willacy counties in the Lower Rio
Grande Valley of South Texas. The Arroyo Colorado flows for approximately 90 miles, beginning west
of McAllen, transecting Hidalgo and Cameron counties and forming the boundary for Cameron and
Willacy counties for the last 16 miles, until it reaches the Lower Laguna Madre. To the Lower Laguna
Madre, the Arroyo Colorado is the primary source of fresh water and serves as a nursery for aquatic life
(Arroyo Colorado Watershed Partnership, 2007). The land that drains into the Arroyo Colorado is known
as the Arroyo Colorado Watershed. This watershed is approximately 706 square miles and provides
various land uses. Those land uses have been classified by the Spatial Sciences Lab of Texas A&M
University at College Station. Primary land uses include agriculture (54%), range (18.5%), urban (12%),
water bodies (6%) and sugarcane (4%) (Kannan, 2012); however, vegetable and fruit crops are grown in
portions of the watershed and other types of industry exist. Two of the primary users of water in the
watershed are agriculture and municipalities, and flow in the Arroyo Colorado is primarily sustained by
wastewater discharges and agricultural irrigation return flows; thus, the Arroyo Colorado serves as a
conveyer of this water as it leaves the system. When wastewater discharges and agricultural return flows
enter the Arroyo Colorado, they carry nutrients, sediment and bacteria, which pose a threat to the various
users of the water.
The tidal segment of the Arroyo Colorado was first listed as having low levels of dissolved oxygen in
1996 and elevated levels of bacteria in 2006, while the above tidal segment was listed in 1996 for having
elevated levels of bacteria (Texas Commission on Environmental Quality, 2013). As a result, an attempt
to develop a total maximum daily load was initiated in 1998 to address the depressed dissolved oxygen
impairment where results indicated that a near 90% reduction in pollutants would be needed (Arroyo
Colorado Watershed Partnership, 2007). The Texas Commission on Environmental Quality (TCEQ)
Commissioners determined that this was unattainable and the Watershed Protection Planning process
began for the Arroyo Colorado watershed. The Arroyo Colorado Watershed Partnership was formed from
two small groups that were developed during the Total Maximum Daily Load process of a Science and
Technology Advisory Committee and Steering Committee to address the diverse contributors of pollution
in the water body. The makeup of this partnership consisted of various key workgroups including 1)
wastewater infrastructure, 2) agricultural issues, 3) habitat restoration, and 4) outreach and education
(Arroyo Colorado Watershed Partnership, 2007). Some members of the workgroups, as well as a diverse
group of other individuals, make up the Steering Committee, a group charged with making consensus
decisions that represent all interests of the watershed.
Several workgroups developed recommendations in the form of technical documents, and portions of
those were incorporated into the Arroyo Colorado Watershed Protection Plan (Phase I). The workgroup
plans included the Arroyo Colorado Habitat Restoration Plan (2006), the Arroyo Colorado Watershed
Partnership Education and Outreach Campaign (2006), and the Arroyo Colorado Watershed Protection
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Plan: Components Addressing Agricultural Nonpoint Source Pollution (2007). Within the Agricultural
Issues Workgroup recommendations, a goal was established to “encourage the voluntary adoption of best
management practices (BMPs) to reduce suspended sediment levels resulting from cropland erosion,
BOD (oxygen demanding organic material) from runoff crop residue, and nitrogen and phosphorus
fertilizer runoff from irrigated croplands” (Agricultural Issues Work Group of the Arroyo Colorado
Watershed Partnership, 2006). In an effort to achieve the goal, it was estimated that the voluntary
adoption of BMPs on irrigated lands would be needed on approximately 150,000 acres, or 50% of total
irrigated acreage in the watershed. As of 2007, voluntary BMPs had already been implemented on
approximately 50,000 acres through the TSSWCB’s Water Quality Management Plan Program and the
USDA –NRCS EQIP; thus one-third of the goal had already been achieved (Agricultural Issues Work
Group of the Arroyo Colorado Watershed Partnership, 2006). To accomplish the remaining two-thirds,
the Agricultural Issues Workgroup (2006) proposed four types of additional assistance that would help
reach the remaining acreage needed. Those types of assistance were:





Technical Assistance – assistance in developing farm plans for individual landowners
Cost-Share Assistance – payments to the producer to help implement sustainable agricultural
practices
Educational Programs – informative programs that would help producers become familiar with
incentive programs, management practices, and other production methods; and
Monitoring and Assessment – determining the contribution resulting from agricultural practices
and demonstrate best management practices and their benefit.

The Agricultural Issues Workgroup (2006) developed a timeline of 10,000 acres annually that owners and
managers would need to implement management practices on to reach the goal. The workgroup also
recommended specific practices that would need to be adopted to reach the targeted load reductions.
Finally, the workgroup determined cost estimates (Table 1) for the four types of assistance for the short
term and long term that would be needed to reach the goals.
Table 1. 2007 Cost Estimates of the Agricultural Issues Workgroup (2006)
Short-Term Estimate (2005 2010)

Long-Term Estimate (2010 2015)

$475,000

$500,000

$2.7 Million

$3 Million

$275,000

$300,000

$750,000

$800,000

$4.2 Million

$4.6 Million

Type of Assistance
Technical Assistance
Cost-Share Assistance
Information/Education
Monitoring and Assessment
Total
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As a result of the Arroyo Colorado Watershed Protection Plan, several projects have been developed for
implementation and funded by various agencies, including, but not limited to, the Texas General Land
Office (GLO), TCEQ, the TSSWCB, and the United States Environmental Protection Agency (US-EPA).
These projects have had a wide array of focuses such as cost-share education for agricultural producers,
public service announcements promoting a soil testing campaign, pesticide education, cost-share
assistance, technical assistance, monitoring of irrigation BMPs, and computer modeling that simulates the
effectiveness of sustainable agricultural practices.

As the US-EPA’s Handbook for Developing Watershed Plans to Restore and Protect Our Waters (2008)
mentions, you can have a great plan; however, you need to implement that plan. Deciding how to
implement your plan can be a difficult task. The last chapter of the handbook discusses what to do with a
completed watershed plan. It discusses that you should begin with developing an organizational structure
that will implement the watershed plan by using the skills that stakeholders have and identifying gaps that
may exist and filling those gaps. To implement specific activities, the handbook recommends that
technical assistance be available for all management measures and that training and follow up be
provided. Financial mechanisms, progress tracking, and communicating results are also considered
important components to implementing watershed-based plans. Finally, the handbook recommends that
managers evaluate the program. Most literature focuses on developing organizational structure through
collaborative watershed management, which was conducted in the Arroyo Colorado through development
of the Partnership; however, the purpose of this paper is to present a way to prioritize implementation
activities through identifying priority educational needs and barriers to adopting sustainable agricultural
practices.

METHODS
To collect data, Dillman’s (2000) Tailored Design Method was used where individuals were notified of
their participation via postcard. This postcard contained a web link to the instrument, and potential
participants were allowed one week to complete the evaluation online. After a week, a hard copy of the
instrument, along with a cover letter containing an electronic link, were sent to participants. Two weeks
after the hard copy evaluation was mailed, a reminder postcard was sent that also contained the web link.
A final hard copy evaluation was mailed to participants two weeks after the reminder postcard that
contained the web link as well. Individuals who returned the evaluation or indicated that they did not want
to participate in the study were removed from the mailing list so that they were not mailed the evaluation
more than once.
The response rate achieved in this evaluation was 24.1% (274 returned evaluations of the 1,137 that were
deliverable) where 11 respondents completed the evaluation online, 91 from the first mailing, and 58 from
the second. 114 individuals returned the evaluation opting not to complete it leaving researchers with 160
total usable responses. Results of this evaluation are not representative of the population as a whole but
just those that responded during this evaluation. Table 2 contains demographic characteristics for those
who returned the evaluation.
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Statistical Package for Social Sciences (SPSS) Version 22 was used to conduct data analysis. Descriptive
statistics were run for demographic, manifest (measurable), and latent (construct) variables. In addition,
Cronbach’s alpha was calculated for all manifest variables and each group of manifest variables that made
up the latent variables. Finally, to determine if any differences may exist between those that responded
and those that did not respond, responses to the first evaluation were being compared to responses of the
second evaluation (Lindner, Murphy, & Briers, 2001).
Table 2. Demographic Characteristics of
Participants
Characteristic

n

%

18 - 30

2

1.3

31 - 50

20

12.5

51 - 70

83

51.9

71 and over

47

29.4

128

80.0

25

15.6

American Indian or Alaska
Native

1

.6

Spanish, Hispanic, Latino

58

36.3

White

91

56.9

Less than High School

9

5.6

High School Diploma

25

15.6

Some College

41

25.6

Bachelor’s Degree

53

33.1

Post-Graduate Degree

25

15.6

Age at time of evaluation (years)

Gender
Male
Female
Ethnicity

Education level

Note. N=160
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RESULTS
Educational Needs
To determine educational needs, TWRI developed an evaluation instrument that was used in an electronic
and hard copy format. Sixteen questions requesting information about the perceived educational needs for
agricultural producers were presented in a Likert Scale with six response options of Strongly Agree (1),
Agree (2), Somewhat Agree (3), Somewhat Disagree (4), Disagree (5), and Strongly Disagree (6). These
questions were arranged so that the first four questions related to water quality, questions five through
eight were related to conservation practices, questions nine through twelve were related to financial
incentives, and questions thirteen through sixteen were related to water quantity. An optional text
response was included for participants to include any other educational needs that may not have included
in the questions above. Finally, demographic information was asked of participants. This included
educational level, gender, ethnicity, and age.
Sixteen variables were developed to assess the educational needs of agricultural producers. Table 3
contains the mean, standard deviation, and number of responses for the variables relating to the question
“Please indicate your level of agreement regarding what you think are some educational needs for
agricultural producers related to water.” Combined, the variables resulted in a Cronbach’s alpha of 0.96.
Table 3. Mean, Standard Deviation, and Number of Responses for
Manifest Variables
Education Topic

M

SD

N

1. How water quality impacts your
operation

1.77

.970

140

2. How agricultural production impacts
water quality

1.88

.913

139

3. What current water quality levels are
(eg. nutrients, salinity, etc.)

1.82

.859

137

that improve water quality

1.90

.911

139

5. How I can improve my operation by
adopting conservation practices

1.94

.907

139

6. Updates on conservation practice
effectiveness

1.95

.854

139

7. How to install/maintain conservation
practices

1.96

.928

139

8. Fertility application methods (eg.
nutrient management)

1.96

.924

139

4. Specific conservation practices
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9. Sources of financial incentives
available to help pay for conservation
practices

1.84

1.036

140

10. Requirements of financial incentive
programs

1.99

1.007

139

11. How to apply for financial
incentives

1.82

.921

136

12. Information about upcoming
incentive programs

1.91

1.050

138

13. Specific conservation practices that
reduce the amount of irrigation water
used

1.79

.928

139

14. How much water is needed to
produce various crops

1.91

.916

138

15. Current and new irrigation
technologies

1.83

.937

139

16. How much irrigation water is
available for the upcoming year

1.64

.969

140

To better classify the responses, variables were combined into latent variables, where manifest variables
one through four were related to the construct of water quality, five through eight to conservation
practices, nine through twelve to financial incentives, and thirteen through sixteen to water quantity. This
allowed the researcher to determine what the highest broad priority areas were and then narrow them by
manifest variable. Descriptive statistics for latent variables are displayed in Table 4. For each of the latent
variables, a Cronbach’s alpha was calculated and resulted in water quality – 0.87, conservation practices –
0.93, financial incentives – 0.94, and water quantity – 0.86.
Table 4 Mean, Standard Deviation, and Number of Responses
for Latent Variables
Name of Variable

M

SD

N

Water Quality

1.84

.78

140

Conservation
Practices

1.95

.82

140

Financial Incentives

1.90

.95

140

Water Quantity

1.80

.82

140

Note. Scale: 1.00-1.49 = “strongly agree;” 1.50-2.49 =
“agree;” 2.50-3.49 = “somewhat agree;” 3.50-4.49 =
“somewhat disagree;” 4.50-5.49 = “disagree;” 5.50-6.49 =
“strongly disagree.”
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Barriers to Adopting Management Practices
Questions for this section were developed by generally following those that Rodriguez et al. (2008) had
outlined in their study but additionally, participants were asked whether they had adopted practices to
their operation or not. Eighteen manifest variables were measured (table 5) in an attempt to identify the
priority barriers to adopting sustainable agricultural practices by asking participants to “Please indicate
your level of agreement regarding the reasons you HAVE NOT adopted conservation practices through
incentive programs.” Cronbach’s alpha was calculated with all manifest variables, called barriers to
adoption, and resulted in an alpha of 0.91. Table 5 contains descriptive statistics (mean, standard
deviation, and number of responses) for each manifest variable and participants’ response to whether they
had adopted or not. As seen, the initial cost of installing (M=2.05) as the barrier was agreed with the
most, followed by incentive (cost-share) levels being too low (M=2.17) and the lack of available costshare funds. (M=2.20). The first two barriers indicate that installing costs are an expense that producers
are less willing to incur, but low cost-share levels also act as a barrier to adopting practices. A common
message from producers in the area was that cost-share funds were unavailable, and a high agreement to
the lack of cost-share funds supports this. Fourth, maintenance costs (M=2.22) act as a barrier to adopting
practices. Cost-share programs assist in paying for the initial cost of installing; however, the maintenance
cost is something that producers are sometimes not willing to incur. Next, both the eligibility of the
incentive program (M=2.28) and lack of information about conservation practices effectiveness (M=2.28)
act as barriers because some incentive programs provide one time only funds, and the lack of information
about whether the conservation practice actually works can reduce the likelihood of adoption,
respectively. Finally, the variable that respondents agreed with seventh most was that producers were
uncertain if practices would increase or decrease profit (M=2.29). With the inclusion of the last variable,
all of the economic barriers had been agreed with amongst the top half of all the variables. This indicates
that economics, overall, may be the largest barrier to adopting sustainable agricultural practices. Objective
two contains the results of that analysis and differences in means between respondents who have adopted
practices and those that have not.
It should be mentioned that within the manifest variables, some statistically significant differences could
be found between those that have and those that have not adopted practices and their response to manifest
variables. Specifically, a difference could be found within the variable “4. Uncertain if practices will
increase or decrease profit” [F (1, 108) = 4.05, p = .05] (ηp2 = 0.04, 1- β = 0.51) where respondents that
have adopted practices (M=2.42, SD=1.15) agreed less that the variable was a barrier than those that have
not adopted practices (M=2.02, SD=.93). Similarly, those that have adopted practices (M=2.88, SD=1.22)
significantly differed [F(1,106) = 5.791, p=.02] (ηp2 = 0.05, 1- β = 0.66) from those that have not adopted
practices (M=2.37, SD=.95) in their response to “7. Land does not meet the requirements of the program.”
Thirdly, responses to the variable “14. Lack of labor to implement conservation practices” differed
significantly [F(1,108) = 4.734, p=.03] (ηp2 = 0.04, 1- β = 0.58) where those that have adopted practices
(M=2.68, SD=1.22) agreed less about the variable being a barrier than those that have not adopted
practices (M=2.20, SD=2.08). Finally, those that have adopted practices (M=3.13, SD=1.39) agree less
than those that have not adopted practices (M=2.31, SD=1.13) to the variable of “15. Conservation
practices are outside of my methods of operating” [F(1,108) = 11.15, p = .001] (ηp2 = 0.095, 1- β = 0.91)
being a barrier.
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Table 5. Descriptive Statistics for Manifest Barriers to Adoption by Adoption Category
Adopted
Variable
Y/N
M
SD
N
1. Initial cost of installing
Yes
2.04
1.19
57
No
2.00
1.14
53
Total
2.02
1.17
110
2. Maintenance costs

Yes
No
Total

2.38
2.02
2.21

1.27
1.06
1.18

58
52
110

3. Incentive (cost-share) levels are too low

Yes
No
Total

2.22
2.00
2.12

1.24
0.97
1.12

58
52
110

4. Uncertain if practices will increase or decrease
profit

Yes

2.42

1.15

57

No
Total

2.02
2.23

0.93
1.06

53
110

5. Eligibility of a program

Yes
No
Total

2.32
2.13
2.23

1.18
0.99
1.09

56
52
108

6. Lack of available cost-share funds

Yes
No
Total

2.09
2.22
2.15

1.08
0.97
1.03

58
51
109

7. Land does not meet the requirements of the
program

Yes

2.88

1.22

56

No
Total

2.37
2.63

0.95
1.12

52
108

8. Terms of the contract

Yes
No
Total

2.71
2.44
2.58

1.29
1.07
1.19

56
52
108

9. Did not know about incentive programs

Yes
No
Total

2.36
2.35
2.35

1.33
1.20
1.27

61
52
113

10. Lack of information about conservation practice
effectiveness

Yes

2.36

1.21

56

2.15

1.04

52

No

53

Total
11. Lack of opportunities to see practices at
demonstrations

Yes
No
Total

12. Lack of educational opportunities about
conservation practices

Yes
No
Total

13. Lack of time to implement/maintain
conservation practices

Yes
No
Total

14. Lack of labor to implement conservation
practices

Yes
No
Total

15. Conservation practices are outside of my
methods of operating

Yes
No
Total

16. Belief that adopting practices would really make
a difference in water quantity and/or water quality

Yes
No
Total

17. Operation size is too large to implement
practices

Yes
No
Total

2.26

1.13

108

2.40

1.20

55

2.15
2.28

1.00
1.11

52
107

2.39

1.23

54

2.22
2.30

0.99
1.12

51
105

2.71

1.25

56

2.37
2.55

1.20
1.23

51
107

2.68

1.22

59

2.20
2.45

1.08
1.18

51
110

3.13

1.39

56

2.31
2.73

1.13
1.33

52
108

2.72

1.49

57

2.43
2.58

1.20
1.36

51
108

3.95

1.41

56

3.71
3.83

1.35
1.38

51
107

18. Do not want to be tied to a government program

Yes
2.95
1.62
61
No
2.79
1.50
53
Total
2.88
1.56
114
Note. Scale: 1.00-1.49 = “strongly agree;” 1.50-2.49 = “agree;” 2.50-3.49 = “somewhat
agree;” 3.50-4.49 = “somewhat disagree;” 4.50-5.49 = “disagree;” 5.50-6.49 = “strongly
disagree.”
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Manifest variables were combined into latent variables to identify broad barriers to adopting sustainable
agricultural practices. Cronbach’s alpha for latent variables resulted in a 0.83 for economics, 0.79 for
programmatic, 0.87 for information/ awareness, and 0.81 for producer/operation manifest variables. Table
6 below contains descriptive statistics for latent variables where economic barriers (M=2.16) were agreed
with the most, followed by information/awareness barriers (M=2.33), programmatic barriers (M=2.45),
and producer/operation barriers (M=2.72).
Statistically significant differences between several latent variables could be identified, beginning with a
difference between Economic and Programmatic variables [F(1,114) = 18.20, p = .001] (ηp2 = 0.14, 1- β =
0.99) where respondents agreed more with Economic barriers than Programmatic barriers. Next,
participants were significantly more likely to respond to Economic barriers than Information/Awareness
barriers [F(1, 113) = 3.90, p = .05] (ηp2 .03, 1- β .50) or Producer/Operation barriers [F(1,113) = 38.34, p
= .001] (ηp2 = .25, 1- β = 1.00). A statistically significant difference was also identified between the
Programmatic and Producer/Operation barriers [F(1,111) = 13.40, p = .001] (ηp2 = .11, 1- β = .95) and
between Information/Awareness and Producer/Operation barriers [F(1,116) = 26.99, p = .001] (ηp2 = .19,
1-β = .99).

Table 6. Latent Barriers to Adoption Descriptive Statistics
M

SD

N

Economic

2.16

0.95

118

Programmatic

2.45

0.95

116

Information/Awareness

2.33

1.07

121

Producer/Operation

2.72

1.01

122

Note. Scale: 1.00-1.49 = “strongly agree;” 1.50-2.49 =
“agree;” 2.50-3.49 = “somewhat agree;” 3.50-4.49 =
“somewhat disagree;” 4.50-5.49 = “disagree;” 5.50-6.49 =
“strongly disagree.”
Of the respondents, 71 (56.8%) indicated that they had adopted sustainable agricultural practices to their
operation and 54 (43.2%) indicated that they had not. Further, there were no statistically significant
differences between any latent or manifest barrier variables based on whether respondents had adopted or
not.
SUMMARY AND CONCLUSIONS
Water quality can be difficult to manage for a watershed in its entirety, especially when there is a large
population in the watershed. In the case of the Arroyo Colorado watershed, one of those populations
consists of agricultural producers. As discussed in the previous chapters, there is a need to prioritize the
approach taken when implementing agricultural components of watershed based plans. This study aimed
to answer the following questions:
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1. What are the primary educational needs for agricultural producers in Cameron, Hidalgo, and
Willacy counties related to water?
2. What are the primary barriers to management practice adoption through incentive programs?
The first research question of the study, what are the primary educational needs for agricultural producers
in Cameron, Hidalgo, and Willacy counties related to water, was answered by calculating means for each
of the manifest (measurable) variables and by combining manifest variables into latent (construct)
variables to provide overall priority areas. Bridges (2008) had mentioned the necessity of identifying local
needs and Feather and Amacher (1994) discussed the lack of information available to help producers
make decisions, both contributing to the lack of adoption. Within the study, it was determined that of the
latent variables, water quantity was the highest educational need, followed by water quality, financial
incentives, and conservation practices. Manifest variables that made up latent variables and were agreed
with the most were how much irrigation water is available for the upcoming year, how water quality
impacts your operation, specific conservation practices that reduce the amount of irrigation water used,
what current water quality levels are (e.g., nutrients, salinity, etc.) and how to apply for financial
incentives. Ribaudo and Horan (1999) mentioned that education is a common component of nonpoint
source programs and also mentions that it is less expensive to deliver than cost-share programs. By
delivering intensive educational programs, we could possibly help producers make the connection
between different parameters and local water quality (Christenson & Norris, 1983).
There is a need to identify these barriers at the local level because of varying barriers across the state and
the lack of commonality and some authors have even stated that “results are clearly inconclusive about
what factors consistently determine BMP adoption” (Prokopy et al., (2008). The second research question
of what are the primary barriers to management practice adoption through incentive programs.
First, means were calculated to identify which were the primary barriers to adopting sustainable
agricultural practices. Also, manifest variables were combined into latent variables to identify the key
areas that barriers fall into. Of the barriers, the initial cost of installing was the barrier that agricultural
producers agreed with the most. The barrier agreed with the second most was that cost-share levels were
too low, followed by the lack of cost-share funds available. Finally, the fourth highest barrier was related
to maintenance costs of the practices. All of these barriers were related to economics, which was the area
relating to the largest barrier, or latent variable, supporting Rodriguez et al (2008), and Drost et al (1996);
however, for the purposes of this study, the lack of cost-share funds and cost-share levels being too low
were part of the programmatic barrier. Of the remaining latent barriers, information/awareness ranked
second (supporting Gillespie et al. (2007), Baumgart-Getz et al. (2012), Greiner et al. (2009), and Ryan et
al (2003)), programmatic third, and producer/operation fourth (supporting Lamba et al. (2008)).
Of these manifest variables, significant differences could be identified between those that have adopted
practices (agreeing less) and those that have not adopted (agreeing more) in their response to four
manifest variables, meaning that those that have not adopted practices were more likely to agree less.
Those manifest variables were “4. Uncertain if practices will increase or decrease profit,” “7. Land does
not meet the requirements of the program,” “14. Lack of labor to implement conservation practices,” and
“15. Conservation practices are outside of my methods of operating.”
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