
PROBLEMS IN THE
UPPER NORTH BOSQUE

The Upper North Bosque River Watershed
is comprised of 290,040 acres (453.2
square miles) and located in north-central
Texas.  The Bosque River flows southward
to Lake Waco, which serves as a water
supply reservoir for more than 200,000
people in the city of Waco and surrounding
communities.  In the late 1980s, the region
experienced dramatic growth in the dairy
industry. The combined herd grew by
148% to over 50,000 cows, while producer
numbers increased by only 12% to 188
farms.  The nature of dairy farms in the
region was changing; however,
technologies for managing these large,
concentrated herds were not well
understood.  As a result, some serious
problems began to occur.

In 1989, the Upper North Bosque River
Watershed was listed in the Clean Water
Act Section 319 Management Program for
Agricultural and Silvicultural Nonpoint
Source Water Pollution in Texas which was
developed by the Texas State Soil and
Water Conservation Board.  The report
identified the North Bosque River as a
“known” water quality problem area where
nonpoint sources were contributing to
excess loadings of nutrients and fecal
coliform bacteria.  Water monitoring
stations in the river had identified 13
violations of the fecal coliform standard
(200 colonies/100 ml), with values as high
as 270,000 bacterial colonies per 100
milliliters of water.  Fish kills and other
evidence of water pollution were being
reported.  Obviously, raw waste materials
were directly entering into the surface
water system.
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The lack of adequate treatment and proper
disposal of animal waste from dairies was
becoming a conspicuous problem in the
watershed.  Less than one-third of the dairy
operations had installed adequate waste
disposal systems.  The confinement of large
herds (>500 head) on small land acreages
further intensified the problem.  In 1990, the
Texas Water Commission, the state water
quality regulatory agency, adopted regulations
which placed new and more stringent
requirements on dairies to meet water quality
goals.  However, few resources were available
to producers to enable them to meet these new
demands and remain economically viable.

In addition, several other potential sources of
nutrient and bacterial contamination existed
in the watershed and were known to be
contributing to the problem.  Unregulated
and failing on-site sewage treatment systems
and inadequate management of municipal
waste treatment plants had been
documented.  Improper use of fertilizers and
pesticides in both rural and urban
applications also compounded the problem.
Due to extensive media coverage, it was
widely known that significant water pollution
problems were present and an even greater
potential for adverse impacts existed.  The
urgent need for an aggressive and targeted
water resource management program was clear.

Failing on-site wastewater treatment systems presented another
major threat to water quality in the Bosque River.

As a result, the Upper North Bosque River
Hydrologic Unit Project was initiated in
1990 as part of the Presidential Water
Quality Initiative.  This USDA and State of
Texas cooperative project has involved
personnel from numerous state and federal
agencies, universities and local and
regional organizations.  The ultimate goal
of the project has been to effect measurable
reductions in potential nonpoint source
contaminant levels in surface runoff and
ground water in the Bosque River
watershed.  This goal has been achieved.

The Upper North Bosque River Watershed comprises an area
of 290,040 acres (453.2 square miles) in north-central Texas.

Increases in the number and size of dairy herds in the project
area created greater water resource concerns.
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PROJECT OBJECTIVES AND ACTIONS

The primary objectives of the Upper North
Bosque River Hydrologic Unit Project
were:

1) Through education, establish a
thorough recognition and
understanding of all existing and
potential sources and best
management practices and systems
for the effective control of both
point and nonpoint source water
pollution; and

2) Achieve rapid, voluntary adoption
of best management practices and
systems by agricultural producers
and other citizens to significantly
reduce the potential for pollution of
surface and ground water.

The Upper North Bosque River Watershed
is impacted by a combination of urban and
rural/agricultural land use systems.  To
achieve the project goals, efforts were
directed at all major potential sources of
pollution including livestock (dairy/beef)
management systems, irrigated and dryland
crop production, and urban land use.
Three action items were defined and
implemented to target these major land use
types:

• Provide direct technical, educational
and financial assistance to dairy
farmers for the design, installation
and management of cost-effective
and environmentally sound
livestock waste management
systems to protect water resources;

• Provide direct technical, educational
and financial assistance to

agricultural growers regarding
proper use of fertilizers and
pesticides to reduce potential
surface and ground water pollution;
and

• Educate local citizens concerning
domestic and municipal sources of
nutrients and microorganisms and
regarding proper design and
management of on-site wastewater
treatment systems.

PROJECT PERSONNEL

The Upper North Bosque River Project was
created and managed as a unified, team
effort.  The lead agencies were the USDA
Natural Resources Conservation Service
(formally the Soil Conservation Service),
the Texas Agricultural Extension Service,
the USDA Farm Services Agency and the
Texas State Soil and Water Conservation
Board.  Other project partners were the
Texas Agricultural Experiment Station, U.S.
Geological Survey, U.S. Environmental
Protection Agency, Texas Natural Resource
Conservation Commission, Texas Institute
for Applied Environmental Research and
the Texas Department of Agriculture.

Project team members and representatives of several
cooperating agencies attend the opening of a new technology
demonstration site.
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To maximize coordination, project personnel
from the lead agencies were co-located in
the project area in Stephenville, Texas.
Operational costs were significantly reduced
by this process, while regular (almost daily)
communication and programming efforts
among project staff were significantly
enhanced.  These factors also facilitated the
implemen- tation of cooperative demonstration
and training programs and provided project
clientele with easy access to information
and assistance through the project.

SUCCESSFUL PROGRAMS AND IMPACTS

The following sections of this report
document the specific issues which were
targeted by the Upper North Bosque River
Hydrologic Unit Project, the major
programs implemented to address those
issues and the most significant impacts
which were achieved.

Dairy Waste Management

Controlling potential nonpoint source
pollutant losses from livestock waste was
the single most important goal of the project.
In 1990, there were 88 dairies in the Bosque
River watershed ranging greatly in size, from
about 25 milking head to over 2000 milking
head.  By 1995, there were 127 dairies in
the project area.  In Erath County alone,
annual solid manure production totaled over
175,000 tons per year.  However, livestock
waste management is a complex issue which
must address both control of the amount or
volume of waste generated and proper
methods for handling, storage and beneficial
reuse of the material.  Thus, a multitude of
economic and logistical constraints had to be
considered as management systems were
tailored to meet the needs of this diverse industry.

Solid manure production in Erath County alone was over 175,000
tons per year, representing a significant management challenge.

Project Impacts

Design and installation of effective dairy
waste management systems was the single
most critical component of project success.
It required establishing a process by which
all wastes generated by a facility will be
collected, stored, treated, transferred and
eventually beneficially reused.  Initial program
tasks targeted significant educational,
technical and financial assistance efforts
toward system installation on all dairies in the
project area.  The goal of the project was to
install a waste management system on all 88
dairies in the project area.  However, due to
increases in farm numbers during the project,
this goal was not only met but was exceeded.
A total of 103 dairy waste management
systems were designed and installed.

Construction of 1 of the 103 new waste management systems
installed during the project.
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Wastewater storage and treatment are
important to prevent direct discharges of
contaminated water.  The use of primary
and secondary lagoons can significantly
reduce contaminant levels and enable
more flexible reuse of the material.
Demonstrations conducted on three dairies
were utilized to show how a two-stage
lagoon system could reduce total solids by
69.3%, volatile solids by 80.3%, volatile
suspended solids by 86.0%, and chemical
oxygen demand by 88.8%.  These
educational efforts helped promote
installation of 103 new lagoon systems on
dairies during the project.

Two-stage lagoon systems can reduce pollutant levels by 69 to
89% and enhance the opportunity for reuse in crop irrigation.

One of the key ways to reduce pollution
potential and increase farm profitability is
to reduce wastewater generation.  An
evaluation of dairy farm water use was
conducted on 11 dairies which were
instrumented with in-line water meters.
Weekly meter readings were taken to
determine water use for sanitation and
waste management.  Fresh water use
ranged from 11.8 to 75.3 gallons/cow/day
(gcd) with an average of 41.2 gcd.  There
was significant potential for improvement.
For example, by replacing a flush system
with a scrape/hand wash process and
installing a water recycling system, fresh
water use was reduced by approximately

75% from 80 to 20 gcd.  The 60 gcd
savings in fresh water use translated into a
reduction of 2.5 million cubic feet of water
per year for an average dairy.  This
information was utilized in educational
programs which encouraged the
development and installation of 127 dairy
water management systems in the project
area.  Water conservation practices
adopted by these dairies have reduced
wastewater production by over 5,343,000
gallons per year.

Conversion from a milking center flush system to a scrape/hand
wash system reduced wastewater generation by 75%.

Collection and delivery of milking center
wastewater to the lagoon system reduce
the volume of wastewater and solids which
must be handled.  This provides an
economic benefit to the dairy and reduces
the volume of waste generated by the
facility.  Over 19,886 feet of underground
outlets to transport milking center
wastewater to lagoons were installed
during the project.

Traditionally, solid manure is land applied
onto pasture and cropland adjacent to the
dairy.  On many farms in the project area,
application rates were exceeding
recommended rates for crop production.  In
addition, many farmers also were applying
supplemental commercial inorganic
fertilizers unnecessarily to ensure crop yields.

5

•

•

•

•



Demonstrations were initiated to show how
combinations of manure and commercial
fertilizer could be used to ensure optimum
crop production while protecting water
resources.  Consistent with these efforts, a
total of 101 nutrient management plans
were designed and implemented in the
project area.  Manure application rates
were reduced by an average of 20 tons per
acre per year.  Nitrogen and phosphorus
loadings into the watershed were reduced
by an estimated 2,199,588 and 1,099,880
pounds, respectively.  In addition, this
effective process of nutrient cycling has
saved over $989,837 in commercial
fertilizer costs for agricultural producers in
the region.

Manure and wastewater are typically
applied to warm-season forage grasses to
accomplish beneficial reuse.  However,
these species become dormant during
the winter and significant losses of
unused nutrients can occur in rainfall
runoff.  Demonstrations were used to
show how a continuous cropping
system using winter forages, such as
ryegrass, could be managed to enable
year-round application and effective
utilization of the nutrients contained
in manures and wastewater.

Results demonstrated that growers could
substantially enhance forage yields while
protecting water resources.  This helped
facilitate the installation of conservation
cropping systems for manure management
on over 11,643 acres in the project area.

The use of alternative crops for land
application was recognized as an important
method for reducing over-application of
manure.  Demonstrations were installed to
show how manure could be used in the
production of peanuts and vegetable crops.
Results showed how solid manure
application rates up to 15 tons per acre
could be applied to peanuts with no adverse
effects on crop yield or soil properties.

Implementation of 101 nutrient management plans by
producers reduced nitrogen and phosphorus loadings in the
watershed by an estimated 2,199,588 and 1,099,880 pounds,
respectively.

Conservation cropping systems, such as ryegrass interseeded
into coastal bermudagrass to enable year-round nutrient
uptake, were implemented by producers on 11,643 acres.
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Demonstrations documented how solid manure can be applied
to row crops, like peanuts, to improve distribution of waste
and increase crop yields.
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In addition, a convenient pocket-size
reference card with instructions and rate
tables was developed and distributed through
the project to over 250 producers.

Livestock access to riparian zones and other
sensitive areas has direct and significant
impacts on water resources through nutrient
and bacterial loading and damage to and
erosion of streambanks.  Initially, many dairies
allowed uncontrolled access to waterways
which often served as a livestock water
source.  Through the project, major emphasis
was placed on identifying techniques to
protect these areas using alternative water
supplies, feed supplements and fencing.

A total of 76,760 feet of fencing was installed by producers
during the project to prevent livestock access to sensitive
riparian areas.

As a result, many producers modified
supplement placement activities, installed
alternative water supply systems and a total
of 76,760 feet of fencing was installed during
the project to directly control livestock access
to these critical areas.

Mechanical solids separators reduce loading
rates of organic solids and nutrients entering
wastewater treatment and storage facilities.
Demonstrations conducted through the
project utilizing six different separators
showed that significant reductions in total
solids and nutrient levels could be achieved.

Many farmers also have begun to take
advantage of this important nutrient source
as a means to reduce fertilizer costs.

Soil, manure and wastewater testing are
important components of an effective waste
management system.   Demonstrations
were utilized to show how testing enables
determination of proper nutrient
application rates and ensures that
regulatory thresholds are not exceeded.
Project staff also conducted testing
campaigns annually to promote use of this
best management practice by all
agricultural producers.  A total of 3010
samples were analyzed during the project,
increasing the use of this BMP by 167%
compared to pre-project levels.

Project staff realized very early that one of
the most under-utilized best management
practices was calibration of manure
spreaders to ensure proper land application
rates.  Demonstrations were conducted
regularly at tours and field days to
demonstrate simple and effective
techniques for rapid calibration of various
types of solid manure spreaders.  Project
staff assisted more than 120 producers with
proper calibration of their manure spreaders.
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More than 120 producers were assisted with proper
calibration of manure spreaders to ensure correct waste
application rates.
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This increases the duration of lagoon storage
capacity and reduces subsequent loading
rates on land application sites.  The harvested
material can then be used alternatively for
purposes such as  livestock bedding or as a
mulch or compost for nursery crops.

Vegetative filter strips significantly reduce
potential nutrient losses from land application
fields.  A major demonstration project was
installed on an 1100 cow dairy in the project
area to demonstrate proper design and
management of this BMP.  Dairy manure was
applied at rates of 10, 15 and 20 tons per
acre to a bermudagrass hayfield above filter
strips ranging in width from 10 to 75 feet.

Results showing how filter strips with a
minimum width of 35 feet could
dramatically reduce phosphorus losses in
runoff were presented to dairymen at field
days and in demonstration reports.  During
the project, buffer strips were installed at
167 locations on over 140 acres to protect
adjacent creeks and streams.

Diversions reduce the volume of rainfall
and sediment which becomes
contaminated by animal waste and must
then be routed into the waste treatment
lagoon system.  This can provide a
significant economic benefit by reducing
the size of the storage facility and the costs
associated with pumping and cleanout.
Most importantly, diversions decrease the
amount of wastewater and lower the
potential for surface and ground water
contamination.  More than 24,476 feet of
diversions were installed by producers
during the project.

Composting of dairy manure significantly
reduces waste volume and increases the
handling characteristics for transport and
land application.  Demonstrations were
conducted on several operating dairies in
the project area to show how composting
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Mechanical solids separators reduce loading rates of organic
solids and nutrients entering wastewater treatment and storage
facilities.

A field demonstration evaluated filter strip width requirements.
Filter strips significantly reduce nutrient and sediment losses
from land application fields and were installed by producers at
167 locations during the project.

Composting of dairy manure significantly reduces waste
volume and increases the handling characteristics for transport
and land application.  Some dairymen are now converting
manure into a marketable product.
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can be incorporated into the waste
management system to produce a more
marketable product.  Project staff also
worked with commercial composting
operations to establish multiple facility
cooperatives.

New and innovative technologies such as
constructed wetlands have the potential to
redefine and improve upon traditional
concepts for waste management.  Project
personnel installed an operational
constructed wetland on a 450 cow dairy in
Erath County.  Monitoring of this site showed
how a wetland can significantly reduce
pollutant levels in wastewater, producing an
effluent which is of very high quality.

An 8-cell constructed wetland designed for a 450 cow dairy
demonstrated a new and innovative concept in waste
management.

Over 375 producers, media representatives
and personnel from other water resource
agencies toured the site, and this
technology is now considered a viable
option for effective wastewater
management.

The use of Integrated Pest Management
practices on dairies is important to control
potential pesticide contamination of
runoff water which is land applied.
Traditionally, premise insecticide sprays
were used at least 3 to 4 times per week.

In the project, demonstrations were utilized
to show how biological control, animal self-
treatment devices and bait stations could
reduce pesticide use for the control of flies.
A mail-out survey subsequently
documented that these new technologies
have been implemented on over 75% of the
dairies in the project area.  This has resulted
in a 91% reduction in premise broadcast
insecticide applications.

Cryptosporidium parvum is a microscopic
organism which lives as a parasite in the
intestinal tracts of people and a wide variety
of animals, especially young cattle.
Cryptosporidium infection in people became
a major concern in 1993 when several
outbreaks occurred across the county which
were attributed to contamination of water by
livestock waste.  To address this concern in
the Upper North Bosque Project, a
demonstration was conducted to identify and
evaluate potential sources and management
practices for control of Cryptosporidium.
Fecal material and surface water samples
were collected from two dairies in the project
and analyzed for pathogens.
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Integrated pest
management
practices for fly
control, such as
self-treatment
devices, reduced
pesticide spray
applications by
91%.
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The study concluded that Cryptosporidium
is most commonly associated with young
animals and that careful management of
calf holding facilities (hutches) can greatly
reduce incidence of the disease.  A
factsheet discussing the characteristics of
Cryptosporidium and proper management
practices for control of the disease was
developed and disseminated to dairy
producers within the project area and
throughout the state.

Cropland Management

Cropland in the project area accounts for
only 9% (20,720 acres) of the total land
use; however, potential impacts on both
water quality and quantity are substantial.
Major crops in the project area are
peanuts, hay crops, orchard crops
(peaches, pecans) and small grains.
Most of these crops are produced on
relatively sandy soils and part of the
area overlies the Trinity Aquifer Recharge
Zone.  Pesticides and fertilizers can
migrate into the ground water system
by leaching or as runoff recharge.

To successfully implement a watershed based
water resource management program, it was
essential that best management practices also
be established on these areas.  Project staff
developed special educational materials and
programs to target potential nonpoint source
pollution from cropland in the project area.

Project Impacts

Best management practices for nutrient,
pesticide and irrigation water management
were implemented on over 70% (14,500
acres) of the cropland in the Upper North
Bosque River Project area.  These practices
included use of conservation tillage and
cropping systems, vegetative filter strips,
irrigation methods and timing, and nutrient
and pesticide management.

Major crops in the project area are peanuts, hay crops, orchard
crops (peaches, pecans) and small grains.

Water quality best management practices, such as conservation
tillage, were implemented by producers on over 70% of the
cropland in the project area.
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Educational
programs helped
producers
understand how to
prevent the spread
of the dangerous
parasite
Cryptosporidium,
which can be
present in the
manure of young
cattle.
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Conservation cropping and tillage
systems include management practices
which conserve soil and water, and
reduce potential nonpoint source
nutrient and pesticide losses.  Examples
include cover cropping, reduced tillage
and residue management.  The
importance of these practices was
stressed throughout the project and as
a result, recommended conservation
systems were implemented on over
11,643 acres of cropland in the project
area.  Sediment losses from cropland
areas have been reduced by more
than 30%.

Proper nutrient management is
important due both to environmental
and economic benefits.  Achieving
“Maximum Economic Yield” (greatest
dollar return per acre) relies upon
careful management of inputs such as
fertilizers and pesticides to lower
production costs.  Soil testing and the
use of proper rates, methods and
timing of fertilizer application were
demonstrated at five locations during
the project.  One demonstration
showed how proper timing and
placement of phosphorus fertilizer can
maximize crop yields while reducing
the potential for surface runoff losses of
nutrients.  Soil test campaigns
conducted by the project staff analyzed
over 450 soil samples and provided
fertilizer rate recommendations.
Nutrient management BMPs are now
consistently utilized by producers on
over 12,000 acres of the cropland in
the project area and loadings of
nitrogen and phosphorus have been
reduced by over 20%.  This amounts to
a reduction in potential loading of
more than 400,000 pounds of fertilizer
material since 1990.

Integrated pest management (IPM) is
a component of the integrated crop
management concept which has
significantly reduced pesticide use in
the project area.  IPM utilizes routine
crop scouting to evaluate pest
infestations and determine whether
economic thresholds have been reached.
Timing and method of pesticide
application can then be carefully
tailored to control the target pest.  For
example, up to three insecticide
applications were being used to control
pecan weevils in the project area.
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Soil testing by
producers reduced
nitrogen and
phosphorus
applications by over
20%, amounting to a
loading rate
reduction of more
than 400,000 pounds
of fertilizer.

Integrated Pest Management (IPM) programs used scouting and
carefully timed applications to reduce pesticide loading by
more than 60,000 pounds.
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IPM systems for control of pecan weevils
were demonstrated using new circular
weevil traps to determine weevil emergence
and properly time insecticide application
schedules.  Through these efforts, scouting
for insects and use of high efficiency
insecticides increased significantly.  This
resulted in a 66% reduction in pesticide use
for pecan weevil control.

Vegetative filter strips represent an
important tool in the battle to prevent
nutrient, pesticide and sediment losses from
cropland into surface water streams and
lakes.  Native and introduced grass species
were evaluated for their ability to reduce
pollutant losses from cropland fields at two
locations in the Upper North Bosque River
Project area.  Results showed that species
such as eastern gamagrass are well adapted
to the region and can provide significant
reductions in nutrient and sediment losses.
In addition, they provide an economic
benefit by serving as a forage species.  To
date, over 140 acres of filter strips have
been installed by producers in the project
area.

Traditional irrigation practices in this region
included sideroll sprinkler irrigation which
often results in uneven and excessive water
application.  This can greatly increase the
potential for certain pesticides and fertilizers
to be lost by leaching or as tailwater runoff.
Project staff established two demonstration
sites which highlighted potential water
saving technologies such as LEPA (Low
Engery Precision Application) and their
related environmental benefits.  Installation
of seven of these new pivots with low
pressure drop nozzles to reduce
evaporational losses has resulted in a 15 to
20% increase in irrigation efficiency and a
significant reduction in potential nonpoint
source pollutant losses.

Proper rates and timing of irrigation can
be difficult to determine, but are
important to reduce potential tailwater
runoff and leaching losses from
agricultural cropland.  Irrigation
management demonstrations were
conducted at five locations during the
project.  Each site was equipped with
in-line flow meters to measure irrigation
water amounts and gypsum blocks or
soil tensiometers were placed in the soil
to monitor moisture status.  As a result,
improved irrigation management
practices were implemented by growers
on 13 production fields covering more
than 4,700 acres of cropland.

In orchard production systems, the
use of traditional sprinkler irrigation
can increase potential leaching
losses of nutrients and pesticides.
Project staff implemented
demonstrations of automated,
microsprinkler and drip irrigation
systems to improve irrigation efficiency
and reduce deep percolation.  Many
producers have since adopted this
technology due to environmental and
economic benefits.

Low Energy Precision Application (LEPA) increases irrigation
efficiency by up to 20% and reduces potential nutrient and
pesticide losses compared to traditional systems.
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Microsprinkler irrigation systems were installed for orchard
production systems to prevent deep percolation and runoff of
water and reduce losses of nutrients and pesticides.

Chemigation, the application of fertilizers
and pesticides through the irrigation
system, is an effective technique for
agricultural chemical application.
However, improper rates and/or methods
of application can lead to serious
contamination of water resources.
Demonstrations were installed to show
proper design, installation and operation of
chemigation systems.  This included the
use of backflow protection devices to
prevent contamination of wells and other
irrigation water supplies.  Training
programs were provided to over 320
agricultural producers during the project
concerning proper use and management of
agricultural chemicals.  Over 60 backflow
prevention devices were installed as a
result of these activities.

Fully automated weather stations were
installed at two locations in the watershed to
provide information to the state-wide PET
Network.  PET stands for Potential
EvapoTranspiration, or the evaporation of
water from the soil combined with the
transpiration of water from plant leaves.  Based
on weather conditions, the water requirements
of individual crops can be determined from the
PET.  The benefit  comes by enabling growers
to properly schedule irrigation water
applications to meet crop needs, with little or
no excess.  This substantially reduces the
potential for leaching or runoff losses of
potential pollutants.  The network has a web
site at http://www.agen.tamu.edu/pet which
receives thousands of hits each month and enables
more efficient use of valuable water resources.

Urban Water Quality

Small rural communities, such as Hico, and
larger urban areas, such as Stephenville, both
have the potential to impact the quality of water
resources.  Many of the same pollutants
commonly associated with agriculture (nutrients,
pesticides, sediment, etc.) can be contributed by
activities occurring in these small towns and cities.
Nevertheless, many urban citizens are unaware
of the serious potential impacts on water quality
of even small quantities of nutrients and pesticides
used around their homes and businesses.

Over 60
backflow
prevention
devices were
installed by
producers to
prevent
contamination
of water wells
during
chemigation.

Fully automated weather stations were installed at two
locations in the watershed to help growers properly time
irrigations and thereby reduce nutrient and pesticide losses.
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Urban centers play an important role in both water quality
protection and water conservation.

Although the major focus of the Upper
North Bosque River Project was to address
potential water pollution from livestock
and cropland management systems, many
of the same concepts and technologies for
resource management were directly
applicable in the urban environment.
Educational programs and demonstrations
were used to show urban citizens that the
task of water resource management is
shared by all those that inhabit and
influence the watershed.

Project Impacts

One key example of the relationships
between urban and agricultural practices is
evident in the need to use soil testing for
lawn, garden and landscape nutrient
management.  Soil testing programs were
conducted in Stephenville and surrounding
areas to reduce excess fertilizer use and
educational programs were conducted to
promote proper selection and timing of
fertilizer application.  As a result, the use of
soil testing in the urban sector increased
dramatically during the project.  Soil testing
campaigns conducted by the project analyzed
more than 1,008 samples from lawns and
gardens, and provided recommendations for
proper fertilizer management.

Soil testing campaigns conducted in urban areas generated
more than 1008 samples and provided correct
recommendations for lawn and garden fertilizer application.

The Master Gardener Program trains
volunteers to provide community outreach
in urban regions where high volume
demand occurs.  Project staff assisted with
Master Gardener programs which trained
over 120 volunteers who now provide
fellow citizens with information and
recommendations on best management
practices for proper landscape management
and water resource protection.  This peer
assistance program has proven to be highly
effective in achieving enhanced recognition
and use of best management practices in
urban communities.

Wastewater generated by rural residents is
a significant source of ground and surface
water pollution in the project area.
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Constructed wetlands utilize special plant species to
accumulate nutrients, provide time for decomposition of
organic matter, and transpire excess water which could carry
pollutants through the soil and into ground water.
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Many of the failing systems are in low
income areas where residents cannot afford
to install and maintain innovative/alternative
treatment systems.  To address this concern
in the Upper North Bosque Project Area,
three field demonstrations were implemented
to show how constructed wetlands can be
used in wastewater treatment.  Constructed
wetlands utilize special plant species to
accumulate nutrients, provide time for
decomposition of organic matter, and
transpire excess water which could carry
pollutants through the soil and into ground
water.  More than 1,500 people visited these
demonstration sites as part of education and
training programs.  As an additional result
of these efforts, local developers now
consider constructed wetlands technology
as a viable alternative for home sites, as well
as large-scale housing complexes.

Wellheads represent direct entry points for all
types of potential pollutants.  Improper
wellhead construction and the presence of
large numbers of abandoned wells were a
major concern in the watershed.
Demonstrations and training programs were
conducted to show proper techniques for
wellhead design and abandoned well closure.
As a result of these programs, 45 wellhead
management plans were developed and over
75 water samples were collected for testing.

Youth education provides a basis for social
change in terms of water quality protection
and water conservation habits.  Project staff
developed educational programs on
watershed protection directed toward
primary and secondary schools and provided
educational tours and hands-on activities to
over 811 students.  In addition, training
programs were presented to over 98 teachers
to assist them in development of teaching
modules for students addressing water
resource protection.
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Youth education was an important part of the project with
contacts to over 811 students and teachers in and near the
project area.  Here, elementary school students take a tour of
the dairy constructed wetland.

The TEX*A*Syst program (modified version
of Farm*A*Syst) was implemented in the
project in 1996.  TEX*A*Syst contains 10
bulletins addressing major pollution
concerns such as wellhead protection,
petroleum products, fertilizers, pesticides,
domestic and livestock waste, and
household hazardous waste.  This
voluntary self-assessment process enabled
home and landowners to evaluate potential
pollution risks on their property and
identify corrective actions.
Demonstrations have included proper
closure of abandoned wells, fertilizer and
chemical storage and effective separation
distances for petroleum products and septic
drain fields.  TEX*A*Syst materials were
distributed to more than 60 individuals in
the project area.  In addition, a TEX*A*Syst
web site was developed and has received
more than 200,000 hits.

Educational Programs

The successes described above were
achieved through a coordinated,
multi-faceted approach of information and
education.  The Upper North Bosque River
Project team utilized a broad range of

•

•

•



technology transfer tools to promote
expanded adoption and continued
application of recommended water quality
best management practices.  These
programs have included:

• 236 educational programs, trainings
and tours were presented to over
85,327 people during the course of
the project.  For example, the Dairy
Pollution Prevention Workshop in
March 1994 provided training on
dairy waste management to 125
local dairymen, and the On-Site
Wastewater Treatment Constructed
Wetlands Workshop in September
1997 provided training to 52
individuals on alternative
wastewater management systems.

• 36 field days were conducted to
provide training and continuing
education to dairymen and farmers
and resulted in over 1,440 direct
contacts in the project area.

Field days and tours provided more than 1440 direct contacts
with agricultural producers in the project area.

• 26 new factsheets, bulletins and
demonstration reports addressing
nutrient, pesticide and animal waste
management were developed and
distributed to farmers and citizens
throughout the project area.

• 17 new slide sets and 4 videos were
developed and utilized in education
and training programs on topics
including animal waste
management, petroleum product
storage, fertilizer and pesticide
management, and on-site septic
systems.

Certainly, the most extensive program
impacts have been achieved through media
contacts.  These efforts have facilitated
technology transfer not only in the project
area, but throughout the state, nationally
and internationally.  Project activities and
recommended management systems have
been featured in:

• 359 news articles and 25 radio
programs focusing on water quality
and quantity issues and best
management practices were utilized
to reach thousands of individuals
locally and throughout the region.
Examples include an information
article on the Bosque Project’s dairy
constructed wetland published in
the Texas Dairy Review, which is
distributed to over 5,000 dairymen
and related industries in the project
area and across the state, and 5
articles in the Country World
Magazine which has a distribution
of 10,000 copies.

• Presentations made to seven
international groups and at 16 state
and national conferences, including
the 2nd International Conference on
Constructed Wetlands for Animal
Waste Management which was
hosted by the Upper North Bosque
River Project and attended by 150
individuals.  Tours and educational
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programs also were provided to
water resource managers from South
Africa, Mexico and Australia.

• Two TransTexas Video Network
(TTVN) teleconferences which
enabled producers and agency
personnel to share information on
effective management strategies and
technological advances being
utilized across the state.

Partnerships for Success

The accomplishments of the Upper North
Bosque River Project have been made
possible through dedicated, cooperative
efforts among state and federal agencies,
state and local organizations and
individuals.  These efforts have enabled the
project to meet and exceed all project
goals.  Below are examples of some of the
cooperative programs which were
conducted to improve coordination and to
develop and strengthen partnerships during
the project:

• As a first step, a 12 member Local
Coordinating Committee was
established to provide guidance and
input into the project.  This group
consisted of local community
leaders, citizens and dairy producers
who were direct stakeholders in the
project.  The group met quarterly or
as needed and assisted in
development of the Annual Project
Plan of Operations, program
planning and in project assessment.

• Regular meetings were held with
local civic groups and organizations
such as the Chamber of Commerce,
Rotary Clubs, Hico Community

Organization and Kiwanis Club
to inform members of project
activities and to gain their support
for the watershed program.

• A joint project with the Texas
Agricultural Experiment
Station implemented a sub-
watershed constructed wetland.
This special wetlands project is
designed to evaluate the potential
for large-scale, in-stream wetlands to
remove contaminants originating
from multiple sources.  The first of
its kind, this project has been toured
by congressional representatives
from Washington, D.C.

The subwatershed constructed wetlands project was a
cooperative effort which has produced important information
on the use of wetlands for removing pollution from streams.

• Cooperative work with the USDA
Agricultural Research Service and
the Blackland Research Center
enabled validation of watershed
and hydrologic models which are
utilized throughout the country.
GIS data bases were developed
which are now being utilized by
local and regional management
and governmental entities to
implement watershed
management plans.
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• Cooperative work with the U.S.
Geological Survey enabled
enhanced stream monitoring in the
project area and documented water
quality improvements which were
achieved through the project.

• Most importantly, local partnerships
with soil and water conservation
districts, towns and cities, river
authorities, and individual land
owners played a crucial role in
project success.  Many local
dairymen donated their time, land,
equipment and other resources to
help demonstrate and encourage
adoption of best management
practices in the project area and
throughout the industry.

Many local dairymen and farmers donated their time, land,
equipment and other resources to help find solutions and
protect the water resources.

THE FUTURE

When the Upper North Bosque River
Project first began, the dairy industry was
in a state of turmoil with new and
increased regulatory restrictions, but few
resources to enable them to meet the
challenges.  Through the project, new
technologies and management systems
were identified and made available.
Information, technical and financial
assistance programs were implemented to
make change and improvement possible.
Although more remains to be done, the
knowledge and information developed
through this watershed project will
continue to be felt in the region for years to
come.  Both water resource management
practices and policies have been, and will
continue to be, affected by the
accomplishments of this successful water
resource management program.
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This project is a joint venture of the Texas Agricultural Extension Service and the U.S. Department of Agriculture Cooperative
State Research, Education and Extension Service, Natural Resources Conservation Service and Farm Service Agency in
conjunction with the Texas State Soil and Water Conservation Board and local districts. Other cooperating agencies include
the U.S. Environmental Protection Agency, the U.S. Geological Survey, the Texas Natural Resource Conservation Commission
and the Texas Agricultural Experiment Station.

Funds for this publication were derived partially from support by the Cooperative State Research, Education and Extension
Service, U.S. Department of Agriculture under special project number 94-EHUA-1-0109.
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