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Foreword 

The workplan for the Salt Fork project set forth a series of seven specific tasks to be 

completed in order to attain the goal of increased BMP implementation in the watershed.  

The underlying premise for these tasks was that 10 cooperating producers would be 

convinced to implement a BMP or several BMPs on their holdings for the duration of the 

project period.  Project personnel would monitor fertilizer, nutrient, and pesticide applications 

on each of these cooperating farms.  Amounts of these materials used after BMP 

implementation could then be compared to pre-BMP usage.  To accurately document these 

changes, cooperators with detailed records of pre-BMP usage would have to be identified, 

convinced to implement the practice or practices, and commit to maintain accurate records 

during the project period.  In addition, to obtain enough data to make comparisons at least 

visible, if not valid, such operations would have to be initiated early on and continue 

uninterrupted throughout the project period.   

For the Salt Fork project, the person charged with this vast undertaking was OSU IPM 

Coordinator, Gerritt Cuperus.  Dr. Cuperus has an impressive history of accomplishing 

similar feats of organization and cooperation with other projects.  However, just as the 

project was getting underway, a vehicle struck him while he was jogging.  Fortunate to be 

alive, he was unable to resume any kind of project management duties until his return in late 

2000.  At that time, he did return to work until his retirement with disability in early 2002. 

In the interim, various project personnel attempted to fill in the gaps created by Dr. Cuperus’ 

absence.  Sadly, much of his original vision and much precious time were lost, never to be 

recovered.  The end result was that some of the goals and tasks became unattainable in the 

form originally set forth in the workplan.  Much project effort was spent developing 

alternative methods to attain results similar to those expected under the previous goals.   

Although perhaps the original letter of the workplan was not strictly adhered to, the original 

intent of the workplan was followed in all project activities.  Great strides were made in 

evaluating the attitudes and practices of producers in this watershed, especially with regard 

to BMP adoption and implementation.  The use of current computer modeling technology 

resulted in the production of a valuable simulation of the watershed’s hydrology.  Most 

importantly, the project opened up a line of communication with producers, raising 

awareness of water quality, tillage, and chemical use, and paving the way for future 

promotion, discussion and implementation of BMPs in the Salt Fork watershed. 
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Measures of Success 

1. Producer implementation of tillage, nutrient, and pest management BMPs.  Target is 
20% adoption of BMPs after year 5. 

Comparisons of the results from the pre- and post-project surveys are listed below.  
(These results are discussed in detail under Tasks 2 and 6 in this report.) 

•  Different management for different fields (i.e., fertilizer application rate based 
on soil test results) rose 29%, from 38% in 1999 to 67% in 2002. 

•  Conservation tillage use rose 21%, from 67% in 1999 to 88% in 2002. 
•  Willingness to consider a vegetated buffer rose 19% among producers with 

stream banks, from 59% in 1999 to 78% in 2002. 
•  Willingness to consider no-till rose 13%, from 35% in 1999 to 48% in 2002. 
•  Willingness to consider planting trees in a vegetated buffer remained 

unchanged at 31% from 1999 to 2002 among producers with stream banks. 

2. Reduction in sediment loss estimated from cropland in the watershed based on 
modeling the impact of BMP implementation.  Target is 50% reduction. 

The SWAT model results indicated that conservation tillage practices yield 25% 
(stubble mulch) to 50% (low till) less sediment than moldboard plowing.  Producers 
reported a total of 111,100 acres of land in production in 1999 (97500 acres of 
wheat, 8800 acres of alfalfa, and 4800 acres of sorghum).  Pre-project survey results 
indicated that producers moldboard plowed approximately 46,200 acres of this total 
area.  This means that at the start of the project, conservation tillage was already 
being used on the remaining acres, equal to approximately 58% of the cropland in 
the watershed.  This results in a 15-29% reduction (0.58*25-50%) in sediment yield 
compared to the worst-case scenario (all cropland moldboard plowed).  The post-
project survey indicated an increase of 21% in the number of watershed producers 
utilizing conservation tillage.  Although the exact acreage affected was not recorded, 
this translates to an additional reduction of sediment yield in the Salt Fork watershed.   

3. Reduction in excess fertilizer applied by cooperating farmers when management is 
based on soil testing and IPM principles.  Target is 50% reduction on demonstration 
farms compared to typical practices. 

In a study conducted in cooperation with Burlington Coop Agronomist Kenneth 
Failes, three years of soil test results and two years of fertilization and yield data 
were collected from eight sites in Alfalfa County.  This exercise demonstrated how 
nitrogen in the soil profile can be “mined” for utilization by the wheat crop.  Nitrogen 
levels in the soil, as indicated by soil test results, were used to calculate a fertilizer 
application rate.  In the 1996-97 crop year, 38,502 pounds of N were applied to these 
eight sites at an average application rate of 36.7 lbs N/acre.  Compared to 136,370 
pounds of N at the typical application rate of 130 lbs N/acre, this is a 71.8% reduction 
in fertilizer usage.   
The following year, fertilizer application rates were again based on soil test results.  
The amount of nitrogen actually applied was 95,765 pounds at an average rate of 
91.3 lbs N/acre for the 1997-98 crop year.  This was a 33.0% reduction from typical 
fertilizer usage.  In summary, utilizing these nutrient management BMPs resulted in a 
49.2% reduction in the amount of fertilizer applied to these fields over a two-year 
period.  Yields during this period were satisfactory.  In fact, an increase in the yield 
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goal for these fields (from 50 bu/acre to 60 bu/acre) was planned for the 1998-99 
crop year. 

4. Reduction in nitrogen and phosphorus loss estimated by modeling.  Target is model 
prediction of 50% reduction. 

The modeling results indicated that splitting the application of nitrogen fertilizer into a 
pre-plant application in the fall and a top-dress application in the spring reduced 
several nutrient-related factors.  In both the 1999 pre-project and 2002 post-project 
surveys, approximately 75% of the respondents indicated that they utilize both a pre-
plant and a top-dress application.  Multiplying the percentage of producers that split 
fertilizer application by the percent reduction this practice accomplishes provides an 
estimate of the total reduction for each parameter within the entire watershed.  Below 
is a listing of the results obtained by combining the modeling and survey results in 
this manner. 

Nutrient Parameter Reduction due to split 
application (%) 

Producers that split 
application (%) 

Reduction in 
watershed (%) 

Nitrate leached almost 90 75 almost 67.5 
Nitrate in lateral flow approx. 80 75 approx. 60 
Nitrate in runoff greater than 50 75 greater than 37.5 
Soluble P approx. 50 75 approx. 37.5 
Sediment-bound P 20 75 15 
Organic N 15-20 75 11.25-15 

5. Reduction in pesticide use on cooperating farms employing IPM (improvements in 
pest management through improved cultural practices, pesticide use only based on 
scouting and thresholds, and implementation of non-pesticide practices).  Target is 
50% reduction on demonstration farms compared with typical practices. 

The results of the interviews with cooperating producers indicated that several 
improvements in pest management techniques are being utilized in the Salt Fork 
watershed.  Scouting to determine insect population levels before spraying is a 
common practice.  A few producers graze their alfalfa stands, which may have 
benefit as a pesticide alternative.  Still others among the group dislike the use of 
pesticides for a variety of reasons; cost, environmental threat, safety concerns and 
do not use the pesticides unless it is absolutely necessary to save the crop.  The 
reduction in the amount of pesticide utilized by these individuals in comparison to 
“typical” levels is dependent upon the crop, weather, and insect population. 
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Conclusions 

The pre-project survey indicated widespread usage of many BMPs and generally favorable 
attitudes toward BMP implementation.  Still, comparison of pre-project and post-project 
survey results showed improvement in both these areas over a three-year period.  No-till 
practices in the project area are a good example of this trend.  At the project outset, few 
producers used this method and it was viewed with open skepticism.  However, by project 
end, several producers were testing it on at least a portion of their cropland.  The project 
team also noted producers were more receptive to discussion of the practice than 
previously.  Overall, little change in individual acreage holdings was noted, but some very 
great changes were recorded for a few individuals, with gains or losses of more than 2,000 
acres.  The impact of a community-wide education program can be very great when 
management of such large parcels can change hands within a relatively brief period of time. 
The impact of individual efforts can also be quite far-reaching.  Burlington Coop Agronomist 
Kenneth Failes aids many producers in northern Alfalfa County, the heart of the project 
area.  Widespread acceptance of regular soil-testing and nutrient management in the 
watershed is due, in no small part, to the trust he has earned from his clientele over the 
years.  Another individual, Tommy Puffinbarger (Alfalfa County Extension Educator, Ag/4-H 
Youth Dev), has been instrumental in promoting another BMP in the watershed.  His efforts 
to actively assist producers in collecting and releasing musk thistle weevils as a biological 
control for musk thistle has helped reduce pesticide use in the area.  As part of the project, a 
sign was developed for producers to indicate when fields had been treated with the weevils.  
When the OSU Integrated Pest Management program adopted this promotional tool for use 
statewide, the impact of these efforts reached beyond the Salt Fork to include watersheds 
all across Oklahoma. 
Determining just how much BMPs impact a watershed was the goal of the project’s 
modeling task.  Results indicated that significant reductions in nutrient and soil loss could be 
made with implementation of select BMPs.  In addition, the results showed that in low slope 
zones, such as much of the project area, upland range management could greatly impact 
water quality.  Poor upland management in the past may account for much of the sediment 
deposition problem currently observed in the watershed. 
One of the greatest impacts of the project was the widening of communications in the 
sensitive area of environment and water quality within Extension at state, area, and county 
levels and between Extension and other agencies.  Improved relationships have been 
forged that will provide for continued promotion and adoption of BMPs within the watershed.  
New environmental content for extension programs and improved presentation technology 
will increase the effectiveness of and encourage further attention to environmental programs 
by county educators (e.g., Output 1105.2: musk thistle weevil presentation).  The stage has 
been set for continued effort beyond the original scope and duration of the project. 
The project provided unique insight into BMP promotion and implementation.  Multi-faceted 
relationships exist between the agricultural community, various technical resource 
personnel, and governmental agencies.  The project survey was a good, strong step forward 
in elucidating these relationships.  Additional funding for a follow-up survey would allow the 
OCES Water Quality office to evaluate the long-term impact of the project.  Continued 
cooperation and support would not only serve the Salt Fork watershed, but the lessons 
learned could be used to enhance BMP implementation and improve water quality for a 
much wider audience.   
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Executive Summary 

This report details OCES activities from 1997–2002 in support of the FY1997 CWA 319(h) 
NPS Pollution Program grant, “Task 1100: Demonstration of Best Management Practices in 
the Salt Fork Watershed,” (OCC Task #96, OSU Account No. 3-5-90300, Contract No. AG-
97-EX-002).  The grant was administered by OCC.  Key personnel at OSU included Project 
Director Michael D. Smolen (OCES Water Quality Programs Coordinator), Gerritt Cuperus 
(former OSU IPM Coordinator), and Project Manager Timothy L. Propst (OCES 
Engineer/Environmental Scientist). 

Project Description 
The Salt Fork of the Arkansas River watershed encompasses 1400 square miles in southern 
Kansas and northern Oklahoma.  It drains to the 8890-acre Great Salt Plains Reservoir, a 
recreational center.  Agriculture, mainly cattle, wheat, and alfalfa, is the primary industry, 
with only three population centers at Alva, OK (pop. 5500), Medicine Lodge, KS (pop. 2300) 
and Cherokee, OK (pop. 1800).  Also in the watershed, the 32,000-acre Salt Plains National 
Wildlife Refuge is considered critical habitat for the whooping crane and supports a variety 
of other birds and wildlife including interior least terns, bald eagles, and American avocets. 
The juxtaposition of conservation and agriculture highlights water quality issues in this area.  
The 1989 assessment indicated fish kills, high levels of suspended solids (Cause Code 11) 
and nutrients (Cause Code 9), as well as documented levels of pesticides (Cause Code 2).  
Pesticide residues have not been found in bird or fish tissue, but concern for contamination 
exists due to the level of protection desired and the extent of agricultural activity. 
Although only a medium priority on the 303(d) list, the combination of wildlife, recreation, 
and agriculture gives this area far greater importance.  This project promoted agricultural 
Best Management Practices (BMPs) to help reduce nutrients, sediment, and pesticides 
entering the watershed.  [Petroleum industry activities are also potential causes, but were 
beyond the project scope.]  Technology transfer was the key to BMP implementation.   

Task 1 - Establish Advisory/Steering Committee 
Two separate project committees were formed.  The goal-oriented Steering Committee 
included several technical resource professionals from OCES and NRCS.  They were to 
confirm that all project aspects were accounted for and workplan tasks completed.  
Members of the Salt Fork agricultural community composed the task-oriented Advisory 
Committee.  Their charge was to ensure practicality of the tasks undertaken and the 
promotion of BMPs. 

Outputs:  1101.1: Report on structure of advisory committees and membership 
1101.2: Minutes and accomplishments of Advisory Committee 

Task 2 - Assess Pre-Project Management Practices and Attitudes 
A pre-project telephone survey was conducted in September 1999.  In addition to general 
information (crops grown, size of operation, etc.), producers were questioned about planting, 
fertilizing, and erosion control practices, as well as their sources for managerial support.   
Results indicated that producers already utilized many BMPs.  Frequent soil testing of fields 
and widespread use of conservation tillage were reported.  Pesticide usage was also lower 
than expected, although this may have been a financial, rather than a conservation, 
decision.  (Poor wheat prices during the project period may have made producers unwilling 
to add spraying to their list of capital expenses.)  A few areas showed room for 
improvement.  Although 70% of wheat producers indicated annual soil testing, only 36% 
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reported using different yield goals for different fields.  Attitudes toward no-till and vegetated 
buffers were less than enthusiastic.   

Outputs: 1102.1: Survey instrument 
1102.2: Reports of assessment of producer attitudes and practices regarding 
tillage, nutrient, and pest management BMPs 

Task 3 - Establish Communications 
A website containing general project information and downloadable watershed maps was 
established at http://bioen.okstate.edu/home/mjwhite/saltfork/.  Articles on landscape 
maintenance and workshops of interest were published in the Alfalfa and Woods County 
Extension newsletters.  Maps indicating areas to avoid spraying herbicide in order to protect 
water quality were provided to the Alfalfa Electric Cooperative.  Signs were developed to 
promote musk thistle weevils as a pesticide alternative in the watershed and were also 
adopted by the OSU IPM program for statewide distribution. 

Outputs: 1103.1: Newsletter contributions at time of mailing 
 1103.2: Description and URL of WWW Home Page 

Task 4 - Establish Ongoing Demonstrations on Nutrient Management, IPM, and Tillage 
in Each County 
Several demonstration sites were utilized to compare BMPs and typical practices side-by-
side.  These covered a variety of topics, including: 

•  Alfalfa Variety Trials – new multiple pest resistance varieties 
•  Alfalfa Weevil – scouting, threshold vs. calendar based pesticide spraying 
•  Legume Forage – simultaneous forage and nitrogen level build-up in the soil profile 
•  Nutrient Management – fertilizer application rates based on soil test results 
•  Roadside Bindweed Control – non-arsenical chemicals 
•  Musk Thistle Weevil – pesticide alternative and biological control of musk thistle 
•  Subsoil Nitrogen – including subsoil nitrogen in fertilizer application rate calculations 
•  Wheat Aphid – economic value of various IPM methods for control 
•  Wheat Variety Trial –new multiple pest resistant varieties 

In addition, seven cooperating producers were interviewed regarding overall management 
planning and how BMPs are incorporated into operations.  Results indicated the same 
environmental goal could be reached by different BMPs, dependent on personal attitudes 
and management goals.  For example, several producers use no-till as erosion control.  
However, one producer dislikes no-till’s dependence on chemicals for weed control.  He 
uses disk and chisel plowing to manage crop residue and combat erosion.  Flexible and 
adaptable BMPs can be custom-fit to various management schemes and operations. 

Outputs: 1104.1: Description of demonstration plots and self-guided tours 
1104.2: QAPP for demonstration sites, including locations and plans for 10 
demonstration plots 
1104.3: Identify cooperators for 10-IPM case studies; Report initial description of 
operations 
1104.4: Report fertilizer use, pesticide use, and crop history on 10 cooperating 
farms (changes from previous years to be summarized and explained) 

Task 5 – Agricultural Production BMP Presentations 
Two presentations were developed.  The first was a general overview of BMPs, with an 
emphasis on wheat production.  The second discussed musk thistle weevils as a pesticide 
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alternative.  OCES personnel presented or sponsored numerous agricultural production 
workshops.  A rainfall simulator field day compared the effects of different tillage methods on 
runoff.  Technological equipment supplied to the Alfalfa County Extension office will greatly 
impact future educational programming in the watershed. 

Outputs: 1105.1: Water quality-related educational materials for agricultural production 
management presentations 
1105.2: Report on agricultural production management workshops, tours, and 
field days 

Task 6 - Model the Environmental Impact, and Assess Changes in Knowledge Level 
and Practices with a Post-project Survey 
The Soil & Water Assessment Tool (SWAT) was used to combine information from 
Geographic Information Systems (GIS) maps and actual weather data to create a model of 
the watershed.  The model was calibrated against actual flow data from three gage stations 
on the Salt Fork.  Conclusions drawn from simulation runs of the watershed included:  

•  Sediment and nutrient yields varied dramatically across the basin. 
•  Wheat cropland is the largest source of sediment. 
•  Each land cover has unique temporal nutrient and sediment distributions. 
•  Wheat accounts for 92% of surface nonpoint source nitrate contributions to 

groundwater. 
The model was used to compare the effects of implementation of various BMPs on water 
quality in the watershed.  Primary conclusions were: 

•  Split fertilizer applications showed less nitrogen loss than a single pre-plant one.  
•  Switching from moldboard to low till reduced sediment yield by half. 
•  Harvest type had a greater influence than tillage on soluble nutrients. 
•  Harvest type and tillage had statistically significant effects on sediment and 

sediment-bound nutrients.   
•  Higher fertilization rates increased nitrogen and phosphorous yields.   
•  Insecticide yield spiked a few times over the model period, likely due to short 

residence time of the chemical and the timing of rainfall events relative to application. 
•  Yields of the wheat herbicide studied (Maverick) show far less year-to-year 

variability than insecticide, presumably due to longer lasting residuals.   
A post-project telephone survey interviewed fifty wheat farmers in August 2002.  Results 
showed little difference in total and average acreage farmed.  Conservation tillage, different 
management for different fields, and the number of producers willing to consider no-till 
methods and vegetated buffers all increased. 

Outputs: 1106.1: QAPP for BMP impact evaluation model 
1106.2: Evaluation report on modeling of environmental impact of BMPs relative 
to conventional practices; poster session for use with producers at field site 

Task 7 - Final Report 
This report, including the appendices, tables, figures, and photos, is the final report. 

Outputs: 1107.1: Final Report 

Measures of Success 
1. Producer implementation of tillage, nutrient, and pest management BMPs.  Target is 

20% adoption of BMPs after year 5. 
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•  Different management for different fields (i.e., fertilizer application rate based 
on soil test results) rose 29%, from 38% in 1999 to 67% in 2002. 

•  Conservation tillage use rose 21%, from 67% in 1999 to 88% in 2002. 
•  Willingness to consider a vegetated buffer rose 19% among producers with 

stream banks, from 59% in 1999 to 78% in 2002. 
•  Willingness to consider no-till rose 13%, from 35% in 1999 to 48% in 2002. 
•  Willingness to consider planting trees in a vegetated buffer remained 

unchanged at 31% from 1999 to 2002among producers with stream banks. 

2. Reduction in sediment loss estimated from cropland in the watershed based on 
modeling the impact of BMP implementation.  Target is 50% reduction. 

Modeling showed conservation tillage yields 25% (stubble mulch) to 50% (low till) 
less sediment than moldboard plowing.  Conservation tillage use was reported on 
58% of watershed cropland in the pre-project survey, a 15-29% reduction (25-50% of 
58%) in sediment yield compared to the worst-case scenario (all cropland moldboard 
plowed). 

3. Reduction in excess fertilizer applied by cooperating farmers when management is 
based on soil testing and IPM principles.  Target is 50% reduction on demonstration 
farms compared to typical practices. 

Nutrient management was demonstrated at eight sites where typical practice applies 
130 lbs N/ac.  Using soil nitrogen levels to calculate fertilizer application rates 
reduced the average application rate to 36.7 lbs N/ac in 1996-97 and 91.3 lbs N/ac in 
1997-98.  This equaled a 49.2% reduction in fertilizer use over a two-year period. 

4. Reduction in nitrogen and phosphorus loss estimated by modeling.  Target is model 
prediction of 50% reduction. 

Modeling showed split nitrogen fertilizer applications (fall preplant and spring 
topdress) reduced several nutrient-related factors, including (1) leached nitrate - 
90%, (2) nitrate in lateral flow - 80%, (3) nitrate in runoff - 50%, (4) soluble 
phosphorus - 50%, (5) sediment-bound phosphorus - 20%, and (6) organic N - 15-
20%. 

5. Reduction in pesticide use on cooperating farms employing IPM (improvements in 
pest management through improved cultural practices, pesticide use only based on 
scouting and thresholds, and implementation of non-pesticide practices).  Target is 
50% reduction on demonstration farms compared with typical practices. 

Cooperating producers indicated use of several IPM techniques, including scouting 
fields before spraying and grazing of alfalfa stands.  Some dislike the cost, 
environmental threat, and safety concerns of pesticides, so they do not use them 
unless absolutely necessary.  Reduction in pesticide use under these practices is 
dependent upon the crop, weather, and insect populations. 

Conclusions 
Survey results showed satisfactory acceptance of BMPs prior to the project start, with 
improved support by project end.  Modeling showed reductions of nutrient and soil loss with 
BMP usage and stressed the importance of good upland management.  Project and 
individual educational efforts of Kenneth Failes and Tommy Puffinbarger have helped 
improve water quality in the watershed and beyond.  Additional funding and continued 
efforts would provide valuable support for future educational programming to increase BMP 
implementation and further improve water quality in the Salt Fork and other watersheds. 
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Final Project Report 

This report details OCES activities from 1997–2002 in support of the FY1997 CWA 319(h) 
NPS Pollution Program grant, “Task 1100: Demonstration of Best Management Practices in 
the Salt Fork Watershed,” (OCC Task #96, OSU Account No. 3-5-90300, Contract No. AG-
97-EX-002).  The grant was administered by OCC.  Key personnel at OSU included Project 
Director Michael D. Smolen (OCES Water Quality Programs Coordinator), Gerritt Cuperus 
(former OSU IPM Coordinator), and Project Manager Timothy L. Propst (OCES 
Engineer/Environmental Scientist). 

Introduction 
The watershed of the Salt Fork of the Arkansas River and two small tributaries 
encompasses about 1400 square miles in south-central Kansas and north central Oklahoma 
that drain to the Great Salt Plains Reservoir.  The reservoir is a recreational center for the 
area, but agriculture is the primary industry in the watershed, with cattle, wheat, and alfalfa 
the major products.  There are three population centers at Alva, OK (pop. 5500), Medicine 
Lodge, KS (pop. 2300) and Cherokee, OK (pop. 1800).  The 32,000-acre Salt Plains 
National Wildlife Refuge encircles the reservoir and lies entirely within the watershed.  The 
refuge is utilized by several rare or endangered birds including whooping cranes, interior 
least terns, bald eagles, and American avocets.  It is considered critical habitat for the 
whooping crane and supports a wide variety of other birds and wildlife.   
The extreme juxtaposition of wildlife conservation and agricultural production highlights 
water quality issues in this area.  Within the watershed, excessive siltation has eliminated 
spawning habitat, initiated excessive algae blooms, and promoted fish kills during hot 
summers.  Based on OWRB monitoring data, the reservoir was considered eutrophic and 
partially supporting for warm-water fishery and recreation in the 1987 assessment.  The 
1989 assessment indicated numerous fish kills, high levels of suspended solids (Cause 
Code 11) and nutrients (Cause Code 9), as well as documented levels of pesticides (Cause 
Code 2).  Pesticide residues have not been found in bird or fish tissue, but concern for 
episodic pesticide contamination exists due to the high level of protection desired and the 
extensive agricultural activity in the watershed.   
Although designated only a medium priority on the 303(d) list, the unique combination of 
wildlife, recreational, and agricultural values give this area far greater importance.  This 
project promoted the use of agricultural Best Management Practices (BMPs) to help reduce 
nutrients, sediment, and pesticides entering the watershed.  [Petroleum industry activities 
are also potential causes, but were beyond the scope of this project.]  Technology transfer 
of sediment, nutrient, and pest management techniques was the key to implementation of 
BMPs within the watershed.  Agricultural support industries in the watershed, such as 
consultants, Certified Crop Advisors, and others, offered a tremendous opportunity for 
educational programming.  These industries contact producers on a daily basis and 
indicated interest and support for an in-depth educational effort.   

Project Area 
The project focused on the Great Salt Plains Reservoir watershed (Hydrologic Unit Code: 
OK621010), which covers approximately 1400-square miles of north-central Oklahoma and 
south-central Kansas with 113 miles of stream.  This area includes the 8890-acre reservoir 
and the Salt Plains National Wildlife Refuge.  Project activity was concentrated on the 
southern tip of the watershed in Woods and Alfalfa Counties in Oklahoma.   
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Project Goals 
The project was an education and demonstration project, with goals to improve the nutrient 
management and tillage management skills of 20% of producers directly through intense 
educational and demonstration activities, and to show 50% reduction of erosion, fertilizer 
use, and pesticide use on 10 demonstration sites.  A target of directly influencing 20% of 
producers was selected because it has been demonstrated as the initial critical level to 
stimulate wider diffusion through the target community (Cuperus & Berberet, 1994).  If 
achieved, a rapid transfer from farmer to farmer is likely to occur through producer meetings, 
the State Association of wheat growers, and the daily interactions of producers and 
agricultural businesses.  The approved project workplan is included as Appendix 1.   
Multiple educational avenues, including educational meetings, demonstrations, field days, a 
watershed website, and newsletter contributions were used to present BMP information to 
producers.  Activities were targeted to agribusiness and wheat producers, encouraging them 
to maintain up-to-date information on crops, fertilizers, and pesticides.  Demonstrated BMPs 
included conservation tillage, nutrient management, and pest management.  The project 
emphasized how these practices reduce erosion and runoff of nutrients and pesticides to 
surface and ground waters.  Educational programs stressed the dual roles that record-
keeping plays in both production efficiency and pollution prevention.  The project 
emphasized integrated crop management components of BMPs and the balance between 
environmental and economic goals.  Key environmental components that the project 
focused on were: 

•  Minimizing sediment loss. 
•  Improving nutrient management and reducing the use of nitrogen and phosphorous 

fertilizer by mining excesses already in the soil profile. 
•  Minimizing impact of pesticides through use of integrated pest management. 

Program evaluation was to be done by assessing producer knowledge and behavior before 
and after the educational program.  Ten producer/cooperator operations were to be utilized 
as case study sites on the effects of implementation of specific BMPs.  A computer modeling 
activity was planned to project the impact of BMP implementation on erosion, nutrient, and 
pesticide levels within the watershed. 

Project Management 
The Office of Secretary of Environment and OCC oversaw the project and acted as liaison 
between project personnel and EPA.  OCC provided administrative oversight.  OCC 
developed a cooperative agreement with OSU Cooperative Extension to conduct education 
and demonstration tasks.  Contact person for OSU Cooperative Extension was Michael 
Smolen (405-744-8414).  Smolen provided overall guidance and coordination to the project.   
A project subgroup was established to implement demonstrations on cooperating farms.  
Led by Gerritt Cuperus, IPM Coordinator (405-744-9419), it included: 

Roger Gribble, OCES Area Agronomist (405) 237-7677 
James Stiegler, OCES Soil Specialist (405) 744-9620 
Gordon Johnson, OCES Fertility Specialist (405) 744-6420 
Gene Krenzer, OCES Wheat Specialist (405) 744-9617 
Robert LeValley, Woods County OCES Director and Educator, Agriculture (405) 237-2786 
Tommy Puffinbarger, Alfalfa County OCES Educator, Agriculture (405) 395-2134 
Hailin Zhang, OCES Soil Analysis Lab Director (405) 744-9566 
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Cuperus was also to serve as the Project Manager, in charge of the day-to-day operations 
of the project.  After his unfortunate accident early in the project period, Area Extension 
Agronomist Roger Gribble accepted this responsibility.  In 2000, the project funded a 
Northwest District Extension Water Quality Specialist position to fill the Project Manager 
role, as well as to promote other aspects of the project.  Kevin Shelton took the position but 
left in September 2000, after approximately 8 months on the job.  In early 2001, Extension 
Engineer/Environmental Scientist Tim Propst was named Project Manager and remained in 
this capacity during the remainder of the project period.  As such, he provided support 
through project development and implementation including educational materials 
development, demonstration implementation, and project evaluation.  Various OCES 
personnel provided technical assistance for implementation of Integrated Pest Management 
practices, project coordination, newsletter development, homepage development and 
updating, and development of IPM, nutrient, and tillage demonstrations.  A graduate student 
was employed to develop the hydrologic model of the watershed in order to simulate the 
effects of BMP implementation, to analyze the effectiveness of IPM employed with farm 
cooperators, and to evaluate the environmental impact of the project.  The Oklahoma 
Conservation Commission, Natural Resource Conservation Commission, Department of 
Wildlife Conservation, Oklahoma Department of Agriculture, and the local conservation 
districts partnered with OCES in public education programs. 

Project Tasks 
The goals of the project were accomplished through seven different tasks.  A listing of the 
seven tasks with a discussion of the activities undertaken follows. 

Task 1 - Establish Advisory/Steering Committee  
“Establish Advisory/Steering Committee as described in above to assure agency 
coordination and cooperation in implementation efforts.  Producers-Agribusiness 
representatives will be included.  This group will meet approximately annually to share 
program progress and develop support among agencies and producers.” 

Outputs:  1101.1: Report on structure of advisory committees and membership 

1101.2: Minutes and accomplishments of Advisory Committee 

In developing a management structure for the Salt Fork Project, it became apparent that 
both goal-oriented and task-oriented supervision would be necessary.  In order to meet 
these two different needs, the Advisory Committee referred to in the approved workplan was 
developed into two separate committees.   
The Salt Fork Project Steering Committee was made up of individuals representing the 
various agencies and groups with demonstrated interest in the project.  As indicated in 
Table 1, this group included OCES personnel from several university departments at OSU in 
Stillwater, as well as area technical resource professionals from OCES and NRCS.  The 
Steering Committee was charged with ensuring that the overall goals of the project were 
accomplished.  They were to make sure that each of the tasks from the project workplan 
were completed and that the different aspects of the project were accounted for in project 
activities.  The Steering Committee helped formalize plans and working relationships to 
ensure cooperation among the agencies and commonality of objectives.  This committee 
also helped design technically sound and relevant demonstrations and made sure the 
objectives were clear and organized before being presented to the Advisory Committee.   
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Table 1.  Salt Fork Watershed Project Steering Committee 

Name Affiliation Location 
Gerrit Cuperus OCES OSU, Entom & Plant Path 
Robert Dotson NRCS Cherokee 
Roger Gribble OCES Enid, Plant & Soil Sciences 
Gordon Johnson OCES OSU, Plant & Soil Sciences 
Scott Price OCES Grant County 
Tommy Puffinbarger OCES Alfalfa County 
Tom Royer OCES OSU, Entom & Plant Path 
Kevin Shelton OCES NW District Office, Enid 
Mike Smolen OCES OSU, Biosys & Ag Eng 
Jim Stiegler OCES OSU, Plant & Soil Sciences 
Dan Storm OCES OSU, Biosys & Ag Eng 
Hailin Zhang OCES OSU, Plant & Soil Sciences 

The second management group retained the title of “Advisory Committee” and was 
composed of professional members of the agricultural community in and around the Salt 
Fork watershed.  The principal roles of the Advisory Committee were to assure relevance 
and credibility of the program as well as project ownership by agribusiness and producers.  
They were to help design demonstrations and field days, discuss project activities and make 
recommendations.  Their charge was to ensure the practicality of the tasks and the 
suitability of the project approach and activities, help identify target audiences, assist in 
publicizing events, and garner support from their neighbors and clients.  The names and 
locations of the members of this group are listed below in Table 2. 

Table 2.  Salt Fork Watershed Project Grower’s Advisory Committee 

Name Location 
Greg Baker Alva, Woods County 
A.B. Cochran Cherokee, Alfalfa County 
Kenneth Failes Cherokee, Alfalfa County 
Mickey Ferrel Burlington, Alfalfa County 
Joe Hadwiger Cherokee, Alfalfa County 
Keith Kisling Burlington, Alfalfa County 
Ronald McMurtrey Cherokee, Alfalfa County 

Task 2 - Assess Pre-Project Management Practices and Attitudes 
“Assess pre-project management practices and attitudes of a statistically valid sample of 
producer population.  Producers in the watershed will be surveyed for their present attitudes 
and behaviors with respect to: utilization of tillage, nutrient, and pest management BMPs.  
Preliminary analysis suggested there are approximately 120 producers in the watershed.  At 
project completion, a subset of the same producers will be assessed to document changes.” 

Outputs: 1102.1: Survey instrument 

1102.2: Reports of assessment of producer attitudes and practices regarding 
tillage, nutrient, and pest management BMPs 

In September 1999, the OSU Bureau for Social Research was contracted to conduct a 
telephone survey of agricultural producers in the Salt Fork Watershed.  The purpose of the 
survey was to determine producers’ planting, fertilizing, and erosion control practices and 
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their sources for management support information.  Operational aspects such as crops 
grown (wheat, alfalfa, or sorghum), and size of operation were also included.  The survey 
instrument is included as Appendix 2.  All interviewing staff underwent training in 
interviewing techniques, including the subject of confidentiality.  Each interviewer signed a 
confidentiality agreement.  In the survey database, each producer was assigned a randomly 
generated respondent number so that no identifying information was linked to the survey 
responses.  The survey was reviewed and approved by the OSU Institutional Review Board. 
OCES provided the Bureau with a list of all producers and their phone numbers in the 
watershed from Alfalfa, Grant, and Woods counties.  This created a potential respondent 
pool of 126 producers.  Of these, 1 number was disconnected and 10 individuals were no 
longer farming (5 retired, and 5 sold farms for economic reasons).  This reduced the 
respondent pool to 115 producers.  From this list, 10 contacts requested the interviewer call 
back at a different time, 7 refused to complete the survey, and 5 did not answer.  In addition, 
3 calls were picked up by an answering machine, and 2 received busy responses.  A total of 
88 respondents completed the survey, a 77% response rate.   
Individuals were asked only those questions pertaining to their crop operations, based on a 
minimum production acreage (50 acres for wheat, 10 acres for alfalfa, and 50 acres for 
sorghum).  One completed survey did not meet any of these three requirements and was 
dropped from the results.  Of the other 87 respondents, 82 produced wheat, 58 alfalfa, and 
23 sorghum.  A brief analysis of the survey results is included below as fulfillment of Output 
1102.2.  Results are discussed on a per crop basis.  For a complete listing of survey results, 
see Appendix 3. 

Wheat Producers 
The 82 wheat producers reported managing approximately 97,500 acres of wheat.  Of 
these, 52,500 acres were managed for grain only; 36,500 acres were managed for grain and 
grazing; and 8500 acres were managed for grazing only.  The average number of wheat 
acres per producer was 1188, with a median and mode of 900 and 400 acres, respectively.   
Respondents generally sowed more than a single variety on their land.  By far, Kansas State 
University’s (KSU) “Jagger” was the most frequently planted wheat variety, being utilized by 
80% of the respondents.  Approximately 43% planted “2137” another KSU variety, 22% 
planted OSU’s “Custer” and 16% planted “2174” another OSU variety.  A number of other 
varieties were also grown, but each was used by less than 8% of the respondents.   
Almost 80% of the producers that graze cattle on wheat reported a typical stocking rate of 1 
head/acre.  Former Woods County Extension Director (CED) & Agricultural Educator Bob 
LeValley (currently OCES Area Extension Livestock Specialist) indicated that there might 
have been some confusion on the units expressed in the survey.  He felt that a stocking rate 
of 2 acres/head, or 0.5 head/acre, was more typically used in the area.  In discussion with 
OSU Bureau of Social Research Director Dr. Christine Johnson, it was discovered that the 
survey software accepts only whole numbers.  If a producer had responded with an answer 
of “0.5,” the software would have recorded this as “1”.  Therefore, the results must be 
interpreted as saying that approximately 80% of the producers who graze wheat have a 
typical stocking rate of 1 head/acre or less. 
Approximately 70% of the wheat producers in the survey indicated that they test their soils 
annually.  Only 2 of the 87 said they never soil test.  In addition, about half of the 
respondents said they also test the subsoil of their wheat fields.  Producers can use these 
soil test results to help them determine appropriate yield goals and nutrient management 
planning for their fields.   
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Despite the high frequency of soil testing, only 36% of the respondents said they have 
different yield goals for different fields.  The average reported yield goal for wheat was 46 
bushels/acre.  Current OCES recommendations call for a fertilizer application rate of 2 lbs 
N/acre for every bushel/acre of the yield goal.  This would mean an average application rate 
of 92 lbs N/acre, based on the average reported yield goal.  Sixty-seven (67) of the 82 
wheat producers surveyed said they apply an average of 43 lbs N/acre as pre-plant, while 
72 producers reported an average topdress application of 38 lbs N/acre.  This results in a 
combined average fertilizer application rate of 82 lbs N/acre, almost 10 lbs N/acre less than 
typically recommended by OSU.  A producer interviewed as part of Task 4 indicated that he 
applies a little less than what is recommended by the soil test because he feels that those 
making the recommendations are also selling the fertilizer.  If other producers share this 
attitude of avoiding a “padded” recommendation, it may account for the difference from the 
recommended rate observed in the survey results.  In any case, the average reported actual 
yield was 39 bushels/acre, only 7 bushels/acre less than the average yield goal.   
The survey also queried the wheat producers regarding application of phosphate fertilizer.  
Fifty-nine (59) of the 82 producers indicated they apply phosphate to their wheat fields at an 
average of 29 lbs P2O5/acre.   
Wheat producers reported a wide range of tillage methods used on their fields.  
Approximately half of the respondents reported moldboard, chisel, and/or disk plowing as 
their primary tillage method.  Various other methods, including no-till and other conservation 
tillage practices, were each reported at less than 4%.  Approximately 33% said they have 
used deep ripping in some of their wheat fields.  About 60% of the respondents said they 
would not consider using no-till methods and gave a wide variety of reasons.  Most 
producers were not convinced no-till methods work (i.e., that they would be profitable) for 
this area.  Of the 40% that said they would consider using no-till, about half said they would 
use it if it was shown to reduce costs. 
Finally, chemical usage among the wheat growers was lower than anticipated.  Very few (4 
of 82) listed any fungicide use to combat disease.  Only 20 of the 82 producers surveyed 
indicated they used any sort of insecticide.  Eleven of these 20 used ground application, 4 
used aerial application, and 5 used both types.  Herbicide use was more frequent, with 67 of 
the 82 respondents indicating they used these chemicals.  “Finesse” (51%), “Glean” (37%), 
and “2,4-D” (31%) were the most commonly used herbicides.   
In deciding whether or not to apply pesticide, the producer must weigh several different 
options; crop health, potential for damage, market conditions, and cost of application, to 
name a few.  Pesticide application is quite expensive and during the project period the 
wheat market was not very good.  The interviewers reported that these were major factors in 
the response to this survey.  Respondents were suffering severely.  

Alfalfa Producers 

Of the 87 respondents, 58 indicated they raised 10 or more acres of alfalfa, for a total of 
8800 acres.  The average reported alfalfa acreage was 152 acres, with a median and mode 
of 95 and 200 acres, respectively.  “OK49” (40%), “Cimarron 3i” (21%), “Cimarron VR” 
(19%), and “Oklahoma Common” (12%) were the most frequently mentioned varieties.  
None of the other varieties were mentioned by more than 7% of the respondents.   
Producers were asked to give their average yield in units of tons per acre.  The reported 
average yields ranged from 1 to 80 tons/acre.  The majority of the results (61%) were listed 
as 4-6 tons/acre, which is considered a valid response.  Responses, however, could have 
been misinterpreted, because the question did not clearly specify the length of time under 



 7

consideration.  A response of 1-3 tons/acre could be accurate on a per cutting basis.  
Answers on an annual basis would probably be in the 4-6 tons/acre range, but a response of 
9 or 10 would also be possible.  The larger reported yields may have been based upon the 
life of the stand.  Since there was no means to determine the period referenced by each 
producer, there was difficulty interpreting the results of this question. 
Most of those surveyed (62%) used their alfalfa fields for grazing.  Almost half of these (16 
of 36, 44%) put their cattle on the fields on October 15, and another 17% started the cattle 
on October 1.  Several other start dates were listed, but only by 3 or fewer respondents.  
The vast majority (27 of 36, 75%) of the producers who grazed alfalfa left the cattle on for 
only one (42%) or two (33%) months.  This is consistent with OSU recommendations. 
Respondents indicated insecticide use more frequently on alfalfa (47 of 58, 81%) than on 
wheat (20 of 82, 24%).  Use of “Lorsban” was reported by 32% of the producers.  Several 
other chemicals were used by 10-20% of those responding.  Interestingly, 10 of those 
surveyed (21%) indicated that they did not know what chemical was sprayed on their alfalfa.  
Of the alfalfa producers who used insecticides, almost half of them (22 of 47, 47%) used 
ground application, while 28% used aerial application and 26% used both.   
Herbicides were used by a smaller group of alfalfa producers (27 of 58, 47%).  “Pursuit DG” 
(26%), “Sinbar” (26%), and “Sencor” (22%) were the most commonly listed chemicals.  The 
number of producers answering “Don’t Know” to this question (7 of 27, 26%) was the same 
as for the top two chemicals.  As was seen in the wheat producer survey results, very few 
producers (5 of 58, 9%) used fungicides on their alfalfa crop.  Again, the most frequent 
response was “Don’t Know” (4 of 5).   
Based on these results, it was suggested that a pesticide education program be developed 
for these producers.  However, some members of the Steering Committee felt this would not 
be a good use of time and resources.  They said the majority of these producers schedule 
the co-op to come out and spray their fields, so the fact that they don’t know the particular 
chemical used does not indicate a lapse in management.  Secondly, they felt that in some 
cases, the producer might have feigned ignorance because they feared government 
intervention in their operations. 
Optimal nutrient management was less frequently reported for alfalfa than it was for wheat.  
Annual soil testing was reported by only 17 of 58 (29%) alfalfa producers (compared to 70% 
reported for wheat).  In addition, 15 producers (26%) said they never soil test their alfalfa 
fields. On the other hand, 20 of the 58 alfalfa producers (35%) said they apply phosphate 
fertilizer every year to their alfalfa fields, while almost as many (19 of 58, 33%) indicated 
they apply phosphate every 3-4 years.  Smaller percentages said they apply phosphate 
every other year (17%) or never (16%).   
Closer analysis of these results reveals some interesting trends.  First of all, the average 
reported alfalfa acreage was 150 acres.  Of all the producers that said they never soil test, 
only one had holdings of more than 155 acres.  Thus, larger operators are doing more soil 
testing.  Secondly, there seems to be a strong correlation between the frequency of soil 
testing and the application of phosphate fertilizer.  Of the twenty producers that said they 
apply phosphate every year, 11 of them were among the annual soil testers.  Conversely, of 
the 9 producers that said they never apply phosphate, 7 of them were among those that 
never soil test.   

Sorghum Producers 

Of the three main crops that the survey focused on, sorghum producers comprised the 
smallest group.  Only 23 of the 87 respondents (26%) said they raised 50 or more acres of 
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sorghum.  Total reported acreage for sorghum was 4800 acres, with an average of 209 
acres, a median of 150, and a mode of 100.  Although several different sorghum varieties 
were reported, no particular variety was grown by more than two producers.  In fact, the 
most frequently listed response to the question of variety grown was “Don’t Know”.   
Producers were asked to list their yield goal as well as their average actual yield.  Answers 
ranged from under 5 to 100 bushels per acre for both questions.  The interpretation 
problems listed above in regard to alfalfa yields may be applicable here. 
Half of the sorghum producers (12 of 23, 52%) indicated they soil test every year, with only 
2 of them saying they never soil test.  Only two producers said they use insecticides.  Both 
said they use ground application.  A single sorghum producer used fungicide to control 
disease.  Herbicides were used by 14 of the 23 sorghum producers (61%).  “Atrazine”, 
“Dual” and “2,4-D” were the most commonly used herbicides, each of them being listed by 
three producers. 

Additional Crops, Erosion Control, and Sources for Management Support 

Thirteen of the 87 respondents (15%) said they grow soybeans.  Nine grow them full-season 
(single-crop), while four double-crop them.  Producers were asked if they grew any other 
crops besides wheat, alfalfa, sorghum, or soybeans.  Nineteen of the 87 (22%) said they 
also had hay, feed, or pasture.  Three (3.4%) raised cotton, one raised corn, and one raised 
Austrian winter peas.  The other 63 producers (72%) said they raised no other crops. 
Sixty producers (69%) indicated they used a moldboard plow to till a total of approximately 
46,200 acres in the watershed.  Based on reported values, each producer moldboard plows 
an average of 770 acres, with a median and mode of 700 and 1000, respectively.   
Forty-four producers also reported a total of 5800 acres of cropland with salt problems.  The 
average number of affected acres reported per producer was 132, with a median and mode 
of 25 and 10, respectively.  Eighteen of the 44 producers (41%) that reported salt 
accumulation indicated this occurred in their range, only 11% said it was in their 
pastureland, and 48% said it was in both.  Interviewers did not give respondents a definition 
for each of these cropland types, so these results should be interpreted with care. 
About 37% of the respondents said they had stream bank erosion problems.  Almost 60% 
said they would consider leaving a vegetated buffer between their crop and the stream.  
Only 30% would consider planting trees in such a buffer, however.  About 60% said they 
have field gullies that occur most years, and 77% said they would consider installing a grass 
waterway or terrace to prevent gulleying.   
For advice on insect, weed, and crop disease management, 71% indicated communication 
with the local co-op and 33% indicated Extension.  Other sources included local 
communication, commercial sources, and publications.  The local co-op was also listed by 
56% of the producers as a source for advice on fertilizer and lime needs.  Nine percent (9%) 
said they communicated with Extension, while another 9% indicated they used the soil tests 
for advice.  Approximately 20% more listed some combination of these three for their 
nutrient management support.   
In discussion with Tommy Puffinbarger (Alfalfa County Extension Educator, Agriculture) it 
was learned that in at least one instance, the co-op takes the soil tests and sends them to 
the OCES Soil, Water, and Forage Laboratory for analysis.  The co-op then passes along 
these reported recommendations to their customers.  Similar cases may exist with other 
commercial testing laboratories in the area.  This is to say that although the face-to-face 
communication with co-op personnel indicated by the survey results is obviously of great 
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importance, there may also exist a “behind the scenes” influence of other agencies, 
institutions, and/or personnel. 
Finally, producers were asked their age.  About 15% were 26-40 years old, 67% were 41-
60, and 18% were over the age of 60.  Sixty-seven (77%) of the producers said they would 
like to receive a copy of the survey results so a preliminary report was sent to them.  The 
Alfalfa and Woods County Extension Offices also received copies of this report. 

Task 3 - Establish Communications 
Contributions will be made to Alfalfa and Woods County agricultural newsletters.  A WWW 
Home Page will be established to keep all parties informed about project activities with 
timely information.  At this time we have no criteria for evaluating effectiveness of the web 
page other than number of visits.  The home page will offer an opportunity for participants to 
ask questions of those involved, however.   

Self-guided tours will be established at demonstration sites.  Self-guided tours will consist of 
a kiosk, or shelter, with signage describing the project and requesting feedback from 
viewers.  Most self-guided tours will be set up in conjunction with an attractive item like a 
variety trial.  A guest registry will be included so we can know how many people chose to tell 
us they visited.  These tours are intended to be non-threatening private activities that do not 
lend themselves to evaluation. 

The newsletter articles will be targeted to wheat, cattle and alfalfa producers in the 
watershed.  The focus will be on key environmental components including: 

A. Minimizing sediment loss 

B. Improving nutrient management and reducing nitrogen and phosphorous 
application based on soil testing for excess nutrient already in the soil profile. 

C. Minimizing impact of pesticides through utilization of integrated pest 
management practices and approaches. 

There will be an additional focus on the interface of wheat and alfalfa with cattle and 
a focus on riparian protection during the grazing period. 

Outputs: 1103.1: Newsletter contributions at time of mailing 

  1103.2: Description and URL of WWW Home Page 

Newsletters 
The most consistent mode of published communication used during the project period was 
the Alfalfa County Extension Newsletter.  During the final year and a half of the project, 
Tommy Puffinbarger (Alfalfa County Educator, Agriculture) inserted timely landscape 
maintenance articles in every issue of the agricultural newsletter.  This publication was sent 
to all agricultural producers in the county. At various times during the project, additional 
articles highlighted BMPs and promoted educational workshops in the watershed.   
Bob LeValley (former Woods County CED & Educator, Agriculture: currently Area Extension 
Livestock Specialist) also printed articles of interest to the project in that county’s newsletter.  
Copies of articles from both these sources are included in Appendix 4, submitted in 
fulfillment of Task 1103.1.  

Website 
Research Assistant Mike White developed a project website at 
http://bioen.okstate.edu/home/mjwhite/saltfork/.  The site contained general project 
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information as well as downloadable maps of the watershed created during the modeling 
portion of the project (Task 6).  

Self-guided Tours –Extension Demonstrations & Variety Trials 
As discussed below (Task 4) Extension personnel set up several BMP demonstrations and 
variety trials during the project period.  The Extension Service commonly uses such sites as 
educational tools.  In general, these areas are established and promoted so producers can 
gain first-hand knowledge of new technology or methods.  Usually a field day is held that 
includes a formal tour of the site with one or more area technical professionals.  Once thus 
publicized, producers are encouraged to return to the sites on their own to monitor progress 
at the site and/or re-familiarize themselves with the demonstration’s claims or purpose.  
Although formal kiosks were not established at these demonstration sites in the watershed, 
the project team felt that the educational value represented by these locations met the 
criteria of a "self-guided tour".  

Self-guided Tours –Musk Thistle Weevil Release 
The musk thistle is an invasive non-native plant that can quickly overwhelm native 
vegetation and take over a field or pasture.  Usually by the time a producer realizes there is 
a problem, the species has established seed stock in the soil, where they may remain viable 
for up to five years.  Therefore, although chemical and physical control methods may 
immediately rid the affected land of visible plants, the same cost and effort must be 
expended every year for the next five years to control the problem.  
In the 1970s, the USDA began searching for alternative methods.  As a result, the plant’s 
natural predators were imported as biological control measures.  Two main species, the 
musk thistle head weevil and the musk thistle rosette weevil, are used.  Proper use of these 
insects can control the musk thistle population within 5-7 years.  This practice reduces the 
amount of chemical herbicide that is released to the environment, as well as the cost of 
operation for producers.  Although the weevils can be ordered from various biological 
controls supply stores, the OSU IPM program sponsors a spring musk thistle weevil roundup 
at sites with established populations at various locations in the state.  Producers collect 
weevils from these sites for transfer to their property.  (Although some studies have 
indicated that the weevils may threaten unique populations of thistles closely related to 
musk thistle, no such populations are known to exist in Oklahoma).   
Tommy Puffinbarger (Alfalfa County Extension Educator, Agriculture) has actively promoted 
this BMP and taken part in the weevil roundup for a number of years.  In 1998, the 
Oklahoma State Legislature passed the Noxious Weed Law, requiring landowners to utilize 
control measures for certain plants, including musk thistle, or face hefty fines.  Typically this 
entails spraying pesticides to kill the thistle.  As a result of being placed in charge of 
enforcing this law, ODA developed a mechanism for Oklahomans to report affected areas.  
In the summer of 2001, over 50 Alfalfa County residents were turned in to ODA for musk 
thistle on their property.  Some of these individuals had released musk thistle weevils on 
these areas.  However, since it was early in the treatment phase (i.e., the weevil population 
was not large enough to reduce the thistle population) the thistles were still visible.  Once 
ODA inspectors learned that musk thistle weevils had been released in an affected field, 
they considered it treated and the landowner in compliance.  Although all parties were 
satisfied in the end, much effort and resources were wasted. 
During project discussion, Puffinbarger and the Salt Fork Watershed Project Manager, Tim 
Propst, had the idea for a sign that producers could use to indicate a musk thistle-affected 
field had received treatment in the form of musk thistle weevil release.  Even if passers-by 
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saw the invasive plant, the sign would let them know the problem was being treated and the 
landowner was in compliance with state law.  The idea received the support of NRCS and 
ODA as well as the Extension Service.  In addition to its impact on the project area, Pat 
Bolin, OSU Interim IPM Coordinator, had approximately two hundred of them printed for use 
by producers statewide.  A copy of the sign is included in Appendix 5.    

Other Communications – Alfalfa Electric Cooperative 
The Alfalfa Electric Cooperative (AEC) maintains a program of routine pesticide spraying to 
suppress vegetation growth underneath their power lines.  In the summer of 2002, AEC 
employee Dusty Shepherd noted that precautionary measures were necessary for the 
Tordon herbicide being used.  Tommy Puffinbarger (Alfalfa County Extension Educator, 
Agriculture) was contacted with a request for maps highlighting pesticide-sensitive areas 
where spraying should be avoided in order to protect water quality. 

Puffinbarger apprised Salt Fork Watershed Project Manager, Tim Propst, of the request.  
After discussions with Dr. Case Medlin of the OSU Plant & Soil Sciences Department and 
Doug Montgomery with the OSU Turfgrass Research Station, it was determined that the 
areas of major concern were the bottomlands near creekbeds and other areas with 
extremely sandy soils.  Research Assistant Mike White created a map of the watershed 
highlighting these areas using project data generated from the previously completed 
modeling task.  The map was printed in color and sent to Mr. Shepherd at AEC with a brief 
description and contact information for further assistance, if needed.  A copy of the map and 
letter is included in Appendix 6. 

Task 4 - Establish Ongoing Demonstrations on Nutrient Management, IPM, and Tillage 
in Each County 
Demonstration plots will be established at 10 locations.  Project personnel (Mulder, Krenzer, 
Gribble, and County agents) will work with 10 farmers to establish case histories of reduced 
pesticide use, considering herbicide use, fungicide use, and insecticide use.  The IPM 
approach will promote prescription-based applications, based on scouting and weather 
information rather than preventive treatment.  Demonstrations will focus primarily on wheat 
and alfalfa production, the principal crops in the area. 

The plots are installed to demonstrate to producers that water quality BMPs can be utilized 
without production losses and without excessive expense to the producer.  Demonstrating 
such practices is essential to acceptance by producers.  Standard Extension demonstration 
plots will be installed. 

There will not be sufficient funding to demonstrate riparian protection.  However, cattle 
management practices with respect to water quality will be included in public meetings and 
educational programs associated with this project. 

Outputs: 1104.1: Description of demonstration plots and self-guided tours 

1104.2: QAPP for demonstration sites, including locations and plans for 10 
demonstration plots 

1104.3: Identify cooperators for 10-IPM case studies; Report initial 
description of operations 

1104.4: Report fertilizer use, pesticide use, and crop history on 10 
cooperating farms (changes from previous years to be summarized and 
explained) 
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No other task was so directly affected by the circumstances described in the foreword than 
this one.  The workplan called for BMPs to be implemented on 10 cooperating farms at the 
outset of the project.  Fertilizer use, pesticide use, and other management variables were to 
be compared pre- and post-BMP implementation.  Unfortunately, the lost time and 
resources prevented this from happening.  Instead the project team attacked the goals of 
this task using a two-pronged approach of demonstration plots and cooperator interviews.    

DEMONSTRATION PLOTS 

OCES personnel have long made use of demonstration plots to educate their constituents 
on new techniques and/or technologies (see discussion in Task 3 section).  These sites are 
intended to provide evidence of the effectiveness of BMP implementation.  Overall, several 
demonstrations were promoted within the watershed.  A brief history of each is listed below.  
This section is submitted in fulfillment of Output 1104.1. 

Alfalfa Variety Demonstration – Daryl Schwerdtfeger Farm near Capron, OK 
This trial promoted the use of high-yielding alfalfa varieties with multiple-pest resistance.  ICI 
630, ICI 645, Good As Gold, Ok 49, Cimarron VR, and Archer were the varieties 
recommended for this area.  Ok 49, ICI 645 and Cimarron VR were the top performers in the 
1998 harvest results.   
On March 12, 1999, Bob LeValley (former Woods County CED and Educator, Agriculture; 
currently OCES Area Extension Livestock Specialist) hosted an educational meeting 
discussing the findings of the demonstration.  Insect management practices, including alfalfa 
weevil egg counts, as well as degree-day information and nutrient management for alfalfa, 
were discussed with an audience of approximately 20. 
In addition to producer education, the demonstration also provided hands-on learning 
opportunities for community youth.  The Burlington High School FFA Chapter helped harvest 
the plots and gained a great deal of information about research and data collection in 
general, as well as alfalfa pests in particular.  The importance of variety testing was also 
emphasized.  Students were shown how an informed decision on variety selection can be 
used to improve yields and reduce pesticide use, resulting in higher net farm returns and 
better water quality in the community.   

Alfalfa Variety Demonstration – Chris Buck Farm near Cherokee, OK 
A second alfalfa variety trial was established in the fall of 1998 at a location just 2 miles from 
the Great Salt Plains Reservoir.  It also was designed to provide producers a chance to 
compare pest resistance levels and corresponding yields of new varieties with 
recommended varieties.  The improved varieties DK 142, DK 143, Reward and Magnum V 
were expected to show higher production. 
At harvest, data were collected and analyzed.  Results were reported in the Oklahoma 
Central Alfalfa Improvement Conference report for 1999.  First year data indicated no yield 
differences between the multiple pest resistant and common varieties.  This is not unusual 
for a seedling demonstration receiving large amounts of rainfall in the first year. 

Alfalfa Weevil Demonstration – Alfalfa & Woods Counties 
In early 2001, two sites were established to demonstrate how timely insecticide applications 
(rather than calendar-based prophylactic applications) combat alfalfa weevil infestations 
effectively.  Timely insecticide application means using threshold spraying levels to reduce 
costs associated with controlling this pest.  The associated potential reduction in pesticide 
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use can protect water quality in nearby streams and ponds, as well as in the local aquifer.  
Four objectives were set forth:  

•  Demonstrate the utility of the alfalfa weevil degree-based model as a predictive 
tool to enhance timely insecticide applications for larval populations of this insect. 

•  Demonstrate how misapplications, based on calendar-based timing, can result in 
inadequate control of alfalfa weevil and increase the need for pesticide. 

•  Demonstrate how late applications (after threshold) can result in loss of 
production and quality in alfalfa hay.  

•  Quantify the economic losses (yield, quality, pesticide costs, etc.) obtained from 
a replicated trial that demonstrates the aforementioned treatments.  

Plots were established at two separate sites, one in each of Alfalfa and Woods counties.  
Application thresholds, or simply thresholds, were derived from OSU Current Report No. 
7177 in conjunction with the alfalfa weevil degree-day model available through the 
Oklahoma Mesonet.  Thresholds correlate insect counts obtained by regular field scouting 
with critical levels in the weevil population where insecticide application is the most efficient.  
The demonstration showed the effects of three different application timings: early (before 
weevil populations reached threshold levels), timely (at threshold), and late (after threshold 
levels had been reached).  
All treatments consisted of an application of the insecticide Lorsban 4E.  Sampling was 
conducted on 3 or 4 days, 7 or 8 days, and 14 or 15 days after each application.  Yields 
were estimated for first harvest by sampling two quadrats from each of the respective plots 
and were calculated on a dry weight per acre basis.  
Unfortunately for this evaluation, alfalfa weevil populations were relatively low during the 
demonstration.  During the study, weevil larvae numbers approached the lower level of the 
threshold only once.  Every timing of application treatment for alfalfa weevil resulted in 
excellent (75%) control of insect populations and no repeat applications were justified.  Late 
applications were made on a declining population.  By 14 days after the threshold 
application, no significant differences in alfalfa weevil numbers were observed between 
untreated and treated alfalfa.  
Alfalfa treated early (calendar-based treatment) in Alfalfa County yielded significantly more 
forage than untreated alfalfa but not more than the other treatments.  Conversely, alfalfa that 
was treated late in Woods County yielded significantly more forage than plants receiving an 
early treatment, but not better than the untreated or threshold-treated (timely) plants.  
Knowing this occurs in years when alfalfa weevil populations are low can help preserve the 
quality of the environment (water and wildlife) and save growers considerable costs 
associated with application.  Based on a sale price of $80.00 per ton of alfalfa, the values of 
the various treatments ranged from $112.31 to $141.58 per acre.  Interestingly, the greatest 
returns in Woods County were obtained from untreated alfalfa ($131.24/acre).  
The higher yields from early treatments in Alfalfa County and later or no treatment in Woods 
County are most likely due to rainfall amounts and timing rather than to control of alfalfa 
weevil populations.  Woods County had over two inches of rain in the month of May before 
harvest, while Alfalfa County only experienced 0.5 inches during that same period of time. 
During the test period, many alfalfa producers besides the cooperator observed the test 
plots regularly.  It was reassuring to know that growers are quite accurate in making 
treatment decisions in a year when alfalfa weevil populations are relatively low.  In addition, 
their choices of insecticide when making that treatment are based on good knowledge of 
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OSU evaluations and careful considerations of costs and infestation levels.  This further 
contributes to the protection of water quality and the environment in the area.  Had the 
populations of weevils peaked earlier and/or been more intense, then treatment decisions 
would have been more challenging to make.  
See Appendix 7 for more details regarding this demonstration. 

Legume Forage Demonstration – Kent Kissling Farm near Burlington, OK 
An attempt was made to establish a legume forage trial in the fall of 1998 using Texas 
Sprout Cowpeas, Chinese Red Cowpeas, Berken Mungbeans, and 3 varieties of soybeans.  
A legume crop could provide forage in either a grazing program or a hay operation, while 
also building nitrogen levels in the soil profile.  This could reduce the amount of nitrogen 
needed for a small grains grazing and wheat production program, resulting in a reduction in 
fertilizer application.  Unfortunately, the 1998 summer drought severely limited legume 
growth and the demonstration was consequently abandoned.   

Nutrient Management in the Watershed - Burlington Cooperative Ass’n 
In a study conducted in cooperation with Burlington Coop Agronomist Kenneth Failes, three 
years of soil test results and two years of fertilization and yield data were collected from 
eight sites in Alfalfa County.  The 1996 and 1997 yield goals for these fields were 50 bu 
wheat /acre, and 100 lbs beef/acre.  Based on OCES recommendations of 2 lbs N/bu 
wheat/acre and 30 lbs N/100 lbs beef/acre, this translates to a total fertilizer application rate 
of 130 lbs N/acre.   
“Typical” practice would be to apply 100 lbs N/ac as a single application in the fall to all 
fields, with another 30 lbs N/ac applied as topdress in the spring for grazing.  In this 
demonstration, nitrogen in the soil profile was “mined” for utilization by the wheat crop.  
Nitrogen levels in the soil, as indicated by soil test results, were used to calculate a new 
fertilizer application rate.  A complete listing of soil test results, as well as fertilizer 
application rates and yield data is provided in Appendix 8. 
In 1996, surface and sub-soil test results averaged approximately 140 lbs NO3-N/acre for all 
eight fields, indicating an abundance of available nitrogen.  No nitrogen applications for 
grain production were recommended for fall 1996.  In the actual application data, on each of 
two farms, 100 lbs/ac of 18-46-0 (N-P-K) fertilizer was applied to meet an observed 
phosphorus deficiency.  No other nitrogen was applied in fall 1996.  A topdress application 
of 30 lbs N/ac was made on all farms except one (40 lbs N/ac applied) in spring 1997 for 
grazing. 
Total pounds of nitrogen actually applied was obtained by multiplying the acreage of each 
field by the application rate.  Total pounds of nitrogen typically applied was obtained by 
multiplying the acreage by 130.  For all eight fields in the 1996-97 crop year, 38,502 pounds 
of nitrogen were actually applied, compared to 136,370 pounds of nitrogen typically applied.  
This shows a drop from 130 lbs N/ac typically applied to the average actual application rate 
in 1996-97 of 36.7 lbs N/acre, a 71.8% reduction.  
This decrease was immediately noticed in the 1997 soil test results, where the eight-farm 
average dropped to 31.5 lbs NO3-N/acre.  For the 1997-98 crop year, fertilizer application 
rates were again based on soil test results.  Since much of the excess nitrogen had been 
utilized in the previous year, recommended fertilizer application rates for grain production 
rose from 0 to an average of approximately 70 lbs N/acre for the eight fields.  All farms 
applied 30 lbs N/acre in the spring.  The total pounds of nitrogen actually applied was 
95,765 pounds in the 1997-98 crop year, for an average application rate of 91.3 lbs N/acre.  
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This is a 29.8% reduction from typical fertilizer usage.  Using fertilizer on an as-needed 
basis reduced nitrogen buildup in the soil, as shown by the 1998 average soil test reading of 
26.6 lbs NO3-N /acre for the eight farms.   
Yield results from this time period indicated an average of 59.8 bu/acre in 1996-97 and 63.1 
bu/acre in 1997-98.  These yields were well above the 50 bu/acre goal.  In fact, an 
increased yield goal of 60 bu/acre for the 1998-99 crop year was planned.  Unfortunately, 
fertilizer application and yield data for that year were not obtained.   
To summarize, this study showed that at these eight sites (1) both surface and sub-surface 
soil nitrogen levels could be used to calculate a fertilizer application rate for wheat, (2) use 
of nutrient management BMPs reduced fertilizer usage by 49.2% over two years, and (3) 
use of these BMPs resulted in satisfactory production yields.   

Roadside Bindweed Control 
High levels of arsenic have been detected in sediment and water samples from the project 
area, including some from the Great Salt Plains Reservoir.  Pesticide use within the 
watershed was identified as a likely contributor to this problem.  A review of the pesticides 
utilized in the watershed indicated that the only arsenical (arsenic-containing) products in 
common use were those sprayed along roadsides for weed control, not those used in fields 
for crop production. 
Some new herbicides offer a promising alternative to the use of these arsenical products.  
These new herbicide products are not as water-soluble and have different modes of action 
from the arsenical compounds traditionally used.  Imazapic (tradename: Plateau) and 
imazapyr (tradename: Arsenal), both from the imidazolinone herbicide family, control some 
pre- and post-emergent annual and perennial grasses, as well as some broadleaf weeds.  
They inhibit production of branched-chain amino acids, prohibiting protein synthesis and cell 
growth, thus killing the plant (Tu et al., 2001).  From the phenoxy herbicide family, 
diglycolomine (tradename: Vanquish), is a growth regulator herbicide used for post-
emergence control of broadleaf weeds and woody brush.  It mimics indole-3-acetic acid 
(IAA), a natural plant hormone responsible for numerous aspects of plant growth.  Growth 
regulator herbicides interfere with natural plant growth resulting in malformed leaves, 
epinastic bending and swelling of stems, deformed roots, and tissue decay (Gerst, 1999). 
A field trial was set up with the Woods County Commissioners to investigate the use of 
these new chemicals.  The demonstration focused on efforts to reduce bindweed invasion 
into producer’s fields.  Plateau and Vanquish products were both evaluated.  At the site on 
the south side of Alva, OK, 8 ounces of Plateau per acre provided 88% control of bindweed.  
Vanquish provided only 45% control at twice this rate (1 pound per acre).   
In a similar demonstration at a farm near Alva, OK, Plateau was again the better herbicide 
treatment for bindweed with more than 90% control.  Vanquish bindweed control was near 
70%, while Arsenal showed 50–70% control.  Plateau and Arsenal controlled the annual 
broadleaf weeds that express themselves along the roadsides, but exhibited poor control of 
annual grasses (crabgrass and foxtail) and perennial grasses (Johnsongrass).  With 
Arsenal, perennial broadleaf weeds such as ragweed were also released.  Vanquish 
controlled the broadleaf weeds, but also released grasses.  Although bindweed control was 
accomplished, the grass release exhibited by these chemicals could become a problem for 
producers.   
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Self-guided Tours – Musk Thistle Weevil Release Sites, Alfalfa County 
The signs developed under Task 3 provided impetus for further educational opportunities as 
kiosks promoting musk thistle weevil release were established at two Alfalfa County 
locations in October 2002.  At each of these weevil release sites, one of the signs and a 
mailbox were set up.  Inside the mailbox, several copies of OSU Extension factsheet F-
7318, Integrated Control of Musk Thistle in Oklahoma, were included as handouts for 
visitors. Pictures of the kiosks and copies of the factsheet are included in Appendix 9.   

Subsoil Nitrogen Demonstration – Jim Buck Farm near Cherokee, OK 
Nitrogen (N) fertilizer management for wheat forage and grain production is important to 
farmers’ profit and to water quality.  Nitrate-nitrogen (NO3-N) is water-soluble, so it may 
move downward in the soil profile when conditions are favorable.  A significant amount of 
NO3-N was found in the subsoil (6-24”) by a recent statewide soil test program.  Wheat roots 
can penetrate this zone and utilize this nitrate during growth.  Utilizing NO3-N from the 
subsoil would significantly reduce farmers’ fertilizer expenses.  However, very few producers 
who collect soil samples for estimating residual N submit subsoil samples.  Two of the main 
reasons for subsoil sampling not being more commonly used are the lack of understanding 
of its importance and the lack of access to a proper sampling device.   
In August 2000, OCES personnel developed a demonstration site with a cooperating 
producer in fields located just southeast of Cherokee, OK.  There were two main objectives:  

•  To fine-tune N recommendation based on residual N at four soil sampling depths; 
•  To promote soil sampling by demonstrating the contribution of residual nitrogen in 

the subsoil to winter wheat forage and grain yields. 
One site had high residual soil nitrate N and the other had relatively low soil residual N.  At 
each location, soil samples were taken from four depths and tested for plant available 
nutrients.  Nitrogen application rates were set for a yield goal of 50 bu/acre (100 lbs N 
/acre), less the available N in 0-6”, 0-12”, 0-18” and 0-24” depth soil.  Two additional 
treatments with N rates based on 0-6” depth residual N and a 50 bu/acre yield goal plus 30 
and 60 lb/acre N (equivalent to 100 and 200 lbs beef gain for grazing, respectively) were 
also included. 
As expected, more residual nitrogen was found when subsoil samples were taken.  The 
June 2001 harvest results indicated that the differing rates of nitrogen application did not 
significantly affect wheat grain yields in the first year of this study.  However, grain protein 
was increased with higher N rates.  Complete 2001 results are listed in Appendix 10.  Data 
is only available for this one year, since the drought in summer 2001 forced the trial to be 
abandoned.   

Wheat Aphid Demonstration 
Two replicated experiments were set up with grower/cooperators in Alva and Burlington, OK, 
focusing on the economic value of a sustainable pest management strategy for wheat 
production, including field monitoring/scouting.  Locations were established in the fall of 
1997 and were harvested in the spring of 1998.  Each site demonstrated Integrated Crop 
Management practices on wheat, with the main objectives being to evaluate the economic 
return of: 

•  including dimethoate with a topdress nitrogen treatment for aphid control. 
•  using a scouting based pest management program in wheat. 
•  using Gaucho seed treatment. 
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At each location, six treatments were demonstrated, including an untreated check, 
insecticide at nitrogen topdress time, insecticide when needed, and various rates of a seed 
treatment insecticide.  Aphid populations at both locations remained low throughout the 
experiment, averaging less than 100 per ft of row in the untreated check.  Slight differences 
were seen among treatments, but were not meaningful.  For example, at the demonstration 
near Alva, OK, the highest yielding treatment was a 3-ounce rate of Gaucho Seed 
Treatment.  However, this treatment has an unrealistic cost of $25 per acre.  In general, 
yield response reflected the low overall aphid numbers.  No recommendations could be 
formulated using these data.  A complete report is included in Appendix 11. 

Wheat Variety Demonstrations – Kenneth Failes Farm near Cherokee, OK, and Wes Mallory 
Farm near Alva, OK 
The wheat variety trials in Cherokee and Alva were set up by OCES personnel to compare 
harvest success of high yielding varieties adaptable to the Salt Fork Watershed.  These 
locations also served as test sites for candidate releases from Oklahoma State University.  
Various seed companies and universities are constantly in the process of improving stock to 
help increase yields.  One of the key factors that they attempt to include in these 
improvements is resistance to multiple pests and/or diseases.   

From an economic standpoint, the “hardier” a variety is (i.e., the more resistant to various 
insults) the greater its yield potential.  In theory then, an improved variety would require less 
pesticide to reach the same yield as an unimproved one.  The intent of the project team was 
to piggyback this message of reduced pesticide use onto the variety trial results.  
Unfortunately, since the trials were set up from a production standpoint, the experimental 
manipulations necessary to support the environmental benefits argument (i.e., different 
pesticide application rates) were not part of the demonstration protocol.  However, there are 
still some important lessons that can be learned from these variety trials.   

The main goal of variety trials is to have side-by-side comparisons of different varieties 
available for observation.  The length of the wheat growing season (Sept to June) and the 
myriad factors with potential to impact the crop during that time make it very difficult to 
isolate a single causal factor for one particular variety’s success or failure.  Furthermore, the 
inability to predict the exact combination of factors that will be at work during a single 
growing season makes variety recommendation difficult as well.  The variety trial scenario 
enables producers to monitor variety success over time and through different conditions. 
With that in mind, the following tables list the five varieties that performed best at each 
location, based on yield and test weight results from two or more growing seasons.  Several 
varieties grown for a single year achieved better results, but since the consistency of their 
performance remains unknown, they are not included in this discussion.  They are included, 
however, in the complete yield and test weight results and site maps from these 
demonstrations, included as Appendix 12 (Cherokee) and Appendix 13 (Alva).   
The top 5 performers were determined based on an average of the percentile rank they 
achieved in each of the years they were grown.  The use of a relative value instead of actual 
yield or test weight allowed for a more balanced comparison.  For instance, the 2001-02 
crop-year was very poor, with a reduction of almost 30 bushels/acre in the average yield.  
Consequently, the overall average yield of varieties grown during that season also 
decreased.  Other varieties not grown in this year were unaffected.  This is why some 
varieties with a higher average yield have a lower overall ranking.   
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Table 3.  The top yielding wheat varieties from the Alva and Cherokee trials. 

 Source Variety Yrs in 
Study 

Avg Yield 
(bu/ac) Avg %Rank 

KAES Jagger 5 49.5 0.88 
AgriPro Cutter 2 31.8 0.84 
KAES 2137 5 46.5 0.75 
OAES Custer 5 45.1 0.63 C

he
ro

ke
e 

OAES OK101 4 43.1 0.61 
      

AgriPro Cutter 2 43.9 0.96 
KAES Jagger 5 57.4 0.94 
Cargill Kalvesta 2 39.1 0.77 
AgriPro Thunderbolt 3 47.2 0.76 

Al
va

 

Agseco 7853 3 64.5 0.69 

Table 4.  The top test weight wheat varieties from the Alva and Cherokee trials. 

 Source Variety Yrs in 
Study 

Avg Test 
Wt (lb/bu) Avg %Rank 

OAES Tonkawa 4 59.5 0.87 
OAES Intrada 3 57.4 0.83 
Agseco 7853 3 59.1 0.77 
Agseco Onaga 2 55.8 0.75 C

he
ro

ke
e 

AgriPro Cutter 2 56.4 0.74 
      

Cargill G1878 2 60.1 0.93 
Agseco 7853 3 60.5 0.92 
OAES Intrada 3 59.9 0.91 
AgriPro Thunderbolt 3 59.8 0.87 

Al
va

 

OAES Tonkawa 4 60.3 0.82 
 
In the 1999 pre-project survey, 80% of the Salt Fork wheat producers reported growing 
Jagger.  The yield results from these trials support their confidence in this variety.  KAES 
2137 (43%), Custer (22%), and AGSECO 7853 (7.3%) were also mentioned in the survey, 
but none of the other “top 5” from the trial were reported by more than one producer.  As far 
as results directly applicable to the project, the bottom line is that these variety trial results 
will not immediately impact chemical usage in the watershed. 
First of all, 67 of the 82 producers surveyed in 1999 reported spraying insecticide.  The 
primary insect of concern for the project area is the greenbug (Schizaphis graminum 
Rondani).  None of the varieties currently in or being considered for production in the 
watershed possesses resistance to this pest.  (Krenzer, 2002).  Therefore, variety selection 
is not a factor in the decision-making process for insecticide use.   
Secondly, only 4 of the 82 producers surveyed in 1999 reported use of chemicals to combat 
disease.  This is probably due to the exceedingly poor wheat market for the last number of 
years.  In all likelihood, the yield increase that fungicide use might bring about would not be 
great enough to pay for itself.  Producers simply cannot afford another financial input to the 
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wheat crop.  Until the wheat market improves, variety selection is also not a factor in the 
decision-making process for fungicide use. 
However, if, and hopefully when, the market does improve, the performance of disease 
resistant varieties in trials could be used as an argument to continue operation without 
additional chemical usage.  For example, in the complete results provided in Appendices 14 
and 15, “AgriPro’s “Jagalene (a Jagger descendant) had the highest overall ranking for both 
yield and test weight at both variety trial locations.  Although it was grown only during the 
2001-02 season, this relatively new variety appears to combine the high-yielding attributes 
of its ancestor with an improved resistance to leaf rust, a frequent nuisance in the 
watershed.  Further trials with this variety are planned. 

COOPERATOR INTERVIEWS 

The delays and circumstances surrounding this project, mentioned above and in the 
foreword, impacted the manner in which the project utilized cooperating producers.  The 
original workplan called for the establishment and consequent monitoring of BMPs 
implemented by these individuals.  The project team would have then made pre- and post-
BMP comparisons with regard to fertilizer application, pesticide usage, and soil loss.  When 
these activities were not initiated at the project outset, a large amount of time, critical to the 
success of such an operation, was lost.  With an inadequate period in which to successfully 
and convincingly complete ten of these demonstrations, the project management team 
decided to accomplish the goals of this task through different means. 
The project team felt that the purpose of this task was twofold; (1) use “real-world” data to 
illustrate the efficiency and profitability of BMPs, and (2) utilize the influence and standing of 
respected producers in the area to promote BMP implementation.  As evidenced in the 
results of the survey, several BMPs were already in place in the watershed.  The new 
approach adopted by the project team was to capture the necessary BMP information in a 
series of interviews conducted with producers utilizing these methods.   
The first step was to identify the cooperators to be interviewed.  OCES staff in Alfalfa and 
Woods Counties provided names of individuals that utilized BMPs in their day-to-day 
operations.  Interviews were to be conducted in a two-step process.  An initial survey would 
gather information from each cooperator about the size, type, and functioning of their 
operation, as well as a general overview of their attitudes and knowledge of various nutrient, 
pesticide, and erosion control BMPs.  Based on the results of these initial interviews, each 
cooperator would then be asked for more detailed information concerning particular BMPs.   
One goal of the interviews was to give each producer an opportunity to share their overall 
management plans and techniques.  Therefore, the project team designed an open-ended 
survey instrument.  Rather than multiple-choice questions, producers were asked to 
describe how they approached or dealt with each topic of interest.  In summer 2001, the 
survey instrument was completed and approved by the OSU Internal Review Board 
(Appendix 14).  Also at this time, the project hired an intern to complete the interview task.   
The project intern, Ryan Jenlink, had just finished his first year at OSU, where he was 
named as one of the top ten male freshmen campus-wide.  He grew up on his parents’ farm 
in Alfalfa County near Jet, OK, just south of the Salt Fork watershed.  During high school, he 
was actively involved in the local 4-H program and was the State 4-H Vice President during 
his senior year.  These activities made him a familiar face among the agricultural community 
in the project area.  Jenlink completed seven initial interviews with cooperators during his 
time with the project.  His findings were summarized and are provided in Appendix 15.   
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These interviews were performed under a confidentiality agreement.  Jenlink apprised each 
cooperator of these conditions at the time of the interview.  Some cooperators refused to 
sign the confidentiality form, but still agreed to the interview.  This revision in method was 
submitted to and approved by OSU-IRB.  The confidentiality agreement listed Jenlink by 
name, as it was expected that he would complete both parts of the interview process during 
the summer 2001.  Unfortunately, that was not the case.  Furthermore, in spring 2002, the 
project team found that Jenlink had obtained another internship elsewhere and would be 
unavailable to the project.  An appeal was made to OSU-IRB, and permission granted to 
hire a second intern to complete the interview process during summer 2002.  Although an 
individual was appointed, he requested several delays for personal reasons before starting 
work, and effectively declined the position.   
Since the project was near to ending by this time in the fall 2002, project manager Tim 
Propst, project director Mike Smolen, and Tommy Puffinbarger (Alfalfa County Educator, 
Agriculture), reviewed the completed initial surveys and developed a set of questions, 
specific to each producer, that would help clarify and/or quantify their responses.  Using 
these sets of questions, Propst then conducted telephone interviews with the seven 
cooperators.  The results of these interviews are included below and are submitted in 
fulfillment of Output 1104.4. 

Producer 2 
Producer 2 manages 2700 acres, with 1000 acres wheat, 700 acres alfalfa, and 1000 acres 
grass.  He rotates between alfalfa and wheat, putting in the alfalfa until the stand declines 
and then putting this back into wheat.  This helps to replenish soil nitrogen, requiring less 
capital investment than fertilizers and also has fewer hazards.  He recognizes the erosion 
problem with moldboard plowing, so uses it only sparingly, i.e. to control a significant cheat 
problem.  Although he could use pesticide to help control the cheat, he dislikes pesticide 
usage because of its potential hazards to the environment, particularly groundwater, and 
because it requires a large investment of capital.  He also uses grazing as an alternative to 
pesticide use.  Cattle are put into alfalfa after first frost (to avoid bloat) and left in for a month 
to all winter, depending on forage availability.  Sometimes he lets them onto adjacent wheat 
pasture as well, rather than putting up a fence.  As for an overall management philosophy, 
he said that a professor once told him that if you can raise a crop in the lower half of the 
price, then you can stay.  In other words, if you can raise a crop for less than the average 
cost to do so, you will make money.  He feels that using the cattle to graze the alfalfa might 
save him a little money on pesticide, depending on the year. 

Producer 3 
Producer 3 manages 750 acres, with 550 acres wheat, 150 acres grass, and 50 acres 
alfalfa.  He also does some crop rotation between alfalfa and wheat.  He tries to go 4-5 
years with each crop, but sometimes the alfalfa stand, particularly hay fields, doesn’t last 
that long, so the rotation is shortened.  Producer 3 has a very well monitored nutrient 
management program.  He tests subsoil regularly.  In his words, the subsoil has twice the 
nitrogen as the surface, so he might as well use it instead of paying to put more on.  If a 
large nitrogen application is recommended by the soil test, he splits his application.  He puts 
some on in late summer and then topdresses in February.  If only a small amount is 
required, he puts it all on as topdress.  He uses soil test information to set yield goals on a 
per field basis, fertilizing accordingly.  Although he moldboard plows about half his acreage 
annually, he uses other tillage methods on sandy soils to help control erosion.  He does 
spray pesticide, but not until dictated by scouting results.   
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Producer 4 
Producer 4 has 4000 ac of wheat.  A family operation, both he and his wife were questioned 
for the interview.  He is opposed to moldboard plowing because he feels it causes too much 
erosion.  He said he has never used a moldboard plow in 50 years of farming and doesn’t 
plan on doing it anytime soon.  Their approach is one of residue management.  They try to 
keep as much residue on the top as they possibly can.  The type of equipment they use for 
the first plowing is dependent on the residue they have.  If it is heavy, they disk (Chisel, 12in 
space on shanks).  If they need more depth they’ll use duckfeet (chisel sweep).  The next 
pass is dependent on the weather.  They might go over it again with a FlexKing 5 ft sweep 
(every 5 ft, 18in sweep on chisels) for a low crown sweep.  Then he likes to go in with a 
Baker field cultivator.  If he can’t get in with that, he uses a 4000 Krause (35 ft sweep, with 
18 inch sweeps 12in apart.).  He keeps most records on a field-by-field basis.  He feels that 
this allows them to use different management based on each field’s conditions (e.g., soil test 
results).  
Producer 4 is unique to the extent that he chooses not to use pesticides with any frequency, 
both because it requires a large investment and because of potential environmental 
hazards.  They do use some herbicide, mixing Finesse in with liquid fertilizer when they 
topdress in the spring and using Tordon 22K for spot treatment.  (He mentioned that he was 
checked this year for his applicator license, something that had never happened before).  
However, they try to avoid insecticides altogether.  She feels like the dangers to area wildlife 
are too great.  She commented that 25 yrs ago they saw a dieoff in robins at a neighbor’s 
place that had sprayed intensely for cutworms.  Whether or not to spray is determined by 
field conditions.  Last year their stands were not good and they had no rain, so spraying 
pesticide would have been a waste.  Basically they took the fields as a loss.  Some fields 
they killed with Roundup and then plowed them under.  Others were so poor there wasn’t 
enough to kill.  He said that the only real concern is greenbugs.  If they feel like the 
population is bad enough that they are going to destroy the stand, then he will spray.  
However, he has only sprayed for them about 3-4 times in his farming career (50 years).  
Otherwise, he just lets the field go and allows the natural greenbug predators to balance out 
the situation. 
They also do not use anhydrous fertilizer.  Their main concern is safety.  They are a family 
operation and their children and grandchildren are running the machinery, so they don’t like 
the risks posed by using anhydrous.  Although using dry, granular fertilizer is a little more 
expensive, he feels the reduced risk is worth it.  He did say that for cattlemen, there 
probably is an advantage to using the anhydrous, but in his purely wheat operation these 
factors don’t apply.  In addition, he feels the anhydrous is harmful to earthworms and other 
beneficial organisms in the soil.  With his avoidance of chemicals, it is no surprise that 
Producer 4 is adamantly opposed to no-till farming, primarily because of its reliance on 
chemicals. 

Producer 5 
Producer 5 has one of the most diverse operations of anyone interviewed.  He operates 
approximately 4300 acres, with 3800 acres of that in wheat and the rest split up among 
alfalfa, corn, sorghum, and grass.  He rotates alfalfa and wheat in one field, maintaining the 
alfalfa until the stand declines and then goes back to wheat for one year.  He also rotates 
between corn and wheat in another field.  He raises the corn for silage and puts in wheat to 
graze it out.  One interesting practice is his use of disk ripping on the tighter soils that are 
grazed, about a third of his operation.  He says it opens up the subsoil, allows roots to go 
down better, improves absorption, and therefore decreases runoff.  He soil tests about one 
third of his fields each year and manages them accordingly.  He grazes the last cutting of 
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alfalfa to get the cattle started.  When asked if he thought of this as a pesticide alternative, 
he said there might be some pest control advantages to this practice, since removal of the 
forage leaves nothing for the bugs to feed on, and the disturbance of the soil caused by the 
cattle disrupts insect development. 
Producer 5 is one of the few interviewed that uses any kind of filter strip.  He has some 100-
head cattle pens that drain to a creek. As he said, everybody’s pens are on sloped ground 
(i.e., near waterway) because they want to take advantage of the drainage.  When EPA 
began to talk of tightening up CAFO restrictions, he was afraid that he would be harassed 
about the locations of these pens, so he decided to put in some filter strips.  He did receive 
some government assistance on putting in the Bermuda grass and instructions on 
fertilization, etc.  He thinks it probably helps some to filter out nitrates before they make it to 
the creek, but heavily stressed that this should not be a mandated practice.  If it is handy for 
someone to do, as in his case, then yes it is a good practice, but some folks don’t have the 
room to put in these sorts of strips.  He felt that requiring a fence 100 ft away from a 
creekbank to keep the cows out was ridiculous.  When asked about the use of alternative, 
freeze-proof waterers and/or re-location of salt blocks, feeding stations, etc., away from the 
riparian areas, he thought those were good ideas.  One interesting side note is that he has 
sprigged Bermuda into some of the growing pens.  He feels this has also helped cut down 
on runoff and given the cattle another food source. 

Producer 6 
Producer 6 operates 2000 acres of wheat, cane feed (to supplement his cattle), and 
bluestem grass.  He moldboard plows if stubble is heavy, otherwise uses a disk or chisel.  
He scouts before spraying pesticide.  He uses slightly less fertilizer than recommended by 
the soil test.  He says, “The people doing the recommending are also selling the fertilizer.  
So, if they say 60, I buy 50.”  Most of the time he does a single application of fertilizer as a 
topdress in the spring.  If phosphate is called for, then he puts it down in the fall.  If he is 
planning to graze a field, he accounts for the extra nutrient requirements by putting an 
additional 10 lbs N/ac on as topdress in the spring.  This is a significant reduction from the 
30 lbs N/ac most of the others use. 

Producer 7 
Producer 7 farms 4000 acres, with 3000 acres wheat, 800 acres milo, and 200 acres alfalfa.   
He does do some crop rotation, but the specifics of the rotation vary.  After he cuts wheat, 
he lets the field lay one winter, then plants early milo the following spring, hoping it comes 
off in time to plant wheat.  This year it did not.  He may do some soybeans when the milo 
comes off.  He may also do beans on failed wheat.  Producer 7 has done no-till for the last 
two years on milo and has started no-till on some wheat.  He has not had very good 
harvests so far using the no-till, but last year was extremely dry.  In addition, an independent 
contractor sprayed the wrong formulation of pesticide, which also decreased his yields.  
Current wisdom is that it takes 3-5 years to get a good picture of no-till, so he will probably 
give it a few more years. 
Producer 7 works with several landlords and has extensive records for each field, allowing 
him to custom manage each field.  These records include regular soil testing, including 
subsoil test results.  If the soil test recommendations call for more than 70 lbs N/ac, he splits 
the application.  He has also taken ground categorized as “highly erodible” by NRCS 
standards and no-tills alfalfa or grass on it, which is then grazed out.  This has worked fairly 
well for him.  Another practice that has worked well for him is to have cows bred to fall calve 
and then turning the cow-calf pairs out into wheat pasture.  As a side note, he filled out 
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paperwork to put in some filter strips, but the CRP folks never got back with him.  He still 
needs to water from the wheat pastures, so no strips are currently in place. 

Producer 8 
Producer 8 farms 1700 acres of wheat, alfalfa, sorghum, and cotton.  He uses a cotton-milo 
rotation on no-till ground.  Also, he will rotate in alfalfa if the ground is right.  The rotation 
period depends upon harvest yields, field condition, and weed pressure.  It is a two-year 
maximum rotation, but he rotates sooner if grass appears in the milo before that.  Also, 
since it requires more tillage, he only uses cotton for 1 year in the lighter soils to avoid 
erosion.  He uses conventional, minimum, and no-till tillage methods.  He has used no-till on 
about 360 ac for 3 years.  It has not been extremely successful, but he will give it a couple 
more years.  Although he does not keep very extensive records (“I’m terrible at writing things 
down,” he says.) he keeps track of things in his head.  For example, he knows that he has 
sprayed his fields four times this year at roughly $7 per acre.  “That means it’s going to take 
quite a crop to make a profit on those fields,” he said.  Pesticide spraying is dependent on 
scouting.  He scouts wheat and alfalfa himself, and hires scouting for the other crops.  He 
does have some filter strips that were installed under EQIP.  He doesn’t think that many 
terraces work as designed.  He is not sure if that is a problem in design, of if they were not 
built correctly to specs.  He thinks many of the waterways are misused in that they are 
farmed clean and not preserved as intended. 

Task 5 – Agricultural Production BMP Presentations  
In each of the two counties, agricultural production workshops are held.  These workshops 
are well attended by project-targeted agribusiness and producers.   The Project will develop 
informative talks for these workshops, emphasizing BMPs specific to the production area(s) 
of interest.  These will be state-of-the-art presentations focused on economically and 
environmentally sound crop production.  Presentations will draw on expertise of OCC, ODA, 
NRCS, agribusinesses, and cooperating producers. 

Presentations will cover the following topics: 

A. BMPs 
1) Improved nutrient management 
2) Nitrogen 
3) Phosphorus 

B. Reduced/modified tillage to minimize sediment loss to the environment 
C. Buffer-strip Initiative of the NRCS and riparian management 
D. Integrated pest management 

1) Pests 
2) Weeds 
3) Insects  
4) Diseases 
5) Scouting 
6) Thresholds 
7) Pesticides and the environment 

E. Risk reduction through improved management 

Evaluation will be conducted indirectly through the post-project survey. 
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Outputs: 1105.1: Water quality-related educational materials for agricultural production 
management presentations 

1105.2: Report on agricultural production management workshops, tours, and 
field days 

The project team developed two presentations for use at agricultural production meetings.  
Project Director Mike Smolen presented the first, “BMPs in the Salt Fork Fork Watershed,” 
(Appendix 16), at a field day in Alfalfa County.  The second is a discussion of IPM methods, 
focusing on musk thistle weevil release.  It is to be used at another meeting in Alfalfa County 
in Spring 2003 and is included as Appendix 17.  These were completed in fulfillment of 
Output 1105.1. 
The following is submitted as fulfillment of Output 1105.2: 
Tommy Puffinbarger (Alfalfa County Extension Educator, Agriculture), Bob LeValley (former 
Woods County CED and Educator, Agriculture; currently OCES Area Extension Livestock 
Specialist), and Roger Gribble (OCES Area Extension Agronomist) were listed as a match 
for this project.  Their activities in the watershed included a large number of educational 
meetings with agriculture producers, covering a wide variety of crops and BMPs.  Appendix 
18 contains flyers and agendas from a sampling of these meetings. 
The project directly sponsored a field day in August 2002.  The BIOEN rainfall simulator was 
set up to illustrate the effects of residue on runoff and soil erosion.  As it turned out, the 
simulator was not necessary since a much-needed rain saturated the area the night before 
and day of the tour.  Fortunately, the cooperator in whose field the simulator was set up 
visited the site previous to the meeting and filmed the runoff that was occurring.  The video 
offered good evidence of how residue reduces the impact of the raindrops and helps reduce 
soil erosion.  Current plans are to publish the video on the OCES Water Quality website at 
http://waterquality.okstate.edu.   
In addition, the project greatly enhanced the technology available to the Alfalfa County 
Extension office for their educational programming.  Project funding purchased a laptop 
computer, digital camera, scanner, lighted display board, and LCD projector.  These items 
would have been virtually impossible for this capital-poor area to obtain.  Obviously they will 
serve to increase the effectiveness of their educational presentations, as well as their 
connectedness with the University.   

Task 6 - Model the Environmental Impact, and Assess Changes in Knowledge Level 
and Practices with a Post-project Survey 

Profitability and cost of BMPs and alternative management systems will be 
determined and used in the education program.  A computer modeling activity will 
consolidate findings from the demonstration sites and project their impact on 
reduction of erosion and reduced pesticide and fertilizer applications across the 
watershed.  Computer modeling (Universal Soil Loss Equation and delivery 
coefficients) will be used to determine erosion, sediment yield, nutrient yield, and 
pesticide losses.  Using various levels of BMP implementation, computer modeling 
will project reductions in sediment, nutrient, and pesticide loading to the Great Salt 
Plains Reservoir.  All models will be accepted technology with well-established 
procedures to project the impact of program on a watershed basis.  This effort will 
use the GIS database at OSU with research and graduate student support.  [This 
task differs from Task 2.  Task 2 addresses attitudes and practices, whereas this 
task addresses economics and environmental impact.]  Modeling will be used to 
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project the impact across the watershed, based on land use, topography and soils 
information in conjunction with findings of Task 2. 

Outputs: 1106.1: QAPP for BMP impact evaluation model 

1106.2: Evaluation report on modeling of environmental impact of BMPs 
relative to conventional practices; poster session for use with producers at 
field site 

OSU BIOEN Professor Dan Storm and Graduate Research Assistant Mike White performed 
the modeling task of the project.  All outputs were previously completed and submitted.  A 
brief summary of activities and findings of this task, taken from the modeling report (White, 
et al., 2001) is included below.  For more detailed information regarding the model and 
simulation results, please see that document, available online at 
http://biosystems.okstate.edu/waterquality/Publications/Saltfork_modeling.pdf.  

MODELING 

Introduction 
The Soil and Water Assessment Tool, or SWAT, a distributed hydrologic basin-scale model, 
was used to simulate and compare the effects of implementation of various agricultural 
BMPs on water quality in the Salt Fork Watershed.  An ArcView GIS interface was used to 
convert the most current GIS (Geographic Information System) data for topography, soils, 
land cover, and streams to a form usable by the model.  Actual weather data in the form of 
precipitation and temperature readings observed from 28 stations in and around the basin 
were also utilized.   
SWAT used these data to create a digital copy of the Salt Fork watershed basin.  The 
twenty-year period from 1980 to 2000 was selected as the time frame during which the 
simulation of BMP implementation would be performed.  To more accurately accomplish this 
task, the SWAT model was calibrated against observed streamflow from three USGS gages 
in the watershed.  Two of these gages had records covering the entire period of interest.  At 
these two gages, the model was calibrated separately against both observed surface flow 
and observed baseflow.  Baseflow (from groundwater) was separated from daily stream flow 
using a method adapted from the USGS HYdrograph SEParation (HYSEP) program (Sloto 
and Crouse, 1996).  The third gage only covered the period from 1980 to 1992.  Since it is 
located downstream of the Great Salt Plains Reservoir, baseflow separation was impossible.  
Thus, the model was calibrated for total flow only at this site. 

Model Limitations 
A model by definition is a simplification of the real world.  Hydrologic models will always 
have limitations, because the science behind the model is neither perfect nor complete.  
Additional model limitations may be the result of data used in the model, inadequacies in the 
model, or using the model to simulate situations for which it was not designed.  Important 
limitations of the SWAT model that should be considered include:  

•  Weather data from a few stations may not be representative of the entire area. 
•  All hydraulic response units (HRU) in a sub-basin are assumed to have the same 

topographical characteristics. 
•  Management varies by field, not by HRU as was assumed. 
•  Very small land covers are not represented in the GIS data. 
•  Land cover area fractions from the original GIS data cannot be preserved. 
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Results 
The basin that feeds the Great Salt Plains Reservoir covers more than 8,000 square 
kilometers in both Oklahoma and Kansas.  The majority of this area is rangeland, but a 
quarter of the basin is covered in wheat.  Much of this is contained in Oklahoma. 
SWAT is a distributed model and operates on a daily time step, so it was possible to view 
model outputs as they varied both spatially and temporally.  Model outputs were grouped by 
land cover and examined.  Conclusions drawn from the calibrated model: 

•  Sediment and nutrient yields varied dramatically across the basin. 
•  Wheat cropland is the largest source of sediment. 
•  Each land cover has unique temporal nutrient and sediment distributions. 
•  Wheat cropland accounts for 92% of all surface nonpoint source nitrate contributions 

to ground water. 

BMP Results 
Several tillage, harvest type, fertilization, and pesticide BMPs were compared. All 
comparisons were made strictly on a relative basis since the model was not calibrated for 
the majority of the outputs examined.  Tillage (moldboard plow, stubble mulch, or low till) 
and harvest type (grazing only, grain only, or grazing and grain) combinations were 
simulated and compared.  Several fertilization scenarios and application rates were 
simulated.  Herbicide applications on wheat and insecticide usage on alfalfa were also 
examined.  The primary conclusions from SWAT model BMP simulations included: 

•  Split fertilizer applications showed less nitrogen loss than a single pre-plant one.  
•  Switching from moldboard to low till reduced sediment yield by half. 
•  Harvest type had a greater influence than tillage on soluble nutrients. 
•  Harvest type and tillage had statistically significant effects on sediment and 

sediment-bound nutrients.   
•  Higher fertilization rates increased nitrogen and phosphorous yields.   
•  Insecticide yield spiked a few times over the model period, likely due to short 

residence time of the chemical and the timing of rainfall events relative to application. 
•  Yields of the wheat herbicide studied (Maverick) show far less year-to-year 

variability than insecticide, presumably due to longer lasting residuals.   

POST-PROJECT SURVEY 
In 2002, the OSU Bureau for Social Research was again contracted to conduct a telephone 
survey of agricultural producers in the Salt Fork watershed.  The purpose of the second 
survey was to determine if any changes in agricultural practices had occurred during the 
project period.  Due to both budget and time constraints, this post-project survey was more 
narrowly focused than the previous one.  The survey instrument is included as Appendix 19.  
The survey was reviewed and approved by the OSU Institutional Review Board. 
As reported in the results of the pre-project survey, wheat accounts for approximately 90% 
of the cropland in the watershed.  Eighty-two of the 87 pre-project survey respondents were 
identified as wheat producers.  The project team set a goal of surveying at least 50 of these 
individuals concerning their wheat production techniques and attitudes.  Results from this 
second survey could then be compared to the earlier one in order to document any changes 
in producers’ attitudes or practices during the project period. 



 27

In August 2002, the Bureau of Social Research initiated the work and completed 50 surveys.  
Three producers refused, 10 callbacks were requested, 8 answering machines picked up, 
one producer was deceased, one was physically or mentally unable to complete the survey, 
no one answered at one location, and six producers were no longer farming.  Overall, a 67% 
response rate was reported.  A higher rate would have been possible with more work, but 
the intended goal of 50 respondents had been reached.  In addition, the observed rate was 
very close to the target of 70%, so extra effort was deemed unnecessary.  Of the 50 
respondents, two of them reported managing less than 50 acres wheat, so they were 
removed from further analysis.  The complete survey results are included as Appendix 20.  
Table 5 contains a summary of these results, as well as a comparison to 1999 results.   

Table 5.  Comparison of 1999 (pre-project) and 2002 (post-project) survey results of 50 wheat 
producers in the Salt Fork watershed. 

 1999 2002 
Wheat acres 61102 62820 
Yield Goal (bu/a) 45 43 
Pre-plant N (lbs/a) 40 43 
Topdress N (lbs/a) 39 36 
Total N (lbs/a) 78 77 
P2O5 (lbs/a) 31 30 
Dffrnt mngt, dffrnt fields(%) 38 67 
Conservation tillage use (%) 67 88 
Consider No-till (%) 35 48 
Avg Yield (bu/a) 39 35 
Consider Vegetated Buffer (%) 54(59)* 52(78) 
Consider Trees in Buffer (%) 25(31) 21(31) 

*Percentages in parentheses were calculated after producers that 
responded “Not applicable” to the question were removed from the 
respondent pool. 

The results indicated a 1,700-acre increase in total wheat production area.  The average 
wheat acreage reported per producer was basically unchanged, with 1300 acres reported in 
both surveys.  Since the survey utilized a subset of those who responded to the first survey, 
individual responses could be compared between the surveys.  The difference in individual 
reported acreage between the two surveys showed that on average, each producer gained 
36 acres of wheat.  However, drastic changes did occur for some individuals.  These 
changes ranged from a net loss of almost 2300 acres for one individual to a net gain of 2600 
for another.   
Producers were asked to list yield goals, pounds of nitrogen applied as both pre-plant and 
topdress fertilizer, pounds of phosphate applied, and average yields.  As seen in Table 5, 
these numbers were virtually unchanged between the two surveys.  
On the surface, two other questions showed only a slight change in response from 1999 to 
2002.  In both surveys, about half of the producers said they would consider putting in a 
vegetated buffer between their crop and the creek.  Review of the data reveals 9 producers 
that said they would not consider a buffer in 1999 indicated they would consider a buffer in 
2002.  Only 2 producers that said they would consider a buffer in 1999 said they would not 
in 2002.  Producers were also asked if they would plant trees in a vegetated buffer.  Review 
of individual responses showed that although 5 producers changed their response from 
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“yes” in 1999 to “no” in 2002, another 5 made the exact opposite switch, resulting in no 
difference in percentages for each of those responses.   
Although the syntax for these questions was identical in both surveys, an additional possible 
response was added in 2002 that was not available previously.  In 1999, producers were 
only given the option of answering “Yes” or “No” to these questions.  In the 2002 survey, 
however, “Not applicable-no creek banks” was also listed as a potential response.  In the 
2002 survey, sixteen producers said the vegetated buffer question did not apply to them and 
fifteen of these also said the trees in buffer question did not apply (one producer that 
indicated “not applicable” to the vegetated buffer question said he would not consider 
planting trees in a buffer).  In 1999, seven of these had said they would consider a buffer 
and nine had said they would not.  Two of them had said they would consider planting trees 
in a vegetated buffer in 1999, the other 13 had indicated they would not. 
Removal of the 16 producers that listed “not applicable” to the vegetated buffer question 
from the 2002 analysis left a sample size of 32.  In 1999, 59% of these producers indicated 
that they would consider installing such a buffer.  This increased to 78% in 2002.  The 
percentage of these producers willing to plant trees in a buffer remained unchanged at 31% 
for both surveys, despite the flip-flopping responses of the 10 producers already mentioned. 
Increases in the use of other BMPs were also reported.  Producers with differing 
management for different fields almost doubled from 38% in 1999 to 67% in 2002.  Only 
35% of the producers said they would consider no-till in 1999, while almost half (48%) said 
they would do so in 2002.  The use of other conservation tillage methods also increased. 
In 1999, producers were asked to list the primary tillage methods for their wheat fields.  They 
were given five possibilities: (1) chisel plow, (2) disk, (3) moldboard plow, (4) no-till, and (5) 
other.  Many of the producers listed multiple tillage methods in response to this 1999 
question.  In 2002, producers were asked simply if they used conservation tillage on any of 
their wheat fields.  In order to compare the two surveys, responses from 1999 were 
reviewed and producers were re-grouped.  “Non-conservation tillers” from 1999 were those 
producers listing only “moldboard plow” as the primary tillage method.  All other responses 
categorized a producer as a user of conservation tillage.  Under these stipulations, use of 
conservation tillage increased from 67% in 1999 to 88% in 2002. 

CONCLUSIONS 
Comparison of the 1999 and 2002 survey results indicated that the use of BMPs in the Salt 
Fork watershed has increased during the project period.  A number of factors may have 
contributed to this increase.  First are the educational efforts of technical resource personnel 
in the watershed, including those associated with the project.  Another factor that plays into 
this is the fact that BMPs are “best” by definition.  For example, if a producer can be shown 
that by following the soil test recommendations on a per field basis he can reduce fertilizer 
use, and the cost associated with it, he has little problem using different management for 
different fields.   
Results indicated that producers in this watershed were already employing most of the 
BMPs recommended, but that some areas could use further work, such as individual 
management of separate wheat fields and soil testing in alfalfa fields.  Attitudes toward 
conservation tillage, and no-till in particular, seem to be improving, and producers are 
becoming more receptive to riparian management and filter strip installation. 

Task 7 - Final Report 
Final report will be developed, printed and submitted. 
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 Outputs: 1107.1: Final Report 

This report, including the appendices, tables, figures, and photos, is the final report. 

Measures of Success 
1. Producer implementation of tillage, nutrient, and pest management BMPs.  Target is 

20% adoption of BMPs after year 5. 

Comparisons of the results from the pre- and post-project surveys are listed below.  
(These results are discussed in detail under Tasks 2 and 6 in this report.) 

•  Different management for different fields (i.e., fertilizer application rate based 
on soil test results) rose 29%, from 38% in 1999 to 67% in 2002. 

•  Conservation tillage use rose 21%, from 67% in 1999 to 88% in 2002. 
•  Willingness to consider a vegetated buffer rose 19% among producers with 

stream banks, from 59% in 1999 to 78% in 2002. 
•  Willingness to consider no-till rose 13%, from 35% in 1999 to 48% in 2002. 
•  Willingness to consider planting trees in a vegetated buffer remained 

unchanged at 31% from 1999 to 2002 among producers with stream banks. 

2. Reduction in sediment loss estimated from cropland in the watershed based on 
modeling the impact of BMP implementation.  Target is 50% reduction. 

The SWAT model results indicated that conservation tillage practices yield 25% 
(stubble mulch) to 50% (low till) less sediment than moldboard plowing.  Producers 
reported a total of 111,100 acres of land in production in 1999 (97500 acres of 
wheat, 8800 acres of alfalfa, and 4800 acres of sorghum).  Pre-project survey results 
indicated that producers moldboard plowed approximately 46,200 acres of this total 
area.  This means that at the start of the project, conservation tillage was already 
being used on the remaining acres, equal to approximately 58% of the cropland in 
the watershed.  This results in a 15-29% reduction (0.58*25-50%) in sediment yield 
compared to the worst-case scenario (all cropland moldboard plowed).  The post-
project survey indicated an increase of 21% in the number of watershed producers 
utilizing conservation tillage.  Although the exact acreage affected was not recorded, 
this translates to an additional reduction of sediment yield in the Salt Fork watershed.   

3. Reduction in excess fertilizer applied by cooperating farmers when management is 
based on soil testing and IPM principles.  Target is 50% reduction on demonstration 
farms compared to typical practices. 

In a study conducted in cooperation with Burlington Coop Agronomist Kenneth 
Failes, three years of soil test results and two years of fertilization and yield data 
were collected from eight sites in Alfalfa County.  This exercise demonstrated how 
nitrogen in the soil profile can be “mined” for utilization by the wheat crop.  Nitrogen 
levels in the soil, as indicated by soil test results, were used to calculate a fertilizer 
application rate.  In the 1996-97 crop year, 38,502 pounds of N were applied to these 
eight sites at an average application rate of 36.7 lbs N/acre.  Compared to 136,370 
pounds of N at the typical application rate of 130 lbs N/acre, this is a 71.8% reduction 
in fertilizer usage.   
The following year, fertilizer application rates were again based on soil test results.  
The amount of nitrogen actually applied was 95,765 pounds at an average rate of 
91.3 lbs N/acre for the 1997-98 crop year.  This was a 33.0% reduction from typical 
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fertilizer usage.  In summary, utilizing these nutrient management BMPs resulted in a 
49.2% reduction in the amount of fertilizer applied to these fields over a two-year 
period.  Yields during this period were satisfactory.  In fact, an increase in the yield 
goal for these fields (from 50 bu/acre to 60 bu/acre) was planned for the 1998-99 
crop year. 

4. Reduction in nitrogen and phosphorus loss estimated by modeling.  Target is model 
prediction of 50% reduction. 

The modeling results indicated that splitting the application of nitrogen fertilizer into a 
pre-plant application in the fall and a top-dress application in the spring reduced 
several nutrient-related factors.  In both the 1999 pre-project and 2002 post-project 
surveys, approximately 75% of the respondents indicated that they utilize both a pre-
plant and a top-dress application.  Multiplying the percentage of producers that split 
fertilizer application by the percent reduction this practice accomplishes provides an 
estimate of the total reduction for each parameter within the entire watershed.  Table 
6 shows the results obtained by combining the modeling and survey results in this 
manner. 

Table 6.  Estimated reduction of nutrient loss in the Salt Fork watershed due to split 
fertilizer application, calculated by combining the modeling and survey results. 

Nutrient Parameter Reduction due to split 
application (%) 

Producers that split 
application (%) 

Reduction in 
watershed (%) 

Nitrate leached almost 90 75 almost 67.5 
Nitrate in lateral flow approx. 80 75 approx. 60 
Nitrate in runoff greater than 50 75 greater than 37.5 
Soluble P approx. 50 75 approx. 37.5 
Sediment-bound P 20 75 15 
Organic N 15-20 75 11.25-15 

5. Reduction in pesticide use on cooperating farms employing IPM (improvements in 
pest management through improved cultural practices, pesticide use only based on 
scouting and thresholds, and implementation of non-pesticide practices).  Target is 
50% reduction on demonstration farms compared with typical practices. 

The results of the interviews with cooperating producers indicated that several 
improvements in pest management techniques are being utilized in the Salt Fork 
watershed.  Scouting to determine insect population levels before spraying is a 
common practice.  A few producers graze their alfalfa stands, which may have 
benefit as a pesticide alternative.  Still others among the group dislike the use of 
pesticides for a variety of reasons; cost, environmental threat, safety concerns, and 
do not use the pesticides unless it is absolutely necessary to save the crop.  The 
reduction in the amount of pesticide utilized by these individuals in comparison to 
“typical” levels is dependent upon the crop, weather, and insect population. 

Conclusions 
The pre-project survey indicated widespread usage of many BMPs and generally favorable 
attitudes toward BMP implementation.  Still, comparison of pre-project and post-project 
survey results showed improvement in both these areas over a three-year period.  No-till 
practices in the project area are a good example of this trend.  At the project outset, few 
producers used this method and it was viewed with open skepticism.  However, by project 
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end, several producers were testing it on at least a portion of their cropland.  The project 
team also noted producers were more receptive to discussion of the practice than 
previously.  Overall, little change in individual acreage holdings was noted, but some very 
great changes were recorded for a few individuals, with gains or losses of more than 2,000 
acres.  The impact of a community-wide education program can be very great when 
management of such large parcels can change hands within a relatively brief period of time. 
The impact of individual efforts can also be quite far-reaching.  Burlington Coop Agronomist 
Kenneth Failes aids many producers in northern Alfalfa County, the heart of the project 
area.  Widespread acceptance of regular soil-testing and nutrient management in the 
watershed is due, in no small part, to the trust he has earned from his clientele over the 
years.  Another individual, Tommy Puffinbarger (Alfalfa County Extension Educator, Ag/4-H 
Youth Dev), has been instrumental in promoting another BMP in the watershed.  His efforts 
to actively assist producers in collecting and releasing musk thistle weevils as a biological 
control for musk thistle has helped reduce pesticide use in the area.  As part of the project, a 
sign was developed for producers to indicate when fields had been treated with the weevils.  
When the OSU Integrated Pest Management program adopted this promotional tool for use 
statewide, the impact of these efforts reached beyond the Salt Fork to include watersheds 
all across Oklahoma. 
Determining just how much BMPs impact a watershed was the goal of the project’s 
modeling task.  Results indicated that significant reductions in nutrient and soil loss could be 
made with implementation of select BMPs.  In addition, the results showed that in low slope 
zones, such as much of the project area, upland range management could greatly impact 
water quality.  Poor upland management in the past may account for much of the sediment 
deposition problem currently observed in the watershed. 
One of the greatest impacts of the project was the widening of communications in the 
sensitive area of environment and water quality within Extension at state, area, and county 
levels and between Extension and other agencies.  Improved relationships have been 
forged that will provide for continued promotion and adoption of BMPs within the watershed.  
New environmental content for extension programs and improved presentation technology 
will increase the effectiveness of and encourage further attention to environmental programs 
by county educators (e.g., Output 1105.2: musk thistle weevil presentation).  The stage has 
been set for continued effort beyond the original scope and duration of the project. 
The project provided unique insight into BMP promotion and implementation.  Multi-faceted 
relationships exist between the agricultural community, various technical resource 
personnel, and governmental agencies.  The project survey was a good, strong step forward 
in elucidating these relationships.  Additional funding for a follow-up survey would allow the 
OCES Water Quality office to evaluate the long-term impact of the project.  Continued 
cooperation and support would not only serve the Salt Fork watershed, but the lessons 
learned could be used to enhance BMP implementation and improve water quality for a 
much wider audience.   
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NONPOINT SOURCE PROJECT SUMMARY PAGE 

FY 1997 319(h) 

1. TITLE OF PROJECT: 

Demonstration of Best Management Practices in the Salt Fork Watershed 

2. PROJECT GOALS/OBJECTIVES: 

The project is an education and demonstration project.  Project goals are to improve 
knowledge and nutrient and tillage management skills of 20% of producers through an 
intense educational and demonstration program, and to show 50% reductions of erosion, 
fertilizer use, and pesticide use through modeling. 

The program will work through multiple educational avenues including educational meetings 
with producers, focused meetings and training sessions with consultants and Certified Crop 
Advisors (CCAs), the Watershed Home page, and demonstrations and field days.  Activities 
will be targeted at agribusiness and wheat producers, encouraging them to maintain up to 
date information on crops, fertilizers, and pesticides.  Demonstrations will compare BMPs 
and conventional management to identify economic and environmental aspects of each 
system.  

3. PROJECT TASKS: 

Task 1. Establish Advisory/Steering Committee. 

Task 2. Assess pre-project management practices and attitudes of a statistically 
valid sample of the producer population.   

Task 3. Establish communications.  Contributions will be made to the Alfalfa and 
Woods County Extension newsletters.  A WWW Home Page will be 
established to keep all parties informed about project activities with timely 
information.  Self-guided tours will be established at each demonstration 
site. 

Task 4. Establish ongoing demonstrations on nutrient management, IPM, and 
tillage in each county.  The IPM approach will promote prescription-based 
applications, based on scouting and weather information rather than 
preventive treatment. 

Task 5. Develop environmental presentations for use at agricultural production 
management meetings and workshops. 

Task 6. Model the environmental impact, and assess changes in knowledge level 
and practices with a post-project survey. 

Task 7. Prepare and submit final report.  

4. MEASURES OF SUCCESS: 

1. Producer implementation of tillage, nutrient, and pest management BMPs.  Target 
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is 20% adoption of BMPs after 5 years. 

2. Reduction in sediment losses estimated from cropland in the watershed based on 
modeling the impact of BMP implementation.  Target is 50% reduction. 

3. Reduction in excess fertilizer applied by cooperating farmers when management 
is based on soil testing and IPM principles.  Target is 50% reduction on 
demonstration farms compared to typical practices. 

4. Reduction in nitrogen and phosphorus loss estimated by modeling.  Target is 
model prediction of 50% reduction in the watershed. 

5. Reduction in pesticide use on cooperating farms employing IPM (improvements 
in pest management through improved cultural practices, pesticide use only based 
on scouting and thresholds, and implementation of non-pesticide practices).  
Target is 50% reduction on demonstration farms compared to typical practices. 

5. PROJECT TYPE: 

Statewide (  ) Watershed (x) Demonstration (x) 

6. WATER BODY TYPE: 

River (x) Lake (x) Wetland (x) 
Ground Water (x) Other (  )   

7. PROJECT LOCATION: 

Basin (  ) Segment (  )   

This project is focused on the Great Salt Plains Reservoir watershed (OK621010), a 1400 sq. 
Mile watershed in Woods and Alfalfa counties.  The watershed includes approximately 113 
miles of stream and a 8890 ac reservoir.  It includes the Salt Plains National Wildlife Refuge 

8. NPS MANAGEMENT PROGRAM REFERENCE:   

Agricultural NPS Management Program:  III-7, Pesticide and fertilizer use problem 
evaluation; III-9 OSDA/ODA Coordination activities for the development of research 
projects on nutrient management 

9. NPS ASSESSMENT REPORT STATUS: 

Impaired (x) Impacted (  ) Threatened (  ) 

The Reservoir and its tributaries have excessive siltation that has eliminated spawning 
habitat, led to fish kills during hot summers, and initiated excessive algae blooms.  The area 
was considered partially supporting for warm water fishery (based on monitored data), 
eutrophic and partially supporting for recreation (based on monitored by OWRB) in the 1987 
assessment.  High sediment arsenic is thought to originate from pesticide use in the basin. 

10. NPS ASSESSMENT REPORT REFERENCE:   

The 1989 assessment shows numerous fish kills, high levels of suspended solids (Cause 
Code 11) and nutrients (Cause Code 9), and documented levels of pesticides (Cause Code 2). 
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11. KEY PROJECT ACTIVITIES: 

Hire Staff (  ) Monitoring (  ) Education (x) 
Technical 

Assistance (  ) Regulatory 
Assistance (  ) BMP 

Implementation  (x) 

Demonstration 
Project  (x) Other (  )   

12. NPS CATEGORY(IES):  

Agricultural: Non-irrigated crop production (11); 

13. PROJECT COSTS: 

Federal: $90,000  State: $60,000  Total: $150,000 

14. PROJECT MANAGEMENT: 

Oklahoma Conservation Commission will provide administrative and liaison for this project. 
 OCC will subcontract with OSU Cooperative Extension to conduct education and 
demonstration tasks.  Contact person for OSU Cooperative Extension is Michael Smolen 
(405-744-8414).  Smolen will provide overall guidance and coordination to the project.   

15. PROJECT PERIOD: 

July 1, 1997 through September 30, 2000 
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Agency: 

Oklahoma Cooperative Extension Service 

Title: 

Demonstration of Best Management Practices in the Salt Fork Watershed 

Task Number: 

1100 

Project Location: 

This project is focused on the Great Salt Plains Reservoir watershed (OK621010), a 1400 sq. 
Mile watershed in Woods and Alfalfa counties.  The watershed includes approximately 113 
miles of stream and a 8890 ac reservoir.  It includes the Salt Plains National Wildlife Refuge 

Problem Statement: 

The Salt Fork of the Arkansas River and two small tributaries flow into the Great Salt Plains 
Wildlife Refuge and the Great Salt Plains Reservoir.  The Reservoir and its tributaries have 
excessive siltation that has eliminated spawning habitat and promoted fish kills during hot 
summers.  The lake also has excessive algae blooms.  The area was considered partially 
supporting for warm-water fishery (based on monitored data), eutrophic and partially 
supporting for recreation (based on monitored by OWRB) in the 1987 assessment.  High 
sediment arsenic is thought to originate from pesticide use in the basin. The 1989 assessment 
shows numerous fish kills, high levels of suspended solids (Cause Code 11), high levels of 
nutrients (Cause Code 9), and documented levels of pesticides (Cause Code 2).  Although 
this area is designated medium priority in the 303(d) list, its importance is far greater due to 
the wildlife and habitat values. 

The Great Salt Plain National Wildlife Refuge includes 32,000 acres entirely within the 
watershed.  It is utilized by several rare or endangered birds including whooping cranes, 
interior least terns, bald eagles, and American avocets.  It is considered critical habitat for the 
whooping crane, and supports a wide variety of other birds and wildlife.  Although pesticide 
residues have not been found in bird or fish tissue, concern for episodic pesticide 
contamination exists due to the high level of protection desired and the extensive agricultural 
activity in the watershed. 

Salt Fork watershed above the Reservoir includes about 1400 square miles, in the middle of 
the breadbasket of Oklahoma agriculture.  The causes are primarily associated with non-
irrigated agricultural production. (Petroleum activities will not be addressed.)  Addressing 
the agricultural issues will reduce nutrients, sediment, and pesticides entering this watershed 
primarily in wheat and pasture. 

Technology transfer of BMPs for sediment, nutrients, and pest management is the key to 
implementation.  A tremendous opportunity is the development of support industries in this 
area including consultants, Certified Crop Advisors, and other support industries. These 
industries have shown interest and support for an in-depth educational effort.  These 
industries contact producers on a daily basis and area key to reaching producers.  
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Description/Objective: 

The project is an education and demonstration project, with goals to improve the nutrient 
management and tillage management skills of 20% of producers directly through intense 
educational and demonstration activities, and to show 50% reduction of erosion, fertilizer 
use, and pesticide use on 10 demonstration sites.  A target of directly influencing 20% of 
producers was selected because 20% has been demonstrated as the initial critical level to 
stimulate wider diffusion through the target community (Cuperus & Berberet 1995).  If we 
achieve the 20% goal, a rapid diffusion from farmer to farmer is likely to occur through 
producer meetings, through the State Association of wheat growers, and through daily 
interactions of producers and agricultural businesses. 

Activities include installing 10 demonstration sites at suitable locations throughout the 
watershed, conducting educational programs to teach the use of BMPs, and promoting 
continued support for BMP-implementation through Agribusiness cooperators, Certified 
Crop Consultants, Cooperative Extension Service agents, and other important actors. 

The project will have an Advisory/Steering Committee.  The Committee will consist of 
representatives of agencies such as the Conservation Districts, OCC, Cooperative Extension 
Service, Oklahoma Department of Agriculture, Natural Resource Conservation Service, 
along with producers and representatives from agribusiness.  The Committee will meet 
annually or more frequently if necessary.   

The Committee will help formalize working relationships and plans in a way that is 
acceptable to all the agencies.  This committee will assure cooperation among the agencies 
and commonality of objectives.  This committee will also make sure the objectives are clear 
and organized.  This committee will also help design demonstrations and make sure they are 
technically sound and relevant. 

The Committee will help design demonstrations and field days, identify target audiences, and 
assist in publicizing events.  The Committee will help design the recordkeeping systems that 
will be presented along with BMPs. Their principal role will be to assure relevance and 
credibility of the program.  Their role will be to help target this program and make sure there 
is ownership by agribusiness and producers, and support from their neighbors and clients. 

OCES State Specialists with assistance from Area and County agents will install 
demonstration plots on producer fields at 10 locations within the project area.  Each site will 
be set up for self-guided tours and formal tours.  The formal tours will occur in conjunction 
with field days where other topics such as variety selection and profitability always draw a 
crowd.  Producer involvement in the demonstration plots will help spread the information 
throughout the farming community.  BMPs will include: conservation tillage, nutrient 
management, and pest management to reduce erosion, sediment production, and loss of 
nutrients and pesticides to surface and ground waters.  Educational programs will stress the 
importance of recordkeeping in production systems and in pollution prevention. 

There will be at least 10 demonstrations for this project.  Tours will focus on demonstration 
of BMPs with emphasis on environmental protection.  There will be discussions of integrated 
crop management components of BMPs and the balance between environmental and 
economic goals.  Key environmental components that the tours will focus on are: 
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A. Minimizing sediment loss. 

B. Improving nutrient management and reducing the use of nitrogen and 
phosphorous fertilizer by mining excesses already in the soil profile. 

C. Minimizing impact of pesticides through use of integrated pest management. 

The program will work through multiple educational avenues including educational meetings 
with producers, focused meetings and training sessions with consultants and Certified Crop 
Advisors (CCAs), the Watershed Home page, and demonstrations and field tours. Activities 
will be targeted to agribusiness and wheat producers, encouraging them to maintain up to 
date information on crops, fertilizers, and pesticides.  Demonstrations will compare BMPs, 
conventional management, high input management, and no inputs and identify economic 
aspects as well as environmental concerns for each system.  

Program evaluation will consist of assessing producer knowledge and behavior before and 
after the educational program, and applying case-study information to similar areas across 
the watershed.  Producers in the watershed will be surveyed on their management practices 
before and after the educational program.  Ten producer-cooperator operations will be 
utilized as case study sites for whole farm assessment.  These whole farm assessments will 
take considerable time to achieve complete evaluation.  Although this does not give a general 
evaluation of practices in the area, it gives in-depth evaluation that will be valuable in 
sharing project results. 

A computer modeling activity will consolidate findings from the demonstration sites and 
project their impact on reduction of erosion and reduced pesticide and fertilizer applications 
across the watershed. 

Project Tasks: 

Task 1 - Establish Advisory/Steering Committee  

Establish Advisory/Steering Committee as described in above to assure agency coordination 
and cooperation in implementation efforts.  Producers-Agribusiness representatives will be 
included.  This group will meet approximately annually to share program progress and 
develop support among agencies and producers. 

Cost:  $5,000 

Cost is based on the Steering Committee meeting in two-hour sessions six times a year for 
one year and four times per year for two years.  The Advisory Committee will meet annually 
for half-day sessions.  $3000 is the salary match of Extension Specialists participating in 
these meetings.  The balance will cover travel costs of participants and any printing required 
to support the meetings. 

Task 2 - Assess Pre-Project Management Practices and Attitudes 

Assess pre-project management practices and attitudes of a statistically valid sample of 
producer population.  Producers in the watershed will be surveyed for their present attitudes 
and behaviors with respect to: utilization of tillage, nutrient, and pest management BMPs.  
Preliminary analysis suggested there are approximately 120 producers in the watershed.  At 
project completion, a subset of the same producers will be assessed to document changes. 
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Cost: $20,000 

Cost is based on 400 producers surveyed twice at cost of about $25 per interview.  Actual 
budget will be used to pay graduate student assistants to develop instrument and analyze 
results, hourly wage and telephone charges.  Match will come from faculty advisor. 

Task 3 - Establish Communications 

Contributions will be made to Alfalfa and Woods County agricultural newsletters.  A WWW 
Home Page will be established to keep all parties informed about project activities with 
timely information.  At this time we have no criteria for evaluating effectiveness of the web 
page other than number of visits.  The home page will offer an opportunity for participants to 
ask questions of those involved, however.   

Self-guided tours will be established at demonstration sites.  Self-guided tours will consist of 
a kiosk, or shelter, with signage describing the project and requesting feedback from viewers. 
 Most self-guided tours will be set up in conjunction with an attractive item like a variety 
trial.  A guest registry will be included so we can know how many people chose to tell us 
they visited.  These tours are intended to be non-threatening private activities that do not lend 
themselves to evaluation. 

The newsletter articles will be targeted to wheat, cattle and alfalfa producers in the 
watershed.  The focus will be on key environmental components including: 

A. Minimizing sediment loss 

B. Improving nutrient management and reducing nitrogen and phosphorous 
application based on soil testing for excess nutrient already in the soil profile. 

C. Minimizing impact of pesticides through utilization of integrated pest 
management practices and approaches. 

There will be an additional focus on the interface of wheat and alfalfa with cattle and a focus 
on riparian protection during the grazing period. 

Cost: $15,000 

Cost includes contribution of Smolen (one week $1800), Cuperus (one week $1600), Gribble 
(one week $1300), 10% of Water Quality/IPM Specialist ($2800), and travel ($1000).  Also 
costs for newsletter printing and mailing, 500 per quarter, ($3500) and signs, kiosks, and 
materials for self-guided tours ($3000).   

Task 4 - Establish Ongoing Demonstrations on Nutrient Management, IPM, and Tillage 
in Each County 

Demonstration plots will be established at 10 locations.  Project personnel (Mulder, Krenzer, 
Gribble, and County agents) will work with 10 farmers to establish case histories of reduced 
pesticide use, considering herbicide use, fungicide use, and insecticide use.  The IPM 
approach will promote prescription-based applications, based on scouting and weather 
information rather than preventive treatment.  Demonstrations will focus primarily on wheat 
and alfalfa production, the principal crops in the area. 

The plots are installed to demonstrate to producers that water quality BMPs can be utilized 
without production losses and without excessive expense to the producer.  Demonstrating 
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such practices is essential to acceptance by producers.  Standard Extension demonstration 
plots will be installed. 

There will not be sufficient funding to demonstrate riparian protection.  However, cattle 
management practices with respect to water quality will be included in public meetings and 
educational programs associated with this project. 

Cost: $40,000 

Cost: includes travel ($4500), plot materials (signage $5000, fertilizer, pesticide, and seed 
$3000), equipment rental and landowner expenses ($2000), soil sampling ($2500), and salary 
for technicians to install plots.  Professional contribution will be obtained from Krenzer, 
Gribble, Stiegler, Johnson, Zhang, and all county agents ($17,800).  Water Quality/IPM 
Specialist will commit 10% time ($2800). 

Task 5 – Agricultural Production BMP Presentations  

In each of the two counties, agricultural production workshops are held.  These workshops 
are well attended by project-targeted agribusiness and producers.   The Project will develop 
informative talks for these workshops, emphasizing BMPs specific to the production area(s) 
of interest.  These will be state-of-the-art presentations focused on economically and 
environmentally sound crop production.  Presentations will draw on expertise of OCC, ODA, 
NRCS, agribusinesses, and cooperating producers. 

Presentations will cover the following topics: 

A. BMPs 
1) Improved nutrient management 
2) Nitrogen 
3) Phosphorus 

B. Reduced/modified tillage to minimize sediment loss to the environment 
C. Buffer-strip Initiative of the NRCS and riparian management 
D. Integrated pest management 

1) Pests 
2) Weeds 
3) Insects  
4) Diseases 
5) Scouting 
6) Thresholds 
7) Pesticides and the environment 

E. Risk reduction through improved management 

Evaluation will be conducted indirectly through the post-project survey. 

Cost: $30,000 

Cost includes Water Quality/IPM Specialist 10%, Johnson, Cuperus, Zhang, Gribble, and 
County agents.  Time committed by Specialists and County Agents, one-day per meeting and 
one-day preparation per meeting (18 days) far exceeds the matching requirement of $30,000. 
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Task 6 - Model the environmental impact, and assess changes in knowledge level and 
practices with a post-project survey 

Profitability and cost of BMPs and alternative management systems will be determined and 
used in the education program.  A computer modeling activity will consolidate findings from 
the demonstration sites and project their impact on reduction of erosion and reduced 
pesticide and fertilizer applications across the watershed.  Computer modeling (Universal 
Soil Loss Equation and delivery coefficients) will be used to determine erosion, sediment 
yield, nutrient yield, and pesticide losses.  Using various levels of BMP implementation, 
computer modeling will project reductions in sediment, nutrient, and pesticide loading to the 
Great Salt Plains Reservoir.  All models will be accepted technology with well-established 
procedures to project the impact of program on a watershed basis.  This effort will use the 
GIS database at OSU with research and graduate student support.  [This task differs from 
Task 2.  Task 2 addresses attitudes and practices, whereas this task addresses economics and 
environmental impact.]  Modeling will be used to project the impact across the watershed, 
based on land use, topography and soils information in conjunction with findings of Task 2. 

Cost:  $30,000 
Cost based on graduate assistantship 50% time for three years ($22,000), computer for 
modeling ($2500) and matching salary from a faculty advisor and senior project personnel 
($5,000), travel ($500). 

Task 7 - Final Report 

Final report will be developed, printed and submitted. 

Cost: $10,000 

Cost is based on three months professional time to draw together the multifaceted 
components of this project. 

Outputs (by Task): 

Task No. Output Due Date 
1101.1 Report on structure of Advisory committees and 

membership 
October 1997 

1101.2 Minutes of advisory committee meetings and committee 
accomplishments, following each meeting 

Semiannually 

1102.1 Survey instrument September 1997
1102.2 Reports of assessment of producer attitudes and practices 

regarding tillage, nutrient, and pest management BMPs 
June 30, 2001 

1103.1 Newsletter contributions at time of mailing  As published 
1103.2 Description and URL of WWW Home Page January 1998 
1104.1 Description of demonstration plots and self-guided tours July 2001 
1104.2 QAPP for demonstration sites, including locations and 

plans for 10 demonstration plots 
November 1997

1104.3 Identify cooperators for 10-IPM case studies; Report 
initial description of operations 

July 2001 

1104.4 Report fertilizer use, pesticide use, and crop history on 10 In final report 
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cooperating farms (changes from previous years to be 
summarized and explained) 

1105.1 Water quality-related educational materials for 
agricultural production management presentations 

August 2001 

1105.2 Report on agricultural production management 
workshops, tours, and field days 

June 30, 2002 

1106.1 QAPP for BMP impact evaluation model January 1999 
1106.2 Evaluation report on modeling of environmental impact 

of BMPs relative to conventional practices; poster 
session for use with producers at field site 

September 2002

1107.1 Final Report September 2002

Project Management: 

Office of Secretary of Environment and OCC will oversee project and act as liaison between 
project and EPA.  Individuals from OSE may be called on to interface with other agencies 
and to contribute to educational programs from time to time.  Oklahoma Conservation 
Commission will provide administrative oversight to this project.  OCC will develop a 
cooperative agreement with OSU Cooperative Extension to conduct education and 
demonstration tasks.  Contact person for OSU Cooperative Extension is Michael Smolen 
(405-744-8414).  Smolen will provide overall guidance and coordination to the project.   

An Extension Water Quality/IPM Specialist position will be established at the Extension 
District Office in Enid.  This person will devote 25% time to water quality education in the 
watershed area and interfacing with cooperating agencies and organizations.   

A project subgroup will be established to implement demonstrations on cooperating farms.  
This subgroup will be lead by Gerrit Cuperus, IPM Coordinator (405-744-9419) and will 
include the following people: 

Roger Gribble, Area Agronomist (405) 237-7677 

James Stiegler, Soil Specialist (405) 744-9620 

Gordon Johnson, Fertility Specialist (405) 744-6420 

Gene Krenzer, Wheat Specialist (405) 744-9617 

Robert LeValley, Ag Agent Woods County (405) 237-2786 

Tommy Puffinbarger, Ag Agent Alfalfa County (405) 395-2134 

Hailin Zhang, Soil Fertility Specialist 

Phil Mulder, Entomologist, Alfalfa 

Tom Royer, Entomologist, Wheat 

(405) 744-9566 

(405 744-9416 

(405) 744-9406 

The Oklahoma Conservation Commission, Natural Resource Conservation Commission, 
Department of Wildlife Conservation, Oklahoma Department of Agriculture, and the local 
conservation district will be partners in public education programs. 

A graduate student will be employed to determine the actual cost/benefit of BMPs that are 
demonstrated, to analyze the effectiveness of IPM employed with farm cooperators, and to 
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evaluate the environmental impact of the project. 

An Extension professional will provide educational support throughout project development 
and implementation including educational materials development, demonstration 
implementation, and project evaluation. Cuperus and Smolen will be project coordinators 
from OCES.  OCES will provide support for the technical aspects of Integrated Pest 
Management, assist in project coordination, assist in newsletter development, develop and 
update Home page, develop IPM and nutrient demonstrations, and assist in tillage 
demonstrations. 

Measures of Success: 

1. Producer implementation of tillage, nutrient, and pest management BMPs.  Target is 
20% adoption of BMPs after year 5. 

2. Reduction in sediment loss estimated from cropland in the watershed based on 
modeling the impact of BMP implementation.  Target is 50% reduction. 

3. Reduction in excess fertilizer applied by cooperating farmers when management is 
based on soil testing and IPM principles.  Target is 50% reduction on demonstration 
farms compared to typical practices. 

4. Reduction in nitrogen and phosphorus loss estimated by modeling.  Target is model 
prediction of 50% reduction. 

5. Reduction in pesticide use on cooperating farms employing IPM (improvements in 
pest management through improved cultural practices, pesticide use only based on 
scouting and thresholds, and implementation of non-pesticide practices).  Target is 
50% reduction on demonstration farms compared with typical practices. 

 



Appendix 1 - Workplan 

Approved in Spring 2002 1-12

Project Budget: 

July 1, 1997 through December 31, 2000 

 FTE EPA OSU Total 
Personnel 3.3 50200 46000 96200 
Fringe Benefits  15000 14000 29000 
Travel  6000  6000 
Supplies      

Field plots (signage)  5000  5000 
Postage  2000  2000 
Printing  2800  2800 

Contractual Services     
Soil tests  2500  2500 
Telephone (surveys)  2000  2000 
Equipment rental  2000  2000 

Equipment (computers for project)  2,500  2,500 
Total  $90,000 $60,000 $150,000 
Percentage of Total  60% 40%  

Project Staffing: 

 FTE Yrs  FED OSU 
Smolen 0.02 3 0.06  4500 
Cuperus 0.02 3 0.06  3600 
Gribble 0.05 3 0.15  6700 
Krenzer 0.02 3 0.06  3600 
Johnson 0.02 3 0.06  4200 
Stiegler 0.02 3 0.06  3900 
LeValley 0.1 3 0.3  10500 
Puffinbarger 0.1 3 0.3  9000 
WQ Specialist 0.25 3 0.75 28200  
Student 0.5 2 1.5 22000  
TOTAL   3.3 $50,200 $46,000 
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I’D LIKE TO BEGIN BY ASKING YOU SOME QUESTIONS ABOUT THE CROPS YOU 
PLANT. 
 

1. How many acres of wheat do you have? 
NUM  (if less than 100, skip wheat) 

2. How many acres of alfalfa do you have? 
NUM (f less than 10 skip alfalfa) 

3. How many acres of sorghum do you have? 
  NUM (if less than 50 skip sorghum) 

4. Do your have soybeans?  YES/NO 

5. Are your soybeans a single crop or double crop? 

6. What other crops do you have (besides wheat, alfalfa, sorghum, and soybeans)? 
 
CROP-SPECIFIC QUESTIONS -- WHEAT 
Now I would like to ask you some questions about your wheat production practices. 
 

7. What varieties of wheat do you grow? 
 OPEN see list 

Jagger 
Custer 
2137 
2174 
Tomahawk 
AGSECO 7853 
Longhorn 
Ogallala 
2163 
Karl (Karl 92) 
2180 
Chisholm 
Tonkawa 
Cimaron 
Coronado 
Big Dawg 
Ike 

8. Of the _____ acres of wheat, how many do you harvest for grain? 
NUM 

9. Of the _____ acres of wheat, how many do you graze? 
 NUM 

10. What is your typical stocking rate for grazing wheat? 
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11. How often do you soil test for wheat? 
  Every year 
  Every 2-3 years 
  Every 3-4 years 
  Never 

12. Do you soil test the subsoil (6” to 24” depth) 
  YES/NO 

13. What is your yield goal for wheat?  How many bushels per acre?   
How many pounds of Nitrogen per acre do you typically apply to wheat? 

14. Pre-plant NUM 

15. Top Dress NUM 

16. Together then, that is _____ pounds of nitrogen per acre applied to your wheat. 

17. How many pounds of Phosphate per acre do you typically apply to wheat? 

18. Do you have different yield goals for some fields? 
YES/NO 

19. What is your primary tillage method for wheat? (read list. They may say more than one.) 
Mold board plow 
Chisel plow 
Disk 
No-till 
Other –describe 

20. Do you use deep ripping in any of your fields? 
YES/NO 

21. What chemical products do you use for Insect Control on wheat?  
21B.  For each product ask “is it applied by ground or aerial applicator?” 

22. What chemical products do you use for Weed Control on wheat? 

23. What chemical products do you use for Disease Control on wheat?  

24. Would you consider using No-till for wheat?   
YES/NO 

25. Why would you consider using No-till for wheat? 
OPEN 

26. Why would you NOT consider using No-till for wheat? 
OPEN 

27. What is you’re average yield for wheat?  (bushels per acre) 
 
CROP-SPECIFIC QUESTIONS -- ALFALFA 
Now I would like to ask you some questions about your alfalfa production practices. 

28. What varieties of alfalfa do you plant? 
OPEN or give list 
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29. Do you graze your alfalfa? 
YES/NO 

30. What date do you start to graze alfalfa?  APPROXIMATE DATE 

31. How long do you graze (number of months)? 

32. What chemical products do you use for Insect Control on Alfalfa?   
32B.  For each product mentioned ask, “is it ground applied or aerial applied?” 

33. What chemical products do you use for Weed Control on Alfalfa?  

34. What chemical products do you use for Disease Control on Alfalfa?  

35. What is your average yield for alfalfa?  How many tons per acre. 

36. How often do you soil test your alfalfa fields? 
Every year? Every 3 years?  Every time I plant_____. 

37. How often do you apply phosphate fertilizer? 
Every year? Every 3 years?  Every time I plant_____. 

 
CROP-SPECIFIC QUESTIONS -- SORGHUM 
Now I would like to ask you some questions about your sorghum production practices. 
 

38. What varieties of sorghum do you produce? 
OPEN or give list 

39. What is your production yield goal for sorghum?  How many bushels per acre? 
NUM 

40. How often do you soil test for sorghum production? 
Every year 
Every 2-3 years 
Every 3-4 years 
Never 

41. What chemical products do you use for Insect Control on Sorghum?   
41B.  For each product mentioned ask, “is it ground applied or aerial applied?” 

42. What chemical products do you use for Weed Control on Sorghum?  

43. What chemical products do you use for Disease Control on Sorghum  

44. What is your average yield of sorghum?  (bushels per acre). 
 
WE ARE ALMOST FINISHED.  NOW I’D LIKE TO ASK SOME GENERAL 
QUESTIONS. 

45. How many acres do you moldboard plow? 
NUM 

46. Do you have areas of salt accumulation in your cropland? 
 YES/NO 
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47. Is that in your range or pastureland or both? 
YES/NO 

48. How many acres are affected by salt accumulation? 

49. Do you have stream-bank erosion problems? 
YES/NO 

50. Would you consider leaving a vegetated buffer between your crop and the stream? 
YES/NO 

51. Would you consider planting trees in the buffer? 
YES/NO 

52. Do you have any field gulleys that occur most years?  
YES/NO 

53. Would you consider installing a grassed waterway or terraces to prevent gulleying? 
YES/NO 

54. Where do you get advice for management of insect, weeds, and disease? 
OPEN 

55. Where do you get advice for fertilizer and lime needs? 
OPEN 

56. Finally, may I ask which of the following age groups you are in? 
AGE: 18 TO 25; 26-40; 41-60; OVER 60 

THOSE ARE ALL OF MY QUESTIONS.  THANK YOU FOR YOUR TIME.  HAVE A 
GOOD DAY/EVENING.   

57. Would you be interested in  a copy of the report from this suvey? 
  IF YES, GIVE NAME AND ADDRESS (CONFIDENTIALLY) 
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In September 1999, Dr. Mike Smolen and Dr. Gerrit 
Cuperus of the OSU Cooperative Extension Service 
contracted the OSU Bureau for Social Research to conduct 
a survey of agricultural producers in the Salt Fork 
Watershed.  The Extension Service provided the Bureau 
with a list of producers in the watershed from Woods and 
Alfalfa counties.  A telephone interview was conducted to 
determine producers’ planting and fertilizing practices, field 
size and yield for each crop grown (wheat, alfalfa, or 
sorghum), and sources of information for crop management 
and erosion control.   
All interviewing staff underwent training in interviewing 
techniques, including the subject of confidentiality.  Each 
interviewer signed a confidentiality agreement.  In the 
survey database a randomly generated respondent number 
identifies each producer so that no identifying information is 
linked to the survey responses. 
A total of 87 producers responded to the survey and met the 
minimum production acreage requirements.  Of these, 82 
produced wheat, 58 alfalfa, and 23 sorghum.  Individuals 
were asked only those questions pertaining to their crop 
operations.   
The survey results are presented here in table form.  For 
each question, the number of producers and percentage of 
respondents for each different response are listed.  
Responses that were mentioned by a single producer are 
listed under each table.  Some producers gave more than 
one response to a single question, so the total number of 
responses may be greater than the number of respondents. 
For further information, please contact the Extension Water 
Quality Office at 405/744-5653 or write: 

OCES Water Quality Programs 
218 Ag Hall 
Oklahoma State University 
Stillwater, OK  74078  
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Q1: How many acres of wheat do you have? 
Acres of Wheat Number (%) 
0 - 49 5 5.7 
50 - 500 25 28.7 
501 - 1000 23 26.4 
1001 - 1500 12 13.8 
1501 - 2000 6 6.9 
2001 - 2500 8 9.2 
Over 2501 8 9.2 
Answers from 87 of 87 producers   

Q7: What varieties of wheat do you grow? 
Variety Number (%) 
Tonkawa* 66 80.5 
Jagger 35 42.7 
2163 18 22.0 
2137 13 15.9 
2174 6 7.3 
Tomahawk 6 7.3 
Big Dawg 6 7.3 
AGESCO 7853 4 4.9 
Coronado 4 4.9 
Ogallala 3 3.7 
Cimarron 3 3.7 
Answers from 82 of 82 producers w/more than 50 acres wheat 
Mentioned once: 47, 2136, 2180, Karl 92, Custer, Ike, 
Longhorn, Red Dawg, Pioneer, Different every year 
*The Oklahoma Agricultural Statistics Service has reported that 
Tonkawa totaled less than 2% of seeded acres for each of the last 5 years. 

Q8: Of the ______acres of wheat, how many do you harvest for 
grain? 
Acres for grain Number (%) 
0 3 3.7 
1 - 500 25 30.5 
501 - 1000  24 29.3 
1001 - 1500 8 9.8 
1501 - 2000 8 9.8 
2001 - 2500 9 11.0 
Over 2501 5 6.1 
Answers from 82 of 82 producers w/more than 50 acres wheat 
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Q9: Of the ________acres of wheat, how many do you graze? 
Acres grazed Number (%) 
0 24 29.3 
1 – 500 33 40.2 
501 - 1000  11 13.4 
1001 – 1500 3 3.7 
1501 – 2000 5 6.1 
2001 – 2500 3 3.7 
Over 2501 3 3.7 
Answers from 82 of 82 producers w/more than 50 acres wheat 

Q10: What is your typical stocking rate for grazing wheat 
(cattle/acre)? 
Cattle/acre Number (%) 
1 45 78.9 
2 8 14.0 
3 3 5.26 
5 1 1.75 
Answers from 57 of 58 producers that graze cattle on wheat 

Q11: How often do you soil test for wheat? 
Soil test Number (%) 
Every year 57 69.5 
Every other year 12 14.6 
Every 3-4 years 11 13.4 
Never 2 2.4 
Answers from 82 of 82 producers w/more than 50 acres wheat 

Q12: Do you soil test the subsoil for wheat? 
Subsoil test Number (%) 
Yes 38 46.9 
No 43 53.1 
Answers from 81 of 82 producers w/more than 50 acres wheat 
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Q13: What is your yield goal for wheat?  How many bushels per 
acre? 
Yield Goal (bu/a) Number (%) 
0 2 2.5 
30 - 35 2 2.5 
40 21 26.6 
45 - 47 16 20.3 
50 31 39.2 
55 - 60 5 6.3 
80 - 100 2 2.5 
Answers from 79 of 82 producers w/more than 50 acres wheat 

Q27: What is your average yield for wheat?  How many bushels 
per acre? 
Avg yield (bu/a) Number (%) 
20 3 3.7 
25 - 32 16 19.5 
35 - 42 37 45.1 
45 - 50 21 25.6 
55-60 4 4.9 
65 1 1.2 
Answers from 82 of 82 producers w/more than 50 acres wheat 

Q14: How many pounds of N/ac do you typically apply to wheat 
as pre-plant? 
N (Lbs/a) Number (%) 
0 12 15.2 
1 - 25 9 11.4 
26 - 50  29 36.7 
51 - 75 21 26.6 
76 - 100 8 10.1 
Answers from 79 of 82 producers w/more than 50 acres wheat 
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Q15: How many pounds of N/ac do you typically apply to wheat 
as top dress? 
N (Lbs/a) Number (%) 
0 8 10.0 
20 - 25 9 11.3 
30 - 35 23 28.8 
40 - 45 15 18.8 
50 - 55 11 13.8 
60 - 65 9 11.3 
70 - 80 5 6.3 
Answers from 80 of 82 producers w/more than 50 acres wheat 

16: Together then, that is ____ lbs. N/ac applied to your wheat. 
N (Lbs/a) Number (%) 
20 - 27 2 2.5 
30 - 38 3 3.8 
40 - 48 3 3.8 
50 - 56 7 8.8 
60 - 65 9 11.3 
70 - 78 7 8.8 
80 - 85 16 20.0 
90 - 95 11 13.8 
100 - 105 14 17.5 
110 - 150 8 10.0 
Answers from 80 of 82 producers w/more than 50 acres wheat 

Q17: How many pounds of phosphate per acre do you typically 
apply to wheat? 
P (Lbs/acre) Number (%) 
0 23 28.0 
1 - 25 25 30.5 
26 - 50  24 29.3 
51 - 75 2 2.4 
76 - 100 7 8.5 
Over 100 1 1.2 
Answers from 82 of 82 producers w/more than 50 acres wheat 
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Q18: Do you have different yield goals for some wheat fields? 
Response Number (%) 
Yes 29 35.8 
No 52 64.2 
Answers from 81 of 82 producers w/more than 50 acres wheat 

Q19: What is your primary tillage method for wheat? 
Tillage method Number 
Mold board  43 
Chisel Plow 42 
Disk 39 
Min. plow, min. till, low-till 3 
No-till 2 
Conventional 2 
Sweep-plow 2 
Stubble farming 2 
Spring tooth 2 
Crust busting 1 
Answers from 79 of 82 producers w/more than 50 acres wheat 

Q20: Do you use deep ripping in any of your wheat fields? 
Response Number (%) 
Yes 27 32.9 
No 55 67.1 
Answers from 82 of 82 producers w/more than 50 acres wheat 

Q21: What chemical products do you use for insect control on 
wheat? 
Insecticides Number (%) 
Chlorpyrifos (Lorsban 4E-SG) 6 30.0 
Dimethoate (Cygon) 4 20.0 
Malathion 4 20.0 
Parathion 4 20.0 
Answers from 20 of 82 producers w/more than 50 acres wheat 
Mentioned once: Ally, Can't Remember, Don't Know, Grazon, 
Methyl parathion (Pencap M), What Coop is Using 
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Q21B: Do you typically apply insecticide on wheat by ground or 
aerial application or both? 
Application method Number (%) 
Ground 11 55.0 
Aerial 4 20.0 
Both 5 25.0 
Answers from 20 of 20 producers who answered Q21 

Q22: What chemical products do you use for weed control on wheat? 
Herbicide Number (%) 
Finesse 34 50.7 
Glean 25 37.3 
2,4-D 21 31.3 
Amber 9 13.4 
Ally 5 7.5 
Maverick 4 6.0 
Don’t Know 3 4.5 
Banvel 2 3.0 
Answers from 67 of 82 producers w/more than 50 acres wheat 
Mentioned once: None, Banvel + 2,4-D, Rhonox, Torodon 22K, 
Roundup Ultra, Weed Out 

Q23: What chemical products do you use for disease control on 
wheat? 
Fungicides Number (%) 
Vitavax 200  1 25.0 
Don’t Know 2 50.0 
None 1 25.0 
Answers from 4 of 82 producers w/more than 50 acres wheat 

Q24: Would you consider using No-till for wheat? 
No till Number (%) 
Yes 31 37.8 
No 51 62.2 
Answers from 82 of 82 producers w/more than 50 acres wheat 
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Q25: Why would you consider using No-till for wheat? 
Reason Number (%) 
To reduce costs (machinery, fuel, etc.) 11 35.5 
To reduce costs and conserve resources 4 12.9 
To conserve resources 3 9.7 
To follow recommendations 2 6.5 
To reduce costs and save time 2 6.5 
To simplify crop rotation 2 6.5 
Doesn't work 2 6.5 
Already had success with it 2 6.5 
To save time 2 6.5 
To reduce costs, conserve resources, and 
simplify crop rotation 

1 3.2 

Answers from 31 of 31 producers who said yes to Q24 

Q26: Why would you NOT consider using No-till for wheat? 
Reason Number (%) 
Not profitable, doesn't work 10 19.6 
Weed control problems 7 13.7 
Method needs improved 5 9.8 
New equipment expensive 5 9.8 
Don’t want to change 3 5.9 
Not compatible with area (climate, soil,etc) 3 5.9 
Not compatible with current crop scheme 3 5.9 
Don't like it 2 3.9 
Don't know enough about it 2 3.9 
Combinations of above and other 11 21.6 
Answers from 51 of 51 producers who said no to Q24 

Q2: How many acres of alfalfa do you have? 
Acres of Alfalfa Number (%) 
0 – 9 29 33.3 
10 - 100 32 36.8 
101 - 200  14 16.1 
201 - 300 6 6.9 
301 - 400 2 2.3 
401 - 500 2 2.3 
Over 501 2 2.3 
Answers from 87 of 87 producers  
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Q28: What varieties of alfalfa do you plant? 
Varieties Number (%) 
OK49 23 39.7 
Cimarron 3i 12 20.7 
Cimarron VR 11 19.0 
Oklahoma Common 7 12.1 
630 4 6.9 
Don’t Know 4 6.9 
WL 320 2 3.5 
Pioneer 2 3.5 
Answers from 58 of 58 producers w/more than 10 acres alfalfa 
Mentioned once: Advantage, Cimarron, Good As Gold, Kansas 
Common, Kanza, Key, Liberty, New Buffalo, VNS-Variety Not 
Stated, WL 323, WL 325, WL 414 

Q29: Do you graze your alfalfa? 
Graze Number (%) 
Yes 36 62.1 
No 22 37.9 
Answers from 58 of 58 producers w/more than 10 acres alfalfa 

Q30: What date do you start to graze alfalfa? 
Grazing start date Number (%) 
Oct 15 16 44.4 
Oct 1 6 16.7 
Nov 1 3 8.3 
Sept 1 2 5.6 
Dec 1 2 5.6 
Answers from 36 of 36 producers that graze cattle on alfalfa 
Mentioned once: Feb 15, May 1, Aug 1, Sep 15, Nov 15, Dec 
15, Year round 
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Q31: How long do you graze (# of months)? 
# Months grazed Number (%) 
1 15 41.7 
2 12 33.3 
3 1 2.8 
4 3 8.3 
5 3 8.3 
6 1 2.8 
12 1 2.8 
Answers from 36 of 36 producers that graze cattle on alfalfa 

Q32: What chemical products do you use for insect control on 
alfalfa? 
Insecticide  Number (%) 
Lorsban  15 31.9 
Don’t Know 10 21.3 
Baythroid (Vaytrol, Batryl) 9 19.1 
Furadan 7 14.9 
Parathion 6 12.8 
Dimethoate 5 10.6 
Permethrin (Pounce) 3 6.4 
Warrior - T (Karate) 3 6.4 
Javelin 2 4.3 
What the Co-op uses 1 2.1 
Answers from 47 of 58 producers w/more than 10 acres alfalfa 

Q32B: Do you typically apply insecticide on alfalfa by ground or 
aerial application or both? 
Application method Number (%) 
Ground 22 46.8 
Aerial 13 27.7 
Both 12 25.5 
Answers from 47of 47 producers who answered Q32 
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Q33: What chemical products do you use for weed control on 
alfalfa? 
Herbicides Number (%) 
Don’t Know 7 25.9 
Pursuit DG 7 25.9 
Sinbar 7 25.9 
Sencor 6 22.2 
Poast Plus 4 14.8 
Answers from 27 of 58 producers w/more than 10 acres alfalfa 
Mentioned once: Kerb 50-W, Select 2EC, Treflan E.C., Treflan 
HFP, Treflan TR-10, 2,4,5-T, Lorsban, Hay machine 

Q34: What chemical products do you use for disease control on 
alfalfa? 
Fungicides Number (%) 
Don’t Know 4 80.0 
Nu-Gro 1 20.0 
Answers from 5 of 58 producers w/more than 10 acres alfalfa 

Q35: What is your average yield for alfalfa?  How many tons per 
acre? 
Hay (tons/a) Number (%) 
1 6 11.1 
2 7 13.0 
3 4 7.4 
4 8 14.8 
5 18 33.3 
6 7 13.0 
Answers from 54 of 58 producers w/more than 10 acres alfalfa 
Mentioned once: 9, 10, 50, 80 

Q36: How often do you soil test your alfalfa fields? 
Soil test Number (%) 
Every year 17 29.3 
Every other year 8 13.8 
Every 3-4 years 18 31.0 
Never 15 25.9 
Answers from 58 of 58 producers w/more than 10 acres alfalfa 
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Q37: How often do you apply phosphate fertilizer to your alfalfa 
fields? 
Apply phosphate Number (%) 
Every year 20 34.5 
Every other year 10 17.2 
Every 3-4 years 19 32.8 
Never 9 15.5 
Answers from 58 of 58 producers w/more than 10 acres alfalfa 

Q3: How many acres of sorghum do you have? 
Acres of Sorghum Number (%) 
0 – 49 64 73.6 
50 - 100 9 10.3 
101 - 200  7 8.0 
201 - 300 2 2.3 
301 - 400 2 2.3 
401 - 500 1 1.1 
Over 501 2 2.3 
Answers from 87 of 87 producers 

Q38: What varieties of sorghum do you produce? 
Varieties Number (%) 
AgriPro AP2838 2 8.7 
Asgrow A570 2 8.7 
DeKalb DK-53 2 8.7 
Pioneer 85G55 2 8.7 
Mycogen 3838 2 8.7 
Don't Know 4 17.4 
Answers from 23 of 23 producers w/more than 50 acres sorghum 
Mentioned once: 1506, Agri-9850, Cargill-627, DeKalb, DK-36, 
DK-54, DK-65, Evergreen, Haygrazer, Milo, Mycogen, Mycogen-
M3556, NC+7R83, NC+NC+6R95, NK-2030, NK-3020, Pioneer-
699, Pioneer-84G62, Pioneer-8500, Rocks Cain, Vita-cane 
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Q39: What is your production yield goal for sorghum (bu/acre)? 
Bushels/acre Number (%) 
Under 5 3 16.7 
20 1 5.6 
40 1 5.6 
60 2 11.1 
75 - 80 5 5.6 
85 - 90 3 16.7 
100 3 16.7 
Answers from 18 of 23 producers w/more than 50 acres sorghum 

Q44: What is your average yield for sorghum?  How many bushels 
per acre? 
Bu/a Number (%) 
Under 5 3 17.6 
10 1 5.9 
20 1 5.9 
40 2 11.8 
54 1 5.9 
75 – 80 7 41.2 
90 1 5.9 
99 1 5.9 
Answers from 17 of 23 producers w/more than 50 acres sorghum 

Q40: How often do you soil test for sorghum production? 
Soil test Number (%) 
Every year 12 52.2 
Every other year 5 21.7 
Every 3-4 years 4 17.4 
Never 2 8.7 
Answers from 23 of 23 producers w/more than 50 acres sorghum 

Q41: What chemical products do you use for insect control on 
sorghum? 
Insecticides Number (%) 
Gaucho 1 50.0 
Don’t Know 1 50.0 
Answers from 2 of 23 producers w/more than 50 acres sorghum 
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Q41B: Do you typically apply insecticide on sorghum by ground 
or aerial application or both? 
Application type Number (%) 
Ground 2 100 
Answers from 2 of 2 producers who answered Q41 
Total Answers 2  

Q42: What chemical products do you use for weed control on 
sorghum? 
Herbicide Number (%) 
Atrazine 3 21.4 
Dual 3 21.4 
2,4-D 3 21.4 
Bicep 6E  2 14.3 
Answers from 14 of 23 producers w/more than 50 acres sorghum 
Mentioned once: Banvel,, Butracil 2E, Roundup, Peak, Amber, 
Bicep Lite II, Leadoff, Don't Know 

Q43: What chemical products do you use for disease control on 
sorghum? 
Fungicides Number (%) 
Don’t Know 1 100 
Answers from 1 of 23 producers w/more than 50 acres sorghum 

Q4: Do you have soybeans? 
Soybeans Number (%) 
Yes 13 14.9 
No 74 85.1 
Answers from 87 of 87 producers  

Q5: Are your soybeans a single or double crop? 
Soybeans Number (%) 
Single 9 69.2 
Double 4 30.8 
Answers from 13 of 13 producers who said yes to Q4 
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Q6: What other crops do you have (besides wheat, alfalfa, 
sorghum, and soybeans)? 
Crops Number (%) 
None 63 72.4 
Hay, feed, pasture 19 21.8 
Cotton 3 3.4 
Corn 1 1.1 
Austrian winter peas 1 1.1 
Answers from 87 of 87 producers 

Q45: How many acres do you moldboard plow? 
Acres plowed Number (%) 
0 27 31.0 
1 - 50 7 8.1 
100 - 500 19 21.8 
600 - 1000 19 21.8 
1200 - 1800 11 12.6 
2200 - 2625 4 4.6 
Answers from 87 of 87 producers 

Q46: Do you have areas of salt accumulation in your cropland? 
Salt accumulation Number (%) 
Yes 44 50.1 
No 43 49.9 
Answers from 87 of 87 producers 

Q47: Is that in your range or pastureland or both? 
Salt accumulation Number (%) 
Range 18 40.9 
Pastureland 5 11.4 
Both 21 47.7 
Answers from 44 of 44 producers who said yes to Q46 
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Q48: How many acres are affected by salt accumulation? 
Acres affected Number (%) 
1 - 25 23 52.3 
30 - 52 9 20.5 
60 - 100 6 13.6 
200 - 250 3 6.8 
450 1 2.3 
1200 1 2.3 
2500 1 2.3 
Answers from 44 of 44 producers who said yes to Q46 

Q49: Do you have stream-bank erosion problems? 
Stream-bank erosion Number (%) 
Yes 31 35.6 
No 56 64.4 
Answers from 87 of 87 producers 

Q50: Would you consider leaving a vegetated buffer between your 
crop and the stream? 
Vegetated buffer Number (%) 
Yes 50 57.5 
No 37 42.5 
Answers from 87 of 87 producers 

Q51: Would you consider planting trees in the buffer? 
Plant trees Number (%) 
Yes 26 29.9 
No 61 70.1 
Answers from 87 of 87 producers 

Q52: Do you have any field gullies that occur most years? 
Gullies Number (%) 
Yes 51 58.6 
No 36 41.4 
Answers from 87 of 87 producers 
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Q53: Would you consider installing a grass waterway or terraces 
to prevent gulleying? 
Grass waterways Number (%) 
Yes 67 77.0 
No 20 23.0 
Answers from 87 of 87 producers 

Q54: Where do you get advice for management of insects, weeds, 
and disease? 
Information source Number (%) 
Co-op 41 47.1 
Co-op & Extension 15 17.2 
Extension 10 11.5 
Local communication 7 8.1 
Co-op & commercial 4 4.6 
Extension & commercial 2 2.3 
Co-op, Extension, & publications 2 2.3 
Commercial 1 1.2 
Publications 1 1.2 
Other 4 4.6 
Answers from 87 of 87 producers 

Q55: Where do you get advice for fertilizer and lime needs? 
Information source Number (%) 
Co-op 49 57.0 
Extension 8 9.3 
Soil tests 8 9.3 

Combination of above 16 18.6 
Local (inc. self) 4 4.7 
Private consultant 1 1.2 
Answers from 86 of 87 producers 
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Q56: Finally, may I ask which of the following age groups you are 
in? 
Age Number (%) 
18 - 25 0 0 
26 - 40 13 14.9 
41 - 60 58 66.7 
Over 60 16 18.4 
Answers from 87 of 87 producers 

Q57: Would you be interested in a copy of the report from this 
survey? 
Receive copy Number (%) 
Yes 67 77.0 
No 20 23.0 
Answers from 87 of 87 producers   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Oklahoma State University, U.S. Department of Agriculture, State and Local 
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Biosystems & Agricultural Engineering • 218 Agriculture Hall • Oklahoma State University 
Stillwater, Oklahoma • 74078-6021 • Telephone: 405/744-6519 • FAX:  405/744-6059 • Email: propst@okstate.edu 

 
 

July 18, 2002 
 
 

Dusty Shepherd 
Alfalfa Electric Cooperative 
P.O. Box 39 
Cherokee, OK 73728 
 
 
Dusty, 
 
 Thank you for your call last week regarding pesticide application in Alfalfa County.  I 
have talked with some of our Extension specialists about the topic.  They were quite impressed 
with your recognition of the sensitivity of the issue.  Your caution is much appreciated.   
 I have enclosed copies of maps developed by Mike White, one of our Research 
Engineers, for the Salt Fork Watershed Project.  The red coloring on the maps denotes those 
areas with highly permeable soils.  These areas are highly susceptible to leaching, so the use of 
Tordon within these areas is discouraged.  If you could let me know the species of brush you 
wish to control, Dr. Case Medlin in the Plant & Soil Sciences Department said he might be able 
to suggest an alternative herbicide for use in those sandy areas. 

I sent maps at two different resolution levels.  Let me know which level, or something in 
between, would be most helpful for you, and we can print off a larger version for you to utilize in 
mapping out your work areas.   

As I mentioned, these maps were originally developed for the Salt Fork watershed, so we 
do not have complete coverage of the county, but a large portion (~80%) is included.  For those 
areas we do not have coverage, Doug Montgomery with the OSU Turfgrass Research Station 
suggested using soil survey maps from the NRCS to determine areas to avoid.  He thought you 
only needed to avoid the extremely sandy soils, provided your application rate was below 1 quart 
Tordon per acre.  He also suggested that on-site evaluations would be useful.  For example, 
crews should avoid spraying Tordon in river bottoms and areas where peanuts, melons, or 
cantaloupes (sandy soil crops) are being grown. 

Again, thank you for your interest and please let me know how we can help you. 
 
       Sincerely, 
 
 
 
 
       Tim Propst 
       Extension Environmental Scientist 
 
Enclosures: 4 
cc:  Medlin, Montgomery, Smolen, White
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Demonstration of Timely Control of Alfalfa Weevil and its  

Potential Impact on Water Quality  

(Project Demonstration Report - Salt Fork Water Quality Project)  
Phillip Mulder – Extension Entomologist 

Kelly Seuhs – Extension Assistant 
Robert LeValley – Area Extension Livestock Specialist 

Thomas Puffinbarger – Extension Educator, Agriculture and 4-H 

 

Introduction 
Timely insecticide applications to combat alfalfa weevil infestations are an integral aspect of 
reducing costs associated with controlling this pest.  Furthermore, during years when high 
infestation numbers occur early in the season, the use of thresholds to effectively find the 
best treatment time can reduce the number of applications and in turn, the amount of 
insecticide released into the environment.  Ultimately, reducing the number of applications 
and/or the application rate can have a profound effect on protecting water quality in nearby 
streams and ponds, as well as in the local aquifer.  In early 2001, two sites were established 
to demonstrate the following concepts to alfalfa producers:   

Objective 1: To demonstrate the utility of the alfalfa weevil degree-based model as a 
predictive tool to enhance timely insecticide applications for larval populations of this 
insect. 

Objective 2: To demonstrate how misapplications, based on timing, can result in 
inadequate control of alfalfa weevil and increased need for pesticide application. 

Objective 3: To demonstrate how late applications (after threshold) can result in loss of 
production and quality in alfalfa hay.  

Objective 4: To quantify the economic losses (yield, quality, pesticide costs, etc.) 
obtained from a replicated trial that demonstrates the aforementioned treatments.  

Materials and Methods 
Before the alfalfa weevil season began, 16 individual plots were established and flagged at 
two separate sites, one in each of Alfalfa and Woods counties in northwest Oklahoma (See 
Figure 1).  The two OSU Extension county agriculture educators made arrangements for the 
specific locations, selecting established alfalfa stands that were at least two years old and 
near potential overwintering sites for adult weevils.   

Application thresholds, or simply thresholds, were derived from OSU Current Report No. 
7177 in conjunction with the alfalfa weevil degree-day model available through the 
Oklahoma Mesonet.  These numbers correlate insect counts obtained by regular field 
scouting with critical levels in the weevil population where insecticide application is the most 
efficient.  At these sites, the threshold was determined to be approximately 1½ to 2 larvae per 
stem.  The demonstration showed the effects of three different application timings: early 
(before weevil populations reached threshold levels), timely (at threshold), and late (after 
threshold levels had been reached).  At each site, alfalfa weevil larval activity was monitored 
immediately following establishment of the plot areas.  When larval activity first became 
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evident, but before populations reached threshold levels, the early application was made. 
This occurred on 12 April 2001.  Threshold and late applications were made on 18 and 25 
April 2001, respectively.   

Figure 1.  Alfalfa Weevil Demonstration Plot Design 
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For each application, the insecticide Lorsban 4E was applied at 0.5 lb. a.i./A using a CO2-
pressurized bicycle sprayer calibrated to deliver 20 gpa at 21 psi through seven, 11004 flat 
fan nozzles when traveling 3 mph.  Treatments were arranged in a randomized complete 
block design using plots 3.9 x 9.1m in size, replicated four times. To avoid contamination of 
plot areas, a buffer zone outside the plots was also flagged and sprayed by the team on the 
last treatment day to insure that the influences from insecticide drift were minimized.  
Treatment timing was determined based on alfalfa weevil populations obtained from adjacent 
untreated plants (buffer area).  Sampling was conducted on 3 or 4 days, 7 or 8 days, and 14 or 
15 days after each application, by pulling 25 stems per plot and placing them in a plastic 
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bucket for shaking and subsequent counting.  Initially (after the early application), only 
alfalfa that had been treated or the untreated plants were sampled.  After each subsequent 
treatment date, recently-treated and early-treated plots were sampled along with the untreated 
plants.  This procedure allowable for a minimum of two weeks of sampling after the last 
application and up to three weeks on alfalfa that was treated either early or at threshold. 

Dry matter yields were estimated for first harvest on 9 May, 2001 by sampling two, 1m2 
guadrats from each of the respective plots. The two quadrats were taken from each diagonal 
corner to avoid the center area where samples for larvae were made. The quadrat area had to 
represent the plant growth in the remainder of the plot or it was relocated. Alfalfa yield 
samples were carefully measured using rectangular metal quadrats and plants were clipped at 
the soils surface. Each harvest sample was placed in a large paper bag and sealed with tape. 
Samples were returned to Stillwater for weighing and then dried for determination of 
moisture content. Yields were calculated on a dry weight per acre basis.  

Weather conditions for the first 14 days after the initial treatment were good for activity of 
insecticides with no rainfall in the Alfalfa County location and only 0.11 inches of rain in the 
Woods County area. Mean daily high temperature for the same period of time for Alfalfa and 
Woods Counties was 71.5° F and 72.6°F, respectively. For the month of April, Alfalfa and 
Woods Counties received only the aforementioned amounts of rainfall. During the month of 
May, but prior to harvest (9 May), Alfalfa and Woods Counties received 0.5 inches and 2.01 
inches of rainfall, respectively.   

Results and Discussion 
Unfortunately, in this evaluation, alfalfa weevil populations were relatively low and while 
they reached threshold levels they never exceeded them ().  

Mean alfalfa weevil infestations are depicted in Tables 1 and 2. Table 1 presents the results 
from each sampling date, for each treatment, in comparison with an average of the three 
sampling dates for the untreated alfalfa. As an example, 33.5 weevils per 25 stems (Table 1) 
taken from the untreated control, represents the average number of weevils sampled 3-4 days 
after each treatment timing (Table 2). During the entire study, weevil larvae only approached 
the lower level of the threshold once (late application date in Alfalfa County). At that time, 
the mean number of weevils obtained from untreated alfalfa was exactly 1.5 weevils per 
stem. Weevil populations in Woods County never reached threshold levels (Table 2). Every 
timing of application for alfalfa weevil resulted in excellent control of insect populations and 
no repeat applications were justified. In addition, as suggested in Table 2, every treatment 
provided at least 75% control. When populations of alfalfa weevil are as low as experienced 
in this test, 75% control is certainly adequate. In fact, in Cherokee County the grower 
cooperator made no applications for insects on the first cutting and harvested slightly before 
our test was cut. In Woods County, the grower made one application of Lorsban 4E (0.5 lb 
a.i./A), which was made the same time as our early application.  

Overall, numbers of alfalfa weevil larvae were low in both counties and consequently, late 
applications were made on a declining population. At both locations, by 14 days after the 
threshold application, no significant differences were observed between alfalfa weevil 
numbers in untreated and treated alfalfa (Table 2). Interestingly, at both locations, 
populations of alfalfa weevil larvae peaked on the same date (4-25-01), which represented 
the last application date.  
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Results of yield data are presented in Table 3. Based on these results, alfalfa treated early in 
Alfalfa County, yielded significantly more forage than untreated alfalfa but not more than the 
other treatments. Conversely, alfalfa that was treated late in Woods County, yielded 
significantly more forage than plants receiving an early treatment. The late treatment; 
however, did not yield better than the alfalfa treated at threshold or the untreated plants 
(Table 3). Knowing this occurs in years when alfalfa weevil populations are low, can save 
growers considerable costs associated with application and can also help preserve the quality 
of the environment (water and wildlife). Based on a sale price of $80.00 per ton of alfalfa the 
values of the various treatments ranged from $112.31 to $141.58 per acre (Table 3). 
Interestingly, the greatest returns in Woods County were obtained from untreated alfalfa 
($131.24/acre).  

The higher yields from early treatments in Alfalfa County and later or no treatment in Woods 
County are most likely due to rainfall amounts and timing than they are to control of alfalfa 
weevil populations. As stated previously, Woods County had over two inches of rain in the 
month of May before harvest, while Alfalfa County only experienced 0.5 inches during that 
same period of time. 

During the test period, grower observation of test plots was regular and observed by many 
alfalfa producers besides the cooperator. It was reassuring to know that growers are quite 
accurate in making treatment decisions in a year when populations of alfalfa weevil are 
relatively low. In addition, their choices of insecticide when making that treatment are based 
on good knowledge of OSU evaluations and careful considerations of costs and infestation 
levels. This further contributes to the protection of water quality and the environment in the 
area. Had the populations of weevils been earlier and/or more intense, then treatment 
decisions would have been more challenging to make.  
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Table 1.  Mean alfalfa weevil infestation (per 25 stems) obtained from alfalfa treated before (early), at 
(threshold), and after (late) threshold levels compared to untreated (UTC) alfalfa; OK 2001. 

Location Treatment1 3 or 4 DAT* 7 or 8 DAT 14 or 15 DAT 
Alfalfa County Early 0.3 a 0.3 a 1.8 a 
 Threshold 1.8 a 1.3 a 2.0 a 
 Late 0.0 a 2.0 a 0.5 a 
 UTC2 33.5 b 26.3 b 17.3 b 
Woods County Early 2.3 a 0.5 a 1.3 a 
 Threshold 1.0 a 1.3 a 8.0 b 
 Late 0.5 a 0.8 a 2.0 a 
 UTC 22.5 b 20.5 b 15.8 c 
Means, within columns, for each county, followed by the same letter are not significantly different 
(LSD;P=0.05).  
*DAT = Number of days after treatment 
1 Treatment consisted of Lorsban 4E applied by ground at 0.5lb a.i./A using 20 gallons per acre of liquid. 
2 UTC; Untreated control means derived from average of samples taken xDAT from each application timing.  
See table 2 for individual means. 

 

 

Table 2. Mean alfalfa weevil infestation (per 25 stems) obtained from alfalfa treated before (early), at 
(threshold), and after (late) threshold levels compared to untreated (UTC) alfalfa; OK 2001. 

Location Treatment1 3-4 DAT* 7 DAT 14 DAT        Mean 
% 

Control 
Alfalfa County Early 0.3 a 0.3 a 1.8 a                 97.7 
 UTC 31.8 b 29.8 b 37.5 b 
 Threshold 1.8 a 1.3 a 2.0 a                 93.1 
 UTC 34.3 b 37.5 b 16.8 a 
 Late 0.0 a 2.0 a 0.5 a                 89.0 
 UTC 34.8 a 11.3 b 3.3 a 
Woods County Early 2.3 a 0.5 a 1.3 a                 93.7 
 UTC 19.8 b 17.8 b 30.3 b 
 Threshold 1.0 a 1.3 a 8.0 a                 75.7 
 UTC 21.5 b 31.8 b 12.5 a 
 Late 0.5 a 0.8 a 2.0 a                 83.3 
 UTC 25.8 b 12.5 b 4.8 a 
Means, within each sample day, comparing treated to untreated alfalfa. Followed by the same letter are not 
significantly different (LSD; P=0.05). 
*DAT = Days after treatment 
1 Treatment consisted of Lorsban 4E applied by ground at 0.5lb a.i./A using 20 gallons per acre of liquid. 
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Table 3.  Mean alfalfa yields, values and returns associated with plants treated before (early) at 
(threshold) and after (late) threshold levels compared to untreated (UTC) alfalfa; OK 2001. 

Location Treatment Yield (lb/A)1 Value ($/A)2 Cost ($/A)3 Return ($/A)4 

Alfalfa County Early 3539.5 a 141.58 8.17 133.41 

 Threshold 3152.8 ab 126.11 8.17 117.94 

 Late 3079.0 ab 123.16 8.17 114.99 

 UTC 2915.3 b 116.61 0 116.61 

Woods County Early 2807.8 b 112.31 8.17 104.14 

 Threshold 3112.8 ab 124.51 8.17 116.34 

 Late 3369.8 a 134.79 8.17 126.62 

 UTC 3281.0 ab 131.24 0 131.24 

 
Yield Means, within columns for each county, followed by the same letter are not significantly different  

(LSD; P=0.05). 
1 Yields obtained from 2, 1m2 quadrats per plot. 
2 Value derived from $80.00/Ton alfalfa 
3 Cost per acre based on $5.17 per of Lorsban $L=$3.00 application cost. 
4 Return = Value – Cost 
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Nutrient Management Demonstration 
In a study conducted in cooperation with Burlington Coop Agronomist Kenneth Failes, three 
years of soil test results and two years of fertilization and yield data were collected from 
eight sites in Alfalfa County.  The 1996 and 1997 yield goals for these fields were 50 bu 
wheat /acre, and 100 lbs beef/acre.  Based on OCES recommendations of 2 lbs N/bu 
wheat/acre and 30 lbs N/100 lbs beef/acre, this translates to a total fertilizer application rate 
of 130 lbs N/acre.   

“Typical” practice would be to apply 100 lbs N/ac as a single application in the fall to all 
fields, with another 30 lbs N/ac applied as topdress in the spring for grazing.  This exercise, 
however, demonstrated how nitrogen in the soil profile can be “mined” for utilization by the 
wheat crop.  Nitrogen levels in the soil, as indicated by soil test results, were used to 
calculate a new fertilizer application rate.   

In 1996, surface and sub-soil test results averaged approximately 140 lbs NO3-N/acre for all 
eight fields, indicating an abundance of available nitrogen.  No nitrogen applications for 
grain production were recommended for fall 1996.  In the actual application data, on each of 
two farms, 100 lbs/ac of 18-46-0 (N-P-K) fertilizer was applied to meet an observed 
phosphorus deficiency.  No other nitrogen was applied in fall 1996.  A topdress application 
of 30 lbs N/ac was made on all farms except one (40 lbs N/ac applied) in spring 1997 for 
grazing. 

Total pounds of nitrogen actually applied was obtained by multiplying the acreage of each 
field by the application rate.  Total pounds of nitrogen typically applied was obtained by 
multiplying the acreage by 130.  For all eight fields in the 1996-97 crop year, 38,502 pounds 
of nitrogen were actually applied, compared to 136,370 pounds of nitrogen typically applied.  
This shows a drop from 130 lbs N/ac typically applied to the average actual application rate 
in 1996-97 of 36.7 lbs N/acre, a 71.8% reduction.  

This decrease was immediately noticed in the 1997 soil test results, where the eight-farm 
average dropped to 31.5 lbs NO3-N/acre.  For the 1997-98 crop year, fertilizer application 
rates were again based on soil test results.  Since much of the excess nitrogen had been 
utilized in the previous year, recommended fertilizer application rates for grain production 
rose from 0 to an average of approximately 70 lbs N/acre for the eight fields.  All farms 
applied 30 lbs N/acre in the spring.  The total pounds of nitrogen actually applied was 95,765 
pounds in the 1997-98 crop year, for an average application rate of 91.3 lbs N/acre.  This is a 
29.8% reduction from typical fertilizer usage.  Using fertilizer on an as-needed basis reduced 
nitrogen buildup in the soil, as shown by the 1998 average soil test reading of 26.6 lbs NO3-
N /acre for the eight farms.   

Yield results from this time period indicated an average of 59.8 bu/acre in 1996-97 and 63.1 
bu/acre in 1997-98.  These yields were well above the 50 bu/acre goal.  In fact, an increased 
yield goal of 60 bu/acre for the 1998-99 crop year was planned.  Unfortunately, fertilizer 
application and yield data for that year were not obtained.   

To summarize, this study showed that at these eight sites (1) both surface and sub-surface 
soil nitrogen levels could be used to calculate a fertilizer application rate for wheat, (2) use of 
nutrient management BMPs reduced fertilizer usage by 50.8% over two years, and (3) use of 
these BMPs resulted in satisfactory production yields.   
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Table 10-1.  Summary of field conditions and nutrient application recommendations for Burlington nutrient management demonstration. 

  Soil Test Results Recommendations 
NO3-N (#/ac) P K Lime Rec N Grn Rec N Bf Rec P Rec K RecDate Location 

Name pH Buffer 
Index Srf N Sub N Ttl N (#/ac) (#/ac) Grain(T/ac) pH(T/ac) (#/ac) (#/100#) (#/ac) (#/ac) Suggestions 

06/20/96 A 5.1 6.7 61 92 153 50 567 0.5 1.4 0 30 12 0 1T Lime/a  
07/28/97 A 5.8 7.0 14 24 38 49 697 0 0 62 30 13 0  
06/22/98 A 5.5 6.9 9 19 28 72 686 0 0 97 30 0 0  
07/01/96 B* 5.5 7 48 116 164 45 478 0 0 0 30 16 0  
07/11/97 B 5.8 7.1 6 8 14 67 446 0 0 86 30 0 0  
06/22/98 B 5.5 6.9 8 19 27 38 403 0 0 98 30 22 0  
07/01/96 C 5.3 6.9 32 59 91 39 521 0.5 1 9 30 21 0 1T Lime/a  
07/22/97 C 5.8 6.9 12 14 26 42 604 0 0 75 30 18 0  
06/22/98 C 5.6 7 7 14 21 42 538 0 0 105 30 18 0  
06/20/96 D 5.7 7 39 132 171 49 479 0 0 0 30 13 0  
07/11/97 D 5.4 6.9 11 14 25 72 670 0.5 1 76 30 0 0 limed 1997 
06/22/98 D 7.4 - 7 32 39 27 272 0 0 86 30 33 0 100#18-46-0/ac+N
06/20/96 E 5.2 6.9 47 189 236 61 585 0.5 1 0 30 3 0 1T Lime/a  
07/28/97 E 5.5 6.9 21 41 62 80 664 0 0 39 30 0 0  
06/22/98 E 5.6 7 6 14 20 47 499 0 0 106 30 14 0  
06/20/96 F 5.8 7.1 33 76 109 60 707 0 0 0 30 4 0  
07/11/97 F 5.9 6.9 6 11 17 95 753 0 0 83 30 0 0  
06/22/98 F 5.8 7 10 22 32 66 658 0 0 93 30 0 0  
07/01/96 G 5.9 7.1 28 27 55 28 462 0 0 45 30 32 0 100# 18-46-0/ac 
07/22/97 G 6 7.1 13 22 35 37 553 0 0 65 30 23 0  
06/22/98 G 5.7 7 8 16 24 32 453 0 0 101 30 28 0 phosphate 
06/20/96 H 5.5 7 34 116 150 35 466 0 0 0 30 25 0 100 #/ac 18-46-0
07/22/97 H 6.4 7.2 5 30 35 20 489 0 0 65 30 40 0 100 #/ac 18-46-0
06/22/98 H 5.6 7 6 16 22 33 435 0 0 103 30 27 0 phosphate 

1996 Avg 5.5 7.0 40.3 100.9 141.1 45.9 533.1 0.2 0.4 7.7 30.0 15.8 0.0  
1997 Avg 5.8 7.0 11.0 20.5 31.5 57.8 609.5 0.1 0.1 68.9 30.0 11.8 0.0  
1998 Avg 5.8 7.0 7.6 19.0 26.6 44.6 493.0 0.0 0.0 98.6 30.0 17.8 0.0  
1996 Ttl        1.5 3.4 54 240 126 0  
1997 Ttl        0.5 1 551 240 94 0  
1998 Ttl        0 0 789 240 142 0  
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Table 10-2.  Summary of actual fertilizer application and yield data from Burlington nutrient management demonstration. 

Application & Yield Data 
Acres Fall Fert Spr Fert Lime 18-46-0 Actl N Typcl N Beef Beef/ac Yield Date Location 

Name  (# N/ac) (# N/ac) (#/ac) (#/ac) (#/ac) (#/ac) (#) (#/ac) (bu/ac) Wht Vrty 

06/20/96 A 80 0 30 100 0 2400 10400 6877 86.0 71 Custer 
07/28/97 A 77 60 30 0 0 6930 10010 6900 89.6 66 Custer 
07/01/96 B1 74 0 30 0 0 2220 9620 6279 84.9 69 Jagger 
07/11/97 B 77 70 30 0 0 7700 10010 6000 77.9 68 Jagger 
07/01/96 C 153 0 30 100 0 4590 19890 15249 99.7 57 Jagger 
07/22/97 C 153 65 30 0 0 14535 19890 15300 100.0 65 2137 
06/20/96 D 130 0 30 0 0 3900 16900 10166 78.2 59 2163 
07/11/97 D2 130 70 30 0 0 13000 16900 16800 129.2 58 65ac-Custer 65ac-Jagger
06/20/96 E 152 0 30 100 0 4560 19760 13754 90.5 61 Jagger 
07/28/97 E 152 40 30 0 0 10640 19760 13800 90.8 69 2137 
06/20/96 F 156 0 40 0 0 6240 20280 14352 92.0 50 2163 
07/11/97 F 156 70 30 0 0 15600 20280 14400 92.3 51 Jagger-to wet 
07/01/96 G 148 0 30 0 100 7104 19240 10166 68.7 60 2163 
07/22/97 G 148 60 30 0 0 13320 19240 13200 89.2 61 Custer 
06/20/96 H 156 0 30 0 100 7488 20280 13156 84.3 51 Jagger 
07/22/97 H 156 60 30 0 0 14040 20280 13200 84.6 67 2137 

1996 Avg 131.1 0.0 31.4 28.6 28.6 4813 17046 11874.6 85.5 60  
1997 Avg 131.1 61.9 30.0 0.0 0.0 11971 17046 12450.0 94.2 63  
1996 Ttl 1049 0 220 200 200 38502 136370 83122 684.2 478  
1997 Ttl 1049 495 240 0 0 95765 136370 99600 753.7 505  

1Data incorrectly shows 6279 lbs beef obtained on 50 acres for 84 lbs/ac (6279/50=125).  125 lbs/ac seemed improbable so acreage was 
adjusted to 74 to reflect the recorded yield. 

2Data sheet shows "65ac" next to the "Lime" column, but no application rate was recorded.  Also, data states cattle were allowed access to 
150ac alfalfa field in 1997, so beef yields are not directly comparable between years at this location. 
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Oklahoma Cooperative Extension Service 
OSU Extension Facts F-7318 

Integrated Control of 
Musk Thistle in Oklahoma  
 

 
Jim Stritzke, Forage Weed Control Specialist  
Bill Stacey Area, Extension Entomology Specialist  
Gerrit Cuperus, Extension IPM Specialist 
 

usk thistle, Carduus nutans L., was accidentally introduced into the United States and was first 
recorded in 1853. It originated from Europe and has spread from the eastern seaboard 
throughout most of North America. It has become a weed of considerable economic importance, 
especially in range and pasture lands.  

Musk thistle was first identified in Oklahoma (Payne County) in 1944. During the 1950s, additional 
plants from several eastern counties were identified. By the 1960s, musk thistle was common in many 
northeastern counties, particularly around abandoned mine sites. It has spread over much of Oklahoma 
and is currently a serious weed problem in many central and northeastern counties (Figure 1). In 
addition, some isolated problems exist in north central and western counties.  

 
Figure 1. A severe infestation of musk thistle. 

In 1994, musk thistle was declared a noxious weed in four northeast counties (Craig, Delaware, 
Ottawa, and Mayes). The 1994 law has been amended twice. Roger Mills County was added to the law 
in 1995, and in 1998, musk thistle was designated a noxious weed in all counties of Oklahoma. In 
addition, County Commissioners in eight counties (Craig, Delaware, Ottawa, Mayes, Roger Mills, 
McCurtain, Rogers, and Leflore) were given the authority to cut, mow, spray, or otherwise eradicate 
musk thistle and then charge the landowner. 
Spread and proliferation of musk thistle are caused by movement of seed-contaminated hay to 
uninfested areas and dissemination of airborne seed from mature plants along waterways.  

Recognizing the Problem 
Musk thistle is generally classified as an aggressive biennial (two growing seasons needed to mature 
and produce seed). Seedlings can emerge anytime during the growing season when moisture 
conditions are favorable. In most years, primary emergence of seedlings occurs in September and 
October. During the first season, plants normally stay in the rosette stage of growth (Figure 2). In the 
spring of the second season, plants usually start bolting by mid-April, produce flower heads from May 
through June, then die after seed is produced. Musk thistle solitary flower heads are borne on long 
bending stems, and the colorful flowers are usually deep rose to violet or purple. Like other thistles, 
musk thistle is covered with sharp spines but has no hairs on its leaves, while all other thistles in 
Oklahoma have hairs on their leaves. 
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Figure 2. In the rosette stage of growth the leaves are in a basal-cluster with no visible stem.  

Musk thistle can also act like a cool-season annual in Oklahoma when it emerges in late summer or 
early fall and growing conditions are favorable. Evidently, these plants are able to store enough root 
reserves in the fall to enable them to bloom the following spring. This has been noted in early fall 
planted wheat and alfalfa and in over-grazed pastures.  
Musk thistles reproduce entirely by seed. Each plant is capable of producing 10,000 seeds. Some 
seeds may germinate the first year while others may remain viable in the soil for as long as five years. 
Newly established rosettes are inconspicuous and often go unnoticed until they bolt. 
Moderate infestations of musk thistle reduce pasture yields approximately 20 percent. Livestock do not 
graze infested areas, but will feed occasionally on flowerheads. Musk thistle is not a serious problem in 
most crops since tillage operations usually destroy plants before they produce seed. However, musk 
thistle can be a problem in early planted wheat, alfalfa, and clover fields.  

Integrated Management 
Prevention 
Prevention is the first-line defense against musk thistles. This includes: 

1. Do not bring feed or hay infested with musk thistle seed into uninfested areas.  
2. Do not allow any musk thistles to produce seed on or near your area.  
3. Prevent the spread of small infestations by spot-treating and/or mechanical removal of small 

infestations of isolated plants. Remember, one plant can produce up to 10,000 seeds with some 
seeds remaining viable for five years. 

Mechanical Control 
Mechanical control involves tilling and mowing. For example, using a hoe or spade to cut thistle plants 
off below the crown area is an effective way to kill individual plants. Tillage also destroys emerged 
plants. Mowing is best to prevent seed production. To minimize sprouting from lower leaf axils, mowing 
should be as close to the ground as possible and done when terminal heads start blooming. Mowing 
after plants start blooming will result in some production of viable seeds by mowed plants.  

Chemical Control 
Herbicides are very effective for controlling established plants. The table at the right lists recommended 
herbicides for musk thistle control.  
For best results, apply herbicides to musk thistles in October and November. Some resprouting from 
the base of plants has been observed with applications of Ally. If applications of 2,4-D are made in the 
spring, then spraying needs to be done in March and early April before plants start bolting.  
Once musk thistle plants start bolting in April, they are more difficult to control. However, 90 to 100 % 
control of both rosette and bolted plants has been possible with Transline and 2 pints/acre of Grazon P 
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+ D or Weedmaster applied in late April or early May. This means that a timely application of Grazon P 
+ D or Weedmaster at 2 pints /acre applied to pastures in late April or early May to control summer 
weeds like ragweeds, bitter sneezeweed, or other summer weeds would also control musk thistle.  
With all herbicides, it is important that plants be actively growing at the time of application. This means 
spraying when there is adequate soil moisture and daytime air temperature is above 60° F. 
Ammonium nitrate fertilizer (33-0-0) has also been effective for controlling small musk thistle plants. 
Place up to one teaspoon of ammonium nitrate in the center of each rosette (< 8 inch across). This is a 
good option for control of individual plants in alfalfa.  

Biological Control 
Biological control is the use of natural enemies to reduce musk thistle populations once an area is 
infested. Good results with weevils have been reported from several states. Missouri has demonstrated 
a 50 to 95 percent reduction in thistle populations with releases of the thistle head weevil, Rhinocyllus 
conicus Froelich. A natural enemy of musk thistle, thistle weevil larvae feed in the receptacle of 
developing flowers, disrupting seed development. Another weevil, the rosette weevil, Trichosirocalus 
horridus (Panzer), was imported from Italy in 1970 to 1972. It became established in Virginia by 1977, 
and was found to complement the head weevil. The rosette weevil can actually kill small rosettes. On 
larger plants it causes disruption of apical dominance resulting in shorter, multiple-stemmed plants that 
are less competitive than other plants.  
Advantages of biological control include: 1) low cost, 2) non-target organisms are unaffected, 3) 
adjoining infested areas will attract weevils, 4) requires little effort once established, and 5) can be used 
with other methods. 

Weevil Release Program in Oklahoma 
Beginning in 1991, the Oklahoma Cooperative Extension Service and cooperating landowners began a 
head weevil release program in 18 northeast counties in Oklahoma. More than 60,000 thistle head 
weevils have been collected in Missouri and released in Oklahoma. This effort appears to be 
successful, since head weevil establishment has been confirmed at most release sites. Weevil 
populations at most of these sites are high enough for use as collection sites and redistribution at this 
time.  

Herbicides Labeled* Rate  Estimated Herbicide Cost 

2,4-D  2 to 4 pt/A  
(2 oz/gal. for spot spraying) $4 to $8/A 

Weedmaster  11/2 to 2 pt/A  
(1 oz/gal. for spot spraying) $5 to $11/A 

Grazon P+D 2 to 3 pt/A 
(1 oz/gal. for spot spraying)  $6 to $10/A 

Ally  2/10 to 3/10 ounce product /A
(3 cc/gal. for spot spraying)  $5 to $7/A 

Transline  1/3 to 2/3 pt/A 
(1/3 oz/gal. for spot spraying) $12 to $24/A 

*2,4-D, Weedmaster, Grazon P + D, and Ally labeled for pastures and rangelands. Transline is only labeled for 
non-cropland, Grazon P + D is a restricted use pesticide. Read labels for specific information and guidelines.  
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Biology of the Musk Thistle Head Weevil 
The head weevil overwinters as an adult (Figure 3). In early spring, they feed on rosettes, mate, and 
females lay eggs on the emerging seed heads. The eggs are laid on the bracts of developing flowers 
(Figure 4). Each female lays approximately 100 eggs.  

 
Figure 3. Head weevil in the adult stage. 

 
Figure 4. Head weevil eggs. 

Eggs hatch in 6 to 8 days and larvae (Figure 5) feed on flower heads for 25 to 30 days. They stop 
feeding and enter a resting stage (pupation) that lasts another 8 to 14 days. In July, adults emerge to 
seek an overwintering site. A second generation, however, has been observed in some locations. 

 
Figure 5. Head weevil larvae. 

Collecting and Releasing Weevils 
A good time to collect weevils is after plants have bolted 1 to 2 feet (about mid-May). Collect on sunny 
days when weevils are active on the upper portions of the plant.  
Weevils are collected by beating the upper portion of the plant with a dowel rod while holding a sweep-
net or some other device beneath the plant. Leather gloves are required for holding plants. Weevils 
play dead and drop into the sweep-net. Move from one plant to another repeating this process. 
Occasionally tap on the net to keep weevils from escaping.  
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After collecting weevils, sort through the debris and separate weevils from other insects and spiders. 
Place 500 adult weevils in cardboard containers with tight fitting lids. Do not use plastic cartons 
because of moisture accumulation and resulting weevil mortality.  
Weevils can be stored for a week in a refrigerator or ice chest. However, they should be released as 
soon as possible to ensure that eggs are not deposited in storage containers. At least 500 weevils 
should be released at each site. Simply sprinkle weevils over the plants at a rate of about ten per plant. 
Studies have shown that releases are most successful if the area is not mowed or sprayed during 
critical times in the life cycle of the weevil, such as head development. When possible, release in areas 
free from livestock. Remember, it takes five to seven years for weevil populations to reach a point 
where thistle control occurs.  
Interested parties should contact their county Extension office for additional information concerning 
weevil roundups in the spring. 

Integrated Control 
Once an area has a heavy infestation of musk thistles, the most economical approach is an integration 
of various control options. A good integrated management approach would be:  
Release thistle head weevils on thick stands of musk thistle on non-pasture areas (500/site). There is 
a better chance of weevil survival if area is undisturbed for a couple of months after release. It is also 
important to protect these areas for several years to insure maximum opportunity of a successful weevil 
population. After several years, herbicide spraying and mowing can be integrated into these areas.  
Stop seed production on infested pastures and on adjacent areas. There is a significant number of 
musk thistle seeds in the soil on these pastures and they will be there for up to five years. Seed 
production can be stopped by selective mowing and spot treatment with herbicides.  
Integrate control methods. Researchers in Missouri found that the best approach was to spray 
rosettes in the fall and from mid-March to mid-April. Let the head weevils disrupt seed development in 
May and June and then mow in mid-July (Figure 6).  
Figure 3,4 & 5 Photos contributed by Don Arnold, Oklahoma State University. 
Figure 6 contributed by Dr. Benjamin Pulter, University of Missouri.  

 
Figure 6. Integrated control scheme for musk thistle. 

F-7318, Integrated Control of Musk Thistle in Oklahoma (pdf file)  
P*E*A*R*L (Publications Database) 
Oklahoma Cooperative Extension Service 
Division of Agricultural Sciences and Natural Resources 
Oklahoma State University  

This publication was originally published 2-00. This page was created 5-00. 
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Fine Tuning Nitrogen Recommendation for Wheat Forage and Grain 
Production 

 
Hailin Zhang and Gene Krenzer 

Department of Plant and Soil Sciences 
 

•  More residual nitrogen was found when subsoil samples were taken 
•  Nitrogen rates did not significantly affect wheat grain yields in the first year of this study 
•  Grain protein was increased by increasing N rates 
 

 
Nitrogen (N) fertilizer management for wheat forage and grain production is important to 

farmers’ profit and to water quality.  Nearly six million acres of wheat are planted in Oklahoma 
annually, which indicates a tremendous amount of nitrogen fertilizers is used for wheat 
production each year. Most producers fertilize their fields regularly, but do not test their soils 
before planting. Only 4% of Oklahoma producers tested soils at OSU Soils Lab although some 
may send soil samples to other labs. Fertilizing without soil test is neither economically sound 
nor environmentally safe. A significant amount of nitrate-nitrogen (NO3-N) was found in the 
subsoil (6-24”) by a recent statewide soil test program. This is the zone wheat roots can penetrate 
and utilize the nitrate from during growth. Utilizing NO3-N from the subsoil would significantly 
reduce farmers’ fertilizer expenses. Because nitrate is water soluble, movement of the nitrates 
downward in the profile may occur when conditions are favorable.  Thus, soil samples to deeper 
than tillage depth are necessary for a reliable measurement of available N. However, producers 
who collect soil samples for estimating residual N submit few subsoil samples.  One of the main 
reasons for subsoil sampling not being commonly used is the lack of understanding of the 
importance and lack of proper sampling device.  
 
Research Objectives: 
 
1.  To fine-tune N recommendation based on residual N at four soil sampling depths; 
2.  To promote soil sampling by demonstrating the contribution of residual nitrogen in the 

subsoil to winter wheat forage and grain yields. 
 
Procedures: 
 

Two N treatment plots were established on a producer’s fields located a few miles 
southeast of Cherokee. Both sites are on a Grant Silt Loam soil, but one site had a high residual 
soil nitrate nitrogen (South Location), and the other had relatively low soil residual N (North 
Location). At each location, soil samples were taken from four depths and tested for plant 
available nutrients. Nitrogen application rates were targeted for a yield goal of 50 bu/acre (100 
lb/A N) less the available N in 0-6”, 0-12”, 0-18” and 0-24” depth soil. Two additional 
treatments with N rates based on 0-6” depth residual N and 50 bu/acre yield goal plus 30 and 60 
lb/acre N (equivalent to 100 and 200 lbs beef gain for grazing, respectively) were also included. 
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Preliminary Results: 
 
 Wheat test weights, yields and protein contents under different nitrogen rates from two 
locations are shown in Table 1 and 2. No significant differences in yields were found among 
treatments, but grain protein was increased with higher N rates. This study is continuing for the 
second year although the funding was for one year. 
 
Table 1. Nitrogen fertilizer treatment, residual nitrogen in the soil at the end of growing 
season and wheat yields: South Location (Soil type: Grant silt loam) 
 NITROGEN (LB/A)   
 August 2000 June 2001 

TEST 
WEIGHT YIELD PROTEIN 

TREATMENT IN SOIL1 ADDED IN SOIL2 LB/BU BU/A (%) 
NONE APPLIED 55 0 41 61.5 47.2 11.6 
0-24" RECOMMENDED 55 45 38 61.5 42.0 12.4 
0-18" RECOMMENDED 43 57 49 61.5 48.1 12.5 
0-12" RECOMMENDED 29 71 59 61.6 54.1 12.9 
0-6" RECOMMENDED 14 86 53 61.0 52.4 12.7 
0-6" RECOMMENDED + 30 14 116 51 61.1 49.8 12.8 
0-6" RECOMMENDED + 60 14 146 77 60.5 53.5 12.9 
MEAN    61.2 49.6 12.5 
LSD (0.05)       0.7 N.S. 0.8 
1N in the soil is nitrate N based on soil sample Aug. 2000 to the depth indicated. 
2Nitrogen in the soil is nitrate N based on soil sample June 2001 from 0-24". 
 
Table 2. Nitrogen fertilizer treatment, residual nitrogen in the soil at the end of growing 
season and wheat yields: North Location (Soil type: Grant silt loam) 
 NITROGEN (LB/A)   
 August 2000 June 2001 

TEST 
WEIGHT YIELD PROTEIN 

TREATMENT IN SOIL1 ADDED IN SOIL2 LB/BU BU/A (%) 
NONE APPLIED 27 0 23 59.8 28.4 9.4 
0-24" RECOMMENDED 27 73 30 61.1 40.0 11.0 
0-18" RECOMMENDED 23 77 28 60.5 33.6 10.6 
0-12" RECOMMENDED 17 83 36 60.8 33.1 10.7 
0-6" RECOMMENDED 9 91 34 61.0 36.8 11.2 
0-6" RECOMMENDED + 30 9 121 44 60.5 40.3 11.8 
0-6" RECOMMENDED + 60 9 151 53 60.5 39.8 12.1 
MEAN    60.6 36.0 11.0 
LSD (0.05)       0.6 N.S. 0.6 
1N in the soil is nitrate N based on soil sample Aug. 2000 to the depth indicated. 
2N in the soil is nitrate N based on soil sample June 2001 from 0-24". 
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Results of Wheat Aphid Demonstrations 
in the  

Salt Fork Watershed 
Tom Royer, Assistant Professor, OSU Entomology & Plant Pathology 

 
Objectives 
Two replicated experiments were set up, one each in both Alfalfa and Woods counties, to 
demonstrate Integrated Crop Management practices on wheat.  The demonstrations focused on 
the economic value of a sustainable pest management strategy for wheat production, including 
field monitoring/scouting, with the following objectives: 

•  Evaluate the economic return of including dimethoate with a topdress nitrogen treatment 
for aphid control. 

•  Evaluate the economic return of using a scouting based pest management program in 
wheat. 

•  Evaluate the economic return of using Gaucho seed treatment. 

Location 
Plots for demonstrations were established inside the Salt Fork Watershed with 
grower/cooperators in Alva and Burlington, OK.  

Treatments 
The following six treatments were demonstrated at both locations: 

1. Topdress N only  
2. Topdress N + Gaucho 3.00 oz/acre 
3. Topdress N + Gaucho 1.5 oz/acre 
4. Topdress N + Gaucho 0.75 oz/acre 
5. Topdress N + Dimethoate 0.25-0.375 lb ai/A  (applied on 2/19/02) 
6. Topdress N + IPM approach  (Lorsban 0.25-0.50 lb ai/A when threshold is reached) 

Design 
The demonstration utilized a randomized complete block with 4 replications, conducted over 2 
years.  (See Figures 1 and 2 below). 

3 1 2 6 4 5 

      

2 1 5 3 6 4 

      

6 2 4 3 5 1 

      

6 2 4 3 1 5 

Figure 1.  Demonstration plot layout for Alfalfa County. 
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6 5 1 4 3 2 

      

2 4 3 5 1 6 

      

6 3 5 4 2 1 

      

4 5 6 1 3 2 

Figure 2.  Demonstration plot layout for Woods County. 

Results & Conclusions 
Aphid populations at both locations remained low throughout the experiment, averaging less 
than 100 per ft of row in the untreated check.  Slight differences were seen among treatments, 
but were not meaningful.  Yield response reflected the low overall aphid numbers.  There were 
no significant differences in yield at either site.  No recommendations were able to be 
formulated using these data. 

Table 1.  Results of Alva wheat aphid demonstration. 

  Aphids/ft of row 
Treatment Rate* 11/20/97 2/19/98 3/26/98 4/08/98 4/18/98 5/01/98 

Yield (bu/A)

Gaucho 0.75 0 0 0.125 8.25 25.88 22.25 75.5 
Gaucho 1.5 0 0.125 0.625 6.125 211.5 22.25 73.05 
Gaucho 3.0 0.25 0 0.125 1.75 9.75 11.25 77.0 
Dimethoate
(topdress) 

0.375 0 0.25 0.125 2.0 16.6 19.4 76.6 

Untreated  0.5 1.125 1.0 6.88 75.38 27.38 70.84 
         
* Gaucho application rate reported as oz/cwt seed.  Diemethoate application rate is in lb of 
active ingredient/acre. 

Table 2.  Results of Burlington wheat aphid demonstration. 

  Aphids/ft of row 
Treatment Rate* 11/20/97 2/19/98 3/26/98 4/08/98 4/18/98 5/01/98 

Yield (bu/A)

Gaucho 0.75 0.125 0 0.125 1.125 7.0 4.63 72.7 
Gaucho 1.5 0.125 0 0 0.625 7.88 1.25 70.20 
Gaucho 3.0 0 0 0 0.625 3.88 1.25 67.27 
Dimethoate
(topdress) 

0.375 0.375 0 0 0.63 6.75 1.88 76.52 

Untreated  0.5 0 0 0.5 12.25 11.5 72.25 
         
* Gaucho application rate reported as oz/cwt seed.  Diemethoate application rate is in lb of 
active ingredient/acre. 
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Table 12-1.  Summary of yield results from Cherokee wheat variety trial. 

Source Variety 
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AgriPro Jagalene 1         19.7 100 19.7 100 1 
OAES OK94P549-2C 1     57.5 100     57.5 100 1 
CAES Above 1         19.3 95 19.3 95 3 
OAES OK95616-14C 1   73.3 91       73.3 91 4 
KAES Jagger 5 52.5 71 75.6 100 51.4 86 49.8 100 18.2 85 49.5 88 5 
AgriPro Cutter 2       44.7 79 18.9 90 31.8 84 6 
OAES OK95G7012 1   72 82       72.0 82 7 
OAES OK96705-99-6738 1         12.5 80 12.5 80 8 
OAES Cimarron 1 52.9 76         52.9 76 9 
KAES 2137 5 57.6 100 65.8 59 55.1 95 44.2 58 9.9 65 46.5 75 10 
KAES 2145 1         10.7 70 10.7 70 11 
OAES OK96717 1     49.4 64     49.4 64 12 
OAES Custer 5 56.3 94 69.5 73 47.8 50 48.4 95 3.3 5 45.1 63 13 
OAES Ok101 4   73.2 86 53.2 91 37.5 5 8.4 60 43.1 61 14 
OAES Chisholm 5 51.1 53 68.1 68 50.5 68 44.3 68 5.3 45 43.9 61 15 
AgriPro Ogallala 4 52 65 74.2 95 51.3 82 37 0   53.6 60 16 
KAES 2163 2 53.3 82 62.5 36       57.9 59 17 
- Dominator 3 50.9 47 63.8 45 51.1 77     55.3 57 18 
OAES 2174 5 53.5 88 60.2 18 49.1 59 45.9 89 3.8 20 42.5 55 19 
OAES 2174+Gaucho 3     48.6 55 44.3 68 4.8 40 32.6 54 20 
OAES Intrada 3     50.7 73 41.3 32 6.1 55 32.7 53 21 
KAES Karl 92 2 50.6 41 66.1 64       58.4 52 22 
AgriPro Thunderbolt 3     46.9 41 41.8 37 12.2 75 33.6 51 23 
OAES Tonkawa 4 51.3 59 64.2 55 42 23 44.2 58   50.4 48 24 
OAES Ok102 2       45.1 84 3.5 10 24.3 47 25 
KAES Betty 1   63.7 41       63.7 41 26 
OAES OK95G703 1     45.3 36     45.3 36 27 
KAES Trego 3     44.4 32 40.4 26 5.4 50 30.1 36 28 
AGSECO 7853 3 45.6 24 69.8 77 39.3 5     51.6 35 29 
OAES OK95548-98-6654 1         4.5 35 4.5 35 30 
STAR Champ 2 44.9 18 63.9 50       54.4 34 31 
AGSECO Onaga 2       41.8 37 4.3 30 23.1 33 32 
AgriPro Big Dawg 1   61.8 32       61.8 32 33 
AgriPro Tomahawk 4 46.4 29 56.7 0 41.9 18 43.4 53   47.1 25 34 
TAES TAM 302 3   59.1 14 47.6 45 38.5 16   48.4 25 35 
AgriPro Coronado 5 49 35 57.6 5 39.9 9 42.3 47 4.1 25 38.6 24 36 
OAES OK98680 1       40.2 21   40.2 21 37 
TAES Lockett 4   60.2 18 44.2 27 37.6 11 3.7 15 36.4 18 38 
AgriPro Oro-Blanco 3 41.9 6 61.5 27 41.7 14     48.4 16 39 
KAES Ike 1 43.4 12         43.4 12 40 
KAES Heyne 2   58.2 9 38.9 0     48.6 5 41 
AgriPro Longhorn 1 41.3 0         41.3 0 42 
OAES OK96717-99-6756 1         2.9 0 2.9 0 42 
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Table 12-2.  Summary of test weight results from Cherokee wheat variety trial. 
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AgriPro Jagalene 1         55.6 100 55.6 100 1 
OAES OK95G7012 1   59.6 100       59.6 100 1 
OAES OK96717 1     59 95     59.0 95 3 
OAES OK96705-99-6738 1         54.9 95 54.9 95 4 
OAES Cimarron 1 61.3 94         61.3 94 5 
AgriPro Big Dawg 1   59.2 90       59.2 90 6 
OAES Tonkawa 4 60.9 88 58.8 85.7 58.1 72.7 60.1 100   59.5 87 7 
CAES Above 1         54.3 85 54.3 85 8 
OAES Intrada 3     58.8 86 59 74 54.4 90 57.4 83 9 
AGSECO 7853 3 60.3 82 59.2 90 57.8 59     59.1 77 10
AGSECO Onaga 2       59.2 89 52.4 60 55.8 75 11
AgriPro Cutter 2       58.7 68 54 80 56.4 74 12
OAES 2174 5 60.2 71 58.7 71.4 58.2 81.8 59.1 84.2 50.9 50 57.4 72 13
KAES 2145 1         52.9 70 52.9 70 14
AgriPro Thunderbolt 3     57.8 59 59 74 53.5 75 56.8 69 15
- Dominator 3 59.5 41 58.7 71 58.8 86     59.0 66 16
OAES 2174+Gaucho 3     58 68 59.4 95 50.8 35 56.1 66 17
AgriPro Ogallala 4 61.3 94 58.7 71.4 58.1 72.7 57 15.7   58.8 63 18
KAES Karl 92 2 60 65 58.1 57       59.1 61 19
KAES Betty 1   58 52       58.0 52 20
KAES Trego 3     59.4 100 57.7 32 50.5 20 55.9 51 21
OAES Custer 5 60.2 71 58.2 66.6 57 27.2 57.9 47.3 50.8 35 56.8 49 22
OAES Chisholm 5 59.6 47 58.1 57.1 57.4 45.4 57.8 36.8 51.7 55 56.9 48 23
AgriPro Longhorn 1 59.6 47         59.6 47 24
OAES OK94P549-2C 1     57.4 45     57.4 45 25
KAES Jagger 4 58.4 18   56.8 22.7 58 52.6 52.8 65 56.5 39 26
OAES OK102 2       58.4 63 49.3 15 53.9 39 27
AgriPro Oro-Blanco 3 59.8 59 56.2 19 57.2 36     57.7 38 28
OAES OK95616-14C 1   56.8 38       56.8 38 29
KAES 2137 5 58.8 24 57.3 42.8 57.4 45.4 57.8 36.8 50.8 35 56.4 37 30
OAES OK96717-99-6756 1         50.7 30 50.7 30 31
OAES OK101 4   57.5 48 57.3 41 55.5 11 50.5 20 55.2 30 32
KAES Ike 1 59 29         59.0 29 33
AgriPro Coronado 5 59.2 35 56.4 23.8 56.4 18.1 58.2 57.8 48.7 10 55.8 29 34
OAES OK95G703 1     57 27     57.0 27 35
OAES OK98680 1       57.3 26   57.3 26 36
KAES Heyne 2   56.5 33 56.1 14     56.3 23 37
STAR Champ 2 58.3 12 54.8 10       56.6 11 38
AgriPro Tomahawk 4 57.8 6 54.6 5 55.6 9 57.1 21   56.3 10 39
TAES Lockett 4   56.4 24 54.8 0 54.9 5 47 0 53.3 7 40
KAES 2163 2 57.3 0 54.9 14       56.1 7 41
OAES OK95548-98-6654 1         48.6 5 48.6 5 42
TAES TAM 302 3   54.2 0 55.2 5 54.4 0   54.6 2 43
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Figure 12-1.  Site map of Cherokee wheat variety trial. 



Appendix 13: Alva Wheat Variety Trial 

13-1 

Table 13-1.  Summary of yield results from Cherokee wheat variety trial. 
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AgriPro Jagalene 1         28.9 100 28.9 100 1 
OAES OK95G7012 1   72.1 100       72.1 100 1 
AgriPro Cutter 2       62.9 100 24.8 91 43.9 96 3 
CAES Above 1         28.1 96 28.1 96 4 
KAES Jagger 5 67 94 72 95 65.9 100 62.8 96 19.5 83 57.4 94 5 
Cargill Kalvesta 2       59.8 84 18.3 70 39.1 77 6 
AgriPro Thunderbolt 3     59.9 62 59.5 80 22.3 87 47.2 76 7 
AGSECO 7853 3 65.5 88 68.6 70 59.4 48     64.5 69 8 
OAES Custer 5 68.8 100 66.7 60 65.3 95 56.3 48 14.2 39 54.3 68 9 
OAES OK94P549-2C 1     60 67     60.0 67 10 
KAES 2163 2 62.3 76 66.3 55       64.3 66 11 
AgriPro Ogallala 4 63.7 82 70.6 90 63 86 51.5 4   62.2 66 12 
KAES 2145 1         17.6 65 17.6 65 13 
Cargill Cossack 1         16.4 61 16.4 61 14 
KAES Trego 3     65.2 90 56.3 48 15.2 43 45.6 61 15 
OAES Intrada 3     62.6 81 56.9 60 14 35 44.5 59 16 
Cargill Venango 2       57.9 68 15.3 48 36.6 58 17 
OAES 2174 5 59.6 53 69.3 80 60.4 71 57.7 64 12.6 17 51.9 57 18 
Cargill Enhancer 2       61 92 12.8 22 36.9 57 19 
OAES Chisholm 5 59.2 47 69.7 85 58.5 38 60.1 88 13 26 52.1 57 20 
OAES OK101 3     61 76 56 40 15.3 48 44.1 55 21 
OAES 2174+GAUCHO 3     59.5 52 58.9 76 13.4 30 43.9 53 22 
- Dominator 3 59.7 59 68 65 58.4 33     62.0 52 23 
KAES Heyne 2   68.7 75 58.3 29     63.5 52 24 
KAES 2137 5 57.6 29 65.9 45 59.7 57 54.2 24 19 74 51.3 46 25 
AgriPro Tomahawk 4 61.1 71 61 20 57.4 19 58.6 72   59.5 45 26 
OAES OK96717 1     58.7 43     58.7 43 27 
TAES Lockett 4   65.9 45 50.1 0 56.7 56 15.9 57 47.2 39 28 
OAES OK98680 1       55.7 36   55.7 36 29 
OAES Cimarron 1 59 35         59.0 35 30 
AgriPro Coronado 5 57.1 24 59.7 15 57 10 56.2 44 19.2 78 49.8 34 31 
TAES TAM 302 3   61.2 25 57.7 24 55.3 32   58.1 27 32 
AgriPro Oro Blanco 3 59 35 62.7 35 52.3 5     58.0 25 33 
OAES Tonkawa 4 60.5 65 57.6 0 57.2 14 53.5 12   57.2 23 34 
Star Champ 2 54.2 0 63.5 40       58.9 20 35 
OAES OK96705-99R 1       54.1 20   54.1 20 35 
Cargill G1878 2       54.8 28 11.7 9 33.3 18 37 
KAES Karl 92 2 54.8 6 62.1 30       58.5 18 38 
AgriPro Longhorn 1 57 18         57.0 18 39 
OAES OK102 2       53.5 12 11.8 13 32.7 13 40 
KAES Ike 1 56.8 12         56.8 12 41 
KAES Betty 1   59.1 10       59.1 10 42 
AgriPro Big Dawg 1   58.2 5       58.2 5 43 
OAES OK96717-99-6756 1         10.8 4 10.8 4 44 
AGSECO Onaga 2       52.5 8 10.6 0 31.6 4 45 
OAES OK93P656-H 1       47.9 0   47.9 0 46 
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Table 13-2.  Summary of test weight results from Cherokee wheat variety trial. 
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AgriPro Jagalene 1         58.7 96 58.7 96 1 
OAES OK95G7012 1   60.4 95       60.4 95 2 
Cargill G1878 2       61.7 100 58.4 87 60.1 93 3 
AGSECO 7853 3 61.8 100 60.4 95 59.4 81     60.5 92 4 
OAES Intrada 3     59.8 95 61.6 96 58.2 83 59.9 91 5 
AgriPro Thunderbolt 3     59.7 90 61.1 76 58.7 96 59.8 87 6 
OAES Cimarron 1 60.6 82         60.6 82 7 
OAES Tonkawa 4 61.2 94 60 75 58.7 71 61.3 88   60.3 82 8 
AgriPro Longhorn 1 60.3 76         60.3 76 9 
OAES OK96717 1     59 76     59.0 76 10 
KAES Trego 3     60 100 60.3 36 58.6 91 59.6 76 11 
AgriPro Cutter 2       61.2 84 57.1 65 59.2 75 12 
CAES Above 1         57.5 74 57.5 74 13 
OAES OK96717-99-6756 1         57.5 74 57.5 74 13 
AgriPro Ogallala 4 60.7 88 59.3 60 59.5 86 60.6 48   60.0 70 15 
OAES OK96705-99R 1       60.9 68   60.9 68 16 
OAES Chisholm 5 59.3 53 60.2 90 58.2 62 61.1 76 57 48 59.2 66 17 
AgriPro Big Dawg 1   59.4 65       59.4 65 18 
OAES 2174 5 59.8 65 60 75 57.7 52 60.9 68 56.5 30 59.0 58 19 
KAES Karl 92 2 60 71 58.6 40       59.3 55 20 
OAES 2174+GAUCHO 3     57.6 48 61.4 92 56.4 26 58.5 55 21 
- Dominator 3 58.3 24 60 75 58.6 67     59.0 55 22 
OAES Custer 5 59.7 59 59.9 70 58 57 60.8 60 56 17 58.9 53 23 
AGSECO Onaga 2       60.8 60 56.9 43 58.9 52 24 
OAES OK98680 1       60.6 48   60.6 48 25 
KAES 2145 1         57 48 57.0 48 26 
KAES Ike 1 58.7 47         58.7 47 27 
KAES Heyne 2   58.8 55 56.9 33     57.9 44 28 
Cargill Venango 2       60.6 48 56.8 39 58.7 44 29 
OAES OK94P549-2C 1     57.4 38     57.4 38 30 
AgriPro Coronado 5 58.3 24 58.6 40 57.4 38 60.3 36 57 48 58.3 37 31 
Cargill Kalvesta 2       60.3 36 56.6 35 58.5 35 32 
AgriPro Oro Blanco 3 58.4 35 58.6 40 56.5 24     57.8 33 33 
KAES 2137 5 58.6 41 58.5 35 56.3 14 59.5 20 57 48 58.0 32 34 
KAES Jagger 5 57.7 12 57.4 20 56.6 29 59.5 20 57.3 70 57.7 30 35 
KAES Betty 1   57.7 25       57.7 25 36 
OAES OK102 2       59.9 32 55.9 13 57.9 23 37 
OAES OK101 3     56.4 19 58.9 16 56.3 22 57.2 19 38 
AgriPro Tomahawk 4 57.9 18 56.9 15 55.3 10 59.7 28   57.5 18 39 
TAES Lockett 4   57.7 25 54.3 5 58.8 12 54.9 4 56.4 12 40 
Cargill Cossack 1         55.2 9 55.2 9 41 
KAES 2163 2 56.4 6 55.8 10       56.1 8 42 
Cargill Enhancer 2       58.7 8 54.1 0 56.4 4 43 
OAES OK93P656-H 1       58.4 4   58.4 4 43 
TAES TAM 302 3   55.6 0 54 0 58.1 0   55.9 0 45 
Star Champ 2 55.9 0 55.6 0       55.8 0 45 
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Figure 13-1.  Site map of Alva wheat variety trial. 



Appendix 14: Producer Survey Instrument 

14-1 

Salt Fork Cooperator Management Interview 
How would you describe your operation? 

•  Acres 
•  Crops 
•  Number of separate fields 
•  Crop rotation 
•  Tillage methods used 
•  Percent of income from farming 

What kind of recordkeeping do you do? 
•  Field by field history 
•  Crop 
•  Weather 
•  Herbicides/insecticides 
•  Fertilizers 
•  Soil tests 
•  Yield goals and averages 
•  Costs 

How do you deal with weeds, insects, and disease in your crop? 
•  Pesticide use 
•  Choice of pesticide 
•  Who applies pesticide? 
•  How is it determined when to apply? 
•  IPM methods 

o Scouting 
o Grazing management 
o Resistant varieties 
o Biological control 

What is your approach to nutrient management? 
•  Fertilizer application rate for each crop 
•  Split application of fertilizer 
•  Importance of soil tests 
•  Sub-soil testing for nitrogen 
•  Grazing considerations 

What is your view of erosion control practices? 
•  Filter strips 
•  Terraces 
•  Grassed waterways 
•  Reduced tillage/No-till 
•  Riparian area management 
•  Usefulness 
•  Cost 

What do you do differently from your neighbors and why? 
•  Advantage(s) 
•  Why don’t they follow these methods 
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2 50 2700 Wheat, alfalfa, 
grass 

~20 Wheat & alfalfa Conv., disc, chisel, 
sweep, very little 

plowing 

N N N N N N N 

3 60 750 Wheat, alfalfa, 
grass 

6 Wheat & alfalfa Conv Y N Y Y Y Y Y 

4 65 4000 
(2000)

Wheat ~20 None Cnsrvtn, disc, chisel, 
sweep, springtooth 

Most N Y Y Y Y Y 

5 60 4300 Wheat, alfalfa, 
corn, sorghum, 

grass 

19 FSA 
Units 

Wheat & alfalfa, 
corn & wheat for 

grazeout 

Conv, (due to soil types),
disc rip every 3rd yr 

Y N Y Y Test ½ 
fields/yr 

Y Y 

6 50 2000 Wheat, sowed 
feed, grass 

~20 N Conv N N N N N N N 

7 65 4000 Wheat, milo, 
alfalfa 

A lot Milo & wheat Conv, notill on milo (2 
yrs), just started on some 

wht acres 

N N Y Y Y N N 

8 40 1700 Wht, alf, sorg, 
cotton 

Varies All four crops Conv N N Y N N N Profit/loss 
ratio 

 
 Pest Management Nutrient Management 
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2 N NA NA NA Grazing < test or 
area avg 

When 
applicable

Yes No Add 25 
lbs/ac 

3 Y CCA Comm Scout Scout = test Sometimes Y Y Acc to # 
of animals

4 Weeds 
only 

Applicator Comm Usually early 
spring, or as 

needed 

N ≤ test, no 
anhydrous

Usually 
not 

Test ½ 
fields/yr 

N Rarely 

5 Y CCA, 
CropQuest 

Depends 
on chmcl 

CCA, 
convenience 

Rare grzg = tests Usually Test ½ 
fields/yr 

When possible Add 30 
lbs/ac 

6 Y Applicator, 
most 

common 

Comm Scout Scout < test Usually 
not 

Y Recently, no 
results yet 

Usually 
none 

7 CCA CCA Self CCA Area agron 
scouts, 

grazing used 
when 

possible or as 
a last resort 

to failed 
crops 

= test Spr&Fall Annual Annual(CCA) If 
planned. 

Apply fert 
during 

Spr 

8 Y Comm Comm, 
self in 
future 

Crop 
dependent 

none History When 
possible 

Y Important for 
notill 

Not 
usually 
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 Erosion Control 

Pr
dc

r 

Fi
lte

r 
st

ri
ps

 

T
er

ra
ce

s 

W
at

er
w

ay
s 

R
ip

ar
ia

n 

U
se

fu
ln

es
s 

C
os

ts
 

2 None Work Usually work None in use Terraces and Wways help Terraces worth $$ 
3 None Very practical & 

useful 
Very practical & 

useful 
None needed Very important on many 

farms 
Benefits > $$ 

4 Future 
possibility 

Y, ~75% of land Y NA Very important when 
properly used and 

maintained 

Terraces and 
waterways worth 

$$ 
5 Y, esp. near 

livestock areas 
Definitely useful 
when necessary 

Useful when 
necessary 

Erosion not a 
major problem 

NA NA 

6 None Work well Work well None Usefulness > cost  
7 Along crks, 

rivers, &CRP 
Used commonly In conjunction 

with terraces 
Notills highly 

erodible ground
Conv tillage requires 

erosion control 
Usefulness > cost 

8 Good for 
problem areas 

Overused or 
misused 

Overused or 
misused 

N Great importance Profit/Loss key 
evaluation of crop 

 
 

  How would you describe your operation? 
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2 50 2700 Wheat-1000 
Alfalfa-700 
Grass-1000 

~20 Wheat & alfalfa Conventional 
Disc, chisel, sweep, very little 

plowing 
3 60 750 Wheat-550 

Grass-150 
Alfalfa-50 

6 Wheat & alfalfa Conventional 

4 65 4000 Wheat-4000 
(2000 in SF wtrshd) 

~20 None in use Conservation tillage 
Disk, chisel, sweep, 

springtooth 
5 60 4300 Wheat-3800 

Alfalfa-125 (50 irrig) 
Corn-70 (70 irrig) 

Sorghum-200 
Grass-100 

19 FSA Units Wheat & alfalfa 
Corn & wheat for 

grazeout 

Conventional 
Plow (due to soil types) 

Disk rip every 3rd yr 

6 50 2000 Wheat 
Soda feed 

Bluestem grass 

~20 None in use Usually conventional 

7 65 4000 Wheat-3000 (1500 in SF 
wtrshd) 

Milo-800 
Alfalfa-200 

No idea! 
A lot 

Milo & wheat Conventional 
Notill on milo (2 yrs) 

Just started notill on some 
wheat acres 

8 40 1700 Wheat 
Alfalfa 

Sorghum 
Cotton 

Dependent on crops used and in 
what acreages 

All four crops Conventional tillage 
Minimum tillage 

Just starting some notill 
methods 
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  What kind of recordkeeping do you do? 
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2 No particular records are kept. 
3  Y N Y Y Y Y Y 
4  Most N Y, 

when 
used 

Y Y Y Costs in relation to profit is a 
primary concern in all 

aspects. 
5 All records kept on PC. Y N Y Y Test ½ 

farms/yr
Y Y 

6 No specific records are kept. 
7 All records kept on PC.  

Designed program to track 
field operations, crops 
produced, & soil test 

results. 

N N Y Y Y N N 

8  N N Y N N No specific goals or 
averages are set, however, 
productivity is evaluated 

from a profit/loss 
standpoint. 

More specifically, profit/loss 
ratio and how it seems to be 

affected by fertilizers, 
pesticides, and tillage 

methods. 
 

  How do you deal with weeds, insects, and disease in your crop(s)? 
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M
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2 Dislikes environ. 
hazards (esp. 
groundwater), and cost 
of pesticides 

NA NA NA NA Grazing used as pesticide 
alternative 

3  Y CCA Commercial Scouting Scouting 
4 Dislikes environ. 

hazards and cost of 
pesticides 

Weeds 
sometimes, almost 
never for insects 
or disease 

Applicator Comm Usually early spring; 
necessity & 
opportunity also 
considered 

Nonr 

5 CropQuest online 
scouting service used 
when advisor 
unavailable 

Y CCA; 
CropQuest 

Depends on 
chemical 

CCA, convenience Grazing is rarely used in 
place of chemical pest 
control. 

6  Y Applicator; 
One most 
commonly 
used 

Comm Scouting Usually scouts personally 

7  CCA CCA Usually 
applied 
themselves 

CCA Area agronomist scouts; 
Grazing used when 
opportunity is present  or 
as a last resort to failed 
crops 

8  Y Comm Comm 
Self in future 

Crop dependent None 
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  What is your approach to nutrient management? 
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2 Rotates wht & 
alf to replenish 
soil N and avoid 
fertilizer cost and 
hazards 

Slightly < soil test recs or 
avg of what others are 
applying 

When 
applicable 

Play role in app. rate 
determination 

None in use Add ~25 lbs N/ac 

3  Soil tests determine 
appropriate rates as they 
relate to yield goals 

Sometimes Play role in app. rate 
determination 

Also play role in 
app. rate 
determination 

Increase rate according 
to # of animals 

4  As per soil test or slightly 
less, no anhydrous  

Usually not Test ½ fields/yr None in use Crops grown for grain, 
grazing rarely a 
consideration 

5  Determined by soil tests Usually Test ½ fields/yr Taken by area 
agronomist when 
possible (too dry last 
summer) 

Add 30 lbs N/ac 

6  Slightly less than soil test 
recommendations 

Usually not Help determine app. 
rates 

Recently started, no 
results yet 

Usually none 

7  Determined by soil tests For wheat, 
fertilizer 
applied in 
spring & 
fall 

Determine fertilizer 
usage; done annually

Performed annually 
by CCA in 
combination with 
soil tests 

Not a primary 
consideration.  When 
cropland is grazed, 
allowances are made 
during spring fertilizer 
application. 

8  Determined by history of 
how 

When 
possible 

Used and 
recommendations 
are usually followed 

Not used much in 
past, but more 
important with the 
addition of notill 
methods  

Not usually 

 
 What is your view of erosion control practices? 
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2 None in place Work Usually work None in use Terraces and 
waterways a great deal 
of help 

Farming terraces 
increase costs, but well 
worth the alternative 

3 None in use Very practical 
& useful 

Very practical & 
useful 

None needed Very important on 
many farms 

Costs offset by the 
alternative of not 
having them 

4 None at present, they 
are a future 
consideration 

Yes, used on 
~75% of land 

Y NA Very important when 
properly used and 
maintained 

Terraces and 
waterways worth costs 
involved 

5 Yes, esp, near areas 
used by livestock 

Useful when 
necessary 

Useful when 
necessary 

Erosion not a major 
problem 

NA NA 

6 None Work well Work well None Usefulness definitely 
outweighs cost 

 

7 Used along creeks, 
rivers, & as CRP 
ground 

Used 
commonly 

Used in 
conjunction 
with terraces 

Highly erodible 
ground placed into 
notill operations 

When using conven-
tional tillage, erosion 
control is a necessity 

Additional cost 
associations outweigh 
non-use 

8 Appropriate for 
problem areas 

Overused or 
misused 

Overused or 
misused 

NA Of great importance Costs (profit/loss) key 
evaluation of crops 
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Best Management Practices Best Management Practices 
in thein the

Salt Fork WatershedSalt Fork Watershed

EPA 319 Nonpoint Source Pollution Control 
Project
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Project InformationProject Information

! “Demonstration of Best 
Management Practices in the Salt 
Fork Watershed”, FY1997 319(h) 
Task 1100, OCC Task 96

! Funded by EPA and the Oklahoma 
Conservation Commission

 

This presentation was produced as part of The Salt Fork 
Watershed Project, an Oklahoma Cooperative Extension 
education and demonstration project.  It is funded through 
Section 319 of the Clean Water Act, which targets nonpoint 
source pollution.  “Nonpoint source” means the water 
contaminant cannot be traced to a specific site.  
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Why Salt Fork?Why Salt Fork?
! Water Quality Concerns

! High Sediment Levels
! High Nutrient Levels
! Pesticides

! Sedimentation
! Algae Blooms
! Fish kills

 

A 1995 assessment of the Salt Fork of the Arkansas River and 
the Great Salt Plains Lake indicated that NPS pollutants 
impaired the quality of these two water bodies.  Specific 
problems identified included toxicity associated with pesticides 
and metals, high nutrient levels, and high suspended solids.  
Potential sources for these problems include agricultural 
activities, the petroleum industry, channelization, removal of 
riparian vegetation or other stream bank modification, and/or 
highway maintenance and runoff. 
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Project TargetsProject Targets

! Soil erosion
! Excess fertilizer
! Excess pesticides
! Stream bank erosion

 

With regard to wheat management, the project is targeted at 
three main concerns within the Salt Fork watershed; (1) excess 
fertilizer, (2) excess pesticides, and (3) loss of sediment.         
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Salt Fork of the Arkansas River
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The Bird’s Eye View

 

Sl
id

e 
9 

What are BMPs?What are BMPs?

! …operational choices that maintain 
satisfactory yields while protecting 
resources for the long term.

! Good housekeeping and good horse 
sense.

 

This definition is meant to cover all the bases for explaining 
why Best Management Practices are promoted by natural 
resource agencies.  The bottom line is that it makes sense to 
utilize operations that produce good results and protect the air, 
water, and land resources we’ve been blessed with. 
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What are BMPs?What are BMPs?

! Nutrient Management
! Integrated Pest Management (IPM)
! Erosion Control/Soil Conservation
! Riparian management

 

The project is focused on BMPs in three target areas that follow 
directly from the results of the 1995 water quality assessment.  
First of all, in order to reduce the nutrient load in the 
watershed, proper nutrient management is key.  Second, 
Integrated Pest Management, or IPM, methods help reduce the 
amount of pesticides used in agriculture production operations.  
Finally, decreasing sediment loss in runoff is the primary goal 
of erosion control practices. 
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Modeling the sources of Modeling the sources of 
pollutionpollution

! Sediment sources: 
! grazing land in poor condition 
! Cropland
! Stream banks

! Phosphorus: sediment-bound and 
soluble

! Nitrogen: leaching and runoff
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Riparian ManagementRiparian Management

! Protects stream banks
! Provides wildlife habitat
! Protects water quality
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Water Quality Programs
Salt Fork Watershed Producer Survey

1999
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Erosion ControlErosion Control
! Sediment is the number one 

pollutant.
! Chemicals/nutrients are transported 

with soil particles.
! Sediment blocks waterways and 

destroys habitat.

 

The third and final project focus is the reduction of erosion in 
the watershed.  Sediment is the number one pollutant of waters 
in the US, and Oklahoma is no exception.  An added benefit of 
reductions in sediment levels is that the chemicals and nutrients 
bound to soil particles are also controlled, reducing the levels 
of these pollutants in the water as well. 
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Erosion Control BMPs Erosion Control BMPs 
! Terraces
! Grassed waterways
! Conservation tillage
! Filter strips
! Riparian area management

 

Some erosion control BMPs, such as terracing, grassed 
waterways, and conservation tillage, are already commonly 
used in the watershed.  The project also hopes to demonstrated 
the usefulness of filter strips and riparian area management.    
 



Appendix 16: BMP Overview Presentation 

16-5 

Sl
id

e 
24

 
Nutrient Management Nutrient Management BMPsBMPs

! Realistic Yield Goals
! Soil sampling (including subsoil N)
! Manage fields for their unique 

capabilities.
! Split Nitrogen application on sandy 

soils.

 

Nutrient management does not end with knowing how much of 
what to apply.   
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Integrated Pest Management: Integrated Pest Management: 
BMPsBMPs
! Identify the pests: Weeds, Insects  and 

Mites, Diseases
! Select resistant varieties
! Use biological controls and cultural 

practices.
! Use pesticides at economic threshold –

based on scouting.

 

The handbook chapter on pest management considers three 
basic threats to the wheat crop: weeds, insects and mites, and 
diseases.  Full-color photographs in the print version and 
videoclips in the electronic version aid in the identification of 
these pests.  Brief descriptions of the damage potential and 
timing, as well as possible control methods, are also given for 
each pest.    
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BMP: Integrated Pest BMP: Integrated Pest 
Management (IPM)Management (IPM)

! A system of insect, weed, and 
disease management that considers 
all available control methods

! Economic and environmentally 
sound

 

The handbook and the project promote the IPM concept in 
determining pest control methods to be used.  A well-designed 
wheat IPM program involves planning ahead to create the best 
possible conditions for growing a healthy wheat crop while 
limiting pests that may infest the crop.  Consistent field 
monitoring and good record keeping provide a solid 
information base to aid the decision-making process.  The best 
decisions simultaneously optimize profit and environmental 
stewardship. 
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IPM:  WheatIPM:  Wheat

! Variety Selection
! Fertility Management
! Planting Date
! Controlling Volunteer Wheat
! Crop Rotation and Residue Destruction
! Natural Enemies
! Chemical Controls

 

The handbook lists several areas in which the wheat producer 
can implement IPM methods.  Although the overall goal is to 
reduce the use of chemical pesticides, this is sometimes the 
most logical course of action.  Even when chemicals are used, 
IPM methods help reduce the amount utilized and make what is 
used more effective. 
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Wheat Management HandbookWheat Management Handbook
! Introduction
! Wheat Growth, Development, and Yield 

Components
! Wheat Production
! Fertility Management
! Wheat as Forage
! Pest Management
! Harvest Management
! Stored Wheat Management

 

Of 87 producers interviewed for a preliminary survey of the 
area by this project, 82 indicated they raise wheat.  The recently 
released Wheat Management Handbook, developed by the 
OSU Extension Wheat Management team, provides timely 
support to the project.  It covers all aspects of wheat production 
in Oklahoma.  This handbook is available in print or electronic 
form by contacting your local Extension office.   
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Project GoalProject Goal

! Promote and demonstrate Best 
Management Practices that protect 
water quality and maintain 
satisfactory agricultural yields.

 

The goal of this project is to demonstrate practices that 
maintain both agricultural production and natural resources.  
Best Management Practices are designed to do just that.  By 
using these, the productivity of the land will be greater in the 
long run.   
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Best Management PracticesBest Management Practices
!! Best for the LandBest for the Land
!! Best for the AirBest for the Air
!! Best for the WaterBest for the Water
!! Best for UsBest for Us

 

The timing of this project and the unique aspects of the Salt 
Fork watershed provide a great opportunity to demonstrate the 
stewardship of natural resources that can be accomplished with 
agricultural production.   
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Biological Control of Musk Thistle  Biological Control of Musk Thistle  
in Oklahomain Oklahoma

Mary Roduner, OSU Entomology and Plant Pathology
Timothy L. Propst, OSU Biosystems & Ag. Eng

 

 
 

Sl
id

e 
2 

Enemy of the StateEnemy of the State
Common Names: Musk Thistle, 
Nodding Thistle

Scientific Name: Carduus 
nutans L.

1998 Oklahoma State Law: 
Designated a noxious weed in 
all 77 counties

 

Musk thistle was brought from Europe to the US by 
accident in the 1860’s.  Plants are biennials or winter 
annuals, have one main stem and large purplish blooms. 
Propagation is by seed alone.  A single plant may 
produce 10,000 seeds.  Seeds may remain viable in the 
soil for as long as five years. 
Moderate infestations of musk thistle reduce pasture 
yields by about 20%.  Tillage operations usually destroy 
plants in crop fields, but thistles may become a problem 
in early planted wheat, alfalfa, and clover.  Because of its 
negative impact, musk thistle was declared a noxious 
weed by the State of Oklahoma in 1998.  Landowners are 
required to address infestations on their property. 

Sl
id

e 
3 

Musk Thistle Natural PredatorsMusk Thistle Natural Predators

!!Head WeevilHead Weevil
Rhinocyllus conicusRhinocyllus conicus ((FroelichFroelich)     )     
Imported from Italy in 1960’sImported from Italy in 1960’s
One generation per yearOne generation per year

!!Rosette WeevilRosette Weevil
Trichosirocalus horridus (Panzer) (Panzer) 
Imported from Italy in 1970Imported from Italy in 1970--7272
One generation per yearOne generation per year

LT Kok, Virginia Polytechnic Institute and State University

 

In addition to mechanical and chemical methods, 
biological control of this weed is also available.   
Beginning in the 1960’s, US researchers traveled to the 
original home range of these plants in search of its natural 
enemies.  Musk thistle head & rosette weevils were 
recovered from areas near Rome, Italy.  These species are 
best matched to our climate and coordinate their life 
cycle with plant growth in the US. 
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Head Weevil Life Cycle Head Weevil Life Cycle -- EggsEggs

NE Rees, USDA-ARS

MidMid--to late April to late April --
Adults emerge fromAdults emerge from
overwinteringoverwintering, , 
actively feed on actively feed on 
rosettes and materosettes and mate

Early May Early May -- Each Each 
female deposits 35female deposits 35--
40 eggs on 40 eggs on 
undersides of 3undersides of 3--5 5 
flower bracts (100flower bracts (100--
200 eggs total)200 eggs total)

 

When the eggs hatch the larvae immediately tunnel 
through the bracts and into the flower head. 
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Head Weevil Life Cycle Head Weevil Life Cycle -- LarvaeLarvae

! May – Eggs hatch into larvae and 
eat through bracts to thistle head

! Damage to                      
head receptacle, frass
and callous tissue

 

Larvae consume the receptacle tissue of the flower head.  
This breaks the connectives in the vascular system 
preventing nutrients from reaching the developing seeds.  
The plant responds by producing a buildup of callous 
tissue that further restricts nutrient movement.   
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Head Weevil Life Cycle Head Weevil Life Cycle –– Pupae to AdultPupae to Adult

! Early to mid-June: Larvae pupate 
inside thistle head

! Late June to mid-July: Adult 
weevils bore holes through back 
of seed head and emerge

LT Kok, Virginia Polytechnic Institute and State University

 

 Overall, the eggs take 6-8 days to hatch, larvae feed on 
the seed heads for 25-30 days, and pupation lasts 8-14 
days.  Once they emerge in July, most of the new adult 
weevils seek an overwintering site.  In some locations 
however, a second generation in one season has been 
observed.   
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Biological Control?Biological Control?

!Weevils prefer to lay eggs on 
buds with most viable seed

!Weevil Infestation = 
•Weaker plants
•Less viable seed produced
•Less seed in soil seed bank

! Approx. 7-10 years later:
POPULATION CRASH!!!!

 

Viable seed positions:  The healthiest most viable seed is 
located on the top four heads (T, A, B, C) 
Weevils prefer to lay their eggs on these blooms.  When 
all these seeds are destroyed only seed from lower and 
inner blooms are left.  These seeds are less viable and 
produce weaker, smaller plants.   This puts lower quality 
seed in the seed bank.  It becomes a cat chasing it’s tail 
scenario.  Each year the most viable seed is consumed 
and plants become weaker and eventually they will be 
very thin and have only 3-4 blooms.  In about 7-10 years 
there is little seed left in the soil seed bank and the thistle 
population crashes. 
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Population Crash Population Crash –– Craig County, OKCraig County, OK

!!Peabody Coal mine site in Peabody Coal mine site in 
June, 2000 June, 2000 -- 7 yrs. after weevil 7 yrs. after weevil 
infestationinfestation

!!Same site in April, 2001Same site in April, 2001

 

This location and the next both had very spindly plants 
with 2-4 blooms each in 2000.  None of the plants was 
healthy and there were very few rosettes present for 2001 
plants. 
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Population Crash Population Crash –– Nowata Co, OKNowata Co, OK
!!Pasture with musk thistle in Pasture with musk thistle in 
year 2000 year 2000 -- 9 years after 9 years after 
weevil infestation weevil infestation 

!!Same pasture in 2001Same pasture in 2001
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Head Weevil CollectingHead Weevil Collecting

 

Proper collection technique.  In Oklahoma, collections 
are generally done in the first weeks of May.  The 
weevils are active for approximately 5 week.  Best 
collection is done when the plants are almost ready to 
bloom (buds in the pink stage or just opening).  Weevils 
are most active on sunny warm days.  If it is cold, damp, 
or rainy they stay near the ground for shelter. 
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Oklahoma Head Weevil ReleaseOklahoma Head Weevil Release

Head weevil releases from Head weevil releases from 
1991 1991 -- 20012001

Counties with reductions in 
thistle density from 2000-2001

 

These counties were the ones checked by Mary Roduner 
during 2000-2001.  Other counties have had reductions in 
the past but were not verified during these two years.   
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Monitoring Head WeevilsMonitoring Head Weevils

!! Head weevils in low numbers reduce seed production         Head weevils in low numbers reduce seed production         
44--5 larvae/head = 55% viable seed reduction 5 larvae/head = 55% viable seed reduction 
9 larvae/head = 98% viable seed reduction9 larvae/head = 98% viable seed reduction

!! Weevil survival: 17Weevil survival: 17--24 mm blooms, 824 mm blooms, 8--13 larvae survive13 larvae survive
2525--30 mm blooms, 1330 mm blooms, 13--20 larvae survive20 larvae survive

 

Even one or two larvae in a head reduces seed 
production.  
Seeds on the left did not mature, shriveled and dry 
Seeds on the right are mature viable seed 
Seeds are heavy for their size 
The weevil survival numbers are the numbers of larvae 
that do 100% damage (no seeds produced) and still 
survive to adult. If larger numbers of larvae are present, 
there will be a larval die back until only the number the 
flower head can support are left.   Fewer larvae in each 
head will still reduce seed production.   
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Monitoring Head WeevilsMonitoring Head Weevils
!! Females have a preference for Females have a preference for 

terminal outer heads in years 3terminal outer heads in years 3--5 5 
after release after release 

!! From year 6 on there is no From year 6 on there is no 
preferencepreference

!! Weevils move with prevailing Weevils move with prevailing 
winds to new locationswinds to new locations

!! 3535--40 eggs per head 40 eggs per head 

!! Check approximately 25 heads Check approximately 25 heads 
from various areas in standfrom various areas in stand  

Plant structure:  first head to develop is the terminal (T), 
each lateral branch has a terminal (outer heads: A, B, C, 
etc.), the next blooms (inner heads: A1, A2, etc.) 
Weevils can travel as far as eight miles in one year 
looking for more plants to lay eggs on. 
To check for levels of weevil infestation in a thistle 
infestation:  Look at the backs of the four top heads (T, 
A, B, C).  If there are 35-40 eggs per head enough larvae 
will be present to prevent seed development.  Check 
about 25 heads from various locations (edge, middle, 
thick areas, thin areas) in a particular stand 
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Head Weevil Recoveries Head Weevil Recoveries 

Head weevils recovered in 2000-2001

 

Four or more larvae per flower head meant the head was 
well infested. 
 
30% of heads with four or more larvae per head meant 
the site was well infested.   
 
The chart shows the percentage of well infested sites per 
county. 
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Rosette WeevilRosette Weevil
!! TricosirocalusTricosirocalus horridushorridus (Panzer)(Panzer)

The Rosette WeevilThe Rosette Weevil
Imported from Italy in 1960’sImported from Italy in 1960’s

One generation per yearOne generation per year

Eggs deposited on         Eggs deposited on         
underside of rosette leaf midribunderside of rosette leaf midrib

2000+ eggs/female2000+ eggs/female

Larvae feed in rosette center Larvae feed in rosette center 
destroying destroying meristematicmeristematic tissuetissue

 

Meristematic tissue is the growing point of the plant.  If 
this is destroyed the plant must produce new growth 
points.  Production of new shoots is very expensive for 
the plant and reduces it’s ability to produce viable seed.  
Rosette weevils lay eggs starting in the fall on 
overwintering rosettes.  The weevils overwinter as adults, 
eggs, or larvae.  In early spring adults emerge from the 
soil, lay new eggs for several weeks and die.  The 
overwintering & new eggs hatch and the larvae resume 
feeding.  They pupate in April/May and new adults 
emerge about the same time as head weevil adults.  They 
feed for a few weeks and then rest through the summer, 
emerging in the fall to mate & lay eggs. 
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Rosette WeevilsRosette Weevils

Plant damage from rosette weevils

 

(top left) fall germinated seedling (winter annual), almost 
no growth tissue left.  This plant would not have survived 
(top right) spring germinated seedling (biennial), serious 
tissue damage.  This plant will survive but at a reduced 
efficiency rate. 
(bottom left) cross section of a biennial,  growth center 
destroyed and plant will only produce side shoots.  Note 
the amount of dead tissue 
(bottom right) cross section of a biennial, tissue regrowth 
so distorted that much is growing downward into the 
natural cavity of the roots. 
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Rosette WeevilsRosette Weevils

Rosette weevil 
damage short, 
multistem plants
~550 mm

Normal plant 
Normal height 
~1450 mm

Rogers Co., Bell Ranch
rosette weevil damaged 
infestation

 

(left) normal plant; one main stem and multiple blooms 
(middle) rosette weevil damage, multiple stems, short, 
will not produce as many viable seeds, the plant spends 
much of its reserves trying to survive and repair damage 
(right) head weevils were released in 1991 and rosette 
weevils in 1998.  This field in 2000 had approximate 
density of 1 plant per square foot.  Almost 80% of 
weevils collected in 2001 were rosette weevils.  The 
original thistle infestation was 2000+ acres.  In 2001 less 
than 40 acres were still infested. 
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Rosette WeevilsRosette Weevils

Rosette weevil releases and reductions 

 

Rosette weevils released in 1998, 2000, & 2001.  Adair 
Co. had head weevils released in 1991 from MO.  A few 
rosette weevils contaminated some of the containers per 
Bill Stacy.  In 2000 (near Chewey), adult rosette weevils 
were collected 3 weeks before, and miles away from the 
first official release site in that county.  By 2001 the 
rosette weevils from this site had moved a mile away and 
were infesting fields. It took longer with only a few to 
start, but there is now an established population in the 
northwest corner of the county. 
Rosette weevils recovered from Delaware and Rogers 
counties in 2001.  Records from several of the 1998 
release site were lost; no data from those counties. 
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Working TogetherWorking Together
(or the integrated part of IPM)(or the integrated part of IPM)

!! Head weevils can reduce thistle densities in 6Head weevils can reduce thistle densities in 6--10 years 10 years 
when left alone to workwhen left alone to work

!! Rosette weevils are able to begin thistle reduction in 3Rosette weevils are able to begin thistle reduction in 3--4 4 
yearsyears

!! Good pasture management helps reduce thistle viabilityGood pasture management helps reduce thistle viability

!! Spring applied herbicide reduce plant numbersSpring applied herbicide reduce plant numbers

!! Using both head and rosette weevils increases thistle Using both head and rosette weevils increases thistle 
reductionreduction
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Q: Hello ************************* 
T: 2 1 
Hello, my name is __________ and I'm calling from Oklahoma State University on behalf of Drs. 
Mike Smolen and Gerrit Cuperus from the Oklahoma Cooperative Extension Service.  In 1999 you 
participated in a survey with us concerning nutrient and pest management practices.  We would like 
to ask you 12 questions to determine how your practices may have changed since then.  Before we 
start, I want to assure you that your answers are strictly confidential and this will only take about 10 
minutes of your time.   
 
I’D LIKE TO BEGIN BY ASKING YOU SOME QUESTIONS ABOUT THE CROPS YOU PLANT. 
 
1. How many acres of wheat do you farm?  

NUM  (if less than 50, skip to Question 10) 

2. What is your yield goal for wheat?  How many bushels per acre?   
   NUM 

3. How many pounds of Nitrogen per acre do you typically apply to wheat as pre-plant?  
NUM 

4. How many pounds of Nitrogen per acre do you typically apply to wheat as top dress?  
NUM 

5. How many pounds of Phosphate per acre do you typically apply to wheat? 
NUM 

6. Do you have the same yield goals for all fields or do you treat some differently? 
(a) all are the same 
(b) some are different 
ANSWER A OR B 
 

7. Do you utilize conservation tillage practices in any of your wheat fields?  (READ 
DEFINITION:  “Conservation tillage is any system that keeps crop residue on the surface to 
prevent erosion.  This would include chisel plowing, sweep plowing, or disking, but not mold 
board plowing or disk plowing that buries crop residue.”)  

   YES/NO 

8. Would you consider using No-till for wheat?   
YES/NO 

9. What is your average yield for wheat?  Bushels per acre. 
    NUM 

10. Would you consider installing a vegetated buffer between your crop fields and the creek? 
   YES/NO 

11. Would you consider planting trees to hold creek banks? 
   YES/NO 

12. How do you control musk thistle on your land?       
 (RECORD ALL RESPONSES.  ANSWERS ARE CONFIDENTIAL) 

 
THOSE ARE ALL OF MY QUESTIONS.  THANK YOU FOR YOUR TIME.    WOULD YOU BE 
INTERESTED IN A COPY OF THE REPORT ON THIS SURVEY?  IF YES, GIVE NAME AND 
ADDRESS (CONFIDENTIALLY) HAVE A GOOD DAY/EVENING. 
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Agricultural Producers in the Salt Fork Watershed Area of Oklahoma State University 
Follow-up Telephone Survey 

August 2002 
Tables 

 

Q1  How many acres of wheat do you farm? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

 30 1 5.9 0 0.0 0 0.0 1 2.0 
 40 0 0.0 0 0.0 1 4.3 1 2.0 
 100 1 5.9 0 0.0 0 0.0 1 2.0 
 160 2 11.8 0 0.0 0 0.0 2 4.0 
 200 1 5.9 0 0.0 0 0.0 1 2.0 
 240 0 0.0 0 0.0 1 4.3 1 2.0 
 275 0 0.0 1 10.0 0 0.0 1 2.0 
 300 1 5.9 0 0.0 1 4.3 2 4.0 
 400 1 5.9 0 0.0 0 0.0 1 2.0 
 450 0 0.0 0 0.0 1 4.3 1 2.0 
 500 0 0.0 2 20.0 1 4.3 3 6.0 
 600 1 5.9 0 0.0 2 8.7 3 6.0 
 640 1 5.9 0 0.0 0 0.0 1 2.0 
 750 1 5.9 1 10.0 0 0.0 2 4.0 
 800 1 5.9 2 20.0 2 8.7 5 10.0 
 900 0 0.0 0 0.0 1 4.3 1 2.0 
 950 0 0.0 0 0.0 2 8.7 2 4.0 
 1000 0 0.0 1 10.0 1 4.3 2 4.0 
 1010 1 5.9 0 0.0 0 0.0 1 2.0 
 1200 0 0.0 0 0.0 1 4.3 1 2.0 
 1500 0 0.0 1 10.0 1 4.3 2 4.0 
 1585 0 0.0 1 10.0 0 0.0 1 2.0 
 1800 0 0.0 1 10.0 1 4.3 2 4.0 
 2000 1 5.9 0 0.0 1 4.3 2 4.0 
 2500 2 11.8 0 0.0 3 13.0 5 10.0 
 3500 0 0.0 0 0.0 1 4.3 1 2.0 
 3600 0 0.0 0 0.0 1 4.3 1 2.0 
 4000 2 11.8 0 0.0 1 4.3 3 6.0 
 Total 17 100.0 10 100.0 23 100.0 50 100.0 

Q2  What is your yield GOAL for wheat?  How many bushels per acre? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

 20 0 0.0 0 0.0 1 4.5 1 2.1 
 30 2 12.5 2 20.0 0 0.0 4 8.3 
 33 1 6.3 0 0.0 0 0.0 1 2.1 
 35 1 6.3 1 10.0 2 9.1 4 8.3 
 40 1 6.3 2 20.0 12 54.5 15 31.3 
 45 2 12.5 2 20.0 1 4.5 5 10.4 
 50 8 50.0 2 20.0 6 27.3 16 33.3 
 55 1 6.3 1 10.0 0 0.0 2 4.2 
 Total 16 100.0 10 100.0 22 100.0 48 100.0 



Appendix 20: Post-project Survey Results 

20-2 

Q3  How many pounds of Nitrogen per acre do you typically apply to wheat as PRE-PLANT? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

 0 3 18.8 0 0.0 4 19.0 7 14.9 
 10 0 0.0 1 10.0 0 0.0 1 2.1 
 15 1 6.3 1 10.0 0 0.0 2 4.3 
 19 0 0.0 0 0.0 1 4.8 1 2.1 
 30 1 6.3 1 10.0 2 9.5 4 8.5 
 35 0 0.0 0 0.0 1 4.8 1 2.1 
 36 0 0.0 1 10.0 0 0.0 1 2.1 
 40 2 12.5 1 10.0 2 9.5 5 10.6 
 50 3 18.8 0 0.0 7 33.3 10 21.3 
 60 3 18.8 0 0.0 0 0.0 3 6.4 
 62 0 0.0 1 10.0 0 0.0 1 2.1 
 65 0 0.0 1 10.0 0 0.0 1 2.1 
 70 3 18.8 1 10.0 3 14.3 7 14.9 
 80 0 0.0 2 20.0 0 0.0 2 4.3 
 100 0 0.0 0 0.0 1 4.8 1 2.1 
 Total 16 100.0 10 100.0 21 100.0 47 100.0 

Q4  How many pounds of Nitrogen per acre do you typically apply to wheat as TOP DRESS? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

 0 1 6.3 2 20.0 4 19.0 7 14.9 
 20 1 6.3 0 0.0 0 0.0 1 2.1 
 25 1 6.3 0 0.0 1 4.8 2 4.3 
 28 0 0.0 1 10.0 0 0.0 1 2.1 
 30 8 50.0 3 30.0 3 14.3 14 29.8 
 32 0 0.0 1 10.0 0 0.0 1 2.1 
 33 0 0.0 0 0.0 1 4.8 1 2.1 
 40 1 6.3 2 20.0 3 14.3 6 12.8 
 50 1 6.3 0 0.0 5 23.8 6 12.8 
 55 1 6.3 0 0.0 1 4.8 2 4.3 
 56 1 6.3 0 0.0 0 0.0 1 2.1 
 60 0 0.0 0 0.0 1 4.8 1 2.1 
 80 1 6.3 0 0.0 1 4.8 2 4.3 
 90 0 0.0 1 10.0 0 0.0 1 2.1 
 100 0 0.0 0 0.0 1 4.8 1 2.1 
 Total 16 100.0 10 100.0 21 100.0 47 100.0 
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Q5  How many pounds of Phosphate per acre do you typically apply to  wheat? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

 0 5 33.3 0 0.0 6 30.0 11 25.6 
 10 1 6.7 0 0.0 0 0.0 1 2.3 
 11 0 0.0 0 0.0 1 5.0 1 2.3 
 20 1 6.7 1 12.5 0 0.0 2 4.7 
 23 0 0.0 1 12.5 0 0.0 1 2.3 
 25 0 0.0 0 0.0 1 5.0 1 2.3 
 28 2 13.3 0 0.0 0 0.0 2 4.7 
 30 1 6.7 0 0.0 4 20.0 5 11.6 
 34 0 0.0 1 12.5 0 0.0 1 2.3 
 35 0 0.0 1 12.5 1 5.0 2 4.7 
 45 0 0.0 0 0.0 1 5.0 1 2.3 
 46 4 26.7 0 0.0 5 25.0 9 20.9 
 50 0 0.0 1 12.5 1 5.0 2 4.7 
 65 0 0.0 1 12.5 0 0.0 1 2.3 
 70 0 0.0 1 12.5 0 0.0 1 2.3 
 92 0 0.0 1 12.5 0 0.0 1 2.3 
 100 1 6.7 0 0.0 0 0.0 1 2.3 
 Total 15 100.0 8 100.0 20 100.0 43 100.0 

Q6  Do you have the same management yield goal for all your fields, or do you treat some fields differently? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

1 All are the same 12 75.0 6 60.0 14 63.6 32 66.7 
2 Some are different 4 25.0 4 40.0 8 36.4 16 33.3 
 Total 16 100.0 10 100.0 22 100.0 48 100.0 

Q7  Conservation tillage is any system that keeps crop residue on the surface to prevent erosion.  This would 
include chisel plowing, sweep plowing, or disking, but NOT mold board plowing or disk plowing that buries 
crop residue.  Do you utilize conservation tillage practices in any of your wheat fields? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

1 Yes 15 93.8 7 70.0 20 90.9 42 87.5 
2 No 1 6.3 3 30.0 2 9.1 6 12.5 
 Total 16 100.0 10 100.0 22 100.0 48 100.0 

Q8  Would you consider using No-till for wheat? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

1 Yes 9 56.3 4 40.0 10 45.5 23 47.9 
2 No 7 43.8 6 60.0 12 54.5 25 52.1 
 Total 16 100.0 10 100.0 22 100.0 48 100.0 
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Q9  What is your average YIELD for wheat?  How many bushels per acre? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

 0 1 6.3 0 0.0 0 0.0 1 2.1 
 10 1 6.3 0 0.0 0 0.0 1 2.1 
 12 0 0.0 0 0.0 1 4.8 1 2.1 
 20 0 0.0 1 10.0 0 0.0 1 2.1 
 23 0 0.0 1 10.0 1 4.8 2 4.3 
 25 0 0.0 0 0.0 1 4.8 1 2.1 
 28 0 0.0 1 10.0 0 0.0 1 2.1 
 29 0 0.0 1 10.0 0 0.0 1 2.1 
 30 1 6.3 1 10.0 2 9.5 4 8.5 
 32 0 0.0 1 10.0 3 14.3 4 8.5 
 33 0 0.0 0 0.0 1 4.8 1 2.1 
 35 3 18.8 2 20.0 3 14.3 8 17.0 
 36 0 0.0 0 0.0 1 4.8 1 2.1 
 38 1 6.3 2 20.0 1 4.8 4 8.5 
 40 2 12.5 0 0.0 3 14.3 5 10.6 
 42 3 18.8 0 0.0 0 0.0 3 6.4 
 43 1 6.3 0 0.0 1 4.8 2 4.3 
 45 1 6.3 0 0.0 1 4.8 2 4.3 
 48 1 6.3 0 0.0 0 0.0 1 2.1 
 50 1 6.3 0 0.0 1 4.8 2 4.3 
 55 0 0.0 0 0.0 1 4.8 1 2.1 
 Total 16 100.0 10 100.0 21 100.0 47 100.0 

Q10  Would you consider installing a vegetated buffer between your crop fields and the creek? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

1 Yes 12 70.6 8 80.0 7 30.4 27 54.0 
2 No  2 11.8 1 10.0 4 17.4 7 14.0 
3 Not applicable – no creek banks 3 17.6 1 10.0 12 52.2 16 32.0 
 Total 17 100.0 10 100.0 23 100.0 50 100.0 

Q11  Would you consider planting trees to hold creek banks? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

1 Yes 5 29.4 3 30.0 4 17.4 12 24.0 
2 No 9 52.9 6 60.0 8 34.8 23 46.0 
3 Not applicable – no creek banks 3 17.6 1 10.0 11 47.8 15 30.0 
 Total 17 100.0 10 100.0 23 100.0 50 100.0 

Q12  How do you control musk thistle on your land?  Please tell me all the ways. 
Responses 

We haven't got any yet. 
I turned out weevils, and have sprayed with a mix of round-up, and something else, I don't remember what it was for sure. 
I don't have a problem with it. 
I've been spot spraying with round up. 
I haven't had a problem with it yet and if we do we just pull it out. 
I just plow it up; I haven't really done anything about it, even though I know I should. 
I plow them up and under. I have used the Finesse also. 



Appendix 20: Post-project Survey Results 

20-5 

Q12 (cont’d).  How do you control musk thistle on your land?  Please tell me all the ways. 
I spray with Brash. 
Really we haven't been bothered by that. 
We used tilling and sprayed with round-up. 
We have all of our pastures sprayed every year but I do spot spray or dig some of it out. 
I have used 24D and another chemical; I don't remember the other chemical I have used. 
We spray and I get out there and dig it by hand if we need to. 
I don't have any. 
We don't have a problem with that yet but if we have it we dig it up or spot spray it. 
I try to cut it out or spray it. 
I treat them with Gleen. 
I fight a little bit of that but I just use a herbicide. 
I went and got bugs.  I just did it this spring.  I used to spray and that just didn't work. 
I spray with Grazon, or pull it up. 
I end up spraying it, I suppose. 
I use chemicals; I don't remember for sure what they are. 
Usually I just spray it. 
I spray with 24D mixed with Hyvar. 
Currently I am spraying it. 
I hand pick them and use some spray. 
I chop it out early. 
This year I sprayed. I just go out and dig it up. 
Grazon spraying. 
I chop it off or spray with Grazon p+d 
I don't have any 
I haven't got any. 
I usually spray. 
We really don't have that problem on our cropland. 
We treat it very carefully.  Up until this year we've been spot spraying and we have put out some weevils. 
We do it by hand and spray. 
I spray all my pastures but I usually don't spray all my land. 
Well we do it with weevil.  I sprayed them to start with. 
We use Cimarron Max. But we only have the problem in our grass pasture, not the crop field. 
I don't have a problem in my crop fields. 
I dig it up. 
We do it mostly by hand. 
We used to spray, but haven't in a few years. 
We spray with Round-up and hand chop. 
I've had it sprayed with an airplane or use a shovel. 
I try and spray it.  If there's not very many I take a hoe to it. 
I don't have any. 
So far we've been lucky enough not to have any. 
This year we started a program of spraying.  I personally walk all of my land with a hand sprayer. 
We do it by hand cutting and spraying with Grazon, or a 240 product. 
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Q13  Those are all of my questions.  Would you be interested in a copy of the report on this survey? 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

1 Yes 11 64.7 7 70.0 19 82.6 37 74.0 
2 No 6 35.3 3 30.0 4 17.4 13 26.0 
 Total 17 100.0 10 100.0 23 100.0 50 100.0 

county  County code 
  Alfalfa County Grant County Woods County All Respondents 
  n % n % n % n % 

1 Alfalfa county 17 100.0 0 0.0 0 0.0 17 34.0 
2 Grant county 0 0.0 10 100.0 0 0.0 10 20.0 
3 Woods county 0 0.0 0 0.0 23 100.0 23 46.0 
 Total 17 100.0 10 100.0 23 100.0 50 100.0 
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