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Executive Summary 

This report details OCES activities from 1996 – 2000 in support of the FY 1996 CWA 319(h) 
Nonpoint Source Pollution Program grant, “Task 600: Capture and Recycle Technology for 
Pollution Prevention in the Nursery Industry,” (OCC Task #83, OSU Account No. 3-5-90250, 
Contract No. AG-96-EX-059).  The grant was administered by OCC.  Key personnel at OSU 
included Project Director Michael D. Smolen (OCES Water Quality Programs Coordinator) and 
Project Managers Sharon L. von Broembsen (OCES Plant Pathologist, Horticulture Crops), 
Michael A. Schnelle, (OCES Ornamental Floriculture Specialist), and Ronald L. Elliott 
(Professor, Soil & Water Resources). 

Task I: Management of Project 
Outputs: QAPP, semi-annual, annual reports  

OCC established a contract with OSU for project activities and to cost share treatment 
equipment with Greenleaf Nursery.  A copy of the approved workplan is included as Appendix 1.  
Based on project team recommendation, however, treatment equipment was not purchased and 
the task was reprogrammed to accommodate the change. 

Semi-annual and annual reports were submitted as required.  The QAPP for the pathogen 
research was submitted by October 1997 (Appendix 2).  The stormwater recycling study QAPP 
was submitted by October 1999 (Appendix 3).  EPA approved both documents.   

Task II: Analysis of hydraulic performance and design of capture and recycle system. 
Milestones: Simulate hydraulics of capture and recycle system, including recycle 
Outputs: Teaching module for engineering students 

OSU graduate research assistant, Heath Sand, developed a simulation model of hydraulics at 
Greenleaf to analyze design and performance of the capture and recycle system.  Results were 
used in operational guidance and a teaching module for an engineering course on irrigation.   

Topographic data from key points at Greenleaf Nursery were used in WaterCAD 3.1 software to 
model the site’s hydraulic system.  The water levels predicted by the computer model followed 
the same general trends as the observed water levels.  Errors in the volume balance were 
compared to the average pumping volumes for each basin.  Overall, model error was less than 
25% of the average daily pumping volume more than 80% of the time and less than one-half the 
average pumping volume more than 92% of the modeling period.  More accurate methods for 
measuring pumping rates would likely improve model performance.  A thesis detailing this 
model was published (Sand, 1999).  Results of the hydraulic modeling study were also 
presented at the 1998 ASAE annual meeting (Appendix 4).   

An aerial map was developed and provided to Greenleaf Nursery for their use.  A copy of the 
map is included in the digital version of this report.  In addition, a teaching module (Appendix 5) 
was developed to facilitate basic decision-making and design efforts in engineering design 
courses such as watershed engineering, nonpoint source pollution control, or irrigation.  

Task III: Demonstration of storm water management aspect of the nursery recycling 
system. 
The performance of the recycling system under storm water conditions was evaluated.  
Recommendations were made to reduce offsite contamination.   

This task assessed, during both storm and non-storm conditions, the spatial and temporal 
patterns of nitrate (NO3-N) and total dissolved phosphorus (TP) in irrigation return flows 
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(tailwaters) and rainfall runoff (storm water) on the Greenleaf site.  This information was used in 
a computer model to analyze the performance of the capture and recycle system.  

This work showed that operating retention basins to recycle irrigation return flow is an effective 
pollution prevention technology and best management practice (BMP) for the nursery industry.  
Capturing and using storm water, too, reduces the discharge of nitrogen and phosphorus.  

A dissertation detailing this portion of the project was published (Alexander, 2001).  A report 
summarizing these results was submitted to OCC (Appendix 6).  An aerial map was developed 
and provided to Greenleaf Nursery for their use.  Copies of the photos are provided in the digital 
version of this report. 

Task IV: Demonstrate performance of recycle system with respect to transmission of 
plant pathogens. 
OSU plant pathologists investigated disease propagation under different management 
protocols, demonstrated its effect, and prepared clear recommendations for the industry.  
Preliminary results were presented at the 1998 ASAE meeting (Appendix 7).  A thesis detailing 
this portion of the project was also published (Wilson, 1998) and is referenced in Appendix 8.   

Although concentrations of Phytophthora spp. in irrigation runoff from all parts of the nursery 
were very high, Phytophthora concentrations in recycled water delivered to plants from retention 
basins were low.  This showed that the retention basin itself could be an effective treatment 
system.  Factors that may reduce Phytophthora numbers in the basins include settling, natural 
biological and physical degradation, and dilution.  Pumping from middle levels of the water 
column avoids pathogen structures that settle out and motile zoospores that swim to the 
surface.  No adverse effects on plants watered with recycled water were apparent.  If increased 
disease should develop, water from the source basin could be selected for decontamination.  
Filtration is recommended as the most environmentally sound method of decontamination.   

Specific recommendations concerning plant pathogens were reported to OCC (Appendix 9).  In 
general, these stated; (1) An effective disease management program, which incorporates the 
most proactive management practices, is essential to maintaining low disease levels in 
nurseries adopting capture and recycle technology, and (2) Irrigation management is a key 
factor in managing disease in capture and recycle irrigation systems.   

Task V: Education program for nursery growers. 
Outputs: Fact sheet on capture and treat technology, teaching module for horticulture 
students, Water Quality (Recycling) Manual for Nurseries, Video tape series: Design and 
Management of Water Quality Systems 
Milestones: Greenhouse short course with water quality training element; field trip for 
engineering and horticulture students, field day for key industry people, state agencies, and 
cooperators, statewide training through OSNA conference 

OSU conducted extensive demonstration and educational programs, including field trips to the 
Greenleaf site, videos, Nursery Water Quality website, and water quality manuals.  A workshop 
was held in conjunction with an OSNA (now known as ONLA) annual meeting and coordinated 
with the pesticide applicator certification program.  The project sponsored field trips, workshops, 
and educational meetings for nursery personnel, other professionals, and students.  Flyers, 
abstracts, and presentation outlines from these activities are included in Appendix 10. 

The factsheet on utilizing capture and recycle technology for pollution prevention in the nursery 
industry was published in 1999 (Appendix 11).  Dr. Schnelle lectured to horticulture students at 
OSU-Tulsa in 1999.  His presentation was developed into a teaching module that was 
completed in 2001 (Appendix 12).  A draft of the recycling manual for nurseries was completed 
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in 2001 (Appendix 13).  The videotape was completed and distributed in late 2000.  A 
description of the video’s content is provided in Appendix 14. 

Task VI: Final Report 
This document, including appendices, is the final report. 
Measures of Success 

• Reduction in quantity of runoff water - Although pumping records were requested from 
Greenleaf Nursery, the company never provided them.  However, in the professional 
judgment of the project team, the capture and recycle system reduced runoff quantity more 
than 90%.   

• Reduction of barriers to C&R implementation 
o Controlling propagation of disease - Greenleaf Nursery reported no increase in 

pathogen problems at their Park Hill, OK, location under recycling compared to using 
fresh water exclusively (Appendix 15).  Project results show unequivocally that pathogen 
propagation need not be a barrier if capture basins are designed to reduce pathogen 
concentration and the recycled water is not used on the most sensitive plants.   

o Controlling salt buildup - In one full year of water quality monitoring, there was no 
evidence of salt buildup in the system. 

o Reducing costs - To spread costs out over a longer period of time, the project team 
encouraged a progressive approach to capture and recycle implementation.  Nurseries 
were also educated on ways to integrate traditional BMPs into their operation as different 
parts of the technology were put into place.  Greenleaf Nursery reported a 70% savings 
in water costs at their El Campo, TX, location after implementation (Appendix 15), 
indicating that the technology has the potential to reduce operating expenses.   

• Reduction of nitrogen and phosphorus in runoff – Project results showed that BMP and 
capture and recycle technology implementation combined to produce a steady decrease of 
nitrogen and phosphorus levels in runoff from Greenleaf Nursery from 1989 to 2001 (Tables 
1 and 2, respectively).   

• Evaluation of Impact on Knowledge of Nursery Professionals 
o Pre- and post-tests at project meetings – This aspect of the project was overlooked 

until late in the project period.  Pre-and post-tests were administered at the annual 
OSNA meeting in January 1999, but unfortunately these records have been lost.   

o Post-project survey – A telephone survey of nine selected operators indicated that 
virtually all are familiar with capture and recycle, although it is not widely used.  Capture 
and recycle technology is a topic of interest to the Oklahoma nursery industry.  Cost was 
the most frequently mentioned factor prohibiting more widespread use of the technology.  
Results also suggested a need for more dissemination of project materials, particularly 
methods relating to smaller operations with limited resources and area.   

Conclusions 
Capture and Recycle technology is an effective means of reducing the discharge of nitrogen, 
phosphorus, and pesticides from nursery operations.  Further, it has benefits for storm water 
management. 

Although costly, the use of capture and recycle technology is achievable by many nursery 
operators.  In some locations, it is not only achievable but also essential to meeting 
environmental objectives. 

In this program, performance, design, and operation of a capture and recycle system was 
evaluated.  The demonstration site continues to be used by OSU to educate the industry and 
promote its adoption of the technology.   
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Final Project Report 

This report details OCES activities from 1996–2000 in support of the FY 1996 CWA 319(h) 
Nonpoint Source Pollution Program grant, “Task 600: Capture and Recycle Technology for 
Pollution Prevention in the Nursery Industry,” (OCC Task #83, OSU Account No. 3-5-90250, 
Contract No. AG-96-EX-059).  The grant was administered by OCC.  Key personnel at OSU 
included Project Director Michael D. Smolen (OCES Water Quality Programs Coordinator) and 
Project Managers Sharon L. von Broembsen (OCES Plant Pathologist, Horticulture Crops), 
Michael A. Schnelle (OCES Ornamental Floriculture Specialist), and Ronald L. Elliott (Professor, 
Soil & Water Resources). 

Introduction 
Previously, Task 300 FY92 identified no surface water or groundwater impacts from a selected 
group of nurseries, but its survey was limited in scope and intensity.  In contrast, the Curtis 
Reports (Okla. State Dept. of Agriculture, 1993 and 1994) indicated the presence of high 
concentrations of nitrogen and phosphorus as well as ten different pesticides in runoff from four 
nurseries on the Illinois River.  These conclusions were based on five years worth of OSDA and 
nursery industry monitoring data (1989 through 1993).  The Curtis Reports further demonstrated 
how difficult it is to reduce nitrogen, phosphorus and pesticides to acceptable levels with 
existing technologies.  Similar findings have been noted elsewhere in the U.S. and in Europe. 

The current project was designed to address this problem by demonstrating the reduction of 
pollutants in nursery irrigation tailwaters through the use of “capture and recycle” technology.  
The proposed technology consisted of an engineered hydraulic system with appropriate 
treatment practices to allow re-use of irrigation tailwater.  Re-use of these waters can reduce 
nutrient and pesticide pollution to offsite waters and the treatment system helps prevent disease 
problems, making the technology more acceptable to the nursery industry. 

Although Task 300 FY92 also addressed pollution control for nurseries, no overlap occurred 
between the two projects.  Task 300 focused on BMPs that are widely available and applicable 
in the nursery industry.  These BMPs, however, may not be adequate to control runoff quality to 
meet the needs of Oklahoma’s Outstanding Resource Waters.  Capture and recycle technology, 
on the other hand, has this capacity if employed properly.  Task 300 provided a base from which 
to launch Task 600, a demonstration of the new capture and recycle technology.   

This technology has generated some interest within the nursery industry, but anticipated 
problems of high startup costs and disease propagation have been viewed as seemingly 
insurmountable barriers to its implementation.  In Task 600, information on the new capture and 
recycle technology was presented and its feasibility in a commercial setting demonstrated.  The 
project showed nurseries how to switch over to this technology, set out the costs for different 
options, and gave specific technical information on building and operating such systems. 

Recognizing the expense of this technology, the project also presented alternative emissions-
reducing practices to help operators meet environmental objectives until capture and recycle 
technology can be installed.  This balanced program of advanced technology in combination 
with alternative and supporting practices showed nursery operators how to phase in the new 
technology, implementing it selectively to reduce or spread out their costs.  The project also 
specifically addressed how to manage waterborne plant diseases that can occur when irrigation 
water is re-used.   

An additional concern of nurseries, beyond the capture and recycle of tailwater return flow, is 
management of stormwater using the recycling system.  As part of the project, system 
performance under storm flow conditions was evaluated and recommendations made on 
operation of the water recycling system to retain stormwater runoff. 
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Finally, nursery professionals were educated about pollution control and alternative/supporting 
practices to allow them greater flexibility during the adoption phase.  Information gained through 
this project was also transferred to the industry by incorporating its findings into professional 
courses at OSU in engineering, plant pathology, and horticulture.  To reach its goals, the project 
relied upon this combination of demonstration and educational support, both of which are critical 
to the ultimate adoption of this technology. 

Project Area 
The project area was Greenleaf Nursery, situated on the Illinois River at Lake Tenkiller.  The 
Illinois is one of the few designated Oklahoma Scenic Rivers, and Lake Tenkilller is a 
designated Outstanding Resource Water.  Both water bodies support a thriving recreation 
industry.  Despite these outward signs of quality water, the area is considered only partially 
supporting for its designated uses due to the presence of plant nutrient pollutants, some of 
which derive from nurseries.  The public interest generated by this combination of factors is 
extremely high and greatly increased the visibility of the project.  Addressing such a highly 
publicized problem area benefited the state nonpoint source program, the OCES Water Quality 
program, and the nursery industry.  Greenleaf participated fully in the project, allowing use of 
their facility for demonstration of the capture and recycle technology.  Plant pathologists, 
horticulturists, and agricultural engineers from OSU worked with Greenleaf personnel to 
optimize the design and management of the capture and recycle system to control the build-up 
of salts, avoid propagation of disease, and reduce the discharge of pollutants. 

Project Goals 
The main goal of the project was to demonstrate capture and recycle technology for pollution 
prevention from nursery systems.  The technology works by reducing the amount of tailwater 
runoff water leaving the site, and thereby limiting the discharge of nitrogen, phosphorus, and 
pesticides.  An extensive education program was designed to transfer the technology to the 
nursery industry.  Finally, design and management information developed in the project was 
incorporated into agricultural engineering design courses and horticulture courses to transfer the 
information to future generations of designers and managers. 

Project Management 
The Oklahoma Cooperative Extension Service, under contract with the Oklahoma Conservation 
Commission, conducted the project.  Cooperators included the Oklahoma Department of 
Agriculture, the Conservation Commission, and Greenleaf Nursery. 

Project Tasks 
The goals of the project were accomplished through six different tasks.  A copy of the workplan 
is provided as Appendix 1.  A listing of the six tasks with a discussion of the activities 
undertaken follows. 

Task I: Management of Project 
OCC will establish contract with OSU for project activities and cost share treatment 
equipment with Greenleaf Nursery.  This task includes oversight of the project, 
assistance in writing QAPP, semi-annual/annual reports, and participation in 
educational program. 
Outputs: QAPP, semi-annual, annual reports 

The Project Managers helped ensure that work in the area of their expertise was accomplished.  
Early in the project, principal investigator von Broembsen recommended that treatment 
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equipment was not needed, and Greenleaf Nursery decided not to purchase it.  The task was 
reprogrammed to fund aerial photographic mapping of the area. 

Semi-annual and annual reports were submitted as required.  The QAPP for the pathogen 
research was submitted by October 1997 (Appendix 2).  The stormwater recycling QAPP was 
submitted by October 1999 (Appendix 3).  EPA approved both documents.   

Task II: Analysis of hydraulic performance and design of capture and recycle system. 
OSU will work with Greenleaf to monitor performance of the recycle system.  Aerial 
photomapping will assist with this analysis.  OSU graduate research assistant will 
develop simulation model based on hydraulics at Greenleaf to analyze design and 
performance of system.  Results will be used in development of design guidance and 
a teaching module for engineering course.   
Milestones: Simulate hydraulics of capture and treat system, including recycle 

The purpose of this task was to employ a computer model for simulating the hydraulics of a 
runoff recycling system at the nursery.  An off-the-shelf software package, WaterCAD 3.1, was 
selected and adapted by adding elements to represent components of the recycling system, 
specifically including basins, reservoirs, pumps, and pipes.  Differential GPS was used to locate 
model components accurately (i.e., latitude/longitude/elevation of key points at the nursery).  
These data were used to configure the software to simulate the nursery’s hydraulic system. 

Preliminary analyses led to the selection and installation of electric hour-meters on all the 
pumps at the nursery.  A sonic flow meter was used to measure discharge rates from each 
pump.  Daily readings of the on-times for all pumps, as well as water levels in all basins, were 
also collected in each of seven basins from August 17 through October 30, 1998.  This 
information was used to evaluate model performance.  Modeled water levels in the basins were 
compared to observed water levels using two methods.  First, a time series plot was produced 
to show the water level trends.  Second, modeled water levels were plotted versus observed 
water levels and a simple regression analysis was performed for each basin. 

The water levels predicted by the computer model followed the same general trends as the 
observed water levels.  This suggested that the model adequately simulated the hydraulic 
system at the nursery.  Errors in the volume balance were compared to the average pumping 
volumes for each basin.  Overall, model error was less than 25% of the average daily pumping 
volume more than 80% of the time.  The error was less than one-half the average pumping 
volume more than 92% of the modeling period.  Some basins were more accurately modeled 
than others.  More accurate methods for measuring pumping rates would likely improve model 
performance.  The model is a water management tool the nursery can use to model “what-if” 
scenarios to predict water availability on a one to four day horizon.  The model could provide the 
nursery with valuable information for their water management program.  A thesis detailing this 
portion of the project was published (Sand, 1999).  Results of the hydraulic modeling study were 
presented at the 1998 ASAE meeting (Appendix 4).   

An aerial map was developed and provided to Greenleaf Nursery for their use.  A digital version 
of the map is provided in the electronic version of this report. 

Outputs: Teaching module for engineering students 

A teaching module (Appendix 5) was developed to facilitate basic decision-making and design 
efforts in engineering design courses such as watershed engineering, nonpoint source pollution 
control, or irrigation.  Since the irrigation system and its management are integral to the 
recycling system, the purposes for irrigation and the systems most commonly adapted to 
nursery use are discussed.  A brief history of the development of the container nursery industry 
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provides background, as well as insight into current operating practices.  The module puts the 
water management problem in the context of the industry as it is today, while discussing some 
of the changes shaping it for the future. 

The module also lends itself well to an engineering economic analysis application.  Much of the 
system cost is incurred during construction and installation, while any savings are experienced 
over the system’s useful life.  A discussion of advantages and disadvantages to runoff recycling 
is provided.  Incentives for recycling relate to environmental water quality issues, including legal 
ramifications, sustainability, and public relations benefits.  Factors against recycling are largely 
questions of water quality within the nursery.  The module emphasizes that all of the issues, and 
the competing costs associated with them, must be considered. 

Finally, a short list of exercises related to hydrology, and pump and basin sizing was developed.  
The exercises call for input from an existing nursery or site to be complete.  Design 
considerations in outline form conclude the body of the module.  A list of references consulted in 
the compilation of this information is also included. 

Task III: Demonstration of stormwater management aspect of the nursery recycling 
system. 

The performance of the recycling system under storm water conditions will be 
evaluated.  Aerial photomapping will assist with this evaluation.  Recommendations 
will be made with respect to operation for benefits of reducing offsite contamination.   

The initial research for this task assessed the spatial and temporal patterns of nitrate (NO3-N), 
total dissolved phosphorus (TP), and other dissolved minerals throughout the nursery during 
both storm and non-storm conditions.  Runoff concentrations were compared historically to 
show the changes through time and within storm events to evaluate performance.  A 
dissertation detailing this portion of the project was published (Alexander, 2001), and a report 
submitted to OCC (Appendix 6).  Copies of photos of the capture and recycle system are 
provided in the electronic version of this report. 

As detailed in the QAPP (Appendix 3), a sampling program at 12 stations was maintained for 
one full year (12 months).  This demonstration showed that recycling captured waters is an 
effective pollution prevention technology and BMP for the nursery industry.  The capture and 
recycle system reduced the concentration of fertilizer constituents over time and minimized 
offsite discharges to adjacent bodies of water during both storm and non-storm conditions.  The 
following tables and figures provide a brief history of nutrient levels in Greenleaf nursery water. 

Table 1 indicates a rapid decline of nitrate-N beginning in 1991, when Greenleaf switched to 
slow-release fertilizers and other BMPs.  Nitrate-N declined further in the 1998-99 period, under 
recycling.  Table 2 shows that phosphate-P increased from the1975-1977 monitoring period to 
1989 and declined at most stations from 1991 to present.  On average, there is little difference 
in phosphate-P concentration with and without the recycling system.  For both of these 
nutrients, therefore, the largest decrease in nutrient loss comes from reducing the quantity of 
effluent through recycling water and nutrients. 

As shown in Table 3, there has been a significant reduction in Greenleaf's purchase and 
application of liquid ammonium nitrate (NH4-NO3) in the last decade relative to an increase in 
the facility's number of container beds.  The decrease in the use of liquid ammonium nitrate is 
an indicator of the effectiveness of the facility's retention basins and recycling system.  It further 
suggests that the facility has placed a greater reliance over the past decade on the use of the 
more expensive but more easily managed slow release (Osmocote) fertilizer. 
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Table 1.  Average NO3-N concentrations (ppm) from historical studies at Greenleaf Nursery. 
Date Sample Station No. 

Houghton (OSDA) 1 4 3  2 
Curtis Reports IT-1 IT-2 IT-3a IT-4 & 5 IT-6 

Alexander Ill. River Waterfall Discharge #34 Discharges From
 #1 Outfall From #8C (Up gradient) BD#15E, 26G, 5B

1975-1977 0.70 16.40 15.40  12.10 
1989 1.84 30.22 18.08  44.75 
1990 1.11 32.91 14.44  21.45 
1991 1.29 12.05 18.31  24.94 
1992 1.08 8.58 15.65  14.48 
1993 1.11 6.24 11.85  9.30 
1994 1.10 10.53 6.97  8.57 
1995 0.81 10.13 6.56 0.07 4.27 
1996 1.18 8.65 9.01 0.42 13.12 

1998-1999 1.29 6.14 10.00 <1.00 7.92 

Table 2.  Average Phosphate-P concentrations (ppm) from historical studies. 
Date Sample Station No. 

Houghton (OSDA) 1 4 3  2 
Curtis Reports IT-1 IT-2 IT-3a IT-4 & 5 IT-6 

Alexander Ill. River Waterfall Discharge #34 Discharges From
 #1 Outfall From #8C (Upgradient) BD#15E, 26G, 5B

1975-1977 0.10 0.27 0.31  0.28 
1989 0.38 1.63 0.37  0.43 
1990 0.08 1.11 0.55  0.47 
1991 0.15 1.86 0.65  0.60 
1992 0.10 1.13 0.46  0.44 
1993 0.11 1.09 0.61  0.60 
1994 0.16 1.37 0.43  0.44 
1995 0.09 1.29 0.68 0.10 0.51 
1996 0.12 0.80 0.51 0.07 0.41 

1998-1999 0.08 0.79 0.78 0.08 0.68 

Table 3.  Historic Purchase and Application Rates of Liquid NH4-NO3 at Greenleaf Nursery 
Year 

(Ending Oct.) 
NH4-NO3

Purchased (gal) 
Number of 

Container Beds 
Application Rate 

(gals/bed) 
1991 161,290 12,211 13.2 
1992 112,526 12,787 8.8 
1993 97,459 12,657 7.7 
1994 40,199 12,843 3.1 
1995 40,200 13,400 3.0 
1996 35,548 13,314 2.7 
1997 40,304 13,898 2.9 
1998 31,763 13,810 2.3 
1999 23,508 13,828 1.7 
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Figure 1 compares total phosphate concentration in runoff with that in retention ponds 
throughout the year.  Runoff concentrations are an indicator of what would be leaving the 
nursery if there were no retention ponds.  Retention pond concentration is a measure of actual 
effluent, since all effluent points are connected to the recycle basins.  As significant runoff only 
occurs during storm events, effluent may be considered zero between storm events.  Note pond 
concentration is typically lower than runoff concentration.  No build up in total phosphate 
concentration was observed.  Figure 2 shows nitrate-N in runoff and retention ponds.  Nitrate-N 
concentration in ponds was similar to that of runoff concentration.  No build up was observed. 
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Figure 1.  Comparison of Phosphate-P in runoff and retention ponds at Greenleaf Nursery. 
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Figure 2.  Comparison of Nitrate-N in runoff and retention ponds at Greenleaf Nursery 
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Task IV: Demonstrate performance of recycle system with respect to transmission of 
plant pathogens. 
This task focused on two main objectives: (1) to monitor levels of the pathogen Phytophthora 
spp. in different types of irrigation water (source, runoff and stored water) within the overall 
system before and after implementation of the capture and recycling technology, and (2) to 
evaluate the usefulness of leaf baiting techniques as a practical means of monitoring 
Phytophthora levels in irrigation water.  Preliminary results were presented at the 1998 ASAE 
meeting (Appendix 7), and the full report is detailed in a MS thesis (Wilson, 1998) included as 
Appendix 8.  A summary of the findings follows. 

Irrigation Water Monitoring 
Sampling Design and Methods 

To determine baseline levels of Phytophthora, irrigation water monitoring was initiated in 1997, 
prior to implementation of water recycling.  From April - October 1997, six sites (Table 4) were 
sampled on 12 dates (4/1, 4/15, 4/29, 5/13, 5/27, 6/10, 6/24, 7/8, 7/22, 8/5, 9/4, and 10/9).   
Table 4.  Sampling sites for plant pathogen monitoring 

Sampling Sites Description 
1 Runoff from plant propagation and Phytophthora-sensitive plant area (This 

area receives only fresh water.) 
2 Source water (Lake Tenkiller) 

3, 5, and 6 Runoff from large general production areas 
4 Large storage pond, receives fresh water from Lake Tenkiller, nursery runoff, 

and recycled runoff from the Hub and the Snakepit. 
Hub Main capture pond for recycled water 

Snake Pit Second capture pond for recycled water 

During 1998 the entire nursery, with the exception of the propagation and sensitive-plants areas 
(areas draining to Site 1) used recycled water to varying extents.  The sampling design was 
modified from the previous year to place more emphasis on sampling water inflow and outflow 
from recycle basins.  Site 2 represented inflow from Lake Tenkiller.  Sites 1, 3, and 5, 
representing inflow from production areas, were compared with water supplied to plants from 
the Snake Pit, the Hub, and the large storage pond (Site 4).  This made it possible to study the 
effects of retention and dilution on Phytophthora spp levels in recycled water.   

During both 1997 and 1998, composite water samples were collected at each site in 3.78 L 
containers by taking equal-size sub-samples intermittently from flowing water over a 20-minute 
period.  Temperature, pH, and electrical conductivity were recorded in the field for each sample.  
Samples were transported back to the laboratory at 4 °C in chests.  Samples were assayed for 
Phytophthora spp. by filtering water to recover propagules, inverting filters onto plates 
containing Phytophthora-selective medium, and incubating to allow fungal growth.   

Phytophthora concentrations, expressed as the number of colony forming units per liter (cfu/L), 
were analyzed with respect to sampling site and date.  Five colonies per site per sampling date 
were lifted from isolation plates to pure culture.  These were identified to species level using 
standard methods for identification of Phytophthora spp. 

Results 

In 1997 water temperature ranged from 13 - 33.6 °C, often above the optimum for long-term 
survival of Phytophthora spp.  Sample pH varied from 7.14 to 9.24 and electrical conductivity 
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from 200 to 500 µS/cm.  During 1998 water temperature ranged from 4.8 - 33.3 °C; pH ranged 
from 6.73 to 9.54; and the electrical conductivity averaged about 300 µS/cm.   

In 1997, high sediment levels associated with the primitive runoff ditch at Site 6 interfered with 
the assay method, but samples from the three other runoff sites (Sites 1, 3, and 5) gave 
consistently high Phytophthora levels, averaging 450 cfu/ L over the season, with some samples 
exceeding 1000 cfu/ L.  Peak levels of Phytophthora spp. were recorded in spring (April to mid-
May) and mid- to late summer (July to early September).  In contrast, water pumped to 
production areas from either the lake source (Site 2) or the upper storage basin (Site 4) was 
very clean.  Phytophthora spp. were recovered from Site 2 on two sampling dates and from Site 
4 three times early in the season.  Concentrations were <1-2 cfu/ L in these instances. 

Under recycling conditions, during the 1998 season, extremely high Phytophthora spp. levels 
were again recorded in runoff, with mean concentrations from the two runoff sites averaging 
approximately 450 cfu/L over the season and reaching >1000 cfu/L on occasion.  No 
Phytophthora was recovered from source water delivered from Lake Tenkiller.  Even with high 
runoff levels, water delivered from the Upper Storage basin (Site 4) had extremely low 
concentrations of Phytophthora (<20 cfu/L when detected).  The Snake Pit retention basin did 
not exceed 190 cfu/L at any sampling and water delivered from the Hub retention basin reached 
270 and 400 cfu/L for the April and July samplings, respectively.  

During both years, the same five species of Phytophthora were recovered from water samples, 
with the same relative frequency.  In decreasing order of abundance, the species were P. 
citrophthora, P. cryptogea, P. citricola, P. parasitica, and P. cinnamomi.  Two of these (P. 
cryptogea and P. parasitica) were recovered from water samples taken from small streams 
flowing into upper portions of the nursery from adjacent forest and pasture areas.  Three 
species (P. citrophthora, P. citricola and P. cinnamomi) were recovered in rhododendron and 
dogwood production areas with visibly diseased plants and from roots, media and gravel 
beneath apparently healthy plants adjacent to visibly diseased plants.  

Conclusions 

Data collected during 1997 and 1998 showed that Phytophthora spp. concentrations in irrigation 
return flow from all parts of the nursery were very high in both years.  During the second year, 
under recycling, Phytophthora concentrations in recycled water were much lower than that 
entering basins in return flow.  The extent of this reduction differed from basin to basin.  Factors 
that may be reducing Phytophthora concentrations in the basins include: settling, natural 
biological and physical degradation, and dilution.  The basins differed considerably in geometry 
and detention time, both of which could affect settling efficiency and the natural degradation 
processes.  They also differed in the amount of dilution with lake or storm water in each basin, 
which would affect the concentration directly.  Pump intakes in all ponds were designed to draw 
from middle levels of the water column, thereby avoiding pathogens that settle out and motile 
zoospores that swim to the surfaces.  Careful handling of recycled water and design of basins to 
promote settling and separation of inlet from outlets can control pathogen dispersal.   

Leaf Bait Efficacy Study 
Sampling Design and Methods 

Rhododendron and lemon leaf baits were deployed at all six sampling sites in 1997 on each 
sampling date and recovered after 48 hours of exposure.  The leaf baiting method was revised 
in 1998 after field and laboratory results indicated that rhododendron leaves and lemon leaves 
were equally effective in recovering Phytophthora spp.  Since rhododendron leaves were more 
readily available, lemon leaves were not used in 1998.  In addition, laboratory tests showed a 
24-hour baiting period was equally effective as a 48-hour period, so the duration of exposure 
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was reduced to the more convenient, shorter interval.  In 1998, therefore, Mark Andrews of 
Greenleaf Nursery prepared and deployed rhododendron leaf baits 24 hours prior to each 
sampling visit in surface waters of the Upper Storage, Hub and Snake Pit retention basins, as 
well as Lake Tenkiller.  

The assay technique to detect Phytophthora spp was the same for both seasons.  Leaf samples 
were transported back to the laboratory in cold chests.  As with the water samples, infection of 
leaf bait pieces was determined by plating onto selective medium.  Mean number of infected 
pieces/20 was determined and then analyzed with respect to sampling site and date.   

Results 

In 1997, leaf baits exposed in moving water at runoff sites consistently showed almost total 
saturation of leaf pieces at each sampling.  This reflects the extremely high levels recorded at 
these sites and the continual exposure of the baits to large volumes of infested water over a 48-
hour period.  Leaf baits were often able to detect Phytophthora spp. at the surface of the two 
"clean" water sites (Lake Tenkiller and the Upper Storage Basin) even when no Phytophthora 
was present in corresponding water samples taken at the beginning of the exposure period.  
This sensitivity was also noted in 1998, as leaf baits consistently recovered Phytophthora from 
surface waters of these two sites, even when undetected by the quantitative sampling.  Baiting 
at the two retention basin sites (the Hub and Snake Pit) produced considerably higher numbers 
of Phytophthora-infested leaf pieces than either of the “clean” water sites.  These results 
corresponded with concentrations of Phytophthora spp. recovered from water samples taken at 
the end of each 24-hour bait exposure period.   

Conclusions 

Leaf baiting was shown to be an extremely sensitive method of detecting Phytophthora spp. in 
irrigation water, probably because of the propensity of motile spores (zoospores) to congregate 
near water surfaces due to their negative geotropism.  This method could be a valuable 
pathogen detection tool for nurseries.  A convenient alternative to plating out leaf pieces on 
selective medium is provided by commercially available kits, which utilize an antigen/antibody 
reaction to detect fungal constituents located inside cells.  Since they only give a positive 
reaction once fungal cells lose their integrity, (e.g. during aging or microbial degradation) leaf 
baits, or other plant tissues with potentially recent infections, must be boiled prior to assaying.  
Instructions for this procedure are provided in the kits.  Laboratory tests indicated cross 
reactivity between Phytophthora and Pythium, so the kit would only be recommended as a 
qualitative analysis tool for both of these organisms. 

Task IV Recommendations 
Specific recommendations concerning plant pathogens reported to OCC (Appendix 9) are: 

1. An effective disease management program, which incorporates the most proactive 
management practices, is essential to maintaining low disease levels in nurseries 
adopting capture and recycle technology, and  

2. Irrigation management is a key factor in managing disease in capture and recycle 
irrigation systems.   

At this point there are no apparent adverse effects on plants watered with recycled water.  If 
increased disease does develop, water from specific basins can be selected for 
decontamination, preferably filtration.  Filtration is the most environmentally sound method of 
decontamination since it does not require the use of any toxic agent and leaves the water in a 
more natural state.  Greenleaf Nursery Company has decided that decontamination is not 
warranted at this time. 
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Task V: Education program for nursery growers. 
OSU will conduct extensive demonstration and educational programs, including field 
trips to the Greenleaf site, videos, Nursery Water Quality website, and water quality 
manuals.  Workshops will be held in conjunction with the OSNA annual meetings and 
coordinated with pesticide applicator certification programs.  

Milestones: Conduct Greenhouse short course with water quality training element, conduct 
field trip for engineering and horticulture students, conduct field day for key industry people, 
state agencies, and cooperators, conduct statewide training through OSNA conference 

A field trip to Greenleaf Nursery for BAE students and a group of Dutch engineers visiting the 
OSU BAE Department was held on January 7, 1998.  Project research was presented to an 
international audience at various meetings and published in three Master’s theses and one 
doctoral dissertation.  Oral presentations on disease management for nurseries using recycling 
irrigation were delivered at annual meetings of the Delaware Nursery Association and the 
Oklahoma State Nursery Association (now known as ONLA) during January 1999.  A workshop 
highlighting a simple capture and recycle system for retail nurseries and garden centers was 
conducted on March 31, 1999, at TLC Nursery in Oklahoma City.  On June 2, 1999, a Capture 
and Recycling Field Day was held at Greenleaf Nursery in Tahlequah.  Flyers, abstracts, and 
presentation outlines from these educational activities are included in Appendix 10. 

Outputs: Fact sheet on capture and recycle technology, teaching module for horticulture 
students, Water Quality (Recycling) Manual for Nurseries, Videotape series: Design and 
Management of Water Quality Systems 

The factsheet on utilizing capture and recycle technology for pollution prevention in the nursery 
industry was published in 1999 (Appendix 11).  Dr. Schnelle lectured to horticulture students at 
OSU-Tulsa in 1999.  His presentation was developed into a teaching module that was 
completed in 2001 (Appendix 12).  A draft of the recycling manual for nurseries was completed 
in 2001 (Appendix 13).  The videotape was completed and distributed in late 2000.  A 
description of the video’s content is provided in Appendix 14. 

Task VI: Final Report 
This document, including appendices, is the final report. 

Measures of Success 

• Reduction in quantity of runoff water - Although pumping records were requested 
from Greenleaf Nursery, the company never provided them.  However, in the 
professional judgment of the project team, the capture and recycle system reduced 
runoff quantity more than 90%.  Assuming reasonable irrigation efficiency, as much as 
40% of the irrigation water would be expected to appear as return flow.  This would 
normally leave the site through several outfall points on the nursery.  With the 
completion of the capture and recycle system in 1999, these outfall points were closed.  
Team members, who were on the nursery site several times each month during 1998 
and 1999, observed that after recycling began in 1999, there was only minor leakage of 
irrigation return flow at two points.  Therefore, virtually all return flow was retained in 
capture basins and recycled.   

• Reduction of barriers to C&R implementation 

o Controlling propagation of disease - In a questionnaire developed and 
administered by OSU Master’s student Shanda Wilson in 1998 (Appendix 15), 
Greenleaf Nursery indicated that they had noticed no increase in pathogen 
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problems at their Park Hill, OK, location under recycling compared to using fresh 
water exclusively.  At that time they also expressed concern over pathogen levels 
and were considering the possibility of chlorinating.  However, in the same 
questionnaire, they reported increased foliar Phytophora infestation at their El 
Campo, TX, location, which also recycles, despite using chlorination.  At both 
locations, Greenleaf reported no measurable change in losses of plants to 
disease since the implementation of recycling.  [Greenleaf later concluded that 
chlorination was not necessary].  Project results show that retention basins 
actually reduce the concentration of pathogens in recycled irrigation water.  This 
is accomplished through the interaction of two different mechanisms.  First of all, 
dilution of irrigation runoff in the basins reduces concentration.  Secondly, 
withdrawing water from midlevels of the basins avoids pathogens that have 
settled to lower levels of the water column, as well as motile zoospores that 
congregate at the water’s surface.  Project results show unequivocally that 
pathogen propagation need not be a barrier if capture basins are designed to 
reduce pathogen concentration and the recycled water is not used on the most 
sensitive plants.   

o Controlling salt buildup - In one full year of water quality monitoring, there was 
no evidence of salt buildup in the system. 

o Reducing costs - The project team was well aware of the high initial costs of the 
technology and promoted a progressive approach to its implementation so that 
costs were spread out over a longer period of time.  Nurseries were also 
educated on ways to integrate traditional BMP techniques into their management 
as the different parts of the technology were put into place.  In addition, 
educational events at TLC Nursery in Oklahoma City and the project video 
highlighted low-cost systems to accomplish the capture and recycle objectives. 

Greenleaf Nursery’s responses to the 1998 questionnaire (Appendix 15) suggest 
that location is a major factor in costs associated with implementation of the 
technology.  For example, prior to recycling at the El Campo, TX, location, 
Greenleaf had to pump irrigation water from deep wells.  After implementation of 
recycling, they reported a 70% savings in water costs, due to the decrease in 
pumping costs.  On the other hand, Greenleaf reported a 20% increase in water 
costs at the Oklahoma location on the questionnaire.  However, implementation 
of the technology was not yet complete, and costs were expected to decline.   

At both locations, Greenleaf reported no measurable difference in costs 
associated with pest or disease management.  Fertilization costs were thought to 
be slightly less at the Texas location, but were unable to be quantified.  At Park 
Hill, OK, Greenleaf acknowledged a financial benefit from the fertilizer in the 
runoff going back onto the plants (see below).  In addition, they commented that 
plants uniformly had a better color after implementation of the recycling.   

• Reduction of nitrogen and phosphorus in runoff - Recorded nitrogen and 
phosphorus levels in runoff from Greenleaf Nursery from 1989 to 2001 are shown in 
Tables 1 and 2, respectively.  A steady decrease is seen for the release of both of these 
nutrients from the site.  This can be attributed to the implementation of traditional BMP 
practices, as well as the use of capture and recycle technology.  In addition, Table 3 
shows that Greenleaf has reduced fertilizer use per acre during this same time period.  
By taking into account the nutrients already present in the runoff water, they have 
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reduced the amount of fertilizer applied, resulting in both environmental and financial 
savings. 

• Evaluation of Impact on Knowledge of Nursery Professionals 
o Pre- and post-tests at project meetings – This aspect of the project was 

overlooked until late in the project period.  Pre-and post-tests were administered 
at the annual Oklahoma Nursery and Landscape Association meeting in January 
1999, but unfortunately these records have been lost.   

o Post-project survey –Ten nursery operators familiar to Extension programs 
were identified and selected as the focus for a post-project phone survey.  After 
several attempts to contact them, five responses were obtained.  However, those 
operators that could be contacted were very cooperative, and the interviews 
produced informative discussion.  During discussion, one interviewee inquired 
about capture and recycle usage of two other nurseries.  These two locations 
were added to the call list.  Six more contacts were identified using Internet 
search techniques.  In all, nine operators out of 18 potential contacts were 
interviewed.  A copy of the survey instrument, IRB approval, and complete 
survey results are included as Appendix 16. 

The first question asked, “Have you heard of capture and recycle technology for 
pollution control on nurseries?”  All nine contacts were familiar with capture and 
recycle as a process, but they seemed to be confused by “capture and recycle 
technology.”  Their familiarity was expressed clearly when the interviewer 
expounded upon the question.  This should be remembered for future 
educational programming. 

When asked, ‘Do you currently utilize capture and recycle technology in your 
nursery operation?’, seven of nine operators said they do not.  Five indicated 
they had virtually no runoff because they: they use drip irrigation (2), water by 
hand (1), are 100% retail (1), or do not irrigate (1).  Only two operators indicated 
they utilize capture and recycle as a management tool.  Interestingly, when 
asked this specifically at the start of the interview, one of those who utilize 
capture and recycle replied in the negative.  However, during discussion, he 
commented that they do recycle water (approximately 25% of the nursery 
volume) from a small holding area during July and August to conserve water.  
This suggests there is a concern that capture and recycle is an “all or nothing” 
undertaking.  Future educational programs should highlight, encourage, and 
promote these small, partial recycling efforts.   

The third question, ‘Are you interested in capture and recycle technology?’ had 
the undesired effect of being interpreted two different ways.  As general 
knowledge, all contacts must have had some interest; or else they would not 
have been willing to discuss it at such length.  Several mentioned the operations 
at Greenleaf and their environmental awards, and many discussed other 
operations and facilities about which they had heard or read.  However, several 
“not interested” responses were given because operators were not interested in 
utilizing it in their operation.  Their reasons for this were given in response to 
questions 2 and 4.   

The final question, ‘In your opinion, why is capture and recycle not more widely 
used in Oklahoma?’, was successful in generating discussion about the topic.  
Cost was the most frequently mentioned prohibitive factor.  Three contacts felt 
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that the physical area of the operation could limit usage (i.e., where can a green 
house put a retention pond?)  Two respondents were concerned about increased 
incidence of disease.  One mentioned the potential costs of time and labor 
associated with planning and installation, while another was wary of the 
disruption to the crop cycle that could result.  Another interesting point was 
brought out in one discussion concerning smaller operations.  Evidently, many of 
these small nurseries may only be active for 6-9 months of the year.  With this 
limited usage, it becomes even more difficult to for them to justify the expenditure 
for installing capture and recycle equipment and processes. 

Finally, in addition to operational-, or management-related aspects, some 
respondents indicated that the philosophy behind management also affects 
capture and recycle implementation.  Two respondents mentioned political 
pressure, or lack thereof, as a motivating factor.  And one operator stated the 
challenge that faces all educational programming; “Change is the hardest thing in 
the world.  When somebody’s been doing something one way for 30 years, 
getting them to do something different is just not easy.” 

Conclusions 
Capture and recycle technology was shown effective in reducing the loss of nitrogen, 
phosphorus and other pollutants from the nursery site, with potential benefits for storm water 
treatment.  Through careful management of both irrigation and dilution water, nitrate and 
phosphate levels did not build up in retention basins.  This practice can be considered a BMP. 

Monitoring of plant pathogens showed that the primary pathogen, Phytophthora spp, although 
widespread in the nursery, was not a problem in the capture and recycle system.  Natural 
reduction of pathogen concentration occurs in the recycle basins if there is sufficient hydraulic 
residence time and if water intake for irrigation occurs mid-level in the water column.  No serious 
outbreaks of infection were observed and no disinfection was needed. 

Although costly, the use of capture and recycle technology is achievable by many nursery 
operators.  In some locations, it is not only achievable, but this technology is essential to 
meeting environmental objectives. 

In this program, performance, design, and operation of a capture and recycle system was 
evaluated.  The demonstration site continues to be used by OSU to educate the industry and 
promote its adoption of the technology.   
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Oklahoma’s FY 1996 319(h) Task #600 (OCC Task #83) Page 1 of 6 
Revised June 15, 2000 

Agency: Oklahoma Conservation Commission 
In Cooperation with: 

OSU Cooperative Extension Service 
OSU Agricultural Experiment Station 
Oklahoma Department of Agriculture 
Conservation Districts 

Project Title: Capture and Recycle Technology for Pollution Prevention in the Nursery Industry 

Task:  600 (revision   6/15/2000) 

Introduction: 
This project addresses the problem of reducing pollutants in irrigation tail waters from 

Oklahoma nurseries.  The project will demonstrate the technology through cooperation with a 
nursery on the Illinois River.  The proposed “capture and recycle” technology consists of an 
engineered hydraulic system with appropriate treatment practices to allow reuse of irrigation 
tailwater.  Reuse of these waters will reduce nutrient and pesticide pollution to offsite waters, 
and the treatment system will prevent disease problems, making the technology more acceptable 
to the industry.  

In this program, OSU Cooperative Extension and Greenleaf Nursery will evaluate a 
capture and recycle system to demonstrate its performance, design, and operation.  The 
demonstration site will then be used by OSU to educate the industry and promote its adoption.  
Information gained through this program will also be transferred to the industry by incorporating 
its findings into professional courses at OSU in engineering, plant pathology, and horticulture. 

In Task 600, we will present information on the new capture and recycle technology and 
demonstrate its feasibility in a commercial setting.  This will show nurseries how to switch over 
to this technology, set out the costs for different options, and give specific technical information 
on building and operating such systems.  Further it addresses a major constraint to 
implementation of water recycling systems, specifically how to manage waterborne plant 
diseases that occur when irrigation water is re-used.  

Although Task 300 of FY92 also addressed pollution control for nurseries, there is no 
overlap between it and Task 600.  Task 300 focused on widely available BMPs, applicable 
everywhere in the nursery industry.  These BMPs, however, may not be adequate to control 
runoff quality sufficiently to meet the needs of Oklahoma’s Outstanding Resource Waters.  The 
Capture and Recycle technology, on the other hand, has this capacity if employed properly.  
Task 300 will provide a base from which we can launch Task 600, a demonstration of the new 
capture and recycle technology.   

Note: Task 300 FY92 identified no surface or ground water impacts from a selected 
group of nurseries.  This survey, however, was limited in scope and intensity.  The Curtis 
Reports (Okla. State Dept. of Agriculture, 1993 and 1994) on monitoring of four nurseries on the 
Illinois River from 1989 through 1993, on the other hand, show the presence of high 
concentrations of nitrogen and phosphorus as well as ten different pesticides in nursery runoff 
during five years of OSDA and nursery industry monitoring. The Curtis Reports further 
demonstrated how difficult it is to reduce nitrogen, phosphorus and pesticides to acceptable 
levels with existing technologies.  Similar experiences have been noted elsewhere in the U.S. 
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and in Europe. 

An additional concern of nurseries, beyond the capture and recycle of tailwater return 
flow, is management of stormwater using the recycling system.  As part of the project, system 
performance under storm flow conditions will be evaluated and recommendations made on 
operation of the water recycling system to retain storm water runoff. 

Project Objectives 
The project will demonstrate capture and recycle technology for pollution prevention from 
nursery systems.  Reductions in discharge of nitrogen, phosphorus, and pesticides will be 
accomplished primarily by reducing the amount of nursery runoff water leaving the site.  The 
technology will be transferred to the nursery industry through an extensive education program.  
Design and management information will be incorporated into agricultural engineering design 
courses and horticulture courses to transfer the information to future generations of designers 
and managers. 

Project Area Description 
The project area is the Greenleaf Nursery, situated on the Illinois River at Lake Tenkiller. 

 This area is designated Outstanding Resource Water and Scenic River in Oklahoma.  In 
addition, the area is considered to be partially supporting for its designated use because of 
agricultural pollutants, some of which derive from nurseries.  The area has extremely high 
visibility to the public and will accrue benefits to the water quality program and the nursery 
industry. 

The Greenleaf Nursery has agreed to allow the use of its facilities to demonstrate new 
technology that captures and recycles its irrigation tailwater.  Although there is interest in this 
technology, there are anticipated problems of disease propagation which may restrict its 
implementation.  The technology also has a high startup cost that is a barrier to implementation. 

[Note: In OSU’s view, use of capture and recycle technology, though costly, will be 
achievable by many nursery operators.  OSU also feels this technology will be essential to 
meeting environmental objectives in some locations. Recognizing that this technology is 
expensive, OSU proposes to include alternative practices than can reduce emissions and help 
operators meet environmental objectives until the capture and recycle technology is in place.  
This balanced program, with advanced technology as well as alternatives and supporting 
practices, will allow nursery operators to phase in the new technology, implementing it 
selectively to reduce or spread out their costs.  Further the education of producers about 
pollution control and alternative/supporting practices will allow greater flexibility during the 
adoption phase.  Demonstration and educational support through this program will be critical to 
ultimate adoption of the technology.] 

In this project, plant pathologists, horticulturists, and agricultural engineers will work 
with Greenleaf personnel to demonstrate the design and management of the capture and recycle 
technology, reducing discharge of pollutants while controlling the build up of salts and 
propagation of disease. 
Project Activities 

The project will demonstrate capture and recycle technology for pollution prevention 
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from nursery systems.  The information gained will be incorporated in a nursery handbook, OSU 
reports, and in undergraduate curricula for engineering and horticulture.  On-site demonstrations 
will be followed by an extensive education program for nurseries across Oklahoma.  The 
education program will be shared through a video, a manual, fact sheets, professional society 
presentations, and industry field days. 

Because the principal investigators of this project (von Broembsen, Schnelle, and Elliott) 
are involved in graduate and undergraduate education, what they learn about design, operation, 
and maintenance of these systems will be available to the undergraduate curricula in the 
Agricultural Engineering, Horticulture, and Plant Pathology departments at OSU.  In addition, 
Cooperative Extension will work with the Oklahoma State Nurseryman’s Association (OSNA) to 
offer certification courses that include operation and maintenance of capture and recycle 
systems. 

Although total capture of irrigation tailwater is desirable, some nurseries may find it 
prohibitively expensive in the short term.  In this case, the current project will teach alternatives 
for them to control leaching of chemicals and fertilizers, to select less damaging chemicals, and 
to introduce slow release fertilizer formulations into their operations. 

This project will be conducted by Oklahoma Cooperative Extension Service under 
contract with the Oklahoma Conservation Commission (OCC).  Cooperators will include the 
Oklahoma Department of Agriculture, the Conservation Commission, and Greenleaf Nursery.  
Outputs will include a handbook for operation of such systems, training of managers and 
producers from the nursery industry, and an engineering curriculum addressed to design of 
capture and recycle systems. 

The public participation, or public education, component of this project consists of three 
elements: written materials, classroom education, and a video. The written materials include a 
fact sheet on capture and recycle technology and a water quality manual for nursery operators.  

Classroom education will be aimed to nursery, garden center, and greenhouse operators 
and their staffs, horticulture teachers and other faculty, students in applied and academic 
programs, and pest control operators (PCOs).  The classroom activities include the following: 

Water Quality Symposium at the October 1997 at the Oklahoma State Nurserymen’s 
Association (OSNA) annual trade show and conference 

Annual Short course for greenhouse growers. This short course is taught every June or 
July and offers CEUs for pesticide certification.  Each year this short course has 
water quality content. 

Academic course material from this project will be used in horticulture and engineering 
courses.  A teaching module will be developed for use in the Biosystems and 
Agricultural Engineering curriculum on design of capture and recycle systems, 
and a teaching module will be developed for horticulture students on operation of 
these systems. 

The project leaders have considerable experience in short courses and video conferences 
to share IPM and other technologies with the nursery/greenhouse industry of Oklahoma and 
other states.  This is reflected in a very successful series of two 90-minute satellite video 
programs delivered in 1993 on the Greenhouse IPM program.  That video conference was 
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broadcast to 25 other states. 
An on-site education program will be conducted for nursery growers and students.  This 

entails demonstrations at the Greenleaf Nursery to show growers and students what the recycle 
system looks like, how it is designed, how it operates, and management considerations.  Planned 
is one field day per year for Oklahoma nursery operators and related personnel. 

Project Management 
The project will be managed overall by OCC.  A contract will be written with OSU for the 
demonstration studies and education program.  The Oklahoma Department of Agriculture will 
also participate in the project because of their continued association with the nursery industry. 

Quality Assurance 
Because the objective of this project is education and demonstration, QA procedures are held to 
the minimum necessary to achieve reliable demonstration.  All  analysis will be conducted under 
the QAPP to be submitted June 15, 1999.  Analysis of the performance of the recycling system 
will be conducted under QA/QC of the OSU Soil, Water, and Forage Laboratory, and an updated 
QAPP to be submitted by June 15, 1999. 

Measures of Success 
Reduction in quantity of runoff water leaving the nursery will be taken as a measure of 

success for the demonstration project.  In addition, the project will determine success by 
reducing barriers that restrict implementation of the technology, such as controlling propagation 
of disease, build up of salt, and high costs of design, maintenance, and operation.   

A pre-project record of nitrate and phosphate concentrations exists at the Greenleaf 
Nursery since about 1991.  Efficiency of the recycle system will be estimated from Greenleaf 
Nursery water pumping records.  Each unit of water saved will be assumed to have saved a 
corresponding quantity of nitrogen and phosphorus. 

Nurserymen-oriented classes will include pre- and post-tests to evaluate what they learn 
about the technology and what barriers remain to prevent implementation.  Nursery growers will 
be asked to evaluate the program after the first round of classes and demonstrations to assure that 
the program is on track and will meet their needs.  Finally a post-survey of the nursery industry 
will determine the level of implementation, interest, and remaining barriers associated with the 
technology. 
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Project Milestones  
Task-Project Milestones 

 
Target 

Completion Date 
Prepare QAPP for EPA approval June 15, 1999 
Simulate hydraulics of capture and treat system, including recycle September 1998 
Conduct Greenhouse Short Course with water quality training element July 1997 
Prepare information fact sheet on capture and treat technology March 31, 1999 
Prepare engineering teaching module for undergraduate program, test in 
class 

September 30, 2000

Prepare horticulture teaching module for undergraduate program, test in 
class 

September 30, 2000

Prepare Water Quality (Recycling) Manual for Operators September 30, 2000
Conduct field trip for engineering and horticulture students October 31, 1998 
Conduct field day for key industry people, state agencies, and cooperators June 30, 1999 
Conduct statewide training through OSNA-conference January 1999 
Produce videotape on capture and recycle technology for nurseries 
(replaces satellite video conference) 

September 30, 2000

Prepare final report September 30, 2000

Project Outputs  
All activities will be included in the State's 319 semi-annual and annual report of 

activities to EPA.  

QAPP to EPA  May 31, 1999 
Semi-annual reports to EPA September 30,1996, - September 30, 2000 
Annual Reports to EPA July 1, 1997, July 1, 1998, July 1, 1999 
Fact sheet on capture and treat technology June 30, 1999 
Teaching module for engineering students September 30, 2000 
Teaching module for horticulture students September 30, 2000 
Water Quality (Recycling) Manual for 
Nurseries 

September 30, 2000 

Video tape series: Design and Management 
of Water Quality systems 

September 30, 2000 

Final Report  September 30, 2000 

Project Tasks  
Task I.  Management of Project    Cost: $6,700 
OCC will establish contract with OSU for project activities and cost share treatment 

equipment with Greenleaf Nursery.  This task includes oversight of the project, assistance in 
writing QAAP and Semi-annual/annual reports, and participation in educational program.  

Task II.  Analysis of hydraulic performance and design of capture and recycle system. 
Cost: $42,000 

OSU will work with Greenleaf to monitor performance of the recycle system.  Aerial 
photo mapping will assist with this analysis.  OSU graduate research assistant will develop 
simulation model based on hydraulics at Greenleaf to analyze design and performance of system. 



Oklahoma’s FY 1996 319(h) Task #600 (OCC Task #83) Page 6 of 6 
Revised June 15, 2000 

 Results will be used in development of design guidance and a teaching module for engineering 
course. 

Task III.  Demonstration of storm water management aspect of the nursery recycling 
system.  Cost:  $12,000. 

The performance of the recycling system under storm water conditions will be evaluated. 
Aerial photo mapping will assist with this evaluation.  Recommendations will be made with 
respect to operation for benefits of reducing offsite contamination. 

Task IV.  Demonstrate performance of recycle system with respect to transmission of 
plant pathogens.   Cost:  $48,300 

OSU plant pathologist will investigate disease propagation under different management 
protocols and prepare clear recommendations and demonstrations.  

Task V.  Education program for Nursery growers.   Cost: $44,000 
OSU will conduct extensive demonstration and educational programs, including field 

trips to the Greenleaf site, videos, Nursery Water Quality Website, and water quality manuals.  
Workshops will be held in conjunction with the OSNA annual meetings and coordinated with 
pesticide applicator certification programs. 

Task VI.  Final Report:      Cost: $4,500 
Project Duration:  Three years 

Resource Allocation  
Federal: $ 94,500 
State:  $ 63,000 
Total:            $157,500 
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A1 Approval Page Rev 0, September 2 1997 
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A3 Distribution List, Rev 0, September 2, 1997 
The following individuals will be provided copies of the approved QAPP, and all changes 
to the QAPP, once approved: 

Project Personnel: 

 Michael D. Smolen Extension Water Quality Coordinator 
 Sharon L. von Broembsen, State Specialist, Plant Pathology 
 Ronald L. Elliott, Professor Biosystems and Agricultural Engineering 
 Michael A. Schnelle, State Specialist, Floriculture 
 Shanda K. Wilson, Project Assistant Plant Pathology 

Mark Andrews, Greenleaf Nursery 
Heath Sands, Project Assistant Biosystems & Ag Eng. 

Conservation Commission:  

Mason Mungle, Executive Director  
John Hassell, Water Quality Program Director 

 Phillip Moershel, QA Officer 

Office of Secretary of Environment 

 Sylvia Ritzky 

U.S. EPA Region 6 Personnel 

 Scott Smith 

A4 Project/Task Organization, Rev 0, September 2, 1997 
Phillip Moershel, QA Officer, Oklahoma Conservation Commission, will oversee quality 
assurance guidelines.   

• Michael Smolen, Oklahoma State University Extension Service, Stillwater, is 
responsible for ensuring that the assigned duties and tasks of project personnel are 
completed in accordance with project design and quality assurance guidelines.  
Smolen or his designee will assume the following QA responsibilities: 

• Evaluating data to ensure that accepted criteria are met. 

• Informing the OCC QA Officer of significant issues concerning data 

• Assuring that any appropriate corrective actions regarding QAPP are met 

• Reviewing and revising the QAPP annually 

• Submitting to the OCC QA Officer an annual report of activities conducted under this 
QAPP  

• Maintaining a file including a hard copy of this QAPP   

• Auditing field personnel responsible for activities governed by this QAPP 

• Consultations with the EPA regarding issues pertinent to the conduct of this project 

Principal Investigators: 
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Sharon von Broembsen, Plant Pathology, and Extension State Specialist.  Von 
Broembsen is responsible for all aspects of the project dealing with plant disease 
management, water sampling, and laboratory analyses.  She will evaluate the impact of 
recycling irrigation water on the plant pathogens and disease in the nursery production 
system.  Von Broembsen will do some of the field sample collection and laboratory 
analyses. 

Ronald Elliott, Biosystems and Agricultural Engineering.  Elliott is responsible for 
analysis of hydraulic information, and design of recycle systems. 

Michael Schnelle, Horticulture and Landscape Architecture.  Schnelle is responsible for 
interpretations related to production of ornamental plants, and implementation of the 
education program. 

Field Personnel: 

Shanda Wilson, Project Assistant, Plant Pathology.  Wilson will conduct most of the field 
sampling and laboratory analyses.  She is also responsible for data processing. 

Heath Sands, Project Assistant, Biosystems and Agricultural Engineering.  Sands assists 
in design and analysis of hydraulic systems for irrigation water recycling. 

A5 Problem Definition/Background, Rev 0, September 2, 1997 
This project addresses the problem of reducing pollutants in irrigation tailwaters from 
Oklahoma nurseries.  The “capture and treat” technology consists of an engineered 
hydraulic system with appropriate disinfection practices to allow reuse of irrigation 
tailwater.  Reuse of these waters will reduce nutrient and pesticide pollution to off-site 
waters, and the treatment system will prevent disease problems, making the technology 
more acceptable to the industry.  

A6 Project Task Description, Rev 0, September 2, 1997 
In this program, OSU Cooperative Extension and Greenleaf Nursery will construct and 
operate a capture and recycle system to demonstrate its performance, design, operation.  
The demonstration site will then be used by OSU to educate the industry and promote its 
adoption.  Information gained through this program will also be transferred to the 
industry by incorporating its findings into professional courses at OSU in engineering, 
plant pathology, and horticulture. 

OSU will present information on the new capture and treat technology and demonstrate 
it’s feasibility in a commercial setting.  This will show nurseries how to switch over to 
this technology, set out the costs for different options, and give specific technical 
information on building and operating such systems.  Further it addresses a major 
constraint to implementation of water recycling systems, specifically how to manage 
waterborne plant diseases that occur when irrigation water is re-used.  

Project Objectives 
The project will demonstrate capture and treat technology for pollution prevention from 
nursery systems.  Reductions in discharge of nitrogen, phosphorus, and pesticides will be 
accomplished.  The technology will be transferred to the nursery industry through an 
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extensive education program.  Design and management information will be incorporated 
into agricultural engineering design courses and horticulture courses to transfer the 
information to future generations of designers and managers. 

Project Area Description
The project area is the Greenleaf Nursery, situated on the Illinois River at Lake Tenkiller.  
This area is designated Outstanding Resource Water and Scenic River in Oklahoma.  In 
addition, the area is considered to be partially supporting for its designated use because of 
agricultural pollutants, some of which derive from nurseries.  The area has extremely 
high visibility to the public and will accrue benefits to the water quality program and the 
nursery industry. 

The Greenleaf Nursery has agreed to allow the use of its facilities to demonstrate new 
technology that captures, treats, and recycles its irrigation tailwater.  Although there is 
interest in this technology, there are anticipated problems of disease propagation which 
may restrict its implementation.  The technology also has a high startup cost that is a 
barrier to implementation. 

In this project, plant pathologists, horticulturists, and agricultural engineers will work 
with Greenleaf personnel to demonstrate the design and management of the capture and 
treat technology, reducing discharge of pollutants while controlling the build up of salts 
and propagation of disease. 

Project Activities
The project will:  

1. Demonstrate capture and treat technology for pollution prevention from nursery 
systems.   

2. Incorporate findings into a nursery handbook, OSU reports, and in undergraduate 
curricula for engineering and horticulture.. 

3. Conduct an on-site education program for nursery growers and students.  

A7 Data Quality Objectives for Measurement Data, Rev 0, September 2, 
1997 

Data Quality Objectives are presented in Appendix A. 

A8 NA (ORD only), Rev 0, September 2, 1997 

A9 Special Training Requirements/Certification, Rev 0, September 2, 1997 
PIs and Project Director 
Principle investigators for this project require degrees in biological sciences or 
engineering. 

Project Director should have experience in project management and data analysis.  The 
Project Director should also have experience in Hydrology, laboratory analysis, and 
water chemistry. 

Page 6 of 22 



FY96 NPS Task 600 Plant Path QAPP  September 2, 1997 

Field personnel should have experience with general laboratory procedures and a 
commitment to careful recordkeeping.   

Project Assistant should have a broad training in sciences with experience in collecting 
and handling field samples, isolation of  fungi from water and plant samples in the 
laboratory, and use of data base and statistical software for data entry and analysis.  A 
strong commitment to careful record keeping is also required. 

A10 Documentation and Records, Rev 0, September 2, 1997 
Field investigators will record data regarding water sampling in a bound notebook 
identified for this project.  Sample data recorded will include date and location where 
sample was collected, type of sample, investigator, and any comments such as difficulties 
incurred while collecting data, etc.  All records will be photocopied and submitted to the 
project director.   

Photocopies of field reports and notations will be kept in the OSU Water Quality Office.  

Data for laboratory analysis of samples will be recorded on standardized sheets by 
designated personnel during and following completion of the analysis process.  Examples 
of lab data sheets are found in appendix A.  Photocopies of all laboratory analysis sheets 
and reports will be sent to the Water Quality Office.
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B1 Sampling Process Design (Experimental Design), Rev 0, September 2, 
1997 

MONITORING FOR PLANT PATHOGENS 
The demonstration nursery is located on the shore of Lake Tenkiller and incorporates 
parts of three natural drainage systems that initiate off-site.   At least eight retention 
basins will eventually be employed to capture or store water for recycling back onto 
crops.  The nursery currently takes all its water for irrigation from Lake Tenkiller.  To 
determine if recycled water poses a greater risk of disease than the lake water source, 
water at five sites within the nursery and at the lake source will be monitored throughout 
the growing season for the waterborne plant pathogens, Phytophthora spp. 

FIELD SAMPLING DESIGN  
In addition to sampling lake water at the point of drawing from the lake, water from the 
four main runoff return ditches and water from a large dam that will store recycled water 
prior to reuse will be sampled, for a  total of six sampling sites.   

SAMPLING WATER FOR PLANT PATHOGENIC FUNGI 
Water samples (4.5 L) of flowing water will be taken by collecting small (less than 100 
ml) aliquots randomly over a period of 20 minutes.  Runoff samples will be taken from 
flowing water in runoff return ditches and samples of water from the lake or retention 
ponds will be sampled at the nearest delivery point (irrigation riser) from running water. 
A leaf baiting technique in which cut leaves of lemon and rhododendron are suspended in 
water for 24 hrs to allow infection by Phytophthora spp. will also be used for sampling 
water at corresponding sites. 

RECOVERY OF PLANT PATHOGENS 
Water samples will be filtered to recover fungi.  The filters will be inverted onto plates 
containing a Phytophthora selective medium (HX) according to the method of von 
Broembsen (1984) to allow the fungi to grow out and the resulting fungal colonies to be 
counted.   Phytophthora spp. also will be recovered from leaf baits by plating out pieces 
of leaf tissue onto HX and observing for fungal growth into the medium.  

EXPERIMENTAL DESIGN 
For the filtration recovery method, a series of volumes of water will be filtered using 
three replicate sub-samples for each dilution in the series.  The colonies that grow out on 
the selective media (HX) at the dilution allowing the best counting will be used to 
estimate populations for each sample.  This type of series is similar to dilution series used 
to enumerate bacteria by dilution plating. Counts of colonies developing from 20 leaf 
pieces will be recorded for each of the duplicate leaf baitings. 

All counts will be analyzed statistically using the Poisson distribution of count data to 
calculate the variance (σ2), standard deviation (σ), and standard error (σn) for means. The 
data will be reported as the number of colony forming units (cfu) per liter of water (mean  
+ SE). An improved estimate of confidence limits of the mean can be obtained by 
introducing a correction factor.  The confidence limits of a count X are calculated as: 
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X + d2/2  + d√(X + d2/4), where d is obtained from a t-table (p = 0.05).  Poisson counts 
can be compared to determine if they are different using the following equation: 
 

X2)/4  (X1
0.5 - | X2)/2  (X1 - X1 | 

+

+
=d

 
where X1 is the first count and X2 is the second count, and then consulting a t table to 
determine if the counts are significantly different at the P < 0.05 level.  Counts obtained 
from different volumes (e.g. V1 and V2) can be similarly analyzed by applying a modified 
formula: 
 

 V2))  (V2/(V1 V2))  (V1/(V1 X2)  (X1
0.5 - | V2))  (V1/(V1 X2)  (X1 - X1 |
+++

++
=d

 
The high cost of analysis of each sample in terms of materials, time and labor does not 
permit more extensive sampling within the nursery and only limited replication.  But 
repeated sampling throughout the season serves as an acceptable method of evaluating 
the pathogen levels at any one site. 

B2 Sampling Methods Requirements, Rev 0, September, 1997 
Water samples will be collected by the Project Assistant or the Principal Investigator 
according to standard operating procedures specified in the Appendix B. Water samples 
will be collected in disinfected 4.5 L. polypropylene containers labeled with indelible ink 
with the site (location) of collection.  Leaf baits will be collected in clean plastic gallon 
zip-lock bags similarly marked except that replicates will be placed in separate bags and 
clearly marked.  Duplicate leaf bait blank swill be run by treating leaf baits identically 
with environmental leaf baits, except that the blank will not be exposed to irrigation 
water. 

Sampling data will be recorded using the format in Appendix C, which includes the 
person collecting sample, date, and any relevant ambient data or observations.  Time of 
sampling during the day is non-critical.  Samples will be placed in cool boxes and 
transported directly to the laboratory for same day isolation.   

B3 Sample Handling and Custody Requirements, Rev 0, September 2, 1997 
Water Sample Handling and Custody 
The person taking water or leaf samples will record sampling date and conditions in a 
field notebook, and label samples for transport shipment to laboratory. Details of 
sampling procedures are provided in Appendix B.  Composite water samples will be 
placed in disinfected 4.5 polyethylene containers and leaf baits will be placed in 1 gallon 
clean plastic zip lock bags, clearly labeled using indelible ink with the sample numbers, 
and transported in cool boxes directly to the laboratory.  Data sheets shown in Appendix 
C give the format of the data that will be recorded for each sample. 
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No chain of custody forms are required because, samples will remain in the custody of 
the field sampling person for the duration of transport and analysis.  Photocopies of the 
recorded sampling data will be sent to the project Quality Assurance Officer. 

B4 Analytical Methods Requirements, Rev 0, September 2, 1997 
Samples will be analyzed for items specified in Data Quality Objective (Appendix A) 
using the standard operating procedures set out in Appendix D.  The format of the data 
that will be recorded for the laboratory analysis of the samples is set out in Appendix E.  
Deviations from these methods will be noted in laboratory reports and serve as grounds to 
render any sample(s) invalid.  Data will be checked after each analysis by Sharon von 
Broembsen for consistency of data.  

B5 Quality Control Requirements, Rev 0, September 2, 1997 
Water Samples 
The use of two different methods of recovering pathogenic fungi from the same water 
samples will serve as an internal control for each sample.  Leaf bait blanks will also be 
run, and counts at more than one dilution will allow checking for any aberrations that 
would render a data point invalid.  

B6 Instrument/Equipment Testing, Inspection, and Maintenance 
Requirements, Rev 0, September 2, 1997 

Water samples will be collected directly in disinfected containers.  Laboratory recovery 
equipment will be disinfected and isolations will be carried out using sterile technique. 

Laboratory methods are presented in Appendices D and E. 

B7 Instrument Calibration Frequency, Rev 0, September 2, 1997 
No instrumentation requiring calibration will be used in sampling and recovery 
procedures. 

B8 Inspection/Acceptance Requirements for Supplies and Consumables, 
Rev 0, September 2, 1997 

All supplies are inspected upon receipt for completeness and integrity.  All reagents are 
checked for expiration dates and shelf life.  Damaged, incomplete, and expired supplies 
will not be used and will be returned to the supplier. 

B9 Data Acquisition Requirements (Non-Direct Measurements). Rev 0. 
September 2, 1997 

Observations Of the Effect of Management Practices on Pathogen Levels in 
Irrigation Water 
Certain observations that are anecdotal in nature will be recorded so that these can be 
tested further using more rigorous methods.  These would include the effects of specific 
management practices on pathogen levels in irrigation water.  Some nursery-generated 
records may be available to support these observations. 
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Data acquired for use in this project from other projects or outside sources will be 
reviewed for completeness, quality, and how it meets the data quality objectives.  All data 
from outside sources will be cited appropriately. 

B10 Data Management, Rev 0, September 2, 1997 
Data Flow within and from Laboratory: 
Sample analysis data on the original laboratory data sheets will be photocopied after each 
analysis and copies filed with the QA Officer.   

Dr. von Broembsen will review data from the original laboratory data sheets for 
completeness, problems, gross errors, and violation of procedures.  She will flag data 
where data are incomplete or have obvious reporting errors.  Where possible, she will 
resolve problems through consultation with the Quality Assurance Officer.   Where errors 
are corrected, a record of changes will be retained in the record and reported to project 
QA Officer. 

Upon verification of data completeness, Shanda Wilson will enter the data to an Excel 
database for subsequent analysis and reporting. 

Data Storage and backups 
Data will be stored in computer files on a hard drive in the Plant Pathology Department.  
Files will be backed up to removable disks daily and each week copies of the files on disk 
will be stored with the Quality Assurance Officer for safekeeping.
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C1 Assessments and Response Action, Rev 0, September 2, 1997 
All data will be reviewed routinely for abnormalities, inconsistencies, or unusual results.  
If discrepancies occur, the data will be traced back through laboratory records and field 
record books to look for possible causes of the error.  In the event that no error is found, 
the data will be assumed to be normal and appropriate for use in project reports and in 
decision making.  If an error is found and no resolution can be arrived at concerning its 
source or cause, the data will be flagged.  Results will only be discarded if a blunder is 
identified. 

C2 Reports to Management, Rev 0, September 2, 1997 
Quality assurance reports will be completed annually by the Project Director and 
distributed to those persons included in the Distribution List of this document.  This QA 
report will include audits of field notes and Laboratory Quality Assurance Assessments. 

The report will also contain information on the ongoing status of the project, summaries 
regarding the status of samples taken and their analysis, summary explanations of any 
quality assurance problems encountered, remedies taken to rectify those QA problems, 
and the results of any periodic laboratory QA assessments.  

Annual QA reports will be sent to the OCC.  The annual reports will include status of the 
project, results of performance and system audits, results of data quality assessments, and 
significant quality assurance problems and solutions.  Semi-annual and annual progress 
reports, as well as a final report on the findings and recommendations of this study are 
also required. 
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D1 Data Review, Validation, and Verification Requirements, Rev 0, September 
2, 1997 

Acceptance criteria for water data will be based on consistency among duplicate samples and 
dilution series.  Although some values may be considered, none will be discarded without 
evidence of a blunder. 

Suspect data will be flagged. 

D2 Validation and Verification Methods, Rev 0, September 2, 1997 
All data will be reviewed routinely for abnormalities, inconsistencies, or unusual results.  If 
any of these occur, the data will be traced back through laboratory records and field record 
books to look for possible causes of the error.  In the event that no error is found, the data 
will be assumed to be normal and appropriate for use in project reports and in decision-
making.  If an error is found and no resolution can be arrived at concerning its source or 
cause, the data will be flagged.  Results will only be discarded if a blunder is identified. 

Data from field duplicates will be analyzed by comparing the measured range to the 
laboratory quality control value for each parameter.  In the event the range exceeds the 
laboratory control value, the laboratory will be notified to check for errors.  If no error can be 
identified and corrected, the data for that parameter from all sites for that date will be 
flagged.  Data will only be discarded upon clear evidence of a blunder.   

D3 Reconciliation with Data Quality Objectives, Rev 0, September 2, 1997 
The objective of this Quality Assurance Project Plan is to provide data consistent with the 
workplan that is as complete as possible with the precision and accuracy necessary for 
meaningful interpretation.  The data must also be representative of the activity performed and 
reported in a manner that allows comparison of data among different groups. 

The final measure of success will be an acceptable Type I error (5%) level in the treatment 
comparisons. 

Because this project is planned as a demonstration of alternative management strategies, the 
treatment effect must be large relative to variance.  The distinction is planned more from the 
magnitude of difference among treatments than from excessive attention to statistical design. 
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APPENDICES, Rev 0, September 2, 1997 
 

Appendix A  Data Quality Objectives 

Appendix B Standard Operation Procedures for Collecting and Handling Water 
Samples  

Appendix C  Water Sampling Data Format 

Appendix D  Standard Operation Procedures for Laboratory Analysis of Water 
Samples 

Appendix E  Pathogen Isolation Data Forma
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APPENDIX A Data Quality Objectives (DQO), Rev 0, September 2, 1997 
QAPP-DQO planning team: 
Personnel involved in establishing the DQO for this project include: 

Phillip Moershel – OCC.  

Michael Smolen – Oklahoma State University Extension - Project Director and 
QA Officer. 

Sharon von Broembsen – Oklahoma State University Extension (Plant Pathology) 
– Principal Investigator 

Decisions will be established by Sharon von Broembsen with approval by project 
director. 

Statement of the Problem to be Solved 
Capturing and recycling irrigation water is being promoted as a way for ornamental 
nurseries to contain nutrient and pesticide contaminated runoff that can pollute surface 
water bodies on site.  However, nursery managers are concerned that runoff also contains 
certain important waterborne plant pathogens, especially Phytophthora spp., and that 
capturing and recycling irrigation water back on to crops may lead to an increase in 
disease.  Increased disease would not only result in financial losses from plant deaths and 
reduced plant quality but would also require that greater amounts of fungicides be used to 
control disease.  These concerns are a major constraint to implementation of capture and 
recycle pollution prevention technology.   

This demonstration will address the issue by monitoring levels of Phytophthora spp. in 
different components of the recycling irrigation system to evaluate if pathogen levels will 
increase compared to the original surface water source, Lake Tenkiller.  Other 
components of this project, which do not require data collection and which are therefore 
not described in this document, will deal with educating nursery managers about how to 
manage capture and recycle systems to protect water quality while producing high quality 
plants.   

The question that pathogen monitoring will answer is, “Will recycled irrigation water 
have higher levels of Phytophthora spp. compared to the original lake water source?” 

Personnel 

Personnel who will also be involved in execution of  the project are: 

Shanda Kay Wilson, Project Assistant and Graduate Student, Environmental Sciences 
Program and Department of Plant Pathology 

Equipment 

Equipment that will be furnished to the project as needed by the Plant Pathology 
Department include; 

• Media preparation equipment, such as autoclaves, hot water baths, scales, etc. 

• Microscopes 

Page 15 of 22 



FY96 NPS Task 600 Plant Path QAPP  September 2, 1997 

• Laminar flow bench for sterile technique 

• Incubators 

• Truck 

Statement of the Decisions to be made and Data Required 
The ultimate decisions that this portion of the project will answer:  

1. Can nurseries implement the new capture and recycle technology without increasing 
pathogen levels in recycled irrigation water to unacceptable levels?  

2. Will treatment of recycled irrigation water be needed to allow re-use? 

3. If treatment is required, what treatment would be recommended. 

Outcomes from these decisions will result in changes in recommendations to nursery 
producers, environmental regulators, natural resource agencies, and educators on the use 
of capture and recycle technology as a pollution prevention method for the containerized 
nursery industry. 

The data needed: 

Levels of Phytophthora spp. in the water source (Lake Tenkiller) and in captured and 
recycled water at specific points of the irrigation system during a production season.  

Decision Inputs 
Levels of Phytophthora spp. (cfu/ L) in water from the lake source, in runoff from major 
production areas within the nursery, and in recycled irrigation water as delivered to plants 
in production areas will be measured throughout a season.   Levels in runoff from 
production areas and in  recycled (captured, mixed and stored) water will be compared to 
levels in the source water to determine if they are significantly higher.  Significance will 
be assumed if the probability of error, based upon statistical analysis, is less than 5%. 

Information Required for Decision 

1. Levels of Phytophthora spp. (cfu/ L) in runoff from nursery production areas, 
recycled water at the point of delivery to plants, and from the lake source 

2. Location and operation of water storage, capture, and recycling system. 

3. Location of disease sensitive plants in the nursery. 

Samples will be collected and analyzed monthly throughout the growing season from 
March- September.  The sites sampled will include four major runoff collection ditches, 
the lake source, and a site on a production block at the point of delivery of recycled water 
to the crop.  

Action Levels and Decision Criteria 

1. If the mean level of Phytophthora spp. in recycled water at the point of delivery to the 
crop is 10 times greater than in the lake water source, re-use of untreated water will 
considered unacceptable. 

2. If the mean level of Phytophthora spp. in the recycled water at the point of delivery to 
the crops is significantly greater but does exceed 10 times that in the lake water 
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source, re-use of recycled water may be acceptable with modifications of 
management practices. 

Boundaries 
Spatial Boundaries 

The project will be conducted at Greenleaf Nursery near Tahlequah. The project 
demonstration will be located at the Greenleaf Nursery Company’s main production site, 
7 miles south of Park Hill, Oklahoma.  The 600 acre containerized nursery is immediately 
adjacent to the upper reach of Lake Tenkiller. 

Temporal Boundaries 

Data for the project refer to average runoff conditions throughout a growing season 
(March-October). 

Constraints on Data Collection 
The high cost of analysis of each sample in terms of materials, time and labor does not 
permit more extensive sampling within the nursery and only limited replication.  But 
repeated sampling throughout the season serves as an acceptable method of evaluating 
the pathogen levels at any one site. 

Decision Rule 
Based upon question listed: 

1. If mean levels of Phytophthora spp. in recycled water at the point of use are 
significantly greater but do not   exceed ten times those of the original lake 
water source, management options regarding storage, dilution and target use 
of recycled water  will be recommended which will allow the use of recycled 
irrigation water without stringent in-line decontamination treatment. 

2. If mean levels of Phytophthora spp. in recycled water at the point of use 
exceed ten times those of the original lake water source, treatment of recycled 
water with stringent in line decontamination treatment will be recommended.  

Specify Acceptable Limits on Decision Error 
All data comparisons will involve analysis of variance for treatments.  Significant 
differences between means will have a probability of Type I error at 5%.    Decision 
action levels are substantially higher than statistical confidence levels. 

The hypothesis for the study is:  

using recycled irrigation water will not raise levels of Phytophthora spp. to 
unacceptable levels.  In order to reject the hypothesis, statistically significant 
differences must exist between the source water and recycled water.    

A false positive would imply that differences exist when in fact they do not.  Such a 
result would lead to false assumptions concerning the need for treating water before re-
use.  Conclusion that treatment is necessary could lead to errant recommendations and 
unnecessary costs to implement water treatment.  
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False negatives would suggest no increase in pathogen levels in recycled water when in 
fact an increase does exist.  These results could have serious consequences if they are not 
only above the confidence level but also above the action level, since producers would be 
likely to experience increased disease and financial loss.  This demonstration guards 
against the danger of false negatives by allowing a large buffer between the statistical 
confidence level and the action level. 

Optimize Designs 
Water sampling is a resource-effective system.  Methodology for analysis and sample 
handling is well established and the data are reliable.  Sample quality is not easily 
affected by contamination from the environment because the organisms in question exist 
only in water and soil.  The data, however, are critical toward reaching decisions 
concerning implementation of capture and recycle technology.  Therefore, water samples 
are very resource effective measures. 

The differences between mean levels of pathogens in recycled water compared with the 
source water will be measured from water monitoring conducted during the 
demonstration period.  Statistical analysis using the water monitoring data will be 
conducted at a 95percent confidence level. Treatments that show a significant increase in 
Phytophthora spp. in recycled water will be identified.  

Our previous studies of water monitoring of surface waters for Phytophthora spp.  (von 
Broembsen, S.L. Distribution of Phytophthora cinnamomi in rivers of the southwestern 
Cape Province. 1984.   Phytophylactica 16, 227-229) have established that these methods 
can be used to identify statistical differences between treatments at a 95 percent 
confidence level.  Methods of analysis used in this demonstration are similar to our 
previous experiments.    

Future changes to optimize the program will focus on location and timing of sample 
collection. 
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APPENDIX B 

SOP Collecting and Handling Water Samples, Rev 0, September 2, 1997 
 

 
1. Water samples with be collected in 4.5 liter polypropylene containers that have been previously disinfected 

with 10% sodium hypochlorite to eliminate Phytophthora spp.  

2. Containers will be clearly marked with the sample code and the data for each sample will be entered in the 
field notebook in the prescribed format (see Appendix C). 

3. Water in runoff ditches will be sampled from the main flow and water pumped from either the lake source or 
ponds will be allowed to run until all water standing in connecting pipes has been discharged prior to 
sampling. 

4. Small aliquots (< 100 ml) of water will be taken randomly from flowing water over a period of 20 minutes 
until the container is filled so as to achieve a composite sample of water over time.   

5. Water samples will be placed in ice chests and transported directly to the laboratory for analysis on the same 
day. 
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APPENDIX C 
Water Sampling Data Format, Rev 0, September 2, 1997 

 
 
 
Samples Taken By ________________________ Date _________ Time _________ 
 
Sample Group Code: _________________ 
 
   Water #          Leaf Bait #        Water Conditions            Observations/ Problems 
Site 1 _______ ______  __________________ _______________________ 
Site 2 _______ ______  __________________ _______________________ 
Site 3 _______ ______  __________________ _______________________ 
Site 4 _______ ______  __________________ _______________________ 
Site 5 _______ ______  __________________ _______________________ 
Site 6 _______ ______  __________________ _______________________ 
Extra _______ ______  __________________ _______________________ 
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APPENDIX D 
SOP Laboratory Analysis of Water Samples, Rev 0, September 2, 1997 

 
 
A. Filtration   
 
1. Water samples will be filtered through 45 mm diameter Nucleopore polycarbonate 

filters with 3 micron pores to recover and retain Phytophthora propagules on their 
surfaces. 

2. Filter holders will be disinfected by hot water treatment (10 minute immersion in 
water at 50C) in a hot water bath.  

3. Filtered volumes will be measured using either sterile pipettes or hot water 
disinfected measuring cylinders 

4. Volumes to be filtered as part of a series of volumes will be selected based on 
experience as to amounts of water that can pass through a filter and as to volumes that 
will give countable plates.   

5. Three replicate sub-samples at each volume with be filtered for each sample.  
6. Filters will be inverted onto HX medium and plates incubated at 24 C to allow fungal 

growth. 
7. After 24 h filters will be removed and discarded.  
8. After 72 h the numbers of colonies on each plate will be counted. 
 
B.  Leaf Baits 
 
1. Duplicate 1-liter sub-samples will be placed in beakers sterilized by autoclaving. 
2. Two freshly cut leaves each of lemon and rhododendron will be placed in each of the 

duplicates. 
3. After 24 incubation in the water samples, leaves will be removed and 10 pieces of 

each leaf bait will be plated out onto a plate of HX medium. 
4. After 48 h the number of leaf pieces from which Phytophthora has grown out will be 

counted.  
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APPENDIX E 
Pathogen Isolation Data Format, Rev 0, September 2, 1997 

 
 
 
Samples Analyzed  By ________________________ Date _________  
 
Sample Group Code: _________________ 
 
A. Filtration (Cfu = colony forming units of Phytophthora) 
 
 Dilutions Counted   Cfu Rep 1 Cfu Rep 2 Cfu Rep 3          
Site 1 _________________ _________ __________ __________ 
Site 2 _________________ _________ __________ __________ 
Site 3 _________________ _________ __________ __________ 
Site 4 _________________ _________ __________ __________ 
Site 5 _________________ _________ __________ __________ 
Site 6 _________________ _________ __________ __________ 
Extra _________________ _________ __________ __________ 
 
B. Leaf Baits  (Number of pieces out of 10 from which Phytophthora grows) 
 Lemon     Rhododendron 
 Rep 1  Rep 2   Rep 1  Rep2 
Site 1 _________ ________  __________ __________ 
Site 2 _________ ________  __________ __________ 
Site 3 _________ ________  __________ __________ 
Site 4 _________ ________  __________ __________ 
Site 5 _________ ________  __________ __________ 
Site 6 _________ ________  __________ __________ 
Extra _________ ________  __________ __________ 
 
 Deviations or Problems  
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A3 Distribution List, Rev 1, May 3, 1999 
The following individuals will be provided copies of the approved QAPP, and all changes to 
the QAPP, once approved: 

Project Personnel: 
• Michael D. Smolen Extension Water Quality Coordinator 
• Sharon L. von Broembsen, State Specialist, Plant Pathology 
• Ronald L. Elliott, Professor Biosystems and Agricultural Engineering 
• Michael A. Schnelle, State Specialist, Floriculture 
• Shanda K. Wilson, Project Assistant Plant Pathology 
• Mark Andrews, Greenleaf Nursery 
• Heath Sand, Project Assistant Biosystems & Ag Eng. 
• Tom Alexander, Project Assistant, Biosystems & Ag Eng. 

Conservation Commission:  
• Mike Thralls, Executive Director  
• John Hassell, Water Quality Program Director 
• Phillip Moershel, QA Officer 

Office of Secretary of Environment 
 J. D. Strong 

U.S. EPA Region 6 Personnel 
 Kerri Ward 

A4 Project/Task Organization, Rev 1, May 3, 1999 
Phillip Moershel, QA Officer, Oklahoma Conservation Commission, will oversee quality 
assurance guidelines.   

See Figure 1 for organizational chart for the Division of Agricultural Sciences and Natural 
Resources.  All OSU personnel are within that structure. 

Project Director: 
Michael Smolen, Project Director.  Smolen is Professor of Biosystems and Agricultural 
Engineering and Water Quality Coordinator for the Oklahoma State University Extension 
Service.  Smolen is responsible for ensuring that the assigned duties and tasks of project 
personnel are completed in accordance with project design and quality assurance guidelines.  
Smolen or his designee will assume the following QA responsibilities: 

• Evaluating data to ensure that accepted criteria are met. 
• Informing the OCC QA Officer of significant issues concerning data 
• Assuring that any appropriate corrective actions regarding QAPP are met 
• Reviewing and revising the QAPP annually 
• Submitting to the OCC QA Officer an annual report of activities conducted under this 

QAPP  
• Maintaining a file including a hard copy of this QAPP   
• Auditing field personnel responsible for activities governed by this QAPP 
• Consultations with the EPA regarding issues pertinent to the conduct of this project 
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Principal Investigators: 
• Sharon von Broembsen, Professor of Entomology and Plant Pathology, and State Plant 

Pathologist Specialist for Cooperative Extension.  Von Broembsen is responsible for all 
aspects of the project dealing with plant disease management, water sampling, and 
laboratory analyses.  She will evaluate the impact of recycling irrigation water on the plant 
pathogens and disease in the nursery production system.  Von Broembsen will do some of 
the field sample collection and laboratory analyses. 

• Ronald Elliott, Professor of Biosystems and Agricultural Engineering.  Elliott is 
responsible for analysis of hydraulic information, and design of recycle systems. 

• Michael Schnelle, Horticulture and Landscape Architecture.  Schnelle is responsible for 
interpretations related to production of ornamental plants, and implementation of the 
education program. 

Field Personnel: 
• Shanda Wilson, Project Assistant, MS candidate, Environmental Science.  Wilson will 

conduct most of the field sampling and laboratory analyses.  She is also responsible for 
data processing.  Wilson works under direction of Dr. von Broembsen. 

• Heath Sand, Project Assistant, MS candidate Biosystems and Agricultural Engineering.  
Sand assists in design and analysis of hydraulic systems for irrigation water recycling.  
Sands works under the direction of Dr. Elliott. 

• Tom Alexander, PhD candidate, Environmental Science.  Alexander collects water quality 
samples from the recycle system and analyzes the data.  Alexander works under direction 
of Dr. Smolen. 

A5 Problem Definition/Background, Rev 1, May 3, 1999 
This project addresses the problem of reducing pollutants in irrigation tailwaters from 
Oklahoma nurseries.  The “capture and recycle” technology consists of an engineered 
hydraulic system with appropriate disinfection practices to allow reuse of irrigation tailwater.  
Reuse of these waters will reduce nutrient and pesticide pollution to off-site waters, and the 
treatment system will prevent disease problems, making the technology more acceptable to 
the industry.  

Background 
Previous work on nurseries in the Illinois River watershed have shown significant loss of 
Nitrogen, Phosphorus, and pesticides before BMPs were initiated.  Under an agreement with 
Oklahoma Department of Agriculture, the four large nurseries agreed to participate in a 
voluntary monitoring program and install BMPs as necessary to reduce their pesticides to 
zero, their nitrate-N to 10 mg/l, and their phosphate-P to 1 mg/l.  The nurseries have 
succeeded in reaching these targets with some difficulty.  The capture and recycle system is 
viewed by Greenleaf Nursery as a means of consistently meeting these effluent targets 
without reducing their production. 

A separate part of the project demonstrates the plant pathogen control aspects of capture and 
recycle technology.  Without this demonstration, the nursery industry is reluctant to employ 
the technology due to risk of plant disease. 
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Because this project site is in the Illinois River Watershed, directly on Lake Tenkiller, the 
results are useful for the Illinois River Program and for nurseries in general. 

Project Area Description 
The project area is the Greenleaf Nursery, situated on the Illinois River at Lake Tenkiller.  
This area is designated Outstanding Resource Water and Scenic River in Oklahoma.  In 
addition, the area is considered to be partially supporting for its designated use because of 
agricultural pollutants, some of which derive from nurseries.  Be more specific about the 
nutrients and pesticides that are considered to be problems in the area. The area has extremely 
high visibility to the public and will accrue benefits to the water quality program and the 
nursery industry. 

The Greenleaf Nursery has agreed to allow the use of its facilities to demonstrate new 
technology that captures, treats, and recycles its irrigation tailwater.  Although there is interest 
in this technology, there are anticipated problems of disease propagation which may restrict 
its implementation.  The technology also has a high startup cost that is a barrier to 
implementation. 

In this project, plant pathologists, horticulturists, and agricultural engineers will work with 
Greenleaf personnel to demonstrate the design and management of the capture and recycle 
technology, reducing discharge of pollutants while controlling the buildup of salts and 
propagation of disease.   

A6 Project Task Description, Rev 1, May 3, 1999 
In this program, Greenleaf Nursery will construct and operate a capture and recycle system to 
demonstrate its performance, design, and operation.  The demonstration site will then be used 
by OSU to educate the industry and promote its adoption.  Information gained through this 
program will also be transferred to the industry by incorporating its findings into professional 
courses at OSU in engineering, plant pathology, and horticulture. 

OSU will present information on the new capture and recycle technology and demonstrate its 
feasibility in a commercial setting.  This will show nurseries how to switch over to this 
technology, set out the costs for different options, and give specific technical information on 
building and operating such systems.  It addresses the performance of the system for capture 
of nutrients and release under storm water conditions. 

Another section (addressed in a separate QAPP) of the project addresses a major constraint to 
implementation of water recycling systems, specifically how to manage waterborne plant 
diseases that occur when irrigation water is re-used.  

Project Objectives 
The project is designed to demonstrate capture and recycle technology for pollution 
prevention from nursery systems.  Reductions in discharge of nitrogen, phosphorus will be 
accomplished through water saving and consequent reduction in runoff.  The technology will 
be transferred to the nursery industry through an extensive education program.  Design and 
management information will be incorporated into agricultural engineering design courses 
and horticulture courses to transfer the information to future generations of designers and 
managers. 
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Project Activities 
The project is intended as an education and demonstration activity.  Although there will be 
sampling of water quality parameters, these results are not intended as an output of the 
project.   

The project will:  

1. Demonstrate capture and recycle technology for pollution prevention from nursery 
systems.   

2. Incorporate findings into a nursery handbook, OSU reports, and in undergraduate 
curricula for engineering and horticulture.. 

3. Conduct an on-site education program for nursery growers and students.  
4. Publish results through the Oklahoma Cooperative Extension system and through 

refereed professional journals. 

A7 Data Quality Objectives for Measurement Data, Rev 1, May 3, 1999 

QAPP-DQO planning team: 
Personnel involved in establishing the DQO for this project include: 

• Phillip Moershel – OCC.  
• Michael Smolen – Oklahoma State University Extension - Project Director and QA 

Officer. 
• Tom Alexander – Graduate Student, Environmental Science, Oklahoma State University 

Decisions will be established by Tom Alexander with approval by Michael Smolen, project 
director. 

Statement of the Problem to be Solved 
Capturing and recycling irrigation water is being promoted as a way for ornamental nurseries 
to contain nutrient and pesticide contaminated runoff that can pollute surface water bodies on 
site.  This technology will be demonstrated as a means of retaining nutrients on-site for re-
introduction and increased opportunity for plant uptake and removal of nutrients. 

This demonstration will address the issue by monitoring levels of nitrogen and phosphorus in 
different components of the recycling irrigation system to determine how rapidly they 
increase, and how extensively they flush out under stormflow conditions.   

Personnel 
Tom Alexander is the principle person involved in this element of the project.  He will be 
assisted from time to time by Nursery personnel or by others of the project team. 

Equipment 
No equipment is specified. 

Budget 
See Revised Workplan, Task III. 

Statement of the Decisions to be made and Data Required 
The decisions this portion of the project will answer are as follows:  
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1. Can nurseries implement the new capture and recycle technology to eliminate tailwater 
discharge without excessive buildup of Nitrogen and Phosphorus in their system? 

2. Can management of the recycle system be adjusted to retain storm water? 
3. Are there changes to be recommended to optimize nutrient retention in the recycle 

system? 
4. A QAPP previously submitted covers the pathogen portion of the study 

Outcomes from these decisions will result in changes top our recommendations to nursery 
producers, environmental regulators, natural resource agencies, and educators on the use of 
capture and recycle technology as a pollution prevention method for the containerized nursery 
industry. 

The data needed: 
The project will demonstrate capture and recycle technology for pollution prevention from 
nursery systems.  Reductions in discharge of nitrogen, phosphorus, and pesticides will be 
accomplished primarily by reducing the amount of nursery runoff water leaving the site.  The 
technology will be transferred to the nursery industry through an extensive education 
program.  Design and management information will be incorporated into agricultural 
engineering design courses and horticulture courses to transfer the information to future 
generations of designers and managers. 

Concentration of nitrate-nitrogen, phosphorus, and the major cations and anions in recycled 
water, stormwater, and discharge water at the nursery will be determined.  Analytical data will 
be representative of concentrations in tailwater and captured runoff water in each season and 
under stormflow conditions.  

Decision Inputs 
Levels of nitrogen and phosphorus in water from the lake source, in runoff from major 
production areas within the nursery, and in the tailwater capture basins will be measured in 
each season.  Buildup of N and P in the capture system will be evaluated, and the available 
storage for dilution by stormwater will be considered to determine if discharge targets can be 
achieved. 

Information Required for Decision 
1. Concentration of nitrogen and phosphorus in runoff from nursery production areas, 

recycled water and discharge points on a monthly basis. 
2. Concentration of nitrogen and phosphorus incoming runoff to the nursery during storms. 
3. Available storage in retention basins. 

Samples will be collected and analyzed monthly from August through July (covering one 
calendar year).  The sites sampled will include four major runoff collection ditches, the lake 
source, and an incoming runoff site to establish background. 

Action Levels and Decision Criteria 
No action is required other than adjustment to project recommendations and demonstrations. 
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Boundaries 
Spatial Boundaries 
The project will be conducted at Greenleaf Nursery near Tahlequah. The project 
demonstration will be located at the Greenleaf Nursery Company’s main production site, 7 
miles south of Park Hill, Oklahoma.  The 600 acre containerized  nursery and its contributing 
watershed is immediately adjacent to the upper reach of Lake Tenkiller. 

 Temporal Boundaries 
Data for the project refer to average runoff conditions and stormflow conditions in each 
month of the year.  Sampling will continue for one calendar year. 

Constraints on Data Collection 
No funds are budgeted for personnel or automatic samplers to accomplish this sampling 
program.  Alexander is operating on personal funding. 

This data collection effort is dependent on availability of project personnel.  Alexander is 
available to this project because his effort on his dissertation meets the objectives of this 
project.  The experimental design is being kept as simple and direct as possible to assure 
consistency in sampling and to reduce the possibility of failure.  No mechanical sampling 
equipment is in use, and no additional personnel are involved.  This leaves only the risk that 
Alexander might be unavailable to the project for a period of time. 

Decision Rule 
Information from this project are intended for purposes of education and demonstration.  
Results are intended to be descriptive of the processes involved.  The only decision to be 
made is whether to accept or reject project results. 

Specify Acceptable Limits on Decision Error 
Data collected in this project are intended for descriptive purposes.  Information will be used 
in education/demonstration activities.  Each observation will be evaluated relative to the 
quality control parameters of the sample.  These include anion/cation balance and duplicate 
and blanks. 

Descriptive statistics will be developed.  Acceptable accuracy and precision will be 
determined by section 1020 of Standard Methods 1992.  With these charts, warning limits of 
+ or - 2 standard deviations and control limits of + or - 3 standard deviations are established.  
General acceptance limits for field duplicates are based on table 1020:I of Standard Methods 
1992.  Method detection limits and acceptable limits for field duplicates for the water quality 
parameters and field replicates for biological assessments are shown in the following tables. 

A8 NA (ORD only), Rev 1, May 3, 1999 
A9 Special Training Requirements/Certification, Rev 1, May 3, 1999 

PIs and Project Director 
Principle investigators for this project require degrees in biological sciences or engineering. 
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Table 5.  Method detection limits and acceptable limits for field duplicates. 

Parameter Method* Meter/Lab 

Acceptable 
precision for 
low level field 

duplicates 

Acceptable 
precision for 

high level field 
duplicates 

Method 
Detection 

Level* 

Dissolved Oxygen 4500-G YSI 55 90-110% 90-110% 0.1 mg/L 
Conductance 2510-B Extech 341450 90-110% 90-110% 1.0 uS/cm 
pH 4500 H-B Extech 341450 90-110% 90-110% 0.1 S.U. 
Temperature  YSI-55 90-110% 90-110% -5*C 
Ammonia-Nitrogen 4500 SWAFL 75-125% 90-110% 0.1 mg/L 
Nitrate-Nitrogen 4500-NO3-D SWAFL 75-125% 90-110% 0.1 mg/L 
Total dissolved 
Phosphorous 

4500-P-B-E SWAFL 75-125% 90-110% 0.01 mg/L 

Sulfate 4500-SO4-E SWAFL 75-125% 90-110% 0.1 mg/L 
Chloride 4500-C SWAFL 75-125% 90-110% 0.5 mg/L 
Hardness 2340-C SWAFL 90-110% 90-110% 0.5 mg/L 
Sodium 3500-Na ICP SWAFL 90-110% 90-110% 0.1 mg/L 
Calcium 3500-Ca ICP SWAFL 90-110% 90-110% 0.1 mg/L 
Magnesium 3500-Mg ICP SWAFL 90-110% 90-110% 0.2 mg/L 
Potassium 3500-K ICP SWAFL 90-110% 90-110% 0.5 mg/L 
Carbonate  SWAFL 90-110% 90-110% 2 mg/L 
Bicarbonate  SWAFL 90-110% 90-110% 2 mg/L 
Boron 3500-B ICP SWAFL 90-110% 90-110% 0.1 mg/L 
Iron 3500-Fe ICP SWAFL 90-110% 90-110% 0.1 mg/L 

* Method detection limits reported by SWAFL Laboratory. 
 Standard Methods (APHA, AWWA, WPCF 1989). 

Project Director should have experience in project management and data analysis.  The 
Project Director should also have experience in Hydrology, laboratory analysis, and water 
chemistry. 

Field personnel should have experience with general laboratory procedures and a commitment 
to careful recordkeeping.   

Project Assistants for stormwater should have broad training in sciences and engineering.  He 
should have experience in collecting and handling field samples, use of data base and 
statistical software, and analysis of water quality data.  A strong commitment to QA careful 
record keeping is also required. 

Training in nursery procedures is not required, but all personnel will have to follow 
procedures established at Greenleaf Nursery. 

A10 Documentation and Records, May 3, 1999 
Field investigators will record data regarding water sampling in a bound notebook identified 
for this project.  Sample data recorded will include date and location where sample was 
collected, type of sample, investigator, and any comments such as difficulties incurred while 
collecting data.)  All records will be photocopied and submitted to the project director.  

Photocopies of field reports and notations will be kept in the OSU Water Quality Office for 5 
years after termination of the project.  Analytical results and QA/QC data will reside in a 
Microsoft Excel Spreadsheet in the Water Quality Office. 
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B1 Sampling Process Design (Experimental Design), Rev 1, May 3, 1999 

Monitoring nitrogen and phosphorus in runoff and stormwater 
The demonstration nursery is located on the shore of the Illinois River as it enters the north 
portion of Lake Tenkiller.  The property owned by the nursery incorporates a part of three 
natural drainage systems that initiate off-site.  At least eight retention basins will eventually 
be employed to capture or store water for recycling back onto crops.  The nursery currently 
takes all its water for irrigation from the Illinois River.   

A program of monthly sampling from August 1998 through July 1999 will examine N and P 
concentration in runoff from irrigation, recycle basins, inflow to the nursery, and outflow 
from the nursery.  Sampling will include at least three stormflow events. 

Field sampling design  
In addition to sampling water at the point of drawing from the Illinois River, water from the 
main runoff return ditches and storage basins will be sampled.  

1. Sampling Location: Onsite sampling stations only, Greenleaf Nursery in Park Hill, OK. 

2. Type of Samples: Surface Water Samples only, including intermittent creeks, runoff 
ditches, and standing bodies of water such as ponds, retention basins, and/or lagoons. 

3. Estimated Number of Sampling Stations: 12 (Range 10-15). 

4. Type of Samples to be collected: Surface water samples will include both time-weighted 
averaged (TWA) samples from flowing water bodies and grab samples from ponds or 
basins. 

5. Chemical Analysis to be performed by: OSU Soil, Water, and Forage Analytical 
Laboratory in Stillwater, OK 

6. Sample Collection: To be performed on a periodic basis by Thomas J. Alexander 
("TJA"). 

7. Mode of Sample Delivery: Personal delivery to the laboratory by TJA or authorized 
personnel under the direction of TJA.  All sample containers will be delivered on ice in 
an ice chest with proper chain-of-custody documentation. 

8. Requested Analysis: "Irrigation Water Analysis".  This analysis includes the major ions 
and several of the minor ions in water.  It also includes nitrate as nitrogen, phosphorus, 
potassium (N, P, and K), and iron. 

9. Anticipated Lab Turn-around Time (TAT): one week  

10. Number of Field Duplicates: There will be at least one (1) field duplicate sample for 
every 20 samples collected in the field (minimum of 5% field duplicate).  As a general 
rule, we anticipate collecting one (1) field duplicate sample per sampling event. 

11. Sampling frequency: Once per month at the designated sampling stations for an 
estimated period of twelve (12) months.  Additionally, at least three (3) separate storm 
water runoff events will be collected, chemically analyzed, and incorporated into the 
study.  
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Design rationale: For purposes of consistency, surface water will be collected at the same 
sampling stations established in previous studies.  For those basins or creeks that do not have 
established sampling stations from previous studies, the specific sampling station will be 
selected based on its accessibility, proximity to the nearest delivery point of running water, 
and other site-specific conditions.  Once established, the specific sampling location for each 
basin or creek will not change.  The objective of this study is to perform relative sampling to 
characterize the nursery for purposes of description.  It is not the objective of this study to 
establish the absolute values at the nursery. 

Field collection and interpretation 
All pertinent information regarding each sampling event will be recorded in a field logbook.  
Also, field parameters for all samples will be secured and recorded in the logbook.  Field 
parameters secured from each sampling station will consist of pH, water temperature (in C), 
dissolved oxygen (DO in %), and specific conductivity (SC in umhos/cm). 

Water samples from flowing water (i.e. intermittent creeks or ditches) will be secured using 
time-weighted average (TWA) techniques.  Runoff samples will be secured from flowing 
water in the same manner.  

Water samples from standing bodies of water (i.e. ponds, retention basins, lagoons) will be 
sampled at the nearest delivery point of running water.  

Laboratory analysis and data handling 
Upon completion of testing by the laboratory, a copy of the analytical test results will be 
subjected to further evaluation.  The purpose of further evaluation is to determine the data's 
reliability and accuracy.  Additional evaluation will also provide a logical means to compare 
and contrast all test results over time.  

a. All test results will be input into the WATEVAL program.  The WATEVAL program will 
be used to interpret the reliability of the data.  It will also be used to generate Piper 
Plots, Stiff Diagrams, and Sodium Adsorption Ratios vs. Conductivity Plots, and other 
visual aids.  

b. The accept/reject criteria for cation-to-anion balance is described in Standard Method 
1030F in the EPA-approved 1992 Standard Methods for the Examination of Water and 
Wastewater (18th Edition).  Entitled "Checking Correctness of Analysis", Standard 
Method 1030F presents the following acceptance criteria for cation-to-anion ratios: 

Anion Summation  Acceptable Ionic 
   (meq/l)   Difference (%)
 0.0 -   3.0       0.2% 
 3.0 -  10.0       2.0% 
10.0 - 800.0       5.0% 

This project will use a simple plus or minus (±) 5% difference in ionic balance to flag data 
that are questionable.  Statistics will be evaluated using:  (1) all data and (2) only those data 
that are not questionable.  Charts and graphs will be prepared to examine the consistency of 
results and reliability of data. 
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Experimental design 
The analytical test results will be compiled into summary tables and spreadsheets for further 
evaluation.  Several mathematical expressions and statistical analyses, including mean, 
standard deviation, and variance will be calculated on all test results.  

The results of duplicate analyses and recovery values from repetitive analyses will be 
presented in a table similar to Section 1030:I of the Standard Methods Manual.  From 
duplicate analysis results, the average difference will be calculated by summing all the 
differences (absolute values), then dividing by the number of observations.  The resulting 
value will then be converted to a standard deviation and evaluated.  

A publishable report will be generated upon completion of the field sampling and analytical 
testing.  Included in the report will be an evaluation of the test results secured during this 
research.  It will also include test results from other published reports (such as Curtis Reports, 
Scenic Rivers Commission Reports, Oklahoma Water Resources Board documents, etc.) of 
the adjacent Illinois River.   

In the report, an emphasis will be placed on describing the effectiveness and efficiency of 
capture and treat technologies at Greenleaf Nursery via the use of mixing routines, mass 
balances, and other chemical and mathematical expressions.  The report will emphasize how 
the various and interactive engineering designs and practices implemented at Greenleaf 
Nursery have resulted in decreased N-P-K loading rates to the Illinois River via overland 
discharges and storm water runoff.  

The main constituents of interest for this study include those nutrients common to plant 
nurseries, including nitrogen and phosphorus.  Chemical analysis of the major and minor ions 
will be performed on the water samples to ensure reliability of laboratory results and to aid in 
decisions concerning mixing of waters.  

B2 Sampling Methods Requirements, Rev 1, May 3, 1999 
1. Water samples will be collected by the Project Assistant (TJA).  All pertinent 

information regarding each sampling event will be recorded in a field logbook.  Also, 
field parameters for all samples will be secured and recorded in the logbook.  Field 
parameters secured from each sampling station will consist of pH, water temperature, 
dissolved oxygen (DO), and specific conductance (SC in umhos/cm). 

2. Water samples from flowing water (i.e. intermittent creeks or ditches) will be secured 
using time-weighted average techniques.  A total of four (4) liters of flowing water will 
be secured at each sample station by randomly collecting small (less than 100 ml) 
aliquots over a 20-minute period.  The 4 x 1-liter sample containers will be filled 
concurrently. 

3. Runoff samples will be secured from flowing water in the same manner previously 
described in 2.  Additionally, the samples will be secured in accordance with NPDES or 
other appropriate regulations regarding the collection of storm water runoff samples. 

4. Water samples from standing bodies of water (i.e. ponds, retention basins, lagoons) will 
be sampled at the nearest delivery point of running water. 

5. All samples will be collected in appropriate containers supplied by the laboratory.  Each 
sample container will be labeled with indelible ink and will contain the following 

 Page 14 of 19


	Acknowledgements
	List of Commonly Used Abbreviations
	Table of Contents
	List of Tables
	List of Figures
	Executive Summary
	Task I: Management of Project
	Outputs: QAPP, semi-annual, annual reports
	Task II: Analysis of hydraulic performance and design of cap
	Milestones: Simulate hydraulics of capture and recycle syste
	Outputs: Teaching module for engineering students

	Task III: Demonstration of storm water management aspect of 
	Task IV: Demonstrate performance of recycle system with resp
	Task V: Education program for nursery growers.
	Outputs: Fact sheet on capture and treat technology, teachin
	Milestones: Greenhouse short course with water quality train

	Task VI: Final Report

	Measures of Success
	Conclusions

	Final Project Report
	Introduction
	Project Area
	Project Goals
	Project Management
	Project Tasks
	Task I: Management of Project
	OCC will establish contract with OSU for project activities 
	Outputs: QAPP, semi-annual, annual reports

	Task II: Analysis of hydraulic performance and design of cap
	OSU will work with Greenleaf to monitor performance of the r
	Milestones: Simulate hydraulics of capture and treat system,

	Task III: Demonstration of stormwater management aspect of t
	The performance of the recycling system under storm water co

	Task IV: Demonstrate performance of recycle system with resp
	Irrigation Water Monitoring
	Sampling Design and Methods
	Results
	Conclusions

	Leaf Bait Efficacy Study
	Sampling Design and Methods
	Results
	Conclusions

	Task IV Recommendations

	Task V: Education program for nursery growers.
	OSU will conduct extensive demonstration and educational pro

	Task VI: Final Report

	Measures of Success
	Conclusions

	Appendix 1: Workplan
	Appendix 2: Plant Pathogen QAPP
	Appendix 3: Stormwater Quality QAPP
	Appendix 4: Hydraulic Modeling ASAE Paper
	Appendix 5: Engineering Course Module
	Appendix 6: Stormwater Report
	Appendix 7: Plant Pathogen ASAE Paper
	Appendix 8: Wilson Plant Pathogen Thesis
	Appendix 9: Plant Pathogen Recommendations
	Appendix 10: Educational Materials
	Appendix 11: Capture & Recycle Factsheet
	Appendix 12: Teaching Module for Horticulture Students
	Appendix 13: Water Quality Recycling Manual for Nursery Oper
	Appendix 14: Description of Nursery Water Recycling Video
	Appendix 15: 1998 Greenleaf Nursery Capture & Recycle
	Costs and Benefits Survey
	Appendix 16: Post-project Survey Information
	App01_Workplan_6-15-00.pdf
	Introduction:
	Project Objectives
	Project Area Description
	Project Activities
	Project Management
	Quality Assurance
	Measures of Success
	Project Milestones
	Project Outputs
	Project Tasks

	App02_Plant_Path_QAPP.pdf
	OKLAHOMA COOPERATIVE EXTENSION SERVICE
	A1 Approval Page Rev 0, September 2 1997
	A2 Table of Contents, Rev 0, September 2, 1997
	A3 Distribution List, Rev 0, September 2, 1997
	A4 Project/Task Organization, Rev 0, September 2, 1997
	A5 Problem Definition/Background, Rev 0, September 2, 1997
	A6 Project Task Description, Rev 0, September 2, 1997
	Project Objectives
	Project Area Description
	Project Activities
	A7 Data Quality Objectives for Measurement Data, Rev 0, Sept
	A8 NA (ORD only), Rev 0, September 2, 1997
	A9 Special Training Requirements/Certification, Rev 0, Septe
	PIs and Project Director

	A10 Documentation and Records, Rev 0, September 2, 1997
	B1 Sampling Process Design (Experimental Design), Rev 0, Sep
	MONITORING FOR PLANT PATHOGENS
	FIELD SAMPLING DESIGN
	SAMPLING WATER FOR PLANT PATHOGENIC FUNGI
	RECOVERY OF PLANT PATHOGENS
	EXPERIMENTAL DESIGN

	B2 Sampling Methods Requirements, Rev 0, September, 1997
	B3 Sample Handling and Custody Requirements, Rev 0, Septembe
	Water Sample Handling and Custody

	B4 Analytical Methods Requirements, Rev 0, September 2, 1997
	B5 Quality Control Requirements, Rev 0, September 2, 1997
	Water Samples

	B6 Instrument/Equipment Testing, Inspection, and Maintenance
	B7 Instrument Calibration Frequency, Rev 0, September 2, 199
	B8 Inspection/Acceptance Requirements for Supplies and Consu
	B9 Data Acquisition Requirements (Non-Direct Measurements). 
	Observations Of the Effect of Management Practices on Pathog

	B10 Data Management, Rev 0, September 2, 1997
	Data Flow within and from Laboratory:
	Data Storage and backups

	C1 Assessments and Response Action, Rev 0, September 2, 1997
	C2 Reports to Management, Rev 0, September 2, 1997
	D1 Data Review, Validation, and Verification Requirements, R
	D2 Validation and Verification Methods, Rev 0, September 2, 
	D3 Reconciliation with Data Quality Objectives, Rev 0, Septe


	APPENDICES, Rev 0, September 2, 1997
	APPENDIX A Data Quality Objectives (DQO), Rev 0, September 2
	QAPP-DQO planning team:
	Statement of the Problem to be Solved
	Personnel
	Equipment

	Statement of the Decisions to be made and Data Required
	Decision Inputs
	Information Required for Decision
	Action Levels and Decision Criteria

	Boundaries
	Spatial Boundaries
	Temporal Boundaries

	Constraints on Data Collection
	Decision Rule
	Specify Acceptable Limits on Decision Error
	Optimize Designs


	APPENDIX B�SOP Collecting and Handling Water Samples, Rev 0,
	APPENDIX C�Water Sampling Data Format, Rev 0, September 2, 1
	APPENDIX D�SOP Laboratory Analysis of Water Samples, Rev 0, 
	Filtration
	B.  Leaf Baits

	APPENDIX E�Pathogen Isolation Data Format, Rev 0, September 



	App03_Strormwater_QAPP.pdf
	A1 Approval Page Rev 1, May 3, 1999
	A2 Table of Contents, Rev 1, May 3, 1999
	A3 Distribution List, Rev 1, May 3, 1999
	A4 Project/Task Organization, Rev 1, May 3, 1999
	Project Director:
	Principal Investigators:
	Field Personnel:


	A5 Problem Definition/Background, Rev 1, May 3, 1999
	Background
	Figure 1. Organizational Chart, OSU Division of Agricultural
	Project Area Description

	A6 Project Task Description, Rev 1, May 3, 1999
	Project Objectives
	Project Activities

	A7 Data Quality Objectives for Measurement Data, Rev 1, May 
	QAPP-DQO planning team:
	Statement of the Problem to be Solved
	Personnel
	Equipment
	Budget

	Statement of the Decisions to be made and Data Required
	The data needed:

	Decision Inputs
	Information Required for Decision
	Action Levels and Decision Criteria

	Boundaries
	Spatial Boundaries
	Temporal Boundaries

	Constraints on Data Collection
	Decision Rule
	Specify Acceptable Limits on Decision Error

	A8 NA (ORD only), Rev 1, May 3, 1999
	A9 Special Training Requirements/Certification, Rev 1, May 3
	PIs and Project Director
	Table 5.  Method detection limits and acceptable limits for 

	A10 Documentation and Records, May 3, 1999
	B1 Sampling Process Design (Experimental Design), Rev 1, May
	Monitoring nitrogen and phosphorus in runoff and stormwater
	Field sampling design
	Field collection and interpretation
	Laboratory analysis and data handling
	Experimental design

	B2 Sampling Methods Requirements, Rev 1, May 3, 1999
	B3 Sample Handling and Custody Requirements, Rev 1, May 3, 1
	B4 Analytical Methods Requirements, Rev 1, May 3, 1999
	B5 Quality Control Requirements, Rev 1, May 3, 1999
	B6 Instrument/Equipment Testing, Inspection, and Maintenance
	B7 Instrument Calibration Frequency, Rev 1, May 3, 1999
	B8 Inspection/Acceptance Requirements for Supplies and Consu
	B9 Data Acquisition Requirements (Non-Direct Measurements). 
	B10 Data Management, Rev 1, May 3, 1999
	Data Flow within and from Laboratory:
	Data Storage and backups

	C1 Assessments and Response Action, Rev 1, May 3, 1999
	C2 Reports to Management, Rev 1, May 3, 1999
	D1 Data Review, Validation, and Verification Requirements, R
	D2 Validation and Verification Methods, Rev 1, May 3, 1999
	D3 Reconciliation with Data Quality Objectives, Rev 1, May 3
	APPENDIX:  Soil Water and Forage Laboratory QAMP Documents


