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Executive Summary 
 
The Center for Agricultural Partnerships (CAP) in cooperation with growers and their organizations, 
crop consultants, input suppliers, researchers and farm advisors has developed a project to 
commercially implement sprayable pheromone mediated-mating disruption of codling moth 
(CMMD) and new monitoring technologies on 900 acres of commercial walnuts in the second 
project year.     
 
Once the decision was systematically made to initiate a project (year 1, 2001), project objectives 
were developed, the project architecture was designed and cooperators were identified.  In year 2 
(2002), a state-wide technical team of 3 regional coordinators and 4 pest management consultants 
was established.  Subsequently, 8 grower cooperators were identified.  The project then conducted 
extensive baseline assessments of this core cooperator team.  Prior to the growing season, the 
technical team constructed their project work plans.  At that point, field implementation of the target 
technologies on 900 acres throughout the San Joaquin/Sacramento valleys was initiated. 
 
CAP, expanding upon research conducted by the Walnut Pest Management Alliance, networked 
project cooperators with pheromone industry representatives.  This collaboration demonstrated that 
newly registered sprayable CMMD products could be used on a commercial scale without increasing 
risk of financial loss to growers.  The project’s cooperating pest management consultants also 
examined the season long use of kairomone baited (DA) traps and determined that they have 
potential to efficiently monitor codling moth (CM) in a pheromone disrupted walnut orchard.  
Project cooperators collected season-long experience with the commercial utility of these target 
technologies, experience that provided incentive to further examine and adapt uses in subsequent 
seasons.  Finally, the project provided a practical, working model for future commercial scale 
implementation efforts.   
 
Cooperators have concluded that, given current input costs, they must modify their use of sprayable 
pheromones to improve cost-effectiveness.  This may include using significantly reduced rates over 
more applications or fewer but more targeted applications.  Cooperators were encouraged by the 
ability of DA traps to outperform standard pheromone baited traps and plan to expand their 
commercial use of the DA technology.  A carefully conducted approach to commercial 
implementation of CMMD was determined by cooperators to be feasible and additional research 
needs were identified. 



Center for Agricultural Partnerships 
California Walnut IPM Expansion Project 

(WIPMEP) 
 

Final Report 
 
“Knowledge is of little use, when confined to mere speculation:  But when speculative truths are 
reduced to practice, when theories, grounded upon experiments, are applied to the common 
purposes of life; and when, by these…the arts of living made more easy and comfortable, and, of 
course, the increase and happiness of mankind promoted; knowledge then becomes really useful.”  
Charter Statement of the American Philosophical Society for Promoting Useful Knowledge, founded 
by Thomas Jefferson 
 
Introduction 
 
The Center for Agricultural Partnerships (CAP) “Process”  

Implementation of new technologies and practices in agriculture, especially technologies that 
are farm-site specific, information intensive and unconventional relative to those being replaced, can 
be slow to implement commercially on any large scale.  For growers to learn of new innovative 
technologies and practices they initially benefit from access to collective experience, i.e., credible 
research, extension and regional field demonstration of the innovation. This collective experience is 
currently provided by traditional research and education sources such as the land grant system and 
cooperative extension.  For growers to ultimately adopt new technologies and practices they need to 
translate the collective experience to individual experience.  In so doing they individually observe 
the relative advantage of the innovation to them, its trialability in their field, its compatibility with 
their other cultural practices and its complexity relative to their older practices (Rogers).  In many 
cases, this individual experience takes place in a commercial context which is dominated by many 
forces and interests beyond the target innovations.  These forces strongly influence grower decisions 
re. use of those innovations.   

 
This approach to grower implementation of new technologies is the core of the CAP 
“process”.  This process was incorporated into the initial planning for WIPMEP and 
throughout the tenure of the project (Appendix 1). 

 
The CAP Mission 

CAP seeks to bridge the gap between research, education, demonstration and individual 
grower’s adoption of new practices.  Furthermore, the CAP process supports building capacity 
within the agricultural community to effectively and economically adapt to rapidly changing 
regulatory and agronomic conditions. In short, CAP provides programs to assist farmers and their 
organizations in utilizing collective experience (i.e. general information) by efficiently incorporating 
that information into individual experience (i.e. site specific knowledge and decision making). 



The Walnut IPM Implementation Project 
 

Background 
California produces 99% of U.S. walnuts and 38% of the world production.  There are 

207,520 acres of walnuts in the state.  Over 90% of this acreage occurs in the Sacramento and San 
Joaquin valleys. In 2001, California growers produced over 300,000 tons of walnuts valued at over 
$346 million. (CASS 2000, Wulfert 2002).   
 

      Codling moth (Cydia pomonella) is the key pest of walnuts in California and 
the most economically important arthropod pest statewide. Two or more generations 
usually occur in California each summer.  These later generations can be 
particularly damaging to harvested nuts. Summer larvae bore into the growing nut, 
damaging husk, shell, seed coat and kernel, and rendering the nut worthless for 
commercial use.  In addition, infested nuts provide entry points for navel orange 
worm, Amyelois transitella, increasing the population of this pest in orchards while 
coincidentally increasing pesticide applications and costs (IPM for Walnuts 1987, 
Walnut Marketing Board 2000a). 
 
      Approximately 60% of walnut acreage is susceptible to codling moth (CM) damage. Damage 
is generally most severe on early season cultivars, although it has been increasing steadily over the 
years on some late cultivars such as Chandler.  Left uncontrolled, codling moth infestation can result 
in serious economic damage that exceeds 40% of the harvested crop.  In addition to direct yield and 
quality losses, higher costs for sorting in the warehouse may result in additional economic penalties 
for growers.  Codling moth feed on the walnut kernel thereby reducing edible yield.  Since edible 
yield is a basis of payment on shelling varieties, any level of damage reduces the grower’s payment 
for the crop.  Low levels of damage reduce or eliminate any quality bonus payments to the grower.  
Additional financial penalties are imposed when insect damage exceeds 5%.  Any lot of walnuts 
with insect damage greater than 8% is disqualified from in shell shipment and the associated 
premiums (S. Wulfert 2002, Integrated Pest Management for Walnuts 1987.)  As a result, walnut 
growers are experiencing $16 – 40 million in losses from CM annually, with losses in recent years at 
the upper bounds (Sibbett 2001, Stewart 2001). 
 

Codling moth management relies on one to three chemical treatments per year.  The 
primary conventional pesticides organophosphate (OP) insecticides of which chlorpyriphos is the 
most widely used being applied to more than 40% of the walnut acreage annually.  To protect 
their crops from loss, walnut growers annually apply 1.5 to 2.2 lbs. AI/ac. of OPs to control CM in 
infested orchards.  According to California’s Department of Pesticide Regulation Pesticide Use 
Report Data Summary (2000) more than 145,000 pounds of chlorpyriphos were used on walnut 
production in 1999.   Grower costs for these sprays may exceed $100/acre per season.  Use of 
these pesticides often requires additional pesticide inputs to control secondary pests, which erupt 
when their natural enemies are suppressed by the CM sprays. 
 

While OPs have provided a valuable mainstay of pest management in walnuts, problems 
associated with their use have also multiplied. CM resistance to OPs has been widely documented 
(Varella, 1993, Knight, 1994.)  Furthermore, OPs disrupt natural enemies of secondary walnut pests, 
such as walnut aphid, dusky-veined aphid, web-spinning mites which often results in additional 



pesticide applications (Ramos, 1985.)  In short, the continued availability of the most widely used 
chemicals for control of the key pest of walnuts is in significant jeopardy due to biological and 
regulatory reasons. 

 
In 2001, CAP initiated a study to determine the feasibility of conducting a large scale 

implementation project in California walnuts (Appendix 2).  Through a systematic decision tree 
process (Appendix 3) it was determined that the potential existed within the California walnut 
industry to have large scale environmental and economic impact by commercially expanding upon 
successful ongoing efforts of the walnut industry to research, educate and demonstrate new 
biologically based systems of crop protection (The Walnut Pest Management Alliance Program).  As 
a result, CAP initiated funding of the Walnut IPM Expansion Project (WIPMEP) in 2001.  In 2002, 
the field project component was initiated statewide. 
 
Project Objectives 
The project had the following objectives: 
Objective 1 - Implement a systematic process to further adoption of a sprayable mating 
disruption system on a wide scale in commercial walnut production. 
Objective 2 - Document and communicate economic, biological and decision-making changes in 
the adoption of sprayable mating disruption at the farm and project levels on a wide scale in 
commercial walnut production. 
 
2002 Project Design and Planning 
 
Planning meeting, March 2002 

In 2002, CAP initiated the first field year of the project.  In February, a focus 
group with the core cooperators (Appendix 4) was conducted by a facilitator to 
develop the work plan for the 2002 field season.   Participants were prompted to 
provide their views of what work needed to be conducted to successfully accomplish 
project objectives during the coming growing season.  Data generated from this 
meeting were summarized and discussed to determine how the core team wanted to 
accomplish the project objectives.  These results were then transcribed into a work 
plan format.  The work plan was used throughout the season as the road map for 
project activities (Appendix 5).    

As a result of this process, core project participants designed and took 
immediate ownership of their work plans for the project year.  They conducted the 
work in a manner consistent with their existing commercial practices.  They 
emphasized that, during this first field year, they needed to experience the operation 
of the project and test their individual experiences as they attempted to accomplish 
the project objectives.  In evaluating this planning session, participants commented 
that the constructive amount of work and direction developed in this meeting far 
exceeded their previous experience in similar project development efforts. 
 
Establishing Grower Cooperators and Orchard Sites 



 Cooperating consultants, in collaboration with their respective regional coordinators, secured 
client growers as commercial cooperators.  As a result, the project consisted of two growers, two 
orchards totaling 520 acres in the northern region (Sacramento valley and northern San Joaquin 
valley), three growers, three orchards totaling 194 acres in the central region (northern San Joaquin 
valley) and three orchards totaling 175 acres in the southern region (southern San Joaquin valley).  
(Appendix 6) 
Establishing Decision Making Baselines 

CAP developed three instruments to survey cooperators; a grower survey, a grower interview 
and a consultant/PCA survey (Appendix 7).  Each cooperating grower was interviewed and seven 
out of eight cooperating growers were surveyed. Each survey took about an hour of project 
management's time plus travel.  Project management determined that growers should be interviewed 
at a second meeting subsequent to the introductory meeting.  It was difficult, given busy schedules 
and geographical separation, to schedule one-on-one time with cooperators.  
 
Data Management 

Each cooperating consultant utilized his or her own documentation system with each 
cooperating grower-client.  Project management with assistance from DJS Consulting, aggregated 
and summarized field results obtained from cooperating consultants. At least monthly, these results 
were presented to cooperating consultants and growers.  Though an on-line data reporting system 
was originally planned, it was technically not manageable in 2002.   
 
Project Management 

(See Appendix 8 for a list of management task accomplishments in 2002.) 
 
Project Results  
 
Results of Baseline Surveys/Interviews  
  While 900 acres were specifically designated as CAP project acres, cooperating growers and 
consultants were collectively involved in the production of over 25,000 acres of walnuts.  The major 
concerns and barriers to implementation of sprayable pheromones expressed by consultants and 
growers focused on the cost of sprayable pheromones relative to conventional controls, coupled with 
uncertainties about efficacy.  The lack of efficient monitoring tools was a concern to the consultants.  
Growers often stated that they rely on their consultants for their IPM advice and that they heavily 
base their pest management decisions on that advice.  Most of the cooperating growers are primarily 
interested in the viewpoints of their consultants.  Thus, since the project design focused this year on 
consultants, the surveys and interviews confirmed that the focus was at least initially correct. (See 
Appendix 9 for a summary of the surveys and interviews.) 
 
Sprayable Pheromone and other CM Treatments 
 Approximately 832 of the 900 project acres were treated with label rates of sprayable 
pheromones (the remaining acreage was used as comparison blocks).  Approximately 663 project 
acres were treated with 3M MEC-CM® and 226 acres with Suterra’s Checkmate® CM-F (Appendix 
10).  In Tulare County only, sixty project acres were designated “conventional” and not treated with 
pheromones.  These blocks were used as a comparison with nearby pheromone treated blocks.  
Pheromone treatments were initiated soon after materials were available and, in all but the Southern 
Region, prior to peak flight of overwintering moths.  Due to the early flights in the Southern Region, 
Lorsban was applied in the spring prior to application of pheromones.  
 



 In the South Region, supplemental chemical sprays were applied to two blocks.   Confirm 
(tebufenozide) was applied to 20 acres (Vina variety) where May-June dropped nut counts averaged 
more than 12 nuts per tree. Lorsban (chlorpyriphos) was applied to a second orchard where the 
grower feared another potential worm pest (redhumped caterpillar, Schizura cocinna).   
 
 There were no attempts to determine differences between the two sprayable pheromone 
products and none can be inferred from the results of this year’s field experience. 
 

Cooperating growers and consultants agreed that the incorporation of sprayable pheromones 
into their pest management program in 2002 was technically feasible though prohibitively expensive 
in terms of out of pocket costs relative to their conventional pesticide program.  Based on their use 
of sprayables in 2002, all consultants and all but one grower stated willingness to examine 
sprayables in 2003.  These cooperators stated that the expansion in use of sprayables would be a 
function of the amount of sprayable product donation available in 2003 and the willingness of their 
clients to incur added costs of purchasing sprayables. 

 

Codling moth trapping results 
 Field results represent the springtime period through the end of the codling moth flight in 
September. 
 
 Project orchards were all trapped with both 1X pheromone baited and kairomone baited traps 
donated by Trece, Inc.  Most blocks received pheromone applications aimed to disrupt mating of the 
overwintering adults that emerged this spring and/or their offspring. 
 
 By the end of September, project cooperators had completed trapping of the codling moth 
populations, dropped nut evaluations and canopy nut count evaluations for codling moth damage.  
Certis sponsored harvest “wind row” nut samples of those project orchards that utilized 3M’s CM-
MEC sprayable pheromone.  
 
 Each cooperating orchard (with the exception of the “comparison blocks in the south region) 
received one or more sprayable pheromone applications and was trapped with both pheromone 
baited and kairomone (a.k.a. DA lure) baited traps.  The purpose of this lure comparison was to 
evaluate the potential of the DA lure as a potential tool for monitoring codling moth adults in 
pheromone disrupted environments where pheromone traps are “masked” by the mating disruption 
treatment.  Results of the trap counts are summarized in Fig. 1.  (See Appendix 11 and Appendix 12 
for individual orchard trap-lure comparisons.) 
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Figure 1.  CAP walnut project statewide seasonal summary of 
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Canopy count damage evaluations 
 Systematic canopy count evaluations were conducted in the South and Central Regions.  
Results showed no substantial differences in CM damage levels between pheromone blocks and 
comparison blocks.  CM infestations remaining on the trees at the end of the overwintering flight 
were generally less than 1%, well within acceptable damage levels.  One Central Region orchard 
exhibited 4% infested nuts in a small area within a 25-acre block.  Consequently, the crop consultant 
treated this area with chlorpyriphos in early July.  Consultants agreed that, even though no direct 
correlation with harvest damage exists, canopy counts are, nonetheless, important in the assessment 
of harvest damage potential.  (See Appendix 14 for a table of canopy count results.) 
 

Harvest damage evaluations 
Commercial harvest grading methodologies typically do not discriminate species-specific 

insect damage.  In order to better determine the effectiveness of the 3M sprayable pheromone, 
Certis, in cooperation with project participants, conducted a series of windrow samples at 
commercial harvest to determine the species of Lepidoptera insects infesting harvested nuts.     
 

In each of the 5 orchards where 3M pheromone was used, a series of four samples were 
collected, one sample each in the north, south, east, and west directions from the second tree away 
from DA baited codling moth traps.  For each sample, two opposite swaths at 45º angles to the tree 
row were raked and a minimum of 100 nuts per sample were collected, hulled and immediately 
delivered to the Dried Fruit Association in Fresno, CA.  From these collections, 100 nuts per sample 
evaluated for the number of “blows” (i.e. dried and/or shriveled nut meats), codling moth damaged 
nuts, codling moth larvae present, Navel Orange Worm (NOW) Amylois transitella damaged nuts 
and NOW larvae present.  A total of 130 samples were taken from the 5 cooperating orchards. 

 
The results of this survey demonstrated low infestation levels of CM and NOW in all harvest 

samples.  Most insect damage resulted from NOW.  There was no apparent correlation of harvest 
damage to earlier canopy or dropped nut damage assessments.  (See Appendix 15 for individual 
orchard charts of harvest damage results.) 
 
Economics 
 
♦ Input Costs 
 3M-Canada and Suterra have made significant contributions of their sprayable pheromone 
products to grower cooperators in 2002. Trece, Inc. has contributed all the DA trapping supplies.  
These contributions reduced the participation costs to growers and were favorable incentives for 
cooperators to be involved in the CAP project. 
 
 At the March planning meeting, the core participants determined that, during this initial 
project field year, they were primarily interested in tracking costs of materials and applications.  
Consequently, these costs to the grower have been calculated from their pesticide use in cooperating 
orchards.  Input costs are calculated from the commercial price for products and applications 
reported by PCA cooperators.  To compensate for the value of contributed pheromone product, the 
list cost (including estimated cost of sprayable pheromone) and the actual costs (excluding the value 
of contributed pheromone) are compared. 
 



  Where data allowed comparisons of the CMMD blocks with non-pheromone treated blocks 
(South Region only), list vs. actual costs of the pheromone program were substantially higher than 
the comparison blocks (Figures 3 & 4).  On average, these cooperating growers actually spent $116 
per acre more than their comparison blocks.  Were it not for donated product, they would have spent 
$193 per acre more.   
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As a result of the actual or potential costs to growers realized with sprayable pheromone this 
season, cooperators have determined that, for sprayable pheromones to be adopted, a more targeted 
approach to pheromone use will be required to minimize costs (See Appendix 16) 
 
♦ Cost/benefit Worksheet 

 Input costs to control pests are only one component of an overall analysis of the economics 
of crop protection.  Nonetheless, this is the one component over which growers can exert some 
control.  Other components, such as impacts of other variables (e.g., weather) on quality and yield 
coupled with the price they receive for their final product, are relatively unmanageable.  
Consequently, as measured by the baseline surveys, growers and their advisors focus on input costs. 
 
 However, the comprehensive value of pest management inputs is best measured by 
calculating the net revenue derived from those inputs.  In order to provide an example of this, a 
calculator was adapted from the Washington State Pear IPM Project (Appendix 17) to include the 
costs of inputs plus the value of yields and quality on bottom line income (i.e. net revenue).  As the 
costs of managing walnut pests change, the use of net revenue calculation will provide a better 
measure of the economics of crop protection and pheromone use than evaluating input costs alone. 
  
♦ Management Note on Economics 
 There is a common approach among walnut growers and some PCAs which focuses on 
controlling harvest damage levels rather than managing codling moth populations.  This strategy was 
based on the ability of growers to use relatively inexpensive, late season “rescue treatment” chemical 
sprays when visible damage from the overwintering flight was detected either on the trees or as 
dropped nuts.  In addition, where the previous season grade sheets suggested a problem, growers 
might program additional insecticide treatments the following season.   With the advent of resistance 
to OP insecticides coupled with increasing regulatory constraints imposed on the use of most of OP 
insecticides, this “rescue” treatment/damage control approach is vulnerable to decreased efficacy and 
increased costs. The cost effectiveness of mating disruption, as an additional tool to manage codling 
moth populations vs. unilateral conventional pesticide rescue treatments to control codling moth 
damage will likely improve.   
 
Outreach 
 In addition to published articles previously mentioned, project management conducted 
frequent face-to-face meetings and telephone contacts with project cooperators and many of the 
project sponsors.  This management effort was aimed at keeping the project profile high among the 
cooperators by providing updated project information to those most intimately involved in the 
project.  In doing so, this “high touch” approach demonstrated continued and frequent CAP 
involvement.  By frequent interaction with project participants, project management developed a 
more clear insight into what is needed to make the project’s work more effective and successful in 
the future.  Concurrently, project management was able to keep cooperators informed of the CAP 
methodology.  
 
 Three major articles featuring the project were published in 2002.  The first article, published 
in January 2002 by Diamond of California, the state’s largest grower-cooperative walnut processor, 
in their quarterly newsletter.  This article, published in the quarterly newsletter, introduced CAP and 
the walnut project to all Diamond cooperators. 
 



 A second article was published by the California Walnut Commission in its summer 
newsletter. This article described the CAP project in its context as an outgrowth of the Walnut Pest 
Management Alliance project and was sent to all California walnut growers. 
 
 A final article was published in the June 19 edition of The Sacramento Bee newspaper.  This 
article highlighted CAP and the walnut project effort in the Sacramento Valley.  (See Appendix 18-
20 text of these articles). 
 

As a result of these articles, all walnut growers and many Sacramento area citizens were 
provided detailed information about WIPMEP in its first field year. 
  
End of Season Project Analysis 
♦ 

♦ 

Overview 
 On November 5, 2002, an end of season meeting of the projects core participants was held to 
evaluate 1) the field results of the project and 2) the effectiveness of the project in achieving its 
objectives.   The discussion and work plan from the March 14 planning meeting were used as the 
yardstick for assessing project efforts.  Participants included the CAP executive, the project 
manager, all 3 regional project coordinators, all 4 regional pest management consultant cooperators, 
a representative of the Walnut Marketing Board and a project technical consultant.  The facilitator, 
with support from CAP staff asked questions and solicited comments from the regional coordinators 
and consultants.  (See Appendix 16 for the complete meeting results.)   
 
Field results 

Sprayable Pheromones 
 Core participants believed that sprayable pheromones for codling moth mating disruption 
(CMMD) need to be explored as a component of a multi-tactic walnut pest management.  With 
the entire end of season data in their hands, they then turned to their experiences of using 
pheromones in the field. The sprayables had worked better than anticipated in some fields, but 
had failed to provide adequate control in others.  As participants had a chance to synthesize their 
experiences, several things became clear:  although their confidence in being able to predict 
where pheromones would work was marginally lower, sprayable pheromones had the advantage 
of being compatible with existing systems and easy to apply. On the other hand, the cost of the 
materials is a disadvantage, particularly in comparison with cheaper OP alternatives.  
 
However, far from being back at square one, the participants decided that they wanted to continue 
the use of sprayables, but possibly not expand their acreage in the coming year.  Having seen that 
using pheromones as a wholesale replacement may not always be the best approach, they decided to 
reinvent part of the implementation effort to use sprayables as an adjunct to standard control 
programs in ways that will reduce CM populations and further decrease damage from codling moth 
in those control regimens. 
 

♦ DA Lure 
 Core participant experience with the DA lure has compelled the crop consultants to 
incorporate the future use of this monitoring technology with diligence.  Cooperating PCAs 
commented that the use of standard pheromone traps in CMMD orchards was “worthless” this year.  



It was unanimously agreed that more needs to be known about how the DA technology will fit into 
walnut pest monitoring.  In addition, consultants agreed that periodic nut damage assessments were 
important to the decision making process and, though added work and time are required, would be 
important components to incorporate when using pheromones and the DA lure. 
 
♦ Field Protocol 
            In order to better determine the value added potential of sprayable pheromones cooperators 
discussed changing their field protocols.  The need to compare blocks treated with pheromones 
against other similar blocks not treated with pheromone was suggested as an approach to better 
understanding the value of pheromones. 
 
Conclusions 
 
 In 2002, CAP formed a network of stakeholders including growers, crop consultants, 
Diamond of California field staff, a large independent processor, industry consultants, product 
manufacturers, product distributors, commodity group personnel and university and cooperative 
extension personnel.  Most importantly, PCAs were engaged in the implementation process.   
 

The involvement of commercial PCAs was and is the most important factor for increasing the 
implementation of reduced risk technologies.  Because of their involvement, the project was able to 
implement sprayables on 900 commercial acres in a short period of time.  As they developed 
confidence in new practices they are able to spread their knowledge to other grower clients with 
whom they work, thereby expanding adoption.  The PCAs in this project consult on 30,000 acres of 
walnuts so the impact of their participation extends well beyond the acreage formally in the project.  
Their work is the necessary step between experimentally designed research and wide scale adoption 
by growers.  The engagement of the private sector accomplished in this project is the key to creating 
and sustaining adoption of new technologies after the project ends.  
 

Project coordinators and consultants collaborated to design commercially practical field 
evaluation methodologies and protocols and, during the course of the season, conducted these agreed 
upon tasks. These cooperators began building an experience base relative to project objectives and 
CAP methodologies.  Biological, economic and decision-making data collection was conducted in a 
planned and timely manner. Cooperators individually and collectively developed a critical sense 
about what was needed to implement the project’s target technologies.  This knowledge was 
captured in surveys and focus groups.   
 
 Conventional pest management in walnuts continues to rely on a variety of effective and 
inexpensive pesticides dominated by an array of organophosphate insecticides.  Consequently, the 
baseline survey data showed that the cooperators had fundamental concerns about the cost and 
effectiveness of sprayable pheromones.  However, as a result of their field experience with the 
project, cooperators determined that the use of sprayable pheromones and kairomone baited traps 
were potentially valuable tools in the future management of walnut pests.  
 

This fact was particularly evident in the expressed desire of the core cooperators to continue 
the project work into a second field season (2003).  As a result of their 2002 experience, these 
cooperators had initiated plans for modifying their use of the target technologies to better determine 
their fit into their commercial IPM programs.  They stated that, depending on the availability of 



donated product, they were considering expanding the use of the CMMD and DA lures on additional 
acreages in 2003. 

 
Finally the project and its methodology are having influence far beyond the confines of the 

walnut industry.  The project has been chosen as one of the initial case studies for presentation to the 
Committee to Advise on Reassessment and Transition (CARAT) (Appendix 21).  Thus, the 
experiences in implementing reduced risk technologies and the process by which it took place will 
help to inform the larger discussion on how to support and facilitate the adoption of more 
environmentally sound farming practices in California and the rest of the country.   
 



Appendices 
 

Appendix 1.  
 
THE CAP  INTEGRATED IMPLEMENTATION PROCESS 
 
Introduction 
 
Involving participants in the design, implementation and evaluation of a project is the heart of 
the CAP process.  It assures the adoption of new practices because it allows growers to integrate 
those practices into their existing management systems and to have confidence in the changes 
they are making.  Participants identify what information they need in order to try a new practice 
and what results they need in order to decide if they want to continue the practice.  Project 
activities can thus be designed to be manageable and straightforward.  In addition, because 
participants document and evaluate their own results, they can see firsthand the benefits of a new 
practice. 
 
Change depends on many factors; new practices that are clearly advantageous, compatible with 
existing systems and relatively simple to implement are much more likely to be adopted.  With 
this in mind, and in the belief that change can only come from within, CAP has designed an 
implementation process which consists of five integrated steps:  1) Initiating a Project; 2) 
Designing Project Activities; 3) Establishing a Baseline; 4) Understanding and Assessing 
Industry Impact; and 5) Evaluating Results. 
 
I.    Initiating a Project 
 
To initiate a project, CAP hires a project manager whose first task is to meet with the project 
partners, that is, the industry leaders and change agents in the public and private sectors who 
have expressed interest in and support for the work to be done.  During this meeting, a work plan 
is developed and likely project participants are identified.  Because project partners have many 
other responsibilities, the purpose of the work plan is to lay out the year’s jobs in a clear, concise 
way so that everyone can stay on task. 
 
II.  Designing Project Activities 
 
Once a project has been initiated, focus groups of growers and crop consultants help design 
project activities by addressing the following key questions: 
 

1.)What information will project participants need in order to use the new practice?  
Specifically, what field information will participants need and what, if any, additional 
education, training, support or other resource would facilitate the adoption of new 
practices? Hearing directly from participants about what would be most helpful allows 
project staff to provide only the most useful information resources and to avoid 
burdening participants with unnecessary information. 
 
2)What quantitative and qualitative information will participants need in order to 
determine whether a new practice has been worthwhile?  It is important to understand at 



the outset exactly what will need to be documented and how: what biological 
information, agronomic information, yield information, economic information and 
efficacy information will help growers decide whether or not a new practice has worked?  
Growers are asked to collect only the information they will need in order to decide about 
adopting a new practice.  This makes the collection of results feasible, allows growers to 
have confidence in the new practice, and leads to a more conscious decision making 
style.  

 
III.  Establishing a Baseline 
 
At the beginning of a project, project managers conduct a one-on-one interview with each 
participating grower and crop advisor.  These interviews, which ensure that a documentation 
system is in place and serve to uncover any specific needs that particular farmers may have in 
relation to the adoption of new practices, are intended to establish a baseline of practices and 
decision-making processes.  Participants identify what kind of information they have been 
relying on to make decisions in the past, and what processes they have used to make and evaluate 
those decisions.  With this information—much of which may not have been articulated before—
participants will be able to compare the changes in the way they make decisions with the way 
they did before.    
 
IV.  Understanding and Assessing Industry Impact 
 
In order to ensure the widespread adoption of new practices, it is important to understand both 
current industry practices and attitudes to new practices.  With the help of project participants 
and under the auspices of local organizations, industry wide surveys are designed to:  1) establish 
a baseline of current industry practices and industry awareness of new technologies; 2) determine 
the most appropriate communications messages, audiences and media to help increase industry-
wide interest in new practices; and, 3) identify the best routes for increasing adoption.  Since 
surveys are conducted through local organizations, there is both a good response rate and a way 
to inform local growers about survey results. 
   
V.  Implementing New Field Practices 
 
Field implementation is carried out by the private sector in cooperation with research and 
extension staff.  This makes it possible for participants to continue a new practice after the end of 
a project.  While projects are running, CAP provides support as problems arise and connects 
project managers from different regions with each other so that they can compare notes about 
what works and what doesn’t.  
 
VI.  Evaluating Results 
 
Because growers identify at the outset what information they will need, and because the 
collection of relevant results is integral to the CAP process, an efficient method of evaluation is 
built into every project from the beginning: 
 
First, growers and consultants compile season results and discuss these with project staff.  As 
participants and staff document and evaluate important quantitative changes— yield, quality, 
production costs, net revenue, amounts of pesticides used, changes in pest and predator 



populations--participants can determine if a practice has been worthwhile.   They can identify 
what worked and what didn’t, and decide whether they want to continue, expand, modify or 
abandon the new practice. 
 
Next, project staff compile and analyze the individual results to evaluate the overall quantitative 
and qualitative success of each project.  Once aggregated these results indicate the extent to 
which adoption has taken place within the industry, the ways in which the environment has been 
improved, and the efficacy of the new practices on a commercial scale.   With this information, 
project staff can communicate with the industry to encourage further adoption and with the larger 
community to further understanding of environmentally sound agriculture.  
 
Finally, when individual and aggregate results have been compiled and analyzed, the project 
staff convenes a discussion with project participants to review project results and refine project 
activities for the next season. 
 
Conclusion 
 
 The steps in the process are interrelated so that the adoption of new practices is the result 
of deliberate attention to the way in which change takes place.  The process is however flexible 
enough to be adapted to the needs and circumstances of individual projects.  For example, if all 
project participants are present for the focus groups discussions described in Step 2, the one-on 
one interviews in step 3 can be forgone as redundant.  The essential of every project is that 
change comes from within as a result of participants’ involvement in every step of the process.  
As the process is refined and strengthened over the course of successive projects, the purpose 
remains to: 
 

• Involve participants from the beginning in the design and evaluation of the project 
• Provide a clearly defined set of changes to be implemented 
• Ensure that the information and support necessary to implement those changes re 

provided 
• Ensure that implementation is effectively carried out through the coordinated work of 

private and public sectors  
• Ensure that the change and support are provided in a way that is compatible with current 

practices and important decisions 
• Ensure that documentation is built in from the beginning so that the participants can see 

and confirm results so that project results can be collected 
• Ensure that changes in decision-making are facilitated and documented as the 

fundamental and most lasting legacy of the project 
• Provide a means for tracking the impacts of the project on the larger industry 
• Provide a means for identifying potential adopters 
• Provide a means for targeting communications as an integral part of project activities 

 



Appendix 2. 
 
Project Year 1 Final Report 
 
Implementation 
 

THE CALIFORNIA WALNUT IPM EXPANSION PROJECT 
-Year 1- 

 
Patrick W. Weddle, Larry Elworth 

Center for Agricultural Partnerships, P.O. Box 539, Placerville, CA 95667 
 
Keywords:  Codling moth, Cydia pomonella, Navel Orangeworm, Amyelois transitella, walnut, 
mating disruption 
 
Abstract:  The Center for Agricultural Partnerships (CAP) in cooperation with growers and their 
organizations, crop consultants, researchers and farm advisors is developing a project to 
implement sprayable mating disruption and other new technologies on 25% of the walnut 
acreage susceptible to codling moth infestation (approximately 25,000 acres by the end of the 
third year). 
 
Codling moth is one of the key pests of walnuts, infesting 60% of the more than 200,000 acres in 
California. Uncontrolled codling moth can lead to economic damage of up to 40 % of the 
crop. The walnut crop in California was valued at $278 million in 2000. 
 
Year 1, Project initiation  
     The Center for Agricultural Partnerships (CAP) is initiating, through a cooperative effort with 
growers and their organizations, crop consultants, researchers, farm advisors and the Walnut Pest 
Management Alliance program, a commercial implementation project designed to increase use of 
mating disruption on at least 25% of the walnut acreage susceptible to codling moth infestation 
(approx. 25,000 acres by the end of the third year) by:  
 

• Implementing a systematic process to further on farm adoption of mating disruption and 
other novel insecticides on a wide scale in commercial walnut production over three 
years; 

• Documenting and disseminating economic, biological and decision making changes in 
the adoption of new codling moth management technologies on the farm, project, and 
industry levels;  

• Implementing and validating the effectiveness of kairomone-based lure as a key 
component in the use of mating disruption on a wide scale in commercial walnut 
production.   

 
Methodology 
Initial project design, organization and funding occurred in year 1 (2001).  Field initiation will 
occur on approximately 1000 acres in three growing regions during the 2002 growing season 
(Year 2).  Cooperator and acreage expansion will occur in subsequent years. 
 
The diagram below shows the integrated process used by CAP in this project: 



 
 

 
 
CAP will coordinate oversight of the entire effort and work with participants among the three 
cooperating walnut growing regions. Frequent written updates will be provided to grower and 
PCA participants regarding trap counts, pest pressure, economics and other information 
identified as important in initial participant group discussions.  During the season, educational 
meetings will be organized in each region in cooperation with cooperating industry organizations 
and other interested stakeholders.  CAP and the participating organizations will carry out 
communications within the walnut industry about the project and its results through newsletters, 
presentations, and electronic means.     
 
At the beginning of the second project year, a baseline survey of the walnut industry will be 
conducted.  The survey will 1) establish a baseline of current industry codling moth management 
practices and industry awareness of the new technologies; 2) determine the most appropriate 
communications messages, audiences and media to help increase industry-wide interest in new 
practices; and, 3) identify the best routes for increasing adoption within the industry as the 
project continues.   
 
Implementation of the technologies will be done during the growing season by cooperating 
growers with the support of their crop consultants. Crop consultants will conduct field 
monitoring, provide training for the growers, and collect and interpret data to make it possible 
for the growers to master the new technology and the information necessary to successfully use 
it.   To ensure consistency among grower and consultant efforts, the project’ regional 
coordinators will assist CAP in organizing field implementation, analyzing results, facilitating 
learning and sharing of results among participants in the three different growing regions.  In 
addition, collaboration with participants in the Walnut Pest Management Alliance (PMA) and 
companies providing pheromone and monitoring products will provide technical information on 
protocol design and field implementation. In year one, implementation sites totaling 
approximately 1000 acres will be established in each of three major walnut growing regions 



throughout the Sacramento-San Joaquin valley.  Collaborating crop consultants and growers will 
adapt protocols, developed by the PMA and the pheromone companies, to the implementation 
sites. Treatment protocols will be designed based on site-specific considerations of historical pest 
pressure and any other site pertinent characteristics.  Each implementation site will receive 
applications of pheromone for CM control and, depending on site-specific considerations, 
supplemental insecticide sprays, only as necessary to prevent unacceptable crop damage.  Where 
possible, reduced risk insecticides will be used.  Where sites are 20 acres or larger, the orchard 
may be divided into two comparable blocks.  One block will receive the pheromone treatment 
protocol and the other a “standard” or conventional treatment. Pheromone baited traps and an 
equivalent number of DA2313 baited traps will be placed in each pheromone implementation 
site, both pheromone treated and, where available, the “standard” site. A documentation system 
will be carried out for each site and region and will measure multiple parameters including 
environmental conditions (i.e., weather,) spray records, trap counts, pest phenology, 
supplemental monitoring data and other pertinent information as determined to be important to 
implementation. CAP with cooperation from the regional coordinators will tabulate the weekly 
data and provide weekly summaries to grower and PCA cooperators. 
 
At the end of each growing season, crop consultants will compile biological, yield, economic and 
pesticide use results to review with each of the growers. They will be able to evaluate 1) 
quantitative changes such as yield, quality, production costs, net revenue, amounts of pesticides 
used and changes in pest and predator populations; and 2) the effectiveness of mating disruption 
technologies and how growers want to continue, expand, or modify their use.  Since this project 
recognizes that new practices have to be economically viable, results will be presented for each 
cooperating grower in terms of net revenue as well as changes in direct costs. 
 
Following harvest, participants will also meet as a group in each of the regions to review project 
activities, compare results, and set out plans for the coming season.  Project staff will then 
compile results from all of the farms, summarize the results and prepare an annual project report. 
The results of that report will be used in communications throughout the walnut industry, trade 
publications, and presentations at industry and grower meetings.  Just as important, CAP will 
conduct press and media relations to the wider agricultural community and general public to 
increase awareness and support for improving water quality through environmentally sound 
agricultural practices.  
 
In the second and third years, the crop consultants will expand the number of acres and growers 
involved in implementing the sprayable technologies.  The intended outcome of the project is 
that 25,000 acres (one quarter of the acreage susceptible to codling moth infestation) will have 
implemented the sprayable mating disruption technology by the end of the project’s third 
growing season.  At the end of the project a series of focus groups will be used to assess farm 
and project level results. In addition, a final industry survey will be conducted to assess changes 
in the industry as a result of the project.  
 
Background 
     California produces 99% of U.S. walnuts and 38% of the world production.  There are 
207,520 acres of walnuts in the state, Over 90% of this acreage occurs in the Sacramento and 
San Joaquin valleys.  In addition, this region is where the most severe arthropod pest problems 
exist with highest damage pressure in the southern valley.  
 



     Codling moth (Cydia pomonella) is the key pest of walnuts in California and the most 
economically important arthropod pest statewide. Two or more generations usually occur in 
California each summer.  These later generations can be particularly damaging to harvested nuts. 
Summer larvae bore into the growing nut, damaging husk, shell, seed coat and kernel, and 
rendering the nut worthless for commercial use (USDA, 2001).  In addition, infested nuts 
provide entry points for navel orange worm, Amyelois transitella, increasing the population of 
this pest in orchards while coincidentally increasing pesticide applications and costs (IPM for 
Walnuts, 1987, Walnut Marketing Board, 2000a). 
 
     Approximately 60% of walnut acreage is susceptible to codling moth (CM) damage. Damage 
is generally most severe on early season cultivars, although it has been increasing steadily over 
the years on some late cultivars such as Chandler.  Left uncontrolled, codling moth infestation 
can result in serious economic damage that exceeds 40% of the harvested crop.  In addition to 
direct yield and quality losses, higher costs for sorting in the warehouse may result in additional 
economic penalties for growers.  Codling moth feed on the walnut kernel thereby reducing edible 
yield.  Since edible yield is a basis of payment on shelling varieties, any level of damage reduces 
the grower’s payment for the crop.  Low levels of damage reduce or eliminate any quality bonus 
payments to the grower.  Additional financial penalties are imposed when insect damage exceeds 
5%.  Any lot of walnuts with insect damage greater than 8% is disqualified from in shell 
shipment and the associated premiums (S. Wulfert, 2001, Integrated Pest Management for 
Walnuts, 1987.)  As a result, walnut growers are experiencing $16 – 40 million in losses from 
CM annually, with losses in recent years at the upper bound (Sibbitt 2001, Stewart 2001). 
 
     Codling moth management relies on one to three chemical treatments per year.  The primary 
conventional pesticides organophosphate (OP) insecticides of which chlorpyriphos is the most 
widely used being applied to more than 40% of the walnut acreage annually.  To protect their 
crops from loss, walnut growers annually apply 1.5 to 2.2 lbs. AI/ac. of OPs to control CM in 
infested orchards.  According to California’s Department of Pesticide Regulation Pesticide Use 
Report Data Summary (2000) more than 145,000 pounds of chlorpyriphos were used on walnut 
production in 1999.   Grower costs for these sprays may exceed $100/acre per season.  Use of 
these pesticides often requires additional pesticide inputs to control secondary pests, which erupt 
when their natural enemies are suppressed by the CM sprays. 
 
     While OPs have provided a valuable mainstay of pest management in walnuts, problems 
associated with their use have also multiplied. CM resistance to OPs has been widely 
documented (Varella, 1993, Knight, 1994.)  Furthermore, OPs disrupt natural enemies of 
secondary walnut pests, such as walnut aphid, dusky-veined aphid, web spinning mites which 
often results in additional pesticide applications (Ramos, 1985.)  In short, the continued 
availability of the most widely used chemicals for control of the key pest of walnuts is in 
significant jeopardy due to biological and regulatory reasons. 
 
     The Center for Agricultural Partnerships (CAP) is a 501(c)(3) nonprofit organization whose 
mission is to create programs that solve important agricultural problems by helping farmers 
increase the use of economically and environmentally sound practices.   
CAP projects serve to bridge between the vast body of research in farming practices and the 
practical implementation of these innovations in the field.   
 
     In the last five years CAP has worked with partners involved in the production of lettuce, 



celery, apples, pears, cotton, soybeans, corn, and peanuts, in California, Michigan, Minnesota, 
North Carolina, Virginia, and Washington.  Since its inception in 1996, CAP projects have put 
new farming practices in place on more than 100,000 acres nationwide.    
 
     Headquartered in North Carolina and  supported by foundations, corporations, individuals, 
state, and federal government, CAP is a leader in designing and implementing solutions for 
difficult agricultural and environmental problems. 
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Appendix 3.   
 
Center For Agricultural Partnerships 
Go/No Go Pre-Project Evaluation 
Situation Analysis Stage of The CAP Implementation Project Model 
WALNUT IPM EXPANSION PROJECT 
 
Industry/Primary cropping system: 
 
 

WALNUTS 

Locations for implementation –  
state(s), region(s): 
 

CALIFORNIA, SAN JOAQUIN-SACRAMENTO VALLEYS 
Yuba/Sutter Co., San Joaquin Co., Tulare Co. 

Innovation(s) being considered –  
technology, product, practice, hardware/software: 
 

New reduced-risk insecticides, new formulations of mating 
disruption for CM, new trap attractants for improved trapping 
efficiency in disrupted orchards 

Intended start date for implementation  
(i.e. for funding and recruiting/hiring purposes): 
 

Spring, 2001 pending funding 

Intended start date for baseline data collection  
(i.e. for funding purposes): 
 

Spring, 2001 pending funding 

 
 
Key potential funders - financial, in-kind  
(i.e. potential stakeholders who might need to be recognized in funding proposals and/or direct funders): 
Name Potential Contribution 
 
? 

 

 
? 

 

 
Rohm & Haas/3M 

? 

 
Walnut Marketing Board 

? 

 
Diamond of California 

In kind harvest damage evaluation, PR support 

 
 

 

 
 

Potential project personnel  
(identify any on-the-ground individuals who might be willing and able to participate in the project): 
Project Manager  

CAP/WHA, Inc. 
Project Coordinator  

Selected independent consultants in each region 
Technician  

Randy Hansen (WHA) 
Economist  

Jeff Connor 
Evaluation  

CAP and others 
Communications  

Diamond, Walnut Marketing Board, CAP and others 
Other  

 
 

 
 



Potential stakeholders  
(provide specific names of people and/or organizations) 
Farmers/Growers Clients of project coordinators 

 
Crop consultants Project coordinators 

 
Research UC and USDA-ARS 

 
Extension PMA, UCCE 

 
Grower/industry 
organizations 

Walnut Marketing Board 
Diamond of California 
 

Related or complimentary 
projects 

PMA 
BIOS (San Joaquin Co.) 
 

Private businesses Consulting firms in three regions listed in draft proposal 
 
 

University, colleges, 
professional schools 

UC Berkeley 
See proposal 
 

 
 

What are their concerns, needs, barriers, resources, logistics, etc.? 
(e.g. specific issues that need to be addressed and/or recognized in order to ensure a successful project) 
Farmers/Growers Economically competitive adoption of mating disruption for management of CM 

 
Crop consultants Increased field monitoring required to make mating disruption an economic alternative to 

conventional pesticides 
 

Research Researchers are slow to develop comfort with a “trialable” program 
Sprayable pheromone technology not proven effective in walnuts 
Limited use of new trapping technology 

Extension Engaged in research and demonstration as part of PMA 
 

Grower/industry 
organizations 

 
Still learning about these.  Probably the usual political constraints for which we hope to 
compensate in project regionalization 

Related or complimentary 
projects 

 
Concerns that PMA does not perceive project as competition but rather as collaboration 

Private businesses Rohm & Haas has virtually no field experience with MD in CA walnuts.  R&H has few good 
field oriented employees in state.  Rick Geddes is exception in Sutter/Yuba 
 

University, colleges, 
professional schools 

 
No comment here yet 
 

 
 
Please check the box that most closely corresponds to your 
feelings on each of the following statements. 

Strongly 
Disagree 

 
Disagree 

 
Neutral 

 
Agree 

Strongly 
Agree 

Industry appears to have vocal or manifest concerns sufficient to 
initiate a change process. 

    XX 

Industry concerns are not so strong to prevent members from 
being open to systematic problem solving and coherently 
planned change processes. 

   XX  

Concerns by various industry members are sufficiently in 
harmony that attaining consensus on a change effort seems 
possible. 

   XX  

The industry’s previous experience(s) with change efforts is 
positive enough that it supports consideration of other 
opportunities for change. 

   XX  



With respect to the industry’s internal networks and cohesion, 
they can be described as: 

� Strong enough that effective communication and 
overall recognition of the need for change is possible 

� Sufficiently “loose” and “open” that there is room and 
receptivity for (outside) interventions from change 
agents (or anyone else) 

   XX 
 
 
 
XX 

 

Industry possesses the internal capacity to analyze situations and 
diagnose problems constructively. 

  XX   

Industry possesses initiative/desire to analyze situations and 
diagnose problems constructively. 

   XX  

Even though the industry is experiencing such a level of turmoil 
regarding primary concerns, it is able to examine or define the 
problem constructively. 

  XX   

The industry is not so fixated on a solution(s) that it is incapable 
of considering the real nature of the problem. 

  XX   

Industry members adequately trust each other and/or CAP to 
open up on the really serious problems that are plaguing them. 

  XX   

The industry has acquired or is able to acquire adequate 
resources, financial or otherwise, to support a change effort. 

   XX  

The industry is sufficiently linked to outside resource systems for 
knowledge, innovation models, expertise, or financial support. 

   XX  

The industry is both able and willing to commit to trying out a 
specific change activity. 

   XX  

The industry is not presently committed to or about to attempt a 
change activity which is poorly conceived, will have little or no 
impact, is too ambitious and will likely fail; thus, has little 
likelihood of gaining long-term acceptance, will not lead to 
further renewal efforts. 

   XX  

The industry has experienced on-farm implementation and has 
the motivation and capacity to disseminate it to others and to 
extend its impact. 

  XX   

The industry is aware of the need to evaluate its experience 
regarding the on-farm implementation and its outcomes to 
determine whether to continue the innovation and extend it to 
others. 

  XX   

The industry has adequate recognition/appreciation of the need 
for continuing to adapt the innovation until it is fully accepted as 
integral to the production system. 

   XX  

 Strongly 
Disagree 

 
Disagree 

 
Neutral 

 
Agree 

Strongly 
Agree 

The decision makers accept the need to make room for the 
change in their line item annual budget and/or farm management 
practices. 

  XX   

The change will lead to a continuing desire for change and on-
going efforts to bring about other changes. 

  XX   

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

 
Summary Check List 

Strongly 
Disagree 

1 

 
Disagree 

2 

 
Neutral 

3 

 
Agree 

4 

Strongly 
Agree 

5 
This implementation project will yield an impact that can be felt 
and measured during the life of the project. 

   XX  

This implementation project will produce a measurable 
legacy(ies) that will last beyond the life of the project. 

   XX  



The scope of the implementation project does not exceed the 
intended resources to match it. 

  XX   

The project is of sufficient size and scope that its impact will be 
appreciated. 

   XX  

The project will be meaningful to many stakeholders within the 
following:  

� Industry 
� Funders (current and potential) 
� CAP 
� Future projects 
� Political arena 

    
 
 
XX 

 

The project can be subjected to constructive analysis: 
� Economics 
� Decision-making processes 
� Rate and extent of adoption 

    
 
XX 

 

The project will leverage existing/accessible application of 
information and other resources. 

    XX 

Successful completion of the project will lead to other 
opportunities for the industry and CAP (i.e. multiplier effects). 

    XX 

 
 
 



Appendix 4. 
 
List of Core Participants 
 
Name Business Name Street number City Stat

e 
Zip 

    
Regional Consultants   
Michael 
Devencenzi 

Agricultural 
Consultant 

338 Valley Oak 
Place 

Woodbridg
e 

CA 95258-
9323 

John Post Agricultural Advisors, 
Inc 

3995 East Butte 
Rd. 

Live Oak CA 95953 

Jim Stewart Pest Mgmnt Assoc., 
Inc 

P.O. Box 712 Exeter CA 93221 

Judy Stewart Pest Mgmnt Assoc., 
Inc 

P.O. Box 712 Exeter CA 93221 

    
Regional Coordinators   
Steve Wulfert Diamond of 

California 
P.O. Box 3828 Chico CA 95927 

Joe Grant U.C. Coop. Extension 420 S Wilson Way Stockton CA 95205 
Steve Sibbett U.C.C.E. Emeritis 2909 Village Ct Visalia CA 93277 

    
Project Management   
Pat Weddle Center for Ag 

Partnerships 
P.O. Box 529 Placerville CA 95667 

 
 
 
 



Appendix 5.  Walnut IPM: Core Participant Work Plan Structure 
 
          Walnut IPM: Work Plan Responsibility Matrix and Project Timeline 

 

Work Package \ Responsible Party 
Crop 
Cons 

Grower Reg 
Cord 

Proj 
Mgn
t 

CAP Frequency/ 
Deadline 

Status 

1.01 Economic analysis variables identified D  D D  03.14.02 complete 
1.02 Future costs variables identified     D Post harvest  
1.03 Training      03.14.02 complete 
1.04 Damage assessment variables identified D  D D  03.14.02 complete 
         
2.01 Document standard procedures for sprayable pheromone use A  A D  03.14.02 complete 
2.02 Field education sessions   H D  ongoing underway 
2.03 Mechanism to deal with failures D D H A H ongoing  
         
3.01 Data collection for economic and damage analysis H  H D H   ongoing 
3.02 Create online data dictionary and database    D  04.01.02  
3.03 Doug’s protocol for field data collection   H D  03.15.02  
3.04 Online field data submission D  H   weekly  
3.05 Economic data submission D  H H  ongoing  
3.05 Conduct baseline surveys H   D D April  
3.06 Baseline surveys with growers, CCs and industry on field data 

(UC data) 
      Collected 

but not 
analyzed 

3.07 Baseline decision making data—secondary analysis     D May/June  
         
4.01 Ongoing discussion of effectiveness of technology D D D D D Ongoing underway 
4.02 Weekly field updates—summary?    D  Ongoing  
4.03  Internal project communication H H H D  Ongoing  
4.04 Regional communication—post harvest reports   H D  As needed As needed 
4.05 Industry communication (ag and non-ag)    D  As needed As needed 
         
5.01 Data analysis at individual level D  D   ongoing ongoing 
5.02 Data analysis at project level H  H D H Post harvest  
5.03 Project expansion—decide on methodology   H D  Post harvest  

Key: D: Does   A: Approves    H: Helps 
________________________________________________________________________ 

   
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 6.  Cooperator Survey and Interview Instruments: 
 
Cooperating Grower Interview Instrument  
Walnut Grower Interview Questions  (to be asked by Pat in a face-to-face situation) 
 
Q1. When considering new pest management tools, which ONE of the following is the MOST important 
to you: 

A. Reducing costs 
B. Increasing revenues 
C. Effectiveness of the tools 
D. Other (please specify): __________________________________________________ 

 
Q2. What are your main concerns about using sprayable pheromones? 
 
Q3. What do you need to find out throughout the growing season that will help you decide whether or not 
sprayable pheromones work for you in walnuts? 
 
Q4. What do you need to find out after harvest that will help you decide whether or not sprayable 
pheromones work for you in walnuts? 
 
Q5. If you wanted to convince a neighbor or fellow grower to use sprayable pheromones in walnuts, what 
information or data would you need to make your case? 
 
Q6. Assume it is the end of the season and you and your crop consultant are discussing the crop yield, 
revenue, and insect damage levels.  You have added the DA lure and sprayable pheromones to your pest 
management tool box for part of your producing walnut acreage and maintained some form of last year’s 
(i.e. traditional) codling moth pest management program on your remaining producing walnut acreage.  
For each of the following two scenarios, please indicate which action you would likely take. 
 

Scenario #1: 
The two pest management strategies yielded nearly identical results in terms of yield and quality.  
Given that it was the first year of the sprayable strategy, start-up and monitoring costs proved to 
be somewhat higher than other strategy, how would you proceed for next year’s pest management 
program and WHY? 

A. Use traditional pest management strategy on 100% of acreage. 
B. Repeat combination of these two strategies in same ratio of acreage. 
C. Increase sprayable strategy acreage somewhat but still maintain significant proportion of 

acreage in traditional strategy. 
D. Use sprayable strategy on 100% of producing acreage. 

 
Scenario #2: 
The two pest management strategies were nearly identical in terms of costs to implement.  
However the acreage using sprayable pheromones appears to have slightly higher (1-2%) damage 
levels than the strictly traditional blocks.  How would you proceed for next year’s pest 
management program and WHY? 

A. Use traditional pest management strategy on 100% of acreage. 
B. Repeat combination of these two strategies in same ratio of acreage. 
C. Increase sprayable strategy acreage somewhat but still maintain significant proportion of 

acreage in traditional strategy. 
D. Use sprayable strategy on 100% of producing acreage. 

______________________________________________________________________________ 
 



Cooperating Grower Survey Instrument 
Introduction 
 
This survey is being conducted to determine project impact on cooperators, assist project management in the continually improving the conduct 
of the project and to improve CAP’s design of future projects.  Your responses will be anonymous and you will be provided the summarized 
results of the survey.  Please answer each question and return to Pat Weddle. 
 
PERCEPTION AND SCOPE OF CURRENT PROBLEM 
Q1.  Compared to other cultural practice challenges in walnuts (e.g. disease, insects, weeds), how much of a problem is codling moth 
management? 

A. Less of a problem 
B. Equal problem 
C. More of a problem 

 
Q2.  In general, has codling moth historically been a problem (i.e. caused economic damage) in your orchard(s)?   

A. Yes 
B. No      

 
Q3.  How often, in your best recollection, have you observed yield/quality reducing damage due to codling moth that affects your economic 
bottom line? 

• Number of years within the past 10 years.  _____ 
• Percent of hull/nut damage on those blocks.  _____ 

 
DECISION MAKING FACTORS 
Q4. How important do you believe each of the following factors is in dealing with codling 
moth in walnuts?  Please check the box that best indicates your view. 

Not 
Important 

1 

Somewhat 
Important 

2 

Very 
Important 

3 
• Overall orchard history of codling moth damage (more than last year)    
• Last year’s codling moth pressure and problems    
• Maintaining same codling moth pest management program as last year    
• Efficacy of current insecticides/miticides    
• Cost of making insecticide/miticide applications    
• Availability of current insecticide/miticides    
• Number of codling moth adults trapped during growing season    
• Variety selection    
• Profit robbing potential of codling moth    
• Potential effect on yield    
• Price received for walnuts    
• Quality grade    
• Hull damage    
• Ease of application of sprayable pheromones    
• Cost of sprayable pheromones    
• Other    
 



 
Q5. Please check the box indicating how important each of the following individuals/groups 
of people are in INFLUENCING codling moth pest management decisions for your walnut 
orchards? 

Not 
Important 

 

Somewhat 
Important 

 

Very 
Important 

 
• Extension/University    
• Independent crop consultant    
• Input supplier (i.e. pesticide, seed, ag chemical dealer)    
• Input Supplier PCA    
• Neighbors and other walnut farmers    
• Family member(s) of farmer    
• Banker/Lender    
• Landowner (if not primary individual doing farming)    
• Other (please identify):    
 
 
Q6. Please check the box indicating who MAKES the codling moth treatment decisions for 
your walnut orchards? 

Never Sometimes Always 

• You    
• Extension/University    
• Independent crop consultant    
• Input supplier (i.e. pesticide, seed, ag chemical dealer)    
• Input Supplier PCA    
• Neighbors and other walnut farmers    
• Family member(s) of farmer    
• Banker/Lender    
• Landowner (if not primary individual doing farming)    
• Other (please identify):    
 
 
Q7. During the 2001 growing season, approximately how many hours per month would you estimate the 
following individuals spent monitoring your bearing walnut acreage for pests (weeds, insects, disease, etc.) 

Hours Per 
Month 

Did Not 
Monitor 

• You   

• Your employee(s)   

• Your PCA   

 
 
Q8.  Who maintains the insect pest monitoring records for the walnut orchards 
you advise? 

Never Sometimes Often Always 

• You     

• Your independent crop consultant     

• Both you and your PCA     

• Other (please specify):     

 
 
Q9. What percentage of codling moth damage do you consider to be “acceptable” before there are economic consequences to your walnut orchard 
revenues?   

• <1% 
• 1% - <5% 
• 5% or greater 

 
 
Q10.  Do you work with your crop consultant to measure and evaluate 
codling moth damage at harvest? 

Never Sometimes Often Always 

• Drop nut counts     

• Harvest sample counts     

• Grade sheet follow-up analysis     

• Visual inspections     



• Other (please specify):     

 
 
PHYSICAL BARRIERS TO ADOPTION 
Q11.  Following is a list of factors related to the adoption of sprayable pheromone based codling 
moth management practices in walnuts.  For each one, please indicate whether you view it as a 
Major Barrier, Minor Barrier, or Not A Barrier to further adoption of sprayable pheromones 
within the walnut industry. 

Not A 
Barrier 

Minor 
Barrier 

Major 
Barrier 

• Impact of weather on pheromone efficacy     

• Uncertainty of efficacy of sprayable pheromones    

• Lack of effective pesticides to supplement sprayable pheromones    

• Shortage of professional crop consultants    

• Lack of availability of trained orchard scouts for pest monitoring    

• Inadequate level of applied research on sprayable pheromones    

• Need for more biological information accompanying the use of sprayable pheromones    

• High quality standards required by processors and consumers    

• Cost of sprayable pheromone product (relative to other pest management products)    

• Potential increase in other pest species (e.g. walnut husk fly)    

Other (please specify):    

 
MENTAL BARRIERS TO ADOPTION 
 

Q12. To what extent do you feel each of the following factors is a barrier to 
growers changing their current insect pest management practices?  (Please 
check one box for each statement.) 

Never Sometimes Often Always 

• Your time available     

• Your budget      

• The skill level of the your orchard employees to monitor and identify 
pests 

    

• The expertise of your independent crop consultant     

• Your level of insect pest management expertise     

• The quality and quantity of block/orchard records     

• The fear of economic loss     

practices 
   

    

• Your interest level in modifying existing insect pest management  

• Other (please specify): 

Q13. Please circle the response that indicates your level of agreement with each statement.  
Not True 

 
Very True 

Don’t Know 

• I have heard about sprayable pheromones.  
        (if you check “not true”, please skip to Question 6) 

   

• I have heard about sprayable pheromones but don’t use them.    
• I know how to use sprayable pheromones.    
• I use sprayable pheromones.    
• I know other walnut farmers who uses sprayable pheromones     
• I feel that the potential effectiveness of sprayable pheromones in controlling or reducing 

codling moth infestations is commercially viable. 
   

• The use of mating disruption (Isomate C+ or Checkmate) is effective in controlling 
codling moth. 

   

• Use of mating disruption is cost effective.    
• It’s worth using practices that reduce my overall chemical and fertilizer use even when it 

might take a little more time or expense. 
   

• Increasing the population of natural enemies/beneficials in or near a walnut orchard can 
help manage pests. 

   



 
 
 
INFORMATION SOURCES 
   

 

 

Q14.  To what extent do you use EACH of the following sources when 
considering codling moth pest management decisions? 

Never Sometimes Often Always 

• University researchers and publications     

• Cooperative extension meetings and field days     

• University sponsored short courses     

• Farm publications     

• Diamond Walnut sponsored meetings and publications     

• Chemical company suppliers and representatives     

• Other walnut growers (networking, consulting with peers)     

• Internet and web services     

• Special Projects (e.g. Walnut PMA project)     

• Orchard records     

• Agricultural television and radio programs     

• Participation in field trials and on-farm testing     

• Other (please specify):      

BACKGROUND 
Q15.  What is the highest level of school you completed? 

A. High school diploma 
B. Associate degree 
C. Four-year college/university degree 
D. Graduate degree 
E. Other: _______________________ 

 
Q16.  How many years have you been farming in the walnut industry?  

A. Less than 5 years 
B. 5 to 15 years 
C. 16 to 25 years 
D. More than 25 years 

 
Q17.  How many years have you been making the pest management decisions for walnut 
orchards?   

A. Less than 5 years 
B. 5 to 15 years 
C. 16 to 25 years 
D. More than 25 years 

 
Q18.  How many acres of producing walnuts (i.e. more than 5 years old) to you own/manage?  

 Conventional Organic 
Total bearing walnut acres owned   
Total bearing walnut acres leased   
Total bearing walnut acres in organic production   



 
Q19.  Where is the majority of your walnut acreage located? 

A. Sacramento Valley 
B. Northern San Joaquin Valley 
C. Southern San Joaquin Valley 
D. Other: _______________ 

______________________________________________________________________________ 



Appendix 7 
 
Cooperating Pest Management Consultant Survey Instrument 

Introduction 
 
This survey is being conducted to determine project impact on cooperators, assist project 
management in the continually improving the conduct of the project and to improve CAP’s 
design of future projects. 
 
PERCEPTION AND SCOPE OF CURRENT PROBLEM 
 
Q1.  How in often, in your best recollection, have you observed yield/quality reducing damage 
due to codling moth? 

• Number of years within the past 10 years.  _______ 
• Number of orchard operations per year.    _______ 
• Percent of hull/nut damage on those farms.  _______ 

 
(QQ 2-4 Omitted) 
DECISION MAKING FACTORS 
Q4. How important do you believe each of the following factors is 
in dealing with codling moth in walnuts?  Please check the box that 
best indicates your view. 

Not 
Important 

1 

Somewhat 
Important 

2 

Very 
Important 

3 
• Overall orchard history of codling moth damage (more than 

last year) 
   

• Last year’s codling moth pressure and problems    
• Maintaining same codling moth pest management program as 

last year 
   

• Efficacy of current insecticides/miticides    
• Cost of making insecticide/miticide applications    
• Availability of current insecticide/miticides    
• Number of codling moth adults trapped during this growing 

season 
   

• Variety selection    
• Potential impact of codling moth on yield    
• Potential impact of codling moth on grade    
• Price growers received last year for walnuts    
• Price anticipated for this year’s walnuts    
• Ease of application of sprayable pheromones    
• Cost of sprayable pheromones    
• Availability of sprayable pheromones    
• Other    



 

Q5. Please check the box indicating how important each of the 
following individuals/groups of people are in INFLUENCING 
codling moth pest management decisions for your walnut clients? 

Not 
Important 

1 

Somewhat 
Important 

2 

Very 
Important 

3 
• Extension/University    
• Other independent crop consultant    
• Input suppliers (i.e. pesticide, seed, ag chemical dealer)    
• Input supply affiliated PCA    
• Company technical representative    
• Neighbors and other walnut farmers    
• Family member(s) of farmer    
• Banker/Lender    
• Landowner (if not primary individual doing farming)    
• Other (please identify):    

Q6.  To what extent does each of the following MAKE 
the treatment decision to control for codling moth. 

Never Sometimes Often Always 

• You     
• Your client(s)     
     

Q7.  Who maintains the insect pest monitoring records 
for the walnut orchards you advise? 

Never Sometimes Often Always 

• You     
• Your client(s)     
     
     



 
Q8. What percentage of codling moth damage do you consider to be “acceptable” before there are 
economic consequences to your clients’ walnut orchard revenue?   

• <1% 
• 1% - <5% 
• 5% or greater 
• Other  

Comment:__________________________________________________________________ 
 
 
Q9.  Do you provide codling moth damage assessments to 
your clients at harvest? 

Never Sometimes Often Always 

• Drop nut counts     
• Harvest sample counts     
• Grade sheet follow-up analysis     
• Visual inspections     
• Other (please specify):     
 
 
Q10.  What do you feel growers need to know to evaluate the effectiveness of sprayable pheromones and 
become more confident in their use? 
 
Q11.  In your opinion, what are the best ways to assist growers to move to increased utilization of 
sprayable pheromones? 
 

KNOWLEDGE AND INFORMATION BARRIERS TO ADOPTION 

Q12.  Following is a list of factors related to the adoption of sprayable 
pheromone based codling moth management practices in walnuts.  For each 
one, please indicate whether you view it as a Major Barrier, Minor Barrier, 
or Not A Barrier to further adoption of sprayable pheromones within the 
walnut industry. 

Not A 
Barrier 

Minor 
Barrier 

Major 
Barrier 

• Impact of weather on pheromone efficacy     
• Uncertainty of efficacy of sprayable pheromones    
• Lack of effective pesticides to supplement sprayable pheromones    
• Shortage of professional crop consultants with pheromone experience    
• Lack of availability of trained orchard scouts for pest monitoring    
• Inadequate level of applied research on sprayable pheromones    
• Need for more biological information accompanying the use of 

sprayable pheromones 
   

• High quality standards required by processors and consumers    
• Cost of sprayable pheromone product (relative to other pest 

management products) 
   

• Availability of sprayable pheromone products    
• Potential increase in other pest species where pheromones are used (e.g. 

walnut husk fly) 
   

• Other (please specify):    

 
 



UNDERSTANDING CURRENT USE OF PHEROMONES 
Q13. Please check the box that indicates your level of agreement with each statement. Not True Very True 
• Most of my walnut clients have heard about sprayable pheromones.  
        (If you check “not true”, please skip to Question 14) 

  

• Most of my walnut clients have heard about sprayable pheromones but don’t use 
them. 

  

• Most of my walnut clients know how to use sprayable pheromones.   
• Most of my walnut clients use sprayable pheromones.   
• I believe that the potential effectiveness of sprayable pheromones in controlling or 

reducing infestations is commercially viable. 
  

 
 
Q14. To what extent do you believe each of the following 
factors is a barrier to growers adopting sprayable pheromones? 
(Please check one box for each statement.) 

Never Sometimes Often Always 

• Your time available to work with grower clients     
• Growers’ budgets     
• The skill level of the growers and/or their orchard 

employees in executing a pest control recommendation 
    

• Growers’ level of insect pest management expertise     
• The quality and quantity of block/orchard records     
• Growers’ fear of economic loss     
• Growers’ interest level in modifying existing insect pest 

management practices 
    

• Other (please specify):     
 

 

Q15.  To what extent do you use EACH of the following 
sources when considering codling moth pest management 
decisions? 

Never Sometimes Often Always 

• University researchers and publications     
• Cooperative extension meetings and field days     
• University sponsored short courses     
• Farm publications     
• Diamond Walnut sponsored meetings and publications     
• Chemical company suppliers and representatives     
• CAPCA (California Association of Pest Control Advisors)     
• Other consultants (networking, consulting with peers)     
• Internet and web services     
• Special Projects (e.g. Walnut PMA project)     
• Growers’ orchard records     
• Agricultural television and radio programs     
• Participation in field trials and on-farm testing     
• Other (please specify):      

(QQ 16 Omitted) 
 
INFORMATION SOURCES 
 



BACKGROUND 
 
Q17.  How many years have you been working as a PCA in the walnut industry? 

E. Less than 5 years 
F. 5 to 15 years 
G. More than 15 years 
 

Q18.  What percentage of your time is spent on walnuts?   
A. < 33% 
B. 33-66% 
C. 67% - 99% 
D. 100% 

 
 
IMPACT VIA P.C.A.  
Q19.  For about how many acres of walnuts did you provide pest management consulting services or 
recommendations in the 2001 growing season?  
  _________ acres of walnuts 
 
 
Q20.  During the 2001 crop year, how many walnut orchard operations did you advise? 
  _________ number of farming operations 
 
 
Q21.  Where are the majority of your clients located? 

E. Sacramento Valley 
F. Northern San Joaquin Valley 
G. Southern San Joaquin Valley 
H. Other: ________________ 

 
PREDICTED BEHAVIOR 
Q22. Assume it is the end of the season and you and your client(s) are discussing the crop yield, revenue, 
and insect damage levels.  You have added the DA lure and sprayable pheromones to your pest 
management tool box for part of your client’s producing walnut acreage and maintained some form of last 
year’s (i.e. traditional) codling moth pest management program on your client’s remaining producing 
walnut acreage.  For each of the following two scenarios, please indicate which recommendation you 
would be inclined to make. 
 

Scenario #1: 
The two pest management strategies yielded nearly identical results in terms of yield and 
quality.  Given that it was the first year of the sprayable strategy, start-up and monitoring 
costs proved to be somewhat higher than other strategy, how would you proceed for next 
year’s pest management program and WHY? 

E. Increase the use of sprayable pheromones on more acreage 
F. Decrease the use of sprayable pheromones 
G. Apply sprayable pheromones on about the same acreage 

 
 

Scenario #2: 
The two pest management strategies were nearly identical in terms of costs to implement.  
However the acreage using sprayable pheromones appears to have slightly higher (1-2%) damage 



levels than the strictly traditional blocks.  How would you proceed for next year’s pest 
management program and WHY? 

A. Increase the use of sprayable pheromones on more acreage 
B. Decrease the use of sprayable pheromones 
C. Apply sprayable pheromones on about the same acreage 
 

 



Appendix 8.  List of Program & Project Management Accomplishments 2002 
 

The goal for Project Year 2 (2002) was development and testing of the CAP process and 
the project’s field components.  The following list describes the initial accomplishments of the 
project.   
 
Project Organization & Planning 
♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

Developed project field budgets, January 
Designed survey and interview instruments, February 
Conducted project planning meeting and focus group with core technical cooperators, March 
14 

 
Education & Outreach 

Formal Presentation introducing the project to the Western Orchard Pest and Disease 
Management Conference, Portland, OR (Jan 10)   
Formal Presentation introducing the project to the Walnut Research Committee Annual 
Conference, Bodega Bay, CA  (Jan 24) 
Co-sponsored mating disruption technical seminar, AAIE Annual Conference, Berkeley, CA  
(Feb 5) 
Formal presentation on the project to Cal-EPA, Dept. of Pesticide Regulations, Pest 
Management Alliance Annual Workshop, Sacramento, CA  (March 12) 
Formal presentation introducing project to Tulare Co. growers at UCCE grower meeting, 
Hanford, CA (April 2) 
Formal presentation on mating disruption in walnuts and the CAP project to Diamond 
Walnut Technical Staff Meeting, Stockton, CA (May 30)  
Two meetings with UC-IPM Area IPM specialists, one in Yuba City and one in Parlier to 
review project and statewide UC-IPM pheromone data (June) 
Conducted industry education meeting for project stakeholders to report project results 
(November) 

 
Establishment of Cooperators 

Established three Regional Coordinators (January) 
Established three Regional Consultants (January) 
Established 8 grower cooperators with 9 orchards representing 900 acres (February, March) 
Secured sprayable pheromone donations from 3M Canada and Suterra LTD  
Secured trap and lure donations from Trece, Inc. (April) 
Field trapping by cooperators was initiated (March-April) 

 
Project Evaluation 

Collaborated with UC-SAREP on walnut industry survey to be conducted in 2002  
Conducted interviews and surveys of Regional Consultants (April) 
Conducted interviews and surveys of grower cooperators (May-June) 
Conducted interim project field evaluation to determine effectiveness of new trapping 
technologies, sprayable pheromones and project communications with Regional 
Coordinators and Consultants (June 5-6) 
Conducted monthly visits with cooperators to periodically assess cooperator perceptions of 
target technologies 



♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

Conducted an end of season project wrap-up meeting with regional coordinators and 
consultants to document project outcomes (November) 

 
Field Data Management 

Initiated on-line field data management system with UC-IPM (April) 
Established and verified field trapping methodology with Regional Coordinators and 
Regional Consultants (April-May) 
Established data management coordination with DJS Consulting (May) 
Provided updated summaries to Regional Coordinators, Consultants and other key project 
cooperators (June) 
Initiated economic analysis data collection (June) 
Supported Certis’ design and execution of comprehensive harvest sample damage analysis 
(September) 
Summarized field data for industry presentations (October) 

 
Communication 

Published industry solicited article on project description, goals and objectives in Diamond 
Walnut Newsletter, January.  This newsletter is sent to approximately 50% of California 
walnut growers   
Published industry solicited article on project history, design, goals and objectives in Walnut 
Marketing Board Newsletter, June.  This newsletter is received by all California Walnut 
Growers 
Field meeting with Sacramento Bee to develop a newspaper article highlighting the CAP  
walnut project, Marysville, CA, May 21 
Sac Bee newspaper article “Pheromones are in the air” published June 9 

 
______________________________________________________________________________ 
 



Appendix 9.   
Summary results of surveys and interviews 
 

CAP Walnut IPM Expansion Project 
Walnut Grower Survey Analysis 

2002 
 

SUMMARY AND FINDINGS 

Background 
Seven growers were surveyed (all but one face-to-face). These are seasoned growers.  Over half 
have farmed walnuts longer than 15 years and most of these over 25 years.  Most have been 
making pest management decisions for 5 to more that 25 years.  There is a wide range of acreage 
represented by respondents.  Two cooperators farm in the Sacramento valley, four cooperators 
farm in the Northern San Joaquin Valley and three cooperators farm in the Southern San Joaquin 
Valley (one not surveyed). 
 
Perception and Scope of Problem 
Most (all but 1) believed CM to be more of a problem than other cultural challenges. Most (all 
but 1) stated that CM was historically a problem.  Respondents stated that losses due to CM 
occurred in at least half of the last 10 years and that those loss levels averaged about 5%.   
 
Decision Making Factors 
Last year’s damage assessments and grade quality were unanimously very important followed by 
overall history and price received for walnuts.  Ease of application was somewhat important.  
University/Extension and independent PCAs ranked very important by most or at least somewhat 
important.  Input suppliers and bankers were unanimously not important.   
 
The growers, followed by their independent consultants were always the treatment decision 
makers.  PCAs do most of the orchard monitoring.  The PCA always maintained orchard records.  
Of these, half maintain grower records in collaboration with the grower-client.  Most growers 
consider less than 1% or less damage acceptable and all consider less than 5% acceptable.  
Growers always evaluate post harvest grade sheets with consultants.   
 
Physical Barriers to Adoption 
Uncertainty regarding efficacy and cost of sprayables were the most frequent major barriers or at 
least a minor barrier followed by impacts of weather (which may go to “efficacy”).  Lack of 
trained orchard scouts was the most frequent minor barrier followed by the need for more 
biological information re. sprayables.  

Mental Barriers to Adoption 
All have heard about and are currently using sprayables.  Most believe pheromones can help 
manage CM, believe in reducing chemical inputs even if it costs more and believe in the benefits 
of natural enemies.  Most don’t yet know if MD is cost effective.  Most believe that the fear of 
economic loss is always a barrier in changing practices.  Most believe that their lack of pest 



management expertise is sometimes a barrier.  Most believe that orchard record quality is never a 
barrier.   
 
Information Sources 
Growers unanimously never use ag television as an information source.  Otherwise, they most 
often use the walnut PMA followed by a wide range of information sources.  The question 
should have asked about PCAs. 
______________________________________________________________________________ 
 

 
CAP Walnut IPM Expansion Project 
Walnut Grower Interview Analysis 

2002 
 
Interviewer:  P.W. Weddle, Senior Consultant, Walnut IPM Expansion Project Manager, Center 
for Agricultural Partnerships 
 
Interviewer’s comments on the interview instrument 
Eight project grower cooperators were interviewed with the questions provided below.  The 
interview was conducted face-to-face with each grower during June through August 2002.  This 
interview took approximately 5-10 minutes to conduct, an amount of time that posed no time 
burden to the interviewer or interviewee.  This interview could easily be given in the initial CAP 
contact with a grower.   
 
CAP staff and consultants to determine relevance to the CAP process should critically analyze 
the results of this interview, i.e. did it provide the desired information?  A comparative analysis 
with the Grower Survey should be also be conducted by individual(s) who skilled at survey 
methodology and analysis.  A comparable “exit” interview should be developed. 
 
Interviewer’s summary findings and comments 

75% of the growers interviewed were evenly divided on the factors most important to them when 
considering the use of new pest management tools.  Reducing costs, increasing revenues and 
effectiveness of the new tools were the most important items to consider.  Question 1 might be 
reworded to specifically characterize the “new” tool in question as one in which they have had 
“no previous experience”. 
 
Specific to the use of sprayable pheromones, most growers (63%) were primarily concerned 
about efficacy of the product.  Longevity, i.e. the residual effectiveness was a primary concern of 
25% of the respondents.  This concern also relates to product “efficacy”.  Thus, “product 
efficacy” is a primary concern.  Costs were mentioned as a secondary concern by 25% of the 
respondents.    
 

In general, all but one grower suggested that periodic, in season damage assessments are the 
most desired information they need to help understand whether or not sprayable pheromones are 
working. 



 
Grade sheets and the information they provide are the main things all interviewees said they 
needed after harvest to determine the effectiveness of sprayable pheromones.  Two respondents 
stated they wanted to know their damage infestation by species. 

 
Costs and grade sheets were almost equal in importance when growers considered trying to 
convince fellow growers to use sprayable pheromones.  This suggests that when growers are 
talking to each other about using novel pest management tactics, costs and harvest damage 
results are the primary topics they discuss.  If  the terms “damage results”, “grade sheets” and 
efficacy can be interpreted to be functionally related, his question seems to reinforce the previous 
questions because it repeats the primary importance of product efficacy and secondary 
importance of product costs.  
 
5 of 8 respondents (63%) stated that, yield and damage being equal they would repeat the 
combination of sprayable pheromone acreage and conventionally sprayed acreage in the same 
ratio even if they determined the costs to be “somewhat higher” with the pheromone strategy.  3 
interviewees (38%) said they would actually increase the acreage use of sprayables.  This 
suggests that even with some increased level of expenditure, these growers are willing to 
continue building experience with sprayable pheromones.  The fact that no grower mentioned 
neither returning exclusively to the traditional strategy nor changing completely to the sprayable 
strategy suggests a cautious willingness to explore new and promising pest management 
technologies. 

 
6 of 8 respondents (75%) stated that they would repeat the combination of pest management 
strategies in the same ratio of acreage even if damage were slightly (1-2%) higher in the 
sprayable pheromone blocks.  Only one grower would eliminate sprayables and another would 
actually increase the use of sprayables.  This again suggests that these growers are progressive in 
their desire to explore promising new pest management strategies and tactics. 
_____________________________________________________________________________________ 

 
SUMMARY 

CAP Walnut IPM Expansion Project 
Walnut Consultant PCA Survey Analysis 

2002 
 
 
All 3 consultants have experienced damage in past 10 years.  Damage ranged from 0.5 to 18%.   
 
All consultants ranked last year’s CM pressure, efficacy of current pesticides, seasonal trap data, 
potential impact of CM on grade, cost of sprayable pheromones and availability of sprayable 
pheromones as very important considerations in dealing with CM. 
 
Consultants generally did not consider most of these to be very important influences on them.  
Family members of the farmers were very important to two of the three consultants. 

 
Typically the consultant and the client make the CM treatment decisions. 
 



The consultants stated that they always maintained orchard records. 
 
Most of the consultants provide grade sheet follow up analysis with clients.  Otherwise, 
assessments of drop nut counts; harvest damage samples and visual inspections were sometimes 
or often supplied. 
 
To evaluate the effectiveness of sprayable pheromones growers need to know information on 
efficacy (photo degradation, rain fastness, field life), and understand economic feasibility as it 
relates to costs and damage. 
 
Consultants believed that the best way to assist growers in adopting increased use of sprayable 
pheromones was to make them economically feasible and demonstrate through field experience 
in monitoring and damage evaluation that quality and yield will be preserved without increases 
in control costs.  In other words, the value of pheromones beyond current conventional inputs for 
managing pests needs to be demonstrated. 
 
Cost and availability of sprayable pheromones was unanimously ranked as a major barrier to 
adoption within the walnut industry.  Most consultants believed the shortage of crop consultants 
with pheromone experience and an inadequate level of applied research on sprayables were 
major barriers.  All consultants believed that impacts of weather on efficacy and the need for 
more biological information re. the use of sprayables were minor barriers. 

 
All consultants responded that most of their clients do not know how to use pheromones and 
most do not use them.  Most consultants believe in that the potential effectiveness of sprayable 
pheromones in controlling or reducing infestations is commercially viable. 
 
All consultants responded that the grower’s pest management expertise and skills nor those of 
their employees in executing pest control recommendations was never a barrier to pheromone 
adoption.  Growers’ budgets were either sometimes, often or always a barrier. 
 
Consultants use a range of information sources when considering codling moth management.  
All consultants used university research publications, information from suppliers, and knowledge 
gained from special projects.  None of the consultants used farm publications, CAPCA or 
agricultural television and radio.   
 
All consultants spend between one third and two thirds of their time on walnuts. 
 

Consultants advise on between 2 thousand and up to 20 thousand acres of walnuts 
 

Consultants advised on between 20 and 75 different orchard operations. 
 
Consultants were spread across the state’s major walnut growing regions (by design) 

 
All things being equal but costs, our cooperating consultants would typically use sprayables 
again but change the strategy to equalize the cost component. 



 
 
If there were slightly more damage associated with sprayables and costs were equal consultants 
typically would apply pheromones on about the same acreage just to test the knowledge for 
another season.  One consultant would increase the use but modify use to improve the results.  
______________________________________________________________________________ 



Appendix 10.  
Pesticide Treatments 
 

North Region       
 Application date Material  Rate/ac   
Deseret Farms 17-Apr 3M MEC  15 g AI   
Sligar Ranch- Ashleys 6-Jun 3M MEC  15 g AI   
 26-Jul Guthion   1.5# AI   
       

Sligar Ranch-Chandlers 6-Jun 3M MEC  15 g AI   

 26-Jul Guthion   1.5# AI   

       

Farmland Management 13-May Asana  .05#AI   

Wendt-Ahsleys 25-Apr 

3M 
MEC/Suterra 

CM-F  15 g AI   

 6-Jun 

3M 
MEC/Suterra 

CM-F  15 g AI   
 6-Jul Penncap-M  .25# AI   

       
Wendt-Serrs 13-May Asana  .05# AI   

 25-Apr 3M MEC  15 g AI   

 6-Jun 3M MEC  15 g AI   

  6-Jul Penncap-M   .25# AI    

Central Region       
       

Chiappe Farms    Grower:  Locke Ranch  

Site:  Ashley/Chandler Block, Stanley Road  Site:  F3 Chandler  

Treatments:    Treatments:  
Date(s) Material(s), Rate(s) 

  
Date(s) Material(s), Rate(s) 

 
4/23/2002 3M MEC, 20 g AI/A 

  
6/15/2002 Suterra CM-F, 20 g AI/A 

 
6/12/2002 3M MEC, 20 g AI/A 

  
7/25/2002 Suterra CM-F, 20 g AI/A 

 
7/31/2002 3M MEC, 20 g AI/A 

     

       

Grower:  Locke Ranch   Grower:  Terry Prichard  

Site:  F20 Chandler   Site:  Ashley/Chandler/Vina  

Treatments:    Treatments:  
Date(s) Material(s), Rate(s) 

  
Date(s) Material(s), Rate(s) 

 
6/15/2002 Suterra CM-F, 20 g AI/A 

  

4/21/2002 Suterra CM-F, 10g AI/A (alt. row)  

 
7/25/2002 Suterra CM-F, 20 g AI/A   5/2/2002 Suterra CM-F, 10g AI/A (alt. row)  

    
6/15/2002 Suterra CM-F, 20g AI/A (every row) 

 

    
8/1/2002 Suterra CM-F, 20g AI/A (every row) 

 

    

7/2/2002 Lorsban 4E, 2 lb AI/A (to Ashley/Chandler area 
only)  

Grower:  Locke Ranch   Grower:  Locke Ranch  



Site:  F4 Chandler   Site:  F9 Serr  

Treatments:    Treatments:  
Date(s) Material(s), Rate(s) 

  
Date(s) Material(s), Rate(s) 

 
6/15/2002 Suterra CM-F, 20 g AI/A 

  
5/1/2002 Suterra CM-F, 20 g AI/A 

 
7/25/2002 Suterra CM-F, 20 g AI/A 

  
6/13/2002 Suterra CM-F, 20 g AI/A 

 
8/1/2002 Lorsban 4E, 2 lb. AI/A 

  
7/24/2002 Suterra CM-F, 20 g AI/A 

 
8/27/2002 Lorsban 4E, 2 lb. AI/A 

  
8/5/2002 Lorsban 4E, 2 lb AI/A 

 
       
       

South Region    All Pheromone applications = 20 gms.AI/A  
    All Lorsban 4E applications =  2#AI/A   
    All Confirm applications =  .25#AI/A   
SANCHEZ        
SERR WALNUTS  4/24-3M pher.      
20 Acres  6/5-3M+Lor  BLAIN FARMING IVANHOE 4/13 - Lorsban 
        

BLAIN FARMING IVANHOE 
4/11 - 
Lorsban      

SOUTH TEHAMA M.D. WALNUTS 5/1 - 3M pher.  HARRELL COOPER RANCH   

11.4 acres  
5/28 - 3M 
pher.  18 AC. CHANDLER 6/14-Confirm 

  7/3 - 3M pher.      

  
8/22 - 3M 
pher.      

    HARRELL COOPER RANCH 
4/12 - 3M pher. 
Applied 

BLAIN FARMING IVANHOE 
6/17 - 
Conf/Lor  VINA  

5/6 - 3M 
pher.  

NORTH TEHAMA CONV. WALNUTS   19.3 acres  
6/6 - Confirm/3M 
pher. 

12.9 acres      7/6 - 3M pher. 

      
8/21 - 
3M pher.  

BLAIN FARMING IVANHOE 
4/11 - 
Lorsban      

SOUTH SERR M.D. WALNUTS 5/1 - 3M pher.      

36.0 acres  
5/28 - 3M 
pher.      

  7/3 - 3M pher.      
        
BLAIN FARMING IVANHOE 6/17-Conf/Lor      
NORTH SERR CONV. WALNUTS 8/2-Confirm      
25.2 acres        
        
        

BLAIN FARMING IVANHOE 
4/11 - 
Lorsban      

SOUTH TEHAMA M.D. WALNUTS 5/1 - 3M pher.      

11.4 acres  
5/28 - 3M 
pher.      

  7/3 - 3M pher.      

  
8/22 - 3M 
pher.      

        

BLAIN FARMING IVANHOE 
4/11 - 
Lorsban      

SOUTH ASHLEY M.D. WALNUTS 5/1 -3M pher.      



13.3 acres  
5/28 - 3M 
pher.      

  7/3 -3M pher.      
  8/20-3M pher.      

_____________________________________________________________________________ 



Appendix 11.  
Individual Orchard Comparisons of DA vs. Pheromone Baited trap Captures 
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Appendix 12. 
Graphs of Seasonal Trap Captures 
             

            Southern Region       

 

        
 

         
(continued on next page) 



            
 
 
 

      Central Region 
 
 
 

            
 
 

 
(continued on next page) 

 



Northern Region 

                             

           
 



Appendix 13. 
Table of Dropped Nut Evaluation Results 
 
                    
Dropped Nut Evaluations  CMMD   Comparison   
  Region Date Orchard Variety Avg/Tree N Variety Avg/Tree N 
             
  South           
   15-May Harrell Vina  8 Chandler 0 8 
   22-May Harrell Vina 1 8 Chandler 0.875 8 
   30-May Harrell Vina 4.5 8 Chandler 2.5 8 
             
   15-May Blain  Ashley 0 8 Ashley 0.125 8 
   22-May Blain  Ashley 0.375 8 Ashley 0 8 
   29-May Blain  Ashley 0 8 Ashley 0 8 
   3-Jun Blain  Ashley 0.625 8 Ashley 0.5 8 
             
   15-May Blain  Serr 0 8 Serr 0 8 
   22-May Blain  Serr 0 8 Serr 0 8 
   29-May Blain  Serr 0 8 Serr 0 8 
   3-Jun Blain  Serr 0.625 8 Serr 4 8 
             
   15-May Blain  Tehama 0.125 8 Tehama 0 8 
   22-May Blain  Tehama 0.75 8 Tehama 2.75 8 
   29-May Blain  Tehama 0 8 Tehama 3.375 8 
   3-Jun Blain  Tehama 0.125 8 Tehama 5 8 
            
  Central          
   7-Jun Chaippe Ashley 1 10  NA   
   7-Jun Prichard Ashley 1.2 10  NA   
   11-Jun Prichard Ashley 2 5  NA   
            
  North  Sligar        
   28-May  Ashley 1.5 10  NA   
   4-Jun  Ashley 5.1 10  NA   
            
    Wendt        
   6-Jun block 3 Ashley 0.2 10  NA   
    block 3 Ashley 1.2 10  NA   
    block 6 Ashley 0.3 10  NA   
    block 7 Serr 0 10  NA   
            
                    

 



Appendix 14.  Canopy Count Damaged Nut Evaluations 
 



Central Region Canopy Counts        
           
Chappie           
     Locke F 20 Chandler   Prichard  

Visual from ground by Devencenzi:        
    Visual from ground by Devencenzi: Visual from

Date Variety No. nuts 
inspected 

%  CM 
Damage 

 
     

6/7/2002 Ashley 600 0.50% 
 

Date Treatment 

No. nuts 
inspected 

% CM 
Damage 

Date Varie

7/9/2002 Ashley 600 0.50% 
 

6/5/2002 Suterra CM-F, 
20 g AI/A 

100-200 0% 6/7/2002 Ashle

7/17/2002 Ashley 600 0.30% 
 

7/24/2002 Suterra CM-F, 
20 g AI/A 

100 1.00% Ashle

Ashley 150 (E) 1.30% 
 

8/22/2002 Suterra CM-F, 
20 g AI/A 

1200 0.10% 

6/11/2002 

Vina7/23/2002 

Ashley 150 (M) 0.60%      7/9/2002 Ashle
Ashley 100 (E) 3.00%  Locke F4 Chandler   Ashle
Ashley 100 (M) 0.00%  Visual from ground by Devencenzi: 

7/17/2002 
Vina

8/7/2002 

Ashley 100 (W) 0% 
 

Date Treatment No. nuts 
inspected 

% CM 
Damage 

Ashle

Ashley 100 (E) 1%  6/10/2002 Suterra CM-F 400 0% Ashle
Ashley 100 (M) 0%      Ashle

8/20/2002 

Ashley 100 (W) 0%  Using pruning tower by Devencenzi: 

7/23/2002 

Vina
        Ashle

Using pruning tower by Devencenzi:  
Date Treatment 

No. nuts 
inspected % CM 

Damage 
Ashle

    8/22/2002 Suterra CM-F, 
20 g AI/A 

600 5.50% Ashle

  No. nuts 
inspected 

% CM 
Damage     

7/31/2002 

Vina

Date 

 

Treatment     Locke F9 Serr     
Ashley 1400 0.20% Using pruning tower by Devencenzi: Ashle6/11/2002 

Chandler 
3M MEC, 
20 g AI/A 300 0.30%    Ashle

7/29/2002 Ashley & 
Chandler 

3M MEC, 
20 g AI/A 

1300 0%    

8/6/2002 

Vina

     
Date Treatment 

No. nuts / 
no. trees 
inspected 

% CM 
Damage 

Ashle

Locke F3 Chandler    
6/18/2002 Suterra CM-F, 

20 g AI/A 
300/ 6 0.30% Ashle

     
8/22/2002 Suterra CM-F, 

20 g AI/A 
600/ 6  4.30% 

8/27/2002 

Ashle

Visual from ground by Devencenzi:        
Date Treatment No. nuts 

inspected 
% CM 

Damage      Using prun
6/5/2002 Suterra 

CM-F 
200 0% 

     

Date Vari

7/19/2002 Suterra 
CM-F 

200 0.50% 
     

6/14/2002 Ashl

7/24/2002 Suterra 
CM-F 

100 0% 
     

  Chan

8/22/2002 Suterra 
CM-F 

1100 0.30% 
     

  Vin

         8/8/2002 Ashl
           Vin
           Chan



    
 
South Region 
 

RANCH: 
HARRELL COOPER 
RANCH         

            

DATE VINA M.D. CHAND CONV TOTAL Avg.   RANCH:
SANCHEZ 
RANCH 

  M.D. % CONV %   
% Inf. 
Nuts      

19-Jun 2 0.0025 2 0.0025 4 0.0025   DATE TOTAL 
%

Infe

30-Aug 5 0.00625 1 0.00125 6 0.00375       
C

nu
14-Aug 8 0.01 4 0.005 12 0.0075   26-Jun 0 
21-Aug 7 0.00875 6 0.0075 13 0.008125   31-Jul 2 0.

    0   0 0 0   14-Aug 0 
    0   0 0 0      

Total 22 0.0275 13 0.01625 35 0.021875      
            
Notes:            
 6/19 - Infested nuts in the canopy from the first generation.      
            
            
RANCH:  BLAIN FARMING IVANHOE        
            

DATE N. Ash N. Ash S. Ash S. Ash N.Serr N.Serr S.Serr S.Serr N.Teha N.Teha S.T
  Conv. % M.D. % Conv. % M.D. % Conv. % M

19-Jun 5 0.00625 4 0.005 5 0.00625 0 0 0 0 

30-Jul 10 0.0125 8 0.01 7 0.00875 0 0 3 0.00375
14-Aug 17 0.02125 14 0.0175 14 0.0175 2 0.0025 3 0.00375
21-Aug   0 8 0.01   0 5 0.00625   0 

    0   0   0   0   0 
    0   0   0   0   0 
    0   0   0   0   0 

TOTAL 32 0.04 34 0.0425 26 0.0325 7 0.00875 6 0.0075 4
            
            
Notes:            

 
6/19 - Counts reflect first generation nut 
infestation.       
8/21- Counted nuts in mating disruption blocks 
only 

 
       



Appendix 15.  Results of Certis’ Harvest Damage Evaluation 
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Central Region: 
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North Region: 
 
 Deseret Farms Sligar Ranch

0.0

0.5

1.0

1.5

2.0

Pe
rc

en
t

CM DAMAGE

CM LARVAE

NOW DAMAGE

NOW LARVAE

Ashley
Trap 1

Ashley
Trap 2

Ashley
Trap 3

Ashley
Trap 5

Farmland Management Services
 Wendt Orchard, Modesto

0.0

0.5

1.0

1.5

2.0

Pe
rc

en
t

CM DAMAGE

CM LARVAE

NOW DAMAGE

NOW LARVAE

Block 3
Ashley

Block 6 & 9
Ashley

Block 7 & 8
Serr

 
 
 
 
 
 
 
 
 



Appendix 16.   
Results of End of Season Wrap up Meeting 
 

November 5th CAP Walnut Wrap-up Meeting 
 Notes on Focus Group Session 

 
Attendees:   
 
Larry Elworth, Pat Weddle, Steve Wulfert, Joe Grant, Steve Sibbett, John Post, Mike 
Devencenzi, Jim Stewart, Judy Stewart-Leslie, Don Thomson, Dave Ramos 
 
Facilitator: 
 
Jennifer Scherer 
 
Preface 
 
On March 14, 2002, prior to the beginning of the walnut growing season, the core team of 
cooperators in the Center for Agricultural Partnership’s (CAP), Walnut IPM Expansion Project 
(WIPMEP) met for 4 hours as a focus group to develop a work plan for conducting the field 
component and evaluation of the project in its pilot year.  The meeting was conducted by a 
facilitator and participant responses documented in the form of a project work plan.   
 
On November 5, 2002, at end of the growing season, a second meeting of these participants was 
held to discuss the results of that work plan.  The following documentation represents the results 
of that 4 hour meeting.  Participants included the CAP executive, the project manager, all 3 
regional project coordinators, all 4 regional pest management consultant cooperators, a 
representative of the Walnut Marketing Board and a project technical consultant.  The facilitator, 
with support from CAP staff, asked questions and solicited comments from the regional 
coordinators and consultants.  The responses and comments were recorded and are annotated 
herein. 
 
November 5, 2002 Meeting Summary 
 
Overview 
Participants were unanimously agreed that the project work provided a unique opportunity to 
experience the use of sprayable pheromones and kairomone lure technologies in a practical, field 
implementation setting.  “Networking” with their fellow project cooperators was viewed as a 
significant benefit to cooperation.  Participants wanted more streamlined inter-project 
communication of real time information.  The availability of donated pheromone and trapping 
products was a substantial incentive to grower cooperators and supported the project crop 
consultants’ efforts to try the products in the field.  The project accomplished most of the work 
as outlined in the March 14th meeting.  Participants wanted the project to continue in 2003 with 
emphasis on improving information transfer, monitoring efficiencies and incorporating strategies 
that would demonstrate the potential value added contribution of mating disruption. 
 
Sprayable Pheromones 



Participants believe that sprayable pheromones for codling moth mating disruption (CMMD) 
need to be explored as a component of a multi-tactic walnut pest management.  Currently, the 
cost of sprayable pheromone products is a major limiting factor to their commercial 
implementation.  Cooperators’ work with pheromones this year did not provide sufficient 
experience or insight into product efficacy to warrant expanded pheromone use in 2003.  
However, participants want to continue to examine sprayables in future seasons to learn what 
advantages, if any, they might contribute. 
 
DA Lure 
Codling moth traps baited with DA lures significantly outcaptured pheromone traps in 
pheromone treated orchards.  Consequently, cooperator experience with the DA lure has 
compelled the crop consultants to further pursue their use of DA lures.  It was unanimously 
agreed that more needs to be known about how this technology will fit into walnut pest 
monitoring.  In addition, consultants agreed that periodic nut damage assessments were 
important to the decision making process and, though added work and time are required, would 
be important components to incorporate when using pheromones and the DA lure. 
 
Discussion about Economic Variables 
 
Value of Product Donations 
♦ 

♦ 

Donation of product made costs more difficult to capture.   
Product contributions allowed for more applications and incentives to experience.   

Application Costs 
♦ Application costs based on commercial applicator prices.  Cost of monitoring additional to 

conventional program.   
Monitoring Costs 
♦ 

♦ 

♦ 

♦ 

♦ 

Using DA was investment in future.  
Attendees believed they needed to conduct much more monitoring in the pheromone 
program.   
There was extra cost in the sprayable blocks.  Devencenzi said it cost much more because he 
used more traps and they took more time to service.  Also, canopy counts from towers were 
big time consumer.   
Post said he probably spent the same amount of time.  John said it didn’t cost much more in 
time though more traps would cost more.  He stated that he spends a lot of time in the 
orchards anyway and conducts the same monitoring in his other orchards as he did in project 
blocks.  
There was no out of pocket cost for traps as they were all donated.  Cooperators stated that 
they don’t know yet how to use DA. Until they know how effective these traps are it is hard 
to assess their value. 

Cost of controlling secondary pests 
♦ Aphid populations were high in some of Mike’s orchards.  He had to treat for aphids and 

husk fly which negated some benefits.  Stewart, no secondary pest issues.  No secondary 
problems for Post. 

 
(Note:  Jennifer asked the question; “Did we collect the variables we outlined in the work plan?” 
Cooperators stated that, in general, the answer was yes. However, they said that some of the 
damage assessment work was not needed) 
 



Miscellaneous Discussion on Costs and Damage Assessments 
 
Post stated that the cost of pheromone application and cost of damage are important economic 
considerations.   
 
Mike D. said the cost of monitoring will be an important variable in marketing sprayable 
pheromones. 
 
Judy said the cost of monitoring is very important and that, based on this years experience, she 
would charge differently for MD vs. conventional.  At current fee structures, they can’t afford 
the extra monitoring.  Current monitoring requirements may be way too costly for chemical 
company sales rep. 
 
Question from Jennifer: 
 
Do we have the information needed to determine future costs?  All said “NO”.  Cooperators 
unanimously agreed that this seasons experience was not enough to understand the potential role 
of the target technologies in their crop protection programs.  
 
Are there more training needs?  There is no recipe for how to use sprayables.  There has been no 
trialable program.  Sprayables did not work as well as expected in 2 “volatile” spots (Post?).  
Some were finding damage 1 month after application.  Technology may only work where there 
are low populations.  Knowing population level is a key.   
 
Field assessments of pheromone efficacy were “gut level”.  There is still a level of discomfort re. 
where this technology has value.  Judy wishes she would have periodically collected canopy nuts 
and cracked them out to determine what worms were present.   
 
Canopy counts were conducted by all consultant cooperators.   Only Mike and Judy documented 
these counts.  Mike did canopy counts from ground and tower.  Others did canopy assessments 
by ground only.  Diamond harvest damage results did not correlate with cooperators’ canopy 
counts.  There are various opportunities for visible worm damage on trees to go undetected in 
harvest samples.  In addition, canopy counts can be very time consuming.  Cooperators are doing 
all these canopy counts to get “physically closer” to the pest so as to make better decisions.  
Mike likes the tower but regardless, everything is after the fact.  In other words, one doesn’t 
know there is a problem until damage shows.  DA trap counts are variable and cooperators really 
don’t know what they mean.   
 
Real time data was not readily available project-wide.  This task might be better accomplished 
with better computer equipment and a dedicated data manager. More opportunity to 
communicate project data or discussion over the computer was suggested.  Specifically, e-
mailing updates or using a list server might have worked well.  Post said he would simply have 
benefited from hearing about others experiences more frequently.  Some project wide knowledge 
in real time about DA lures would be helpful.  However, for decision making purposes, data is 
often hindsight.  Even if available in summary, availability occurs after decisions have been 
made.  Don Thomson’s hands on, one to one meetings with cooperators was beneficial.  Don’s 
inputs provided a comfort level to Judy re. what she was doing in the field.  Some data may be 



helpful but it can be overwhelming, especially when things are busy in the field.  A little chat 
room or mini newsflash by e-mail was suggested.  More informal communication was needed. 
 
When asked how the cooperators might go about “educating” others about the new technologies 
Judy said she couldn’t educate on something she didn’t know about.  Others agreed. 
 
Mechanisms to deal with failures; 
 
Guthion was discussed in its role as a “rescue treatment” to reduce otherwise increasing 
populations of CM.   Post stated that he had mixed results with Guthion probably due to 
resistance.  All pheromone blocks had to be sprayed out and John didn’t get the pest suppression 
he wanted. 
 
Wulfert thinks the chemical companies will target initial sprayable pheromone sales in Chandler 
cultivar orchards because Chandlers don’t have a lot of CM pressure and success is more easily 
obtained in Chandlers.  Once Chandler acreage is exhausted, control problems will likely occur 
in other varieties.  Company PCA’s will initially work in low pressure orchards to ensure both 
sales and success. 
 
There currently is no single person who can train PCAs in pheromone use in walnuts.   
 
Relative advantage of sprayable pheromones.   
 
John was satisfied that pheromones do a good job on low to moderate populations.  On other 
moderate to high populations he was dissatisfied with the results.  John saw a lot of visual 
evidence of successful mating soon the application of MD.  In past years it was hard to find 
damage under the same scenarios as this year.  This year, there was worm infestations occurring 
within the time that CMMD should have been working.  In past years, in pheromone blocks the 
worms had a harder time successfully infesting compared to conventional blocks.   
 
Was there any difference between Suterra and 3M products? Post said up until this year the only 
failure he experienced with sprayables was with Suterra.  This year he found both performed 
similarly.  Mike D couldn’t say definitively.  Mike had successes and failures with both products.  
Cooperator use of sprayables was a function of how much contributed product was available.  
Mike applied more Suterra because he got more free product. 
 
Based on field trials Don doesn’t think there is much difference between the two products.  
Welter will have more data this winter.  Judd has some data showing better trap shut down with 
3M (?). 
 
Jim Stewart thought sprayables were particularly successful in his small isolated 25 acre orchard.  
That cooperator sprayed pheromone in April and May prior to applying Lorsban for a non-
existent red humped caterpillar population (grower had red hump last year so sprayed 
prophylactically this year).  This grower used puffers in 2001 after having suffered heavy losses 
(35%) to CM in 2000.  So pheromone applications appear to have provided a population 
suppression advantage.  Diamond damage results were better than the DFA results conducted by 
Certis.  Last year’s grades were mostly class 2 vs. class 1 grade this year.  Cooperator is happy.    



Perhaps there is added advantage the second year of pheromone use.  Is there a long term 
population management benefit?  
 
John used sprayables mostly in year one orchards.  Where he had 2 years of pheromone use 
populations in those orchards were low to moderate prior to using pheromones.  Thus, he could 
not say that there was a relative advantage this year where he used pheromones.   
 
Mike said no, he could not determine any relative advantage.  Mike’s question was; will cost 
reduce or eliminate relative advantage?    Best success with CMMD was downwind of the PMA 
project where pheromones may have migrated.  Field results this year were highly variable, 
ambiguous and inconclusive.  More experience with technologies is needed. 
 
Mike stated that if pheromone product was priced properly and there was better monitoring 
efficiencies there might be some relative advantage.  He noted, however, that one year not 
enough time to critically evaluate the technology.  Big, shady walnut blocks might provide an 
advantage to sprayable pheromones compared to blocks which have more open canopies due to 
UV protection.  There may be more relative advantage in blocks where conventional programs 
are not working anymore due to resistance.  Resistance may impart more relative advantage.  
Some growers are starting to rely more heavily on Penncap-M.  Thus, there may be some long 
term advantage to pheromone use but this is currently not certain.  In those few walnut orchards 
where there has been 3-4 years of walnut CMMD, growers say they don’t have a problem 
anymore. However, this information is strictly anecdotal.   
 
Compatibility:  How do sprayable pheromones fit into current practices? 
 
Sprayables are user friendly and compatible with grower practices.  Judy says the pheromones 
are more risky and more work for the PCA.  One cooperating grower really liked spraying the 
pheromones because he could travel through the orchard very fast and complete the job quickly 
compared to conventional, coverage intensive sprays.  However, another cooperator is sensitive 
to nearby neighbors concerns and is reluctant to use his sprayer. 
 
Complexity—how difficult is it to learn to use? 
 
The results so far are not consistent and not dependable.  There are too many unknowns.  Spray 
decision points for sprayable pheromones are not known.  The relationship of monitoring to 
making decisions is unknown.  Complexity is high as measured by these factors. 
 
Trialability: 
 
When asked if it would be easy to revert to old practices the answer was “yes”.  Is it easy to 
recover from mistakes or correct mistakes?    Mike:  By the time he decided to spray it may have 
been too late.  The spray decisions were always made after damage was detected.  Once damage 
was seen the tendency was to revert to conventional practices.  Thus, it is difficult to try 
pheromones. 
 
Observability:  
 
Attendees believed that observability, trialability and complexity were interrelated.  



 
Miscellaneous Comments: 
 
Growers are more willing to take a risk on something that is cheap vs. expensive to use.  The 
current cost of sprayable pheromones is big disincentive. 
 
The only advantage to currently working with sprayables is in learning how to use them in the 
event they will someday be needed.  Because pheromones must be applied prophylactically, it is 
hard to know if the money spent was really necessary.  John had people who sprayed 
pheromones and with the benefit of hindsight, really didn’t need to.   
 
The relevant question needs to be asked; “In low population orchards when do I need to spend 
the money on pheromones and when can I skip this expenditure?”  Until growers have no other 
alternative they won’t want to spend the dollars on pheromones as long as an array of cheap 
conventional alternatives is available and work. 
 
Factors impacting future use considerations: 
 
Currently sprayables are not cost effective relative to other pest management conventions.  
Provision of donated pheromones encourages learning.  Donated material will increase use.  
Otherwise, the technology is too premature for much expanded use.    It is important to learn how 
to use sprayable pheromones in walnuts but the recent experience suggests that the out of pocket 
costs to learn are a strong disincentive.   
 
There may be two implementation scenarios; one if products must be purchased, and one if 
products are donated. 
 
Pheromone puffers or mops are cheaper than sprayable pheromones and at least equally effective 
based on preliminary results.   
 
Price of MD has to be able to at least compete with Confirm.  Cost should be no more than half 
of current costs.   
 
Good arsenal for a few years with conventional pesticides. 
 
Thomson on pheromone costs:  Regarding prices for CMMD products; the cost of technical 
pheromone used in all formulations is not going down significantly in the near future.  Technical 
pheromone is the most expensive component in all the CMMD formulations.  Thus, the cost to 
growers of formulated products will not likely decrease in near term (2-4 years. 
 
What will you do next year? 
 
Jim Stewart and Judy Stewart-Leslie will each do one full cost sprayable program in a client 
orchard.  They may conduct a second sprayable trial if there is donated material.  Judy wants to 
be able to use pheromones in the future.  She just wants to be able to assess the risks and address 
economics better. 
 



Mike D. said that there is a lot of interest among growers in sprayable pheromones.  His future 
examination would depend on cost and the amount of donated product.  Mike says the need to 
monitor is critical.  He believes there needs to be research on monitoring.  Research isn’t going 
to be done at a dollar cost to growers.  PCAs and growers need to learn how to use the 
pheromones and the monitoring systems.  Mike would concentrate efforts on one ranch.  Welter 
would be the person to coordinate research on the relationship of DA lures to pheromone MD 
environment. 
 
John will probably look at about the same level of examination on the same acreage. 
 
Steve Wulfert:  The overall crop of walnuts this year graded out at a one percentage point higher 
class this year vs. last.  No one got seriously “burned” this year.  CM damage has been relatively 
low so it will be hard to evaluate if pheromones have any value.  If we had a year with higher 
worm pressure it could make a difference in the relative results of pheromone use and 
demonstrate added value? 
 
The comment was made by some that they had a relatively easy year with CM this year and still 
had trouble with the sprayable products.  Maybe the research emphasis should be on monitoring 
systems in CMMD orchards.  We really don’t know how to use DA.  There is no need to use 
pheromone traps in MD orchards.  The comment was made that pheromone traps in disrupted 
orchards are “worthless” based on this year’s experience.  All said that they want to do project 
another year. Communication with Don helped.  It would be a mistake to break the continuity 
established by the project.    
 
PMA and WIPMEP may be “merging.  Dave believes there should be a more coordinated effort 
between the two projects.  People tied to PMA can address many of the questions raised in this 
meeting,   especially Doug Light and Steve Welter.  
 
Learning how to use pheromone traps in tree fruit and walnuts took a long time.  Learning how 
to use DA traps will also require time.   
 
Walnut people don’t have to move into this right away unlike the Randall Isl. Pear Project.  Pear 
growers were facing a crisis with CM control due to resistance.  This is not the case in walnuts.  
Walnut growers still have Lorsban, Guthion and Penncap-M, relatively inexpensive and effective 
products for CM control. 
 
Joe Grant:  The CAP project should exercise close cooperation with companies selling MD 
products to growers.  Those growers should be project cooperators.   PCAs who are working 
with growers could also work with project regional coordinators.   
 
Don thinks the project should actually shrink with less acreage involved.  He suggested a more 
focused project.  He did not recommend attempting season long pheromone strategy due to costs.  
Rather, he suggested doing early season MD applications then follow through with conventional 
control strategies.  Success still comes down to how extensive one plans to monitor. 
 
Jim S. thinks consultants need to examine CMMD in more than one block (contrary to Mike D). 
 



Dave Ramos believes that what we have done here is provide a commercial bottom line for 
implementation.  The project has reinforced this bottom line.  There are things that need to be 
addressed.  Serious things such as costs and monitoring.  Project scope should not be restricted 
too much.  Growers typically gravitate to this stuff, i.e. new and promising technologies?   
Any use of sprayables should be under careful scrutiny of consultants.  We do not want growers 
having failures with no answers as to why. 
 

QQ. Are there any circumstances where you would categorically use sprayable MD?  
 
John wants to continue to “play with it”.  
This year’s work got consultants asking questions. 
If economics were not an issue folks would embrace pheromones more readily.   
 
QQ. Would it be possible or advisable to develop some guidelines based on what we did this 
year? 
The message for industry is “do not try at home, for professional use only”—Wulfert 
There needs to be some minimum scouting protocols 
The CAP project could develop the guidelines. 
Write this meeting up as a consensus of core team. 
We could get the message out in terms of what questions the growers need to ask.—Wulfert 
This is similar to the BIFS project. 



Field level in 2003:  

1. Figure out monitoring and  

2. Develop some strategies for field use.  Important to communicate more often. 

Dave cautions to keep in mind that there are 2 parallel programs.  The Walnut PMA was 
originally interested in education and implementation. Due to circumstances, the Walnut PMA 
has been research focused.  PMA year 1 was a “looser” because the program to be implemented 
didn’t work.  Then the program switched to research.  There still remain too many researchable 
questions.  The Walnut PMA is trying to move beyond research.  WIPMEP and Walnut PMA 
programs are complementary.  PMA was never equipped to do implementation on a commercial 
scale.  Growers are going to be hit by multiple sources of information from multiple directions.  
This information has to have continuity and WIPMEP needs to cooperate with PMA to 
accomplish that continuity.  Growers are getting more skeptical about the PMA and their 
research expenditures into CM management.  They are saying a lot of dollars have been spent on 
reduced risk efforts with little to show for it.  We need to put a positive spin on this work and be 
cautious with how we present it to growers.  Dave thinks the 2 programs are intertwined.  PMA 
has mostly been a Sacramento valley effort.  WIPMEP moved progress further south 
geographically. 

Sibbett wants to continue to “fiddle around” with the technology.   

We need to choose more clear monitoring strategy.  The DA is a potential tool along with canopy 
counts and dropped nut counts. 

Block by block data from all regions should be collected and provided to all cooperators. 

Respectfully Submitted: 

 
Pat Weddle 
Project Manager 
Center for Agricultural Partnerships 
Walnut IPM Project 



Appendix 17.  Cost Benefit Analysis Worksheet 
 

Pest Management Cost and Benefit Worksheet for Walnuts* 
[See accompanying instruction sheet] 

Yields 
Total Acreage Harvested = A  ______Acres 
Total Tons Harvested =  B   ______Tons 
Tons per acre (B/A=C) =                  C ______ Tons per acre 
 
Input Costs (include materials and application) 
Codling moth    

Mating disruption $______   per acre 

Other CM insecticides $______   per acre 
Sub Total                               D $______  per acre 
 

Husk-fly insecticides     E $______   per acre  
Other  insecticides     F $______   per acre    

Miticides      G $_____   per acre 
 
Percent Damage (from grade sheets or other harvest damage assessments) 
   % Damage 
Codling moth  H    _____ 
Husk-fly      I      _____ 
Other insects  J     _____ 
Mites   K    _____ 
  
Crop Value             
 
(FOB price per ton)    $______    

X (Tons per acre) =                $______  
Total crop value     
(FOB x Tons/ac)     L $_____per acre      

Per Acre Losses 
 

  
Codling moth [L – (H x L)] 
Husk-fly [L – (I x L)] 
Other insects [L – (J x L)] 
Mites [L – (K x L)] 

Total (M) 
Sum of above 

 
Net Revenue 

Net $$ Per acre 
Crop Value (L) minus Per Acre Losses (M) 
 
=  Net $$ per acre $_______ 

 

 
 
*to calculate net revenue after arthropod pest management costs and damage 
losses only 

 
 

 



Instruction Sheet for Worksheet 
 

Introduction 
Extensive economic analysis obtained from CAMP programs in Washington apples, Michigan apples and 
Yakima pears has shown that the cost of pest management inputs alone is not necessarily a good measure 
of the potential or actual benefits associated with those costs.  Often, increases in input costs result in 
disproportional higher net revenues.  The cheapest pest management program is not necessarily the most 
profitable program.  This form is adapted for walnuts based on a similar worksheet developed for pears 
 

Purpose 
The purpose of this worksheet is to assist growers and pest control advisors in calculating the 
approximate value of their crop protection investment.  In order to keep the worksheet simple factors such 
as monitoring costs have not been included.  The user can, however, include these costs if desired.  The 
net revenue calculated only considers pest management inputs and does not provide comprehensive net 
revenue. 
 

How to use this worksheet 
Use one sheet for each block, treatment or orchard for which the desired net revenue calculation related to 
your crop protection investment is desired.  For example, if you have a block in mating disruption or 
other reduced risk program and a block in a more conventional, chemically intensive program, use two 
worksheets and compare the net revenue results. 
 
The user needs to know the following for each block to be analyzed: 

1. Acreage of block  
2. Tonnage yield of block  
3. Input costs for crop protection inputs.  Ideally this could be broken out according to which pests 

the insecticides were targeted against i.e., codling moth, leaf rollers, psylla and mites.  You may 
wish to include application cost for a more realistic calculation.  If a given product is used for two 
pests (i.e. one chemical for both mites and psylla) divide the cost proportionally according to your 
estimate of the proportional importance of the input to your pest management 

4. Percent damage attributed to codling moth, walnut husk-fly, other insects and mites.  You may 
request some of this information from your processor.  You may need to conduct your own 
harvest samples and record the damage from each pest category 

5. Price per ton or an equivalent value of the nuts 
6.  

This is all you need to calculate a reasonable approximation of the true net revenue value of your crop 
protection investment. 
 
You can print out the worksheet, fill in the boxes and do the simple mathematical calculations. 
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Appendix 21 
 

Center for Agricultural Partnerships, Walnut IPM Expansion Project 
Case Study for CARAT 

February 2003 
Prepared by:  P.W. Weddle, Project Manager 

 
Pest Management Problem 

• Describe the pest management problem (regulatory, resistance, 
new pest, secondary pest, needs of the IPM system, IPM system not being 
used).  What are/were the consequences of not resolving the 
problem. 
 

California produces 99% of U.S. walnuts and 38% of the world production.  In 2001, California 
growers produced over 300,000 tons of walnuts valued at over $346 million. Codling moth, 
Cydia pomonella, (CM) is the key statewide pest of walnuts, infesting 60% of the more than 
200,000 planted acres in California.  Uncontrolled codling moth can cause economic damage on 
up to 40 % of the crop.  Organophosphates (OPs) are the primary insecticides used to control 
codling moth but pending regulatory action under FQPA is likely to further restrict or eliminate 
one or more of the existing uses.  In addition, the pressures from insecticide resistance and the 
problems associated with secondary pest outbreaks as a result of OP applications have created 
additional problems and increased pesticide use. Furthermore in its “1998 California 303(d) List 
and TMDL Priority Schedule”, the Central Valley Regional Water Quality Control Board 
identified the insecticide chlorpyrifos as a high priority for development of a Total Maximum 
Daily Load on 190 miles of the Merced and San Joaquin Rivers and 480,000 acres in the Delta 
waterways among the watersheds targeted. Chlorpyrifos has been widely used on walnuts in the 
Sacramento and San Joaquin valleys.   
 
Use of OP’s in walnut pest management is relatively inexpensive.  Cooperator surveys show that 
costs and efficacy concerns are a major barrier to adoption of CMMD.  
 
Solution 

• Describe the solution and how it is/was intended to solve the 
problem 

• What is/was the time frame for solving the problem 
 
The most promising option for resolving the critical regulatory and biological problems in 
walnut pest management is pheromone mediated mating disruption. This project was a 
cooperative effort of the Center for Agricultural Partnerships (CAP) with growers and their 
organizations, crop consultants, researchers and farm advisors to implement a systematic process 
to further adoption of a sprayable mating disruption system on a wide scale in commercial 
walnut production and; 2) Document and communicate economic, biological and decision-
making changes in the adoption of sprayable mating disruption at the farm and project levels on 
a wide scale in commercial walnut production. 
In conjunction with the implementation of the sprayable pheromone, the project also 
implemented and validated the effectiveness of kairomone-based lure as a key component in the 



use of sprayable mating disruption on a wide scale in commercial walnut production.  Since 
codling moth is a key pest on other crops, which also rely on organophosphates being regulated 
under FQPA, successful use of this technology in walnuts could also have a dramatic effect on 
pest management on those key crops. 
 
The most promising option for resolving the problems of cost and uncertainty of transition to 
new pest management technologies and practices is to provide growers and their pest control 
advisors a systematic program designed to “failsafe” their on-site adoption experience.  The CAP 
walnut project was designed to provide individual and collective coordination and support for 
early adopters of the target technologies.  In addition, the project has developed a commercial 
network to enhance the capacity of growers to more efficiently incorporate new technologies into 
their daily pest management activities. 
 
Implementation of the technologies was to be accomplished during the growing season by 
cooperating growers with the support of their pest management advisors (PCAs). The foundation 
of the implementation effort is the involvement of growers and their pest management advisors 
throughout the project.  The involvement of PCAs ensures that results are documented and 
provides a means for growers to receive the information necessary to make better decisions.  By 
allowing growers and PCAs the opportunity to see this system work in their own orchards, they 
have the opportunity for direct observation that is essential to the adoption of innovation. PCA 
involvement also provides the mechanism for sustaining implementation efforts commercially 
after the project ends. 
 
The project was initially designed to implement sprayables on 25% of the walnut acreage 
susceptible to codling moth infestation, approximately 25,000 acres by the end of the third year. 
 
Project Development 

• Characterize the nature of the project: basic research, applied 
      research, registration, education, demonstration, and 
      implementation 
• What is/was the budget and time frame for the project 
• What are/were the sources of funds for the project 
• Who led the development of the project 
• Who are/were the key supporters, participants 
• Who is/was responsible for securing the funding, writing the 
      proposal 
• What problems are/were encountered in securing funding 

 
The CAP walnut project was focused primarily on farm based, site-specific implementation of 
new technologies and practices.   
 
The budget for the feasibility study and design o f the project were was approximately $125,000, 
about 70% of that dedicated to assessment of the project’s feasibility. Actual field 
implementation efforts were projected to cover three years at about $150K per year.    
CAP has provided the bulk of the funds.  US-EPA Region 9, The Great Valley Foundation and 
3M Canada provided approximately 47% of the funds.  
 



Diamond of California provided significant communications support through its newsletter and 
publications and provided the services of its field staff for the project. The outreach within the 
industry was conducted through the Diamond of California newsletter, which recognized and 
reinforced the work of project participants and informed the cooperative’s members of the 
project.  The project was publicized to the entire walnut industry through the Walnut Marketing 
Board’s quarterly newsletter.  Press relations were also conducted to the general public about the 
industry’s efforts use environmentally sound farming practices.    
 
Patrick Weddle, Senior Consultant to CAP, conducted the feasibility assessment and was the 
project manager.   
 
Key supporters were Diamond of California, the Walnut Marketing Board, 3M-Canada 
Corporation, Trece, Inc., Suterra, and Certis.  Steve Wulfert, fieldman, Diamond of California; 
Joe Grant, Extension Pomologist, U.C. Cooperative Extension, San Joaquin, Co.; and Steve 
Sibbett, Extension Pomologist Emeritis, U.C. Cooperative Extension, Tulare Co. served as 
coordinators for the project.  Steven Welter, U.C Berkeley, Walt Bentley and Carolyn Pickel 
UC-IPM served as technical advisors and participants.  Once the project was started, The Nature 
Conservancy and Crain Orchards became involved in sharing data and comparing field results.  
 
The key to project success was the intensive involvement of private crop consultants in the 
project.  Since implementation at the field level is a private sector activity their participation 
along with that of their grower-clients made the field implementation effort possible.   
 
Larry Elworth, Executive Director of the Center for Agricultural Partnerships, led the 
development of the project and was responsible for securing project funding and writing 
proposals.   There are virtually no funding sources for commercial implementation projects that 
are farm based and site-specific.  Though a number of funding sources propose to include 
implementation as one of the purposes that are supported, they regularly confuse research and 
demonstration with commercial implementation.  In addition, due to severe budget deficits, 
California state funding sources, such as the Department of Pesticide Regulations, have 
drastically reduced or eliminated implementation project funding programs (e.g. Pest 
Management Alliance Program).  Commodity research boards, such as the Walnut Research 
Commission traditionally fund research and not implementation. Environmental funders have 
reduced or eliminated their funding for IPM projects and for site-specific efforts to reduce 
pesticide risks in conventional agricultural. To the extent that they do have funds for this 
purpose, the recent drastic decline in the stock market has had a severe impact on non-profit 
funders reducing their ability to fully fund programs and initiate funding of new projects. 
 
Project Management 

• Describe how the project was initiated; what were its objectives 
• How was planning done 
• How was success defined at the beginning 
• How is/was the project staffed.  Who is/was responsible for 
      handling money, coordinating, managing the project. 

 
The “CAP Process” for project development    
 



Implementation of new technologies and practices in agriculture, especially technologies that are 
farm-site specific, information intensive and unconventional relative to those being replaced, can 
be slow to implement commercially on any large scale.  For growers to learn of new innovative 
technologies and practices they initially benefit from access to collective experience, i.e., 
credible research, extension and regional field demonstration of the innovation. This collective 
experience is currently provided by traditional research and education sources such as the land 
grant system and cooperative extension.  For growers to ultimately adopt new technologies and 
practices they need to take the collective experience and incorporate the knowledge to 
individually experience and observe the relative advantage of the innovation, its trialability in the 
field, its compatibility with other cultural practices and its complexity relative to older practices 
(Rogers).  In many cases, this individual experience takes place in a context that is dominated by 
many forces and interests beyond the innovation yet influencing grower decisions to use the 
target innovation nonetheless. In 2001, CAP initiated a study to determine the feasibility of 
conducting a large-scale commercial implementation project in California walnuts.  Through a 
systematic decision tree process it was determined that the potential existed within the California 
walnut industry to have large scale environmental and economic impact by commercially 
expanding upon successful ongoing efforts of the walnut industry to research, educate and 
demonstrate new biologically based systems of crop protection (The Walnut Pest Management 
Alliance Program).  As a result, CAP initiated funding of the Walnut IPM Expansion Project 
(WIPMEP) in 2001.  In 2002, the pilot field project component was initiated statewide. 
 
Project Objectives 
 
The project has the following objectives:  
1) To implement a systematic process for further adoption of a sprayable pheromone-
mediated mating disruption system on 1000 acres of commercial walnut production.  
2) To measure, document, evaluate and communicate economic, biological, and decision-
making changes in the adoption of sprayable mating disruption at the farm, project, and 
industry levels. 
 
Project Design and Planning 
The diagram below shows the integrated process used by CAP in this project: 
 



 

 

A planning meeting with the project’s core participants including the Walnut 
Research Commission research coordinator, the three regional coordinators and 
the four cooperating consultants was held in February to develop a work plan for 
the 2002 field season. In the meeting, which was conducted by a facilitator, the 
participants were prompted to provide their views of what needed to be done to 
accomplish project objectives. These results were then transcribed into a work 
plan format.  The work plan was used throughout the season as the road map for 
project activities.  Thus, project core participants designed and took immediate 
ownership of their work plans for the project year 
 
Success was defined in keeping with the integrated process.  First of all, success was defined as 
the efficacious use of sprayable pheromones and kairomones in the field and the ability to assess 
that efficacy at the grower and aggregate project level.  In addition success was defined in terms 
of the project’s ability to effectively provide the information and support necessary for the 
implementation and evaluation.   
 
Pat Weddle was project manager.  Larry Elworth, Executive Director of the Center for 
Agricultural Partnerships and CAP staff handled all of the administration, oversight and press 
relations. 
 
Project Work 

• What are/were the main activities - what are people doing 
• What are/were the milestones and chief accomplishments of the 
      project 

 



Project management in collaboration with CAP and project cooperators conducted the following 
work in 2002: 
 
Project Organization & Planning 
♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

Developed project field budgets, January 
Designed survey and interview instruments, February 
Conducted project planning meeting and focus group with core technical cooperators, March 
14 

 
Education & Outreach 

Formal Presentation introducing the project to the Western Orchard Pest and Disease 
Management Conference, Portland, OR (Jan 10)   
Formal Presentation introducing the project to the Walnut Research Committee Annual 
Conference, Bodega Bay, CA  (Jan 24) 
Co-sponsored mating disruption technical seminar, AAIE Annual Conference, Berkeley, CA  
(Feb 5) 
Formal presentation on the project to Cal-EPA, Dept. of Pesticide Regulations, Pest 
Management Alliance Annual Workshop, Sacramento, CA  (March 12) 
Formal presentation introducing project to Tulare Co. growers at UCCE grower meeting, 
Hanford, CA (April 2) 
Formal presentation on mating disruption in walnuts and the CAP project to Diamond 
Walnut Technical Staff Meeting, Stockton, CA (May 30)  
Two meetings with UC-IPM Area IPM specialists, one in Yuba City and one in Parlier to 
review project and statewide UC-IPM pheromone data (June) 
Conducted industry education meeting for project stakeholders to report project results 
(November) 

 
Establishment of Cooperators 

Established three Regional Coordinators (January) 
Established three Regional Consultants (January) 
Established 8 grower cooperators with 9 orchards representing 900 acres (February, March) 
Secured sprayable pheromone donations from 3M Canada and Suterra LTD  
Secured trap and lure donations from Trece, Inc. (April) 
Field trapping by cooperators was initiated (March-April) 

 
Project Evaluation 

Collaborated with UC-SAREP on walnut industry survey to be conducted in 2002  
Conducted interviews and surveys of Regional Consultants (April) 
Conducted interviews and surveys of grower cooperators (May-June) 
Conducted interim project field evaluation to determine effectiveness of new trapping 
technologies, sprayable pheromones and project communications with Regional Coordinators 
and Consultants (June 5-6) 
Conducted monthly visits with cooperators to periodically assess cooperator perceptions of 
target technologies 
Conducted an end of season project wrap-up meeting with regional coordinators and 
consultants to document project outcomes (November) 



 
Field Data Management 
♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

Initiated on-line field data management system with UC-IPM (April) 
Established and verified field trapping methodology with Regional Coordinators and 
Regional Consultants (April-May) 
Established data management coordination with DJS Consulting (May) 
Provided updated summaries to Regional Coordinators, Consultants and other key project 
cooperators (June) 
Initiated economic analysis data collection (June) 
Supported Certis’ design and execution of comprehensive harvest sample damage analysis 
(September) 
Summarized field data for industry presentations (October) 

 
Industry and General Public Communications 

Published industry solicited article on project description, goals and objectives in Diamond 
Walnut Newsletter, January.  This newsletter is sent to approximately 50% of California 
walnut growers   
Published industry solicited article on project history, design, goals and objectives in Walnut 
Marketing Board Newsletter, June.  This newsletter is received by all California Walnut 
Growers 
Field meeting with Sacramento Bee to develop a newspaper article highlighting the CAP 
walnut project, Marysville, CA, May 21 
Sac Bee newspaper article “Pheromones are in the air” published June 9 

 
Implementation of Sprayable Pheromone and other CM Treatments 
Approximately 832 of the 900 project acres were treated with label rates of sprayable pheromones 
(the remaining acreage was used as comparison blocks).  Approximately 663 project acres were 
treated with 3M MEC-CM® and 226 acres with Suterra’s Checkmate® CM-F.  In Tulare County 
only, sixty project acres were designated “conventional” and not treated with pheromones.  These 
blocks were used as a comparison with nearby pheromone treated blocks.  Pheromone treatments 
were initiated soon after materials were available and, in all but the Southern Region, prior to peak 
flight of overwintering moths.  Due to the early flights in the Southern Region, Lorsban was applied 
in the spring prior to application of pheromones.  
 
In the South Region, supplemental chemical sprays were applied to two blocks.   Confirm 
(tebufenozide) was applied to 20 acres (Vina variety) where May-June dropped nut counts averaged 
more than 12 nuts per tree. Lorsban (chlorpyriphos) was applied to a second orchard where the 
grower feared another potential worm pest (redhumped caterpillar, Schizura cocinna).   
 
There were no attempts to determine differences between the two sprayable pheromone products and 
none can be inferred from the results of this year’s field experience. 
 
Cooperating growers and consultants agreed that the incorporation of sprayable pheromones into 
their pest management program in 2002 was technically feasible though prohibitively expensive in 
terms of out of pocket costs relative to their conventional pesticide program.  Based on their use of 
sprayables in 2002, all consultants and all but one grower stated willingness to examine sprayables 
in 2003.  These cooperators stated that the expansion in use of sprayables would be a function of the 



cost of the sprayable product in 2003 and the willingness of their clients to incur added costs of 
purchasing sprayables. 

 

Codling moth trapping results 
Field results represent the springtime period through the end of the codling moth flight in September. 
 
Project orchards were all trapped with both 1X pheromone baited and kairomone baited traps 
donated by Trece, Inc.  Most blocks received pheromone applications aimed to disrupt mating of the 
overwintering adults that emerged this spring and/or their offspring. 
 
By the end of September, project cooperators had completed trapping of the codling moth 
populations, dropped nut evaluations and canopy nut count evaluations for codling moth damage.  
Certis sponsored harvest “wind row” nut samples of those project orchards that utilized 3M’s CM-
MEC sprayable pheromone.  
 
Each cooperating orchard (with the exception of the “comparison blocks in the south region) 
received one or more sprayable pheromone applications and was trapped with both pheromone 
baited and kairomone (a.k.a. DA lure) baited traps.  The purpose of this lure comparison was to 
evaluate the potential of the DA lure as a potential tool for monitoring codling moth adults in 
pheromone disrupted environments where pheromone traps are “masked” by the mating disruption 
treatment.  Results of the trap counts are summarized in Fig. 1.   
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Figure 1.  CAP walnut project statewide seasonal summary of 
codling moth trap count averages in DA baited traps 
compared to pheromone-baited traps.
Pheromone vs. 
DA   
     
Seasonal Flight Avg/trap
  Pher DA 
North 20.77 87 
Central 16.09 98.81 
South 38.3 92.4 



In most project orchards, once sprayable pheromones were applied, pheromone baited trap counts 
declined relative to DA traps.  Through the end of the overwintering flight, DA trap captures, on 
average, exceeded pheromone traps by a ration of at least 4:1, 6:1 and 2.4:1 in the North, Central and 
South regions, respectively.  Cooperating consultants expressed strong interest in the ability of DA 
traps to capture moths when pheromone traps were effectively shut down.   
 

Dropped nut damage evaluations 
Dropped nut counts were taken in six participating orchards as the overwintering flight neared its 
end in late May and early June.  Results generally demonstrated acceptable suppression of the 
overwintering CM flight.  Average dropped nut counts ranged from 0 to 5 nuts per tree.  The higher 
averages generally occurred in later samples.    
 
Consultants were uncertain as to the ultimate benefit of dropped nut assessments.  Because 

dropped nuts represent damage after the fact, they are valuable as an indication of past control 

failure and as an indication of the potential for increased damage risk in subsequent CM 

generations. 

 

Canopy count damage evaluations 
Systematic canopy count evaluations were conducted in the South and Central Regions.  Results 
showed no substantial differences in CM damage levels between pheromone blocks and comparison 
blocks.  CM infestations remaining on the trees at the end of the overwintering flight were generally 
less than 1%, well within acceptable damage levels.  One Central Region orchard exhibited 4% 
infested nuts in a small area within a 25-acre block.  Consequently, the crop consultant treated this 
area with chlorpyriphos in early July.  Consultants agreed that, even though no direct correlation 
with harvest damage exists, canopy counts are, nonetheless, important in the assessment of harvest 
damage potential.   
 

Harvest damage evaluations 
Commercial harvest grading methodologies typically do not discriminate species-specific insect 
damage.  In order to better determine the effectiveness of the 3M sprayable pheromone, Certis, in 
cooperation with project participants, conducted a series of windrow samples at commercial harvest 
to determine the species of Lepidoptera insects infesting harvested nuts.     
 
In each of the 5 orchards where 3M pheromone was used, a series of four samples were collected, 
one sample each in the north, south, east, and west directions from the second tree away from DA 
baited codling moth traps.  For each sample, two opposite swaths at 45º angles to the tree row were 
raked and a minimum of 100 nuts per sample were collected, hulled and immediately delivered to 
the Dried Fruit Association in Fresno, CA.  From these collections, 100 nuts per sample evaluated 
for the number of “blows” (i.e. dried and/or shriveled nut meats), codling moth damaged nuts, 



codling moth larvae present, Navel Orange Worm (NOW) Amylois transitella damaged nuts and 
NOW larvae present.  A total of 130 samples were taken from the 5 cooperating orchards. 

 
The results of this survey demonstrated low infestation levels of CM and NOW in all harvest 
samples.  Most insect damage resulted from NOW.  There was no apparent correlation of harvest 
damage to earlier canopy or dropped nut damage assessments.   
 
Economics 
 

Input Costs ♦ 

3M-Canada and Suterra have made significant contributions of their sprayable pheromone products 
to grower cooperators in 2002. Trece, Inc. has contributed all the DA trapping supplies.  These 
contributions reduced the participation costs to growers and were favorable incentives for 
cooperators to be involved in the CAP project. 
 
At the March planning meeting, the core participants determined that, during this initial project field 
year, they were primarily interested in tracking costs of materials and applications.  Consequently, 
these costs to the grower have been calculated from their pesticide use in cooperating orchards.  
Input costs are calculated from the commercial price for products and applications reported by PCA 
cooperators.  To compensate for the value of contributed pheromone product, the list cost (including 
estimated cost of sprayable pheromone) and the actual costs (excluding the value of contributed 
pheromone) are compared. 
 
 Where data allowed comparisons of the CMMD blocks with non-pheromone treated blocks (South 
Region only), list vs. actual costs of the pheromone program were substantially higher than the 
comparison blocks (Figures 3 & 4).  On average, these cooperating growers actually spent $116 per 
acre more than their comparison blocks.  Were it not for donated product, they would have spent 
$193 per acre more.   
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Figure 4.  Comparison of actual costs 
in the pheromone treated blocks vs. the 
comparison blocks in Tulare Co. 
Figure 3.  Comparison of list costs in 
the pheromone treated blocks vs. the 
comparison blocks in Tulare Co.
  



Overall, CMMD potential (i.e. list) costs to growers averaged $ 283, $170 and $118 per acre in 
the south, central and north regions respectively.  Because of product contributions, cooperators 
actually spent $207, $61 and $52 per acre, respectively (Fig.5).   

             
  

      

South
Central

North

Actual

List
0

50

100

150

200

250

300

A
vg

 $
$/

 A
cr

e
Comparitive Costs, CAP Walnut Project, 2002

 
     
 
   
   
 
As a result of the a
cooperators have d
to pheromone use 
 
Core participants g
was evaluated for 
conducting field e
PCAs and industry
participants comm
year far exceeded 
 
 
Accomplishment
Project Evaluatio

• Is/did the 
• How can y
• What are/
• What are/
• What unfo
• If you wer
• What has 
 

 

Figure 5.  Regional comparison of average list 
costs vs. actual costs for sprayable pheromone 
treatments
ctual or potential costs to growers realized with sprayable pheromone this season, 
etermined that, for sprayable pheromones to be adopted, a more targeted approach 
will be required to minimize costs. 

athered for a facilitated evaluation session after the field season.  The project 
its effectiveness in providing the information and support necessary for 
fforts.  Participants indicated that the network created between and among 
 suppliers was a particularly valuable outcome.  In evaluating the process, 
ented that the amount of work and clarity of   direction achieved during the 
their previous experience in similar project efforts. 

s 
n 
project succeed(ing) in solving the problem 
ou tell 
were the critical factors in its success/failure 
were the key problems that were encountered 
reseen events shaped the project 
e to start the project over again, what would you do differently   
happened since the project ended 



Evaluation of the project was conducted through an analysis of field data at the grower level and 
then aggregated to determine the overall project impacts. 
 
Key factors in the success of the project were the time and effort spent in determining the 
feasibility of the project, its design and in the creation of an implementation network. A network 
of stakeholders including growers, crop consultants, Diamond of California field staff, a large 
independent processor, industry consultants, product manufacturers, product distributors, 
commodity group personnel and university and cooperative extension personnel were brought 
together to focus on project objectives. Project coordinators and consultants designed field 
evaluation methodologies and protocols and conducted the agreed upon tasks. These cooperators 
began building an experience base relative to project objectives and CAP methodologies.  
Biological, economic and decision-making data collection occurred in a planned and timely 
manner. Cooperators individually and collectively developed a sense what was and was not 
working with the project.  Systematic efforts were made to expand the number of acres and 
cooperators for the 2003 growing season.   
 
The key problems encountered were the expense of the pheromones and the availability of three 
inexpensive OP alternatives for codling moth control in walnut production. The newness of the 
kairomones and the lack of historical data to assess the results from the DA lures were 
anticipated.  This first year was considered a beginning step in using the kairomone-baited traps. 
However the ambiguity of results from the use of sprayables was not anticipated and tempered 
the desires of cooperators to greatly expand 2003 implementation of sprayable pheromones.   
 
The end-of-season project evaluation meeting provided the opportunity for participants to 
determine the next course for implementation.  Participants indicated that they would use 
sprayables at roughly the same levels in the 2003 growing season.  However, it also became clear 
that at this point on the implementation curve an alternative approach to implementation would 
be more effective.   Instead of relying on sprayables as a wholesale substitute for OP’s and 
thereby essentially using them prophylacticly, it was suggested that they be introduced into a 
system at low rates in combinations with OPs or other controls. Limited research has suggested 
that the addition of low rates of sprayable pheromone may reduce codling moth populations 
below levels achieved by an insecticide alone. That reduction in population and the resulting 
reduction in damage below 5% would qualify the crop for a series of premiums if delivered to 
Diamond.  The price premiums could offset any additional expenses from the inclusion of 
pheromone.  In this way, the use of the pheromones could be introduced and its value 
demonstrated more easily to the grower while additional experience was gained in the wider use 
of the materials.   
 
Thus, while the problem of codling moth was not completely solved by the project, the problem 
of effective implementation of reduced risk technology was significantly advanced.  The industry 
collectively gained the experience that can only be derived form commercial implementation by 
field practitioners on a wide scale.  By having a systematic process and network for conducting 
that work, knowledge was gained that will serve as the foundation for subsequent efforts.   
 
The unforeseen lack of funding terminated the CAP’s involvement in the project.  Because of the 
nature of farm-based implementation projects, substantial funding over a period of as many as 5 
years is probably necessary to sustain project integrity leading to a significant, measurable and 
lasting project legacy.  That sustained funding was not available for this project. 



 
In retrospect, the in-season data collection and dissemination effort was not feasible or 
necessary.  PCAs indicated that they did not have the time to submit data or the time to look at it 
during the season. Indeed, they said that “after the fact” data was of little use in real time, on the 
spot decision making.  They suggested that a more informal network by which PCAs share their 
observations with each other in real time would have been a better means for communication and 
coordination.    
 
Recommendations        
 
What additional resources would be/have been particularly useful? 

• Are/were USDA resources used in this project - why or why not 
• If USDA resources are/were available for this effort how could 
      they be/have been more useful 
• What outstanding needs would you look to USDA to fill?  How 
      should USDA programs be structured and managed to meet those 
      needs. 
• What EPA actions would/would have contributed to the success of 
      the project 
• How can successes and barrier reduction/elimination be applied 
      to other transition efforts 

 
The availability of multi-year implementation funds is critical. It is hard to enough to find and 
keep skilled staff for a few years of soft funding.  It is impossible to retain good staff when 
funding is from year to year.  Having the funds to conduct a feasibility assessment and to 
effectively design the project was particularly important.   Those funds are also largely non-
existent. Funds directly available for wide-scale, commercial implementation efforts are virtually 
non-existent. 
 
CAP applied to USDA – PMAP but was turned down in large part due to the term of the project 
and the amount of money requested.  USDA staff indicated that CAP should, instead, apply for 
funding from CAR or RAMP – programs for which CAP was not eligible to apply since it is not 
a land grant university.  While we could have applied to those programs under the auspices of a 
land grant, $50,000 to $80,000 of the money requested for work in the field would have been 
taken by a university for overhead.  CAP declined to make application. 
 
USDA funds were not directly used in this effort but the contribution of individuals who 
received USDA funds were important.  The work of Dr. Steve Welter served as the basis for the 
protocols used in the project.  His research was supported by an IFAFS grant – USDA no longer 
makes those grants available for pest management activities – and a RAMP grant.  The 
development of the DA lure and the protocols for using it were supported by USDA ARS in 
California and Washington. In addition, UC-IPM extension specialists participated in the project 
and provided expert assistance.      
 
As valuable as those research, education and demonstration programs are they do not  



directly further implementation. The dividends from USDA’s investment in research, 
demonstration and education accrue to farmers only to the extent that they can put the results to 
use in their own operations.      
 
USDA needs to establish a program specifically dedicated to supporting the commercial field 
implementation of new practices.  A systematic process for conducting implementation efforts 
should be adopted that all program participants use in creating field results.  This sort of program 
would result in real benefits for farmers, advancing their production practices.  It would also 
provide measurable benefits for human health and the environment. Finally, it would capitalize 
on the valuable investments in research, education and the registration of new pest management 
technologies.  
 
IN order to ensure implementation results, the program should be targeted toward working with 
the private sector.  Non-land grants should be eligible and land grants participating the in 
program should share funding with private sector entities.  PMAP is the only program open to 
non-land grants.  Originally intended to support implementation efforts with growers, it has now 
been designated as a research program by USDA.   
 
Making the program open to non land grants is very important.  CAP and other private sector 
organizations have encountered resistance, bordering on hostility, as the land grant system has 
apparently viewed the private sector as a competitor.  Ignoring the irony of taxpayers being 
criticized by public employees as competing for their own money, the resistance of the land grant 
system is unfounded.  Over the last six years, CAP has brought $1.2 million of new money 
directly to the universities with which it has worked.  The reality is that implementation is a 
private sector effort that uses both private and public information.  By definition the private 
sector must be at the center of the implementation process.   
 
The conservation programs, EQIP and CSP, may provide the means for creating a dedicated 
implementation effort, even without changes in the other USDA programs.  Given their objective 
of on the ground changes, they are well suited for use in implementation efforts.  Additional 
work will need to be done with EQIP, its Conservation Innovation Grants program, and CSP, to 
ensure that they can effectively address the problems encountered in the adoption of reduced risk 
practices.    
 
Delays in the registration of sprayable pheromones on walnuts by EPA almost prevented the 
project from taking place.  This was due in part to the review of inert ingredients.  That process 
needs to be improved so that pheromone registrants are able to refine their formulation and 
increase the longevity of the pheromones in the field without unduly restricting the commercial 
use of pheromones in the field.  In addition EPA funds intended to aid reduced risk efforts need 
to focus on the tasks necessary to get newly registered alternatives used in the field.   
 
CAP’s experience can have application to a wide range of crop/pest/pesticide combinations.  The 
overall process works and the engagement of the private sector makes field results possible.   
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