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ABSTRACT 

The Delphi, a method for systematic collection of information from 

experts, was modified to obtain biological data required for the 

economic analysis of current and potential cotton insect management 

practices in western regions of production where boll weevils do not 
pose a significant pest problem. Cotton insect management and crop 

production experts provided detailed data regarding current insecticide 
use patterns, and projected insecticide use and lint yields under an 

alternate, “optimal” insect management program. These data were used 

to estimate average cotton yield, insecticide use, and insect control 

costs under both current conditions and the alternative program for 

each of seven subregions of western cotton production. 

Key words: Cotton, Delphi, insect control, insecticide use, pest 

management. 
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PREFACE 

This report provides estimates of farm level impacts of current and 

alternative cotton insect management practices in boll weevil-free 

areas of U.S. cotton production. These estimates are critical elements 

of the economic and environmental evaluations of alternative beltwide 

cotton insect management programs. 

Estimated impacts on cotton producers' insecticide use and cotton 
lint yields were determined through a modified Delphi (expert opinion) 

process. The Economic Research Service (ERS) assumed overall 

responsibility for organizing and managing the Delphi, while other 

USDA and State agencies, industry representatives, and cotton producers 
provided the necessary expertise for estimating farm level data. 

The Western Delphi project received leadership from Katherine 

Reichelderfer, ERS, who also prepared this report. Key members of 

the Western Delphi administrative team were: Katherine Reichelderfer 

(ERS)--Delphi Leader and Facilitator; Velmar Davis (ERS)--Overall 
Evaluation Leader; Gerald Carlson (N.C. State Univ.)--Facilitator; 

John Schaub (ERS)--Facilitator; Irving Starbird (ERS)--Facilitator, 

and Economic Evaluation Team Leader; Richard Ridgway (ARS)--Coordinator 
of Resource Material; Luis Suguiyama (N.C. State Univ.)--Computational 

Expert. 

» He 



CONTENTS 

Page 

(Lg Oa pages SE ee ee a a ee as | 

Pees eee eae ote ocala: siete Calcio Siete wteldiate: o orureteTotete tele lolare caters laverecboew > « sLolk 

Joahswk OF LAB LEO. eeoseeeteteeeweeeeeseeeeeeeeeeeoeeeestpeeseoeeeeseeeeeseeeseeveeeeese se Loy. 

GEST OF APPENDICES. aoaeeereeeeseepevpeeveeveeeseseeseeseeeeseseesesveeeeseeseeseeeseee eee Vv 

SUMBIAIRY Gs tes tec tele tote tobeNete Rotetete wists cletes eioteds Gtele’s steleterers <fere eVerese%s ove tele teXs fe steers @ vi 

INTRODUCTION. eoeeeeeseeeeeeweeeeeeseeeeeeeeseseeeweeeeeseeeeseseeeeeeeeeeeee @ 1 

PROGRAM DEFINITIONS @eenesveetveeoeespteovose ep eeveeveesee#eseeseoneeeeeeseeeeeeseeeeveeeeese eee 2 

THE DELPHI APPROACH eseeeeves eevee seeepesve#7etseevpeseemeeeapeveeevreevesee eee eeee ee @ 3 

THE WESTERN DELPHI eoeeeoveeeeenrtesepensvnensrsseeseseeeereeeeaeeeeeeeeeoeteeeeeeeeeseeeeeee 4 

eee ate Ot © he WES Le TT Det Nida op waste anew son bre sles paielerenens eippee 0 4 

The Delphi Questionnaire. *oseaeetve@; coe eeveevpeeeveeweeeeeesxseereeereesreeeeeeeeesee# 6 

emilee ferme el oh VeProcess o. oss cfc sss sss 0's « ¢ epppebisiMepere ae ngrere oO 

WESTERN DELPHI RESULTS eeoeoeeseeeeeweeeeseeeseeeesvpeeeeeseeeeeeeeeeeeeeeeeee 10 

OPM Estimates. e@eeewpovoeesvesverpeepeeveseeseeveexeveeseseeeesvseeveeeeeeseeseeeeeeeeseee ® let 

Evaluation Of Western, Delphi, Estimates ..0.c00.0.0 «a0 o,010,010 oc ieseeee 15 

CRITIQUE OF THE WE STERN DELPHI eevee etpeeveeeereeeeeeeeeeeeeeeeseeeeeeeeee 16 

REFERENCES Chi Leeper en. ENC cdekoheleucialsus’ SHSKsTon? Sasntaene’ Siexens Spensgepene aneTeus tonsuoreneps © 20 

SEU NMeRG Se eemedeteneteletel es eis ees sie ea 6 ee se 8 61s 6/4 66s eres @ » © © efeletere chc).0.0. wlsl'e/sje s 22 

pe: Be E 



Table 

Table 

Table 

Table 

Table 

Table 

4, 

TABLES 

Page 

Estimated current levels of cotton insect control 

technology, and Extension specified goals for 

technology utilization under OPM, by Western 

subregi ong0f scot. Cone products Owes sleveies pielets picts niene > oieeeienee 

Delphi estimated number of in-season insecticide 

applications and proportions of acreage on which 

Scouting and post harvest operations are utilized 

for insect control under CIC and OPM in regions 

of Western cotton production... .2 .< asec ccc ss 0 0's otis cull 

Delphi estimated insect control costs, per acre, 

under CIC and OPM in regions of Western cotton 

19) aloe hb tek oh Ko) sa 3! 

Delphi estimated average cotton acreage (1977-79), 
CIC average per acre cotton lint yield (1969-78), 
and projected change in cotton lint yield and 

production from CIC to OPM in regions of Western 

COCCOIT PTOUMUchri 1 ws ieteste tetcrelersiatetsteterenere statste is Tarenete tts Satan 

Comparison of Delphi estimated average number of 

insecticide applications per acre with year- 

specific data on cotton insecticide use in 1969, 

L972, 19745 LOTS, Aud LOT Oe reve cistorctebelete si uv istetere ctrtaicrels cir sismenly 

Comparison of Delphi estimated average insecticide 

materials costs per acre with year-specific data 

on insecticide costs -in 1969, 1972... 19 74,1977, 

197 SUA LOT Tis voles ore torete otal ols stsrersts tote tcety etetonsmees tunaterar eercts tment 

iv 



Appendix 

Appendix 

Appendix 

Appendix 

Appendix 

Appendix 

APPENDICES 

NOGCC CME EL LALA tsis srsls sess Ss 6 clare 6 9/4 ¢8 18's 6% o'er "8's 9 0,9 

Mies iet eee DIM RATION OG att. sislalereisiele etelvin siete <elslnieldn’ siete 

Petia MemUUeGt VOUT ATT Ctewmrerclels slalstere o cise» Sa .e's «\s|s.0 eveie aisle 

Regions F, G, H: Insecticide Materials Price List. 

Regional Concensus Responses to Delphi CIC and OPM 

Questionnaires-—-—Detailed Descriptions of Western 

CGntOorne USS CLE GOMt LO LmratCte EMRGiwieteletetets shslevels cs cates es 6s 

Delphi Critique Form and Summary of Responses to 

Delphi tet Lime ctele aa s's's © ats ss 0's e065 6 5 666 Ses 5 0 6668 5 

Page 

22 

28 

30 

Sih) 

oy 

70 



THE WESTERN DELPHI: INSECTICIDE USE AND LINT YIELDS IN WEEVIL-FREE 

AREAS OF THE COTTON BELT 

SUMMARY 

Pesticide use and costs, and cotton lint yields were estimated for 

two cotton insect management options: current insect control practices 

(CIC); and adoption of optimum pest management programs (identified 

as OPM and involving increased Extension education). Estimates were 

made for each of seven specified areas in the three Western cotton- 

producing States. (Arizona, California and New Mexico). A modified 

Delphi was used to estimate insecticide use for each option, and to 

project yields under OPM. 

Total changes in insecticide use and lint yields from CIC to OPM for 

the three-State region of cotton production are shown below. 

Insect control : Acre treatments : Total producers' : Total cotton 

option : w/insecticides : insect control costs : lint production 

Million acres Million dollars Million pounds 

CIC (Baseline) 8 107 19572 

Change from 

CIC’ to OPM ==) =21 +34 

Insecticide use and costs, and lint yields vary by programs among 
Western cotton production subregions. Projected yield increases from 

CIC are greatest for Central Arizona and the Imperial Valley. In the 

San Joaquin Valley of California, a major cotton production subregion, 

yield is estimated to remain unchanged by a projected switch from CIC 

to OPM. Changes in insecticide use and producers' cost of insect 

control, between CIC and OPM, range from an estimated 50 percent 

increase in the Pecos Valley of New Mexico to a 29 percent decrease 

in Central Arizona. 

These estimates represent farm-level impacts after full program 

implementation. They were used as input to an overall economic 

evaluation of alternative beltwide cotton insect management programs. 
Neither public cost nor off-farm impacts of the programs were addressed 

by the Delphi experts. 

vi 



INTRODUCTION 

The Cotton Insect Control Problem 

Cotton is a major crop grown throughout the southern United States, 

where annual production is between 10 million and 14 million bales. 

Farm value of the 1979-80 crop was $5.1 billion. Profitable cotton 

production and effective insect control have been closely related 

for many years. The most important insects attacking cotton include 

the boll weevil, the pink bollworm, and the bollworm/budworm complex. 

In some areas, plant bugs such as lygus bugs and and the cotton 

fleahopper are also of particular concern. In recent years, cotton 

insects have caused estimated annual losses ranging from 7 to 19 

percent of potential yield (9). Cotton producers spend about $300 

million annually for foliar application of insecticides, plus additional 

costs for scouting and prophylactic and nonchemical control practices (12). 

Evaluation of Beltwide Cotton Insect Management Programs 

In recognition of the economic importance and potential environmental 

impacts of cotton insect control, two large areawide 3-year trials 

were conducted beginning in 1978 to test the technical and operational 

feasibility of alternative programs for cotton insect control. A 

Boll Weevil Eradication (BWE) trial was implemented in North Carolina 

and an Optimum Pest Management (OPM) trial was implemented in Mississippi. 

Concurrently, comprehensive biological, economic and environmental 

evaluations of Current Insect Control (CIC), and five alternative 

programs, including those tested in the trials, were conducted (9,10,11). 

These evaluations focused on the management of insects in the boll 

weevil-infested areas of the Cotton Belt only. 

Review of the evaluations of the six cotton insect management programs 

for weevil-infested areas indicated a potential for extending the 

optimum pest management program into the weevil-free areas of the 

Cotton Belt. Subsequently, in) 1981, a set’ of beltwide cotton insect 

management programs was evaluated (12). 

The environmental and economic evaluations of beltwide cotton insect 

management programs required data on insecticide use, insect control 

costs and cotton lint yields for all cotton production regions under 

each alternative program. These data were previously generated for 

35 subregions in the 11 boll weevil-infested States, using a modified 

Delphi approach (13). They had not, however, been estimated for 

cotton production regions in the States of California, Arizona or 

New Mexico, where boll weevils pose no problem. These three Western 

States contain approximately 18 percent of national cotton acreage 

and produce about one-third of the U.S. total cotton crop. The 

insect problems faced by producers in the West are different than 

those experienced in weevil-infested areas of the Cotton Belt. 

Thus, it was necessary to generate a set of data on insecticide use, 

insect control costs and cotton lint yields specific to the Western 

regions. This was accomplished by applying a modified Delphi approach 

that was similar to but distinct from the Delphi process used to 

collect data for the weevil-infested States. 
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‘This report defines the two cotton insect management programs for 

which Western cotton insecticide use and lint yield data were generated. 

The general Delphi approach and specific processes used to generate 

these data are reviewed. The Delphi results are presented, discussed 

and evaluated, and the Western Delphi process is critiqued. 

PROGRAM DEFINITIONS 

Insecticide use and lint yields for cotton production in California, 

_ Arizona and New Mexico were estimated for current conditions and one 

alternative insect management program--Optimum Pest Management. 

These programs were defined for evaluation as: 

o Current Insect Control (CIC) assumes insect control as now 

practiced by producers, ranging from no control to intensive 

treatment with insecticides. Current insect control implies 

a continuation of extension education and technical assistance 

at the present levels of funding and resources. 

o Optimum Pest Management (OPM) assumes provision of additional 

extension personnel and funds to provide increased technical 

information and educational guidance in the management of 

cotton insects. The objective of OPM is to reduce the number 

and costs of in-season treatments for cotton insects through 

effective scouting and monitoring and other effective pest 

management technologies. All available proven technology may 

be applied in implementing this program. Use of the technology 

recommended and participation in this program would be voluntary 

on the part of the grower. From 1 to 3 years may be required 

to fully implement the program, depending upon cotton acreage 

and availability of staff. 

Western OPM 

The general Western OPM Plan, shown as Appendix A, specifies a range 

of available technologies for cotton insect management in the Western 

States. The extent to which those technologies would be implemented 

depends, in part, upon the human resources available to extend infor- 

mation and lend technical assistance. The following table shows 
current levels of professional and technical manpower for cotton 

insect management as well as those levels that would be available 

under the OPM program: 

: Professional and Technical Man-Years 

State : Current : OPM 

California te 2 6 oa 

Arizona CS 10.0 

New Mexico 4 Se 
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Specific OPM plans for each State or cotton production area are a 
function of the level of increased resources, types of insect problems 
experienced, distribution of cotton and other agricultural acreage, 
and a range of other regional factors. Regional OPM technology 
implementation goals are specified later in this report. 

THE DELPHI APPROACH 

A modified Delphi approach was used to obtain from cotton management 
experts concensus estimates of current and projected insecticide 
use patterns and lint yields. 

The Delphi approach provides for systematic collection of information 

from experts. It involves a high degree of intuitive judgment based 

on experience and other insights. Intuition and judgment are indispen- 

sable ingredients of research and analysis in the social sciences 

and frequently supplement quantitative models in the natural and 

biological sciences as well. 

The Delphi method was developed by the Rand Corporation in the 1950's 

and first used to estimate the probable effects of an atomic bomb 

attack on the United States. Since then, it has had widespread use 

in technological forecasting, and its uses have proliferated (5). 

While no single definition of the Delphi is appropriate for all 

applications, the following characterize the approach. Delphi is: 

“a method for structuring a group communication process so that the 

process is effective in allowing a group of individuals, as a whole, 

to deal with a complex problem" (5); "a technique used for the 

elicitation of opinions with the object of obtaining a group response 

for a panel of experts” (1); and “characterized by three features 

which distinguish it from the usual methods of group interaction. 

These are: (a) anonymity; (b) iteration with controlled feedback; 

and coestavistical group response...the Delphi isvnot really “a 

single method, but a family of methods, basically all modifications 

of, or variations on, the approach developed at Rand" (6). 

The Delphi is adaptable to a wide range of inquiries, but the specific 

form or structure of the communication process should match the 

objective and not be rigidly applied over all possible applications. 

As a minimum, however, the Delphi was designed to provide for four 

underlying processess: (a) Some feedback of individual contributions 

or responses; (b) Some assessment of the group judgment or view; (c) 

Some opportunity for individuals to revise their responses; and (d) 

Some degree of anonymity for the individual responses. 

The value of the Delphi approach for collecting data on complex 

biological relationships, including the relative advantages and 

disadvantages of the approach, are discussed by Reichelderfer and 

Starbird (8). Basically, the Delphi provides a reasonable approach 

to collection of data that are unavailable and cannot be generated 

by more precise, analytical methods. It applies particularly well to 

the examination of situations that are too complex to dissect by 

conventional means, to projection of the impacts of events that 



-4-— 

could occur in the future but have not been experienced to date, and 
to generation of data that must apply consistently over a large 

heterogeneous set of units. To some extent, all of these conditions 

existed with respect to insecticide use and lint yields in the Western 

States. These variables are the result of complex interactions among 

thercouronmercon- the various insect and other pests attacking the crop, 

and the perceptions and objectives of.the cotton producer. The 

impact of OPM could not be scientifically determined since it has 

not been implemented on an areawide basis in the West. Finally, 

comparable, consistently derived data were required for seven subregions 

of Western cotton production, each of which experiences a different 

climate and set of insect problems. 

The Delphi can be structured so that it capitalizes on the availability 

of informed, expert opinion on a collective basis while preventing 

undue bias inherent to subjective judgment made on an individual 

basis. This was the intent of the "Western Delphi.” The objective 

was to determine.from a varied group of cotton experts its best 

expectations regarding insecticide use and cotton yields under both 

CIC and OPM. These experts would draw on their broad and varied 

experiences with cotton production, pest control, farmer behavior, 

geographical considerations and other relevant factors to derive 

valid and consistent estimates of those necessary data sets. 

THE WESTERN DELPHI 

A well rounded, diverse group of cotton management experts, and a 
systematic method for collecting and examining these experts' judgments 

are the basic ingredients necessary for an effective Delphi exercise. 

An additional requirement for this particular Delphi process was 

that it had to yield data that were comparable to and could be integrated 

with the Delphi data previously collected for the boll weevil-infested 

portion of the Cotton Belt. The following sections describe the 

organization and processes used to meet these objectives. 

Organization of the Western Delphi 

The organization of expert panels was based on major cotton production 

regions within the three States of Western cotton production. Figure 1 

deliniates the boundaries of the four Delphi regions for which panels 

were organized. Panel F represented New Mexico and considered three 

different subregions of cotton production within that State--Upper 

Rio Grande (subregion 38), Pecos Valley (subregion 37), and Southern 

Plains (subregion 36). Panel G represented Central Arizona and 

considered two different subregions--Southeast Arizona (subregion 39), 

and Central Arizona (subregion 40). Panel H represented a relatively 

homogeneous region of cotton production comprised of Yuma and Mohave 

Counties, Arizona, plus Imperial and Riverside Counties, California 

(subregions 41 and 42). Panel I represented the San Joaquin Valley 
production area (subregion 43). . 



h
e
x
 

L
B
 

F
i
n
 

n
i
 

S
s
 

p
S
 

)
 

a
s
)
 

S
e
 

5
 

“
a
i
e
 

p
e
c
s
 

a
s
 

“
S
U
O
T
S
d
Y
 

U
O
T
I
O
N
P
o
O
A
g
 

u0
7z
}0
j 

“*
] 

BA
NB
tT
y 

a
 

{ 
| 

“S
[T
TA
VI
M 

T
T
O
G
 

Y
I
T
M
 

p
a
y
s
e
y
u
t
 

jo
u 

se
ai
ry
 

= 
FE

 
Es
 

t 



Eee 

Panel members were drawn from a range of backgrounds, each of which 

incorporates different experiences and perspectives concerning cotton 

insect management. Invitations to participate in the Western Delphi 

exercise were extended to: cotton extension entomologists and/or 
agronomists; cotton research entomologists; cotton producers; indepen- 

dent pest management consultants; chemical industry representatives; 

and State Department of Agriculture representatives. Each panel, 

with the exception of the New Mexico group, contained at least one 

member from each of the groups specified. A total of 24 individuals 

served on the expert panels. Appendix B lists the participants on 

each panel. 

A group facilitator was assigned to each of the four regional Delphi 

panels. The facilitators' responsibilities were to (a) direct and 

guide the process of data collection from the regional Delphi panels, 

(b) prevent domination or undue biasing by any individual or subgroup 
of the panel, (c) receive individuals’ feedback to the group's interim 

results, and (d) facilitate arrival at a group concensus response to 

the Delphi questionnaire. 

Each panel also had associated with it a “Resource Person”, an 

individual possessing unique expertise in various aspects of cotton 

insect management. The Resource Persons' responsibilities were to 

(a) provide background material to the Delphi panel members that 

would aid them in developing realistic cotton insect management 

data, (b) clarify or supplement information on specific technical 

aspects of cotton insect management as needs were identified by a 

Delphi panel or panel member, and (c) respond, react and provide 

feedback to panel members and facilitators on interim Delphi results. 

The Delphi Questionnaire 

A questionnaire was used to collect experts' opinions on cotton insect 

management. The Delphi questionnaire (Appendix C) was developed by a 

group comprised of representatives from the Economic and Biological 

Evaluation teams and the Delphi Resource Group. The basic matrix 

provided for the collection of information is identical to that used 

for the Delphi conducted in boll weevil-infested areas. However, 

additional questions regarding nonchemical pest control technologies, 

and cotton lint yield under improved pest management were included 

in the Western Delphi package. 

The questionnaire was specifically designed so that experts were asked 

to estimate the underlying factors that determine cotton yield and 

insect control costs under various management options. There are 

three reasons for this design. 

First, outright estimates of yield and especially cost changes are 
more difficult to provide than are the changes in management variables 

that result in those changes. Also, each expert could have a different 

perception of the term “average change." Some may think in terms of 

a strict statistical “mean” average, whereas others could interpret 

the term as being the most common change observed--statistical mode. 

By asking for the probability distributions that determine an average 
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value and its variability, internal consistency of the bases upon 
which estimates were made was preserved. Each expert was guided to 
use the same thought process. Lastly, asking for the component 
relationships that lead to changes in yield and insecticide use 
provides information needed to substantiate or show the reasons for 
the observed estimated changes. 

Appendix C is a copy of the questionnaire that was developed and used 
in the Western Delphi process. The assumptions used in deriving 
responses, and a brief description of each question follows. 

Experts were asked to provide information on current cotton insect 
control practices (CIC) as well as on expected control patterns 
under optimum pest management (OPM) implementation. The panel of 

experts was asked to use the following assumptions in providing that 
information. 

1. CIC represents practices over the past five years, with 

currently known and used technology. 

2. Beneficial insects are at average population levels under CIC. 

3. CIC descriptions show what cotton producers are doing, not 

what experts think they should be doing or will be doing in 

the future. 

4, Infestation level is defined in terms of the duration of the 

cotton season an insect complex is present, the percent of 

acreage infested, the level of the pest population, and the 

Siusreptei bility or the cotton fruit, 

5. OPM is fully implemented and represents the results of adding 

specified amounts of new Extension resources to a given 

region and attempting to achieve the “ideal” (as defined by 

Extension) set of regional insect management strategies. 

Panel members estimated the extent to which the ideal conditions 

would be met. 

6. OPM implementation would involve utilization only of currently 

known and available pest management technologies, i.e.: 

technology is assumed constant. 

7. Cotton acreage will not change given OPM implementation. 

The questionnaire requests the following information, which was 

collected on a subregional basis for both of the management programs 

considered. 

1. A listing of target insect complexes and the associated 

acreage on which each is typically a problem. 

2. The insecticide materials used in-season against each target 

insect complex and the proportion of infested acreage treated 

and average application rate of each material used. 
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3. The number of times per year that each specified insecticide 

material is applied to acreage experiencing zero, light, 

moderate and heavy infestations of the target insect complex 

against which it is used. 

4, The probabilities of zero, light, moderate and heavy infesta- 

tion by the target insect complex. 

5. The prophylactic and/or nonchemical pest management techno- 

logies, including scouting, used against each target insect 

complex, the proportion of acreage on which each of these 

practices occurs, and the average per acre cost of each of 

these practices. ‘ 

Note that this information provides the data required to estimate 

insecticide use and total insect control costs without asking for 

direct estimates of those essential variables. Average cotton lint 
yields under current insect control were known, but estimates of 

yields under OPM were required. Thus, with respect to OPM only, the 

following sixth set of information was requested: 

6. The average change in per acre cotton lint yield expected to 
result from-a switch .from CLC {Lo OPM. a. listict tact ore 

contributing to the projected yield change, and designation 

of the proportional contribution of each factor to the 

total yield change. 

The Western Delphi Process 

The Western Delphi was conducted during a two-day session in July 1981. 

All participants met face-to-face to develop insecticide use and 

lint yield estimates. The process consisted of several distinct but 

interdependent phases, each of which is reviewed below. 

As a first step, preparatory to the actual Delphi exercise, cotton 
Extension pest management experts defined for each region an ideal, 

regional pest management scenario. These descriptions were based on 

the generalized OPM program described in Appendix A and involved 

Extension personnel's identification of the extent to which each of 
a range of insect control technologies would be utilized to provide 

the best possible regional cotton insect management. The descriptions, 

which are briefly summarized in Table 1, were considered goals for 

OPM implementation. They were constructed to provide upper bounds, 

only, on the possible impact of increased Extension resources to a 

given region, and to be used as a guide for Delphi panels in considering 
OPM. 

The actual Delphi exercise was conducted in regional group meetings. 
Each panel met separately and its first task was to describe, using 

the Delphi questionnaire, the current pattern of cotton insect control 

observed for its subregion(s). This was accomplished in several 

steps. First, individuals responded anonymously, and without discussion, 

to the questionnaire asking for information on CIC, by target insect 

complex. As individuals' responses were completed for a given section, 
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the facilitator made a simple listing of responses, without attaching 

respondents’ names to entries on the list, and displayed it to the 

group. This step was meant to stimulate discussion and interchange 

of ideas, and focused on those responses that laid at the outer 

ranges of the majority of responses. The next step was to develop, 

on the basis of the group discussion, a single, group concensus 

response to each item on the CIC questionnaire. If a strict concensus 

could not be reached, average values and the range of responses were 

filled in for the first group set of responses. This “concensus” 

questionnaire was then given to a computation expert who, on the 

basis of the probabilities estimated by the Panel and a fixed set 

of insecticide materials and application costs (shown in Appendix 

D), calculated the average per acre number of insecticide applications 

and insect control costs implied by the group response. This was 

done to give the panel members comprehensive measures of the first-cut 

CIC description they provided. It allowed them to compare the results 

of the concensus questionnaire response to their own views of per 

acre insecticide use and costs, and with published data related to 

those measures, The final step of CIC description involved revision 

and refinement of the concensus questionnaire based on panel reaction 
to the results of the computation. The revised concensus questionnaires 

represent the final Western Delphi CIC estimates. 

A similar procedure was followed for elicitation from the panels of 

regional OPM estimates. The steps involving individual response, 

concensus response and concensus revision were followed, but with 
several differences from the CIC estimation procedure. First, panel 

members' estimation of the extent to which various insect control 

technologies would be utilized under OPM was based on two sets of 

data provided them -—- the specified level of additional Extension 

input defining OPM, and the Extension goals for OPM implementation 

(both shown in Table 1). It was up to the Delphi panels to determine 

the extent to which they felt Extension goals could be realized, but 

their estimates of the percentage use of each technology had to fall 

within the range defined by their own CIC estimates and the Extension 

goals. A second difference from the CIC exercise involved the additional 

step to estimate cotton lint yields under OPM. Yield change estimates, 

like those for insect control practices, were obtained as group 

concenses. 

WESTERN DELPHI RESULTS 

The fourteen concensus questionnaire response sets describing CIC and 

OPM for each of seven subregions of Western cotton production comprise 
the primary Western Delphi results. These group concensus estimates 

are shown in complete detail as Tables E-1]1 through E-13 in Appendix 

E. Summary data on insecticide use, insect control costs and cotton 

lint yields, derived from the concensus questionnaires are shown in 

Tabilesi/ 2: <¢3andwes 

Average per acre CIC insecticide use and associated costs vary greatly 

among the Western subregions. This variation is a function of 

differences among subregions in such factors as climate, soil type, 
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altitude, intensity of cotton production, proximity of cotton to 
other crops (e.g., alfalfa), and type and severity of insect problems. 
The Delphi estimates show that under current, average conditions 
insecticides are used more intensively on cotton acreage in the 
Imperial-Yuma area than in the other Western subregions. The data 
indicate expenditures on insect control in the Imperial Valley average 
about 15 cents per pound of harvested lint. On the other extreme 
are Southeastern Arizona and the New Mexico regions where, according 
to the Delphi data, less than one insecticide application per acre 
currently is made on the average, and estimated insect control costs 
are under five cents per harvested pound of lint. 

CIC average cotton lint yields were not generated by the Delphi panels. 

Baseline CIC yields are represented by actual, observed average yields 

for the period 1977-79. To derive an indication of the estimated 

impact on yields, costs or insecticide use, of a change to OPM, 

comparisons should be made against the CIC or baseline estimate. 

OPM Estimates 

Estimated impacts of the addition of specified amounts of new Extension 

input on insect control patterns vary across Western subregions. Over 

most acreage OPM implementation would decrease insecticide use and 

increase the use of scouting and cultural practices for cotton insect 

control. OPM is projected to reduce average, in-season insecticide 

use by as much as one-third application per acre in the San Joaquin 

Valley to a maximum of 3.3 applications per acre in Central Arizona. 

However, in Southeast Arizona, OPM would have no effect on insecticide 

use, and in New Mexico would slightly increase in-season insecticide 

use by between one-twentieth and 3/4 of an application per cotton 

acre. Whether the change from CIC to OPM results in an estimated net 

increase or decrease in the number of applications depends upon 

whether the current pattern of use is seen as one of overutilization 

or underutilization of insecticides. The fact that a net reduction 

was projected for California and most of Arizona suggests panel 

members generally viewed CIC as employing more than the optimal 

number of applications in those regions and also that they believed 

additional Extension personnel would be effective in improving the 

timing and other aspects of current insecticide use. The estimates 

for New Mexico suggest that in that State insecticides currently are 

underutilized and slight increases in insecticide use would improve 

cotton production there. The largest projected increase in the use 

of scouting and cultural practices occurred for Central Arizona, the 

subregion for which estimated reductions in insecticide use also are 

greatest. This suggests a projected substitution of information and 

cultural practices for insecticides to control cotton insects’. In 

all subregions, projected impacts of OPM on producers' costs exhibited 

the same trend as insecticide use due to their relatively direct 

relationship with the number of applications. 
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The estimated effect of OPM on yield ranges from no change in the San 
Joaquin Valley and Southeast Arizona to an increase in average lint 
yield per acre of from 17 pounds in the New Mexico Southern Plains 
to 88 pounds in the Pecos Valley of New Mexico. The Delphi data 
Suggest the benefits of OPM in the San Joaquin Valley would be restricted 
to reductions in the cost of producing cotton where, in the other 
Western subregions, benefits would be derived both from cost reductions 
and yield increases. A range of factors were identified as making 
major contributions to the net yield increases attributed to OPM. 
In the Imperial-Yuma area, yield was projected to increase as a 

function of increased planting at recommended dates, crop rotation, 

scouting and trapping, and decreased use of azodrin and other organo- 

phosphate materials. In Central Arizona the projected five percent 

increase in lint yield would result from improved overall cotton 

management. In New Mexico the primary factor contributing to yield 

increases under OPM was identified as “increased fleahopper and lygus 

control with increased bollworm control, off-set by the use of biolo- 

gicals and low rates of selective insecticides." 

Evaluation of Western Delphi Estimates 

Comparison of the Delphi estimates with related published data and 

information provides some indication of the relative validity of the 

results of the Western Delphi. Historical data bases on cotton 

insect control practices are available only for comparison with 

Delphi CIC estimates. Results of similar and related studies are 

available for use in drawing some general conclusions with regard to 

the probable accuracy of OPM estimates. 

USDA periodically has conducted surveys of cotton growers to determine 

the cost and/or extent of use of pesticides on cotton. Surveys are 

based on a sample of cotton growers and, until 1979, provided results 

that could be considered valid only at regional and national levels 

of aggregation. Cooke and Parvin summarized data obtained from a 

variety of surveys, specific to the crop years 1969, 1972, 1974 and 

1977 (2). Results of a 1979 USDA survey of pesticide use on cotton 

also are available for comparison purposes (7). Tables 5 and 6 show 

selected results from the year-specific surveys, along with Delphi 

CIC estimates that have been aggregated to levels appropriate for 

direct comparison purposes. 

Although it is difficult to draw inferences from a comparison of year- 

specific data collected for distinctly different purposes with the 

normalized (5 year average) Delphi CIC estimates, some general conclusions 

can be reached through examination of Tables 5 and 6. First, the 

Delphi estimated average number of in-season insecticide applications 

on cotton in the 3-State Western region, 3.7 applications per acre, 

falls directly within the range of observations on that variable 

provided by surveys conducted in five different years. This suggests 

close correspondence of regional aggregated Western Delphi insecticide 

use data with actual current conditions. On State and subregion 

levels, the degree of correlation is more difficult to determine. 

Delphi State-level estimates of the average number of insecticide 

applications per acre 1976-80 for California and Arizona are higher 
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than the average number observed during 1979. Since 1979 is generally 

known as a crop year for which cotton insect infestations were atypically 

light, this is not surprising. Delphi estimated CIC insecticide use 

in the San Joaquin Valley is highly representative of usage observed 

for the years 1969, 1972, 1974 and 1977. Delphi estimated insecticide 

use for the Imperial-Yuma area is higher, and for New Mexico is lower 

than that observed in years for which comparable data are available. 

However, the Delphi data on insecticide use generally express the 

same relative interstate and interregional differences as do the 

pesticide survey data. 

Next, Delphi CIC estimated average per acre insecticide materials 

costs are similar to or higher than those estimated for subregions 

from survey data but lower than those estimated at the State level 
from FEDS budget generation. The fact that they generally fall 

between the extremes defined by survey and FEDS data suggests they 

may be relatively accurate estimates of current, average expenditures. 

Little or no hard data are available for comparison with Delphi OPM 

estimates. The contribution of neither Extension nor research input 

to cotton production with respect to insect control has been empirically 

examined. The Delphi results, which indicate that OPM could have a 

significant, positive impact on yields, are, however, supported by 

the findings of Griliches and others. Griliches’ classic study 

found that investments in human capital and agricultural research and 

extension have historically made significant contributions to increases 
in agricultural output (3). Additionally, the observation that 
cotton growers are increasingly employing the services of private 

pest management consultants suggests that they too perceive a net 

benefit to information provision and technology transfer. 

The type and general direction of yield change implied by the Western 

Delphi OPM data are the same as those projected to occur in the boll 

weevil-infested portions of the Cotton Belt under OPM-NI, a comparable 

program (13). However, the 1.7 percent average yield increase estimated 

for the three-State Western region is more moderate than the 3.5 

percent overall yield increase estimated to occur under identical 

circumstances in the 1]1-State boll weevil-infested area. 

CRITIQUE OF THE WESTERN DELPHI 

All Delphi participants were asked to provide an anonymous, retrospec- 

tive critique of the Delphi process and its results. A Delphi Critique 

Form (Appendix E) was mailed to each of the panel members, resource 

persons, facilitators and administrators. Their response rate was 

81 percent. The response pattern to each item is shown in Appendix 

E. Selected results are discussed below. 

The Western Delphi panelists generally felt they possessed or were 

provided the background information necessary to respond to the 

questionnaire. A total of 78 percent of respondents to the critique 
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form agreed to some extent that the questions on the Delphi question- 
naire were precise and unambiguous, but 60 percent report they 
experienced some degree of difficulty in utilizing the questionnaire. 
Responses by panel members indicate the facilitators were successful 
in ensuring that the panelists had the opportunity both to anonymously 
and outwardly disagree with one another. A total of 95 percent of 
the panel members report they would be willing to participate in 
another similar Delphi exercise if given the opportunity to do so. 

Panel members, facilitators, administrators and resource personnel 
all agreed the Delphi panels included individuals possessing a range 

of perspectives and experiences, and the majority (96 percent) agreed 

also that the panels were comprised of individuals with a high degree 

of expertise, and were not biased with respect to overrepresentation 

by any one subgroup of individuals. 

The participants’ reported degree of satisfaction with the Delphi 

results is an important subjective indication of the validity of the 

Western Delphi data. A total of 82 percent of respondents agreed to 

some extent with the statement that "The Delphi estimates are realistic 

representations of the average situation expected for an average 

year under the conditions described by program definitions.” Only 

six of the 28 respondents disagreed with that statement. There was 

even more agreement with the statement that “The Delphi results 

provided the best possible estimates...given (the) current state of 

knowledge and time constraints.” Only four respondents report they 

believe the Western Delphi process could have benefitted from additional 

time to study and review results. The majority, however, agreed the 

process period was sufficient in length. These critiques demonstrate 

good to high satisfaction of the participants with the output of 

their efforts. 
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Appendix A 

Western OPM Plan 

Operational Regions and Units 

Erie re are four identifiable regions in the mecrern Cotton 

Production area for OPM Programs. These include (1) The San 

Joaquin Valley, California; (2) The Imperial Valley, California 

and Yuma and Mojave Counties, Arizona; (3) Central Arizona; and 

(4) Eastern Arizona and New Mexico. The key pests in Region 1 

are lygus bugs and spider mites. Bollworms are sometimes a 

problem as secondary pests and light, but chronic infestations 

of pink bollworms are of concern. In Regions 2, 3, and 4, pink 

bollworms and lygus bugs are key pests while tobacco budworms, 

bollworms, cotton leafperforators, and spider mites are major 

problems in some areas. An infestation of boll weevils in Region 

3 is of concern. 

OPM programs will require custom development for each region 

and in most cases for areas within regions. Large farms are 

common in all areas, but especially in Regions 1, 2, and 3. 

However, small to medium sized farms are present in all regions. 

Pest management programs are presently operational in all 

areas. Delivery is by grower cooperatives, private consultants, 

and chemical company representatives. The extent to which these 

programs utilize available pest management technology is variable. 

Some factors that will influence establishment of OPM units 

are: (1) the severity of pest problems, (2) the pests involved, 

(3) natural area boundaries, (4) location in relation to extension 

service facilities, (5) size of farms, (6) acreage involved, 

(7) grower attitudes toward OPM, and (8) present and potential 
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qualified extension service personnel available. Unit size will 

be determined primarily by natural ete ate pest problems, and 

available pest management personnel. 

Personnel requirements for each unit will vary, but will 

include a pest management specialist and support personnel. 

These personnel will operate in an educational capacity. All 

other program costs will be the responsibility of the growers 

involved. 

Basic Program Elements 

1. Sampling 

All fields will be scouted ts least weekly and recorded field 

data collected wili he Gaatltind to growers and Recrrere . 

Scouts will be trained by extension service pest management 

personnel. Scouts will be employed and supervised according to 

the type of OPM delivery chosen by the growers involved. 

Pre-season and in-season ‘scout training by extension service 

personnel will be intensified. All interested persons, including 

growers, will be invited to participate in the training sessions. 

2. Monitor Traps 

Traps containing ee tiiee for pink bollworm, virelure for 

tobacco budworm, zealure for bolieaent and grandlure for boll 

weevil will be used to monitor populations where applicable. 

Dare from these traps will Rates to siotiaaans field scouting 

information. 
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3. Predictions Based on Heat Units 

A weather station network will be used in each unit to 

provide data needed for pest and plant development prediction. 

A computer network with terminals at extension facilities and at 

- grower headquarters will permit access to this predictive 

capability. This information will permit greater efficiency in 

the decision making process. 

a 4. Economic Levels 

Economic levels for the major pests will be published along 

with control suggestions. An educational effort will be made 

regarding the availability and usefulness of economic levels for 

the pests of each program unit. Research involvement will be 

encouraged to improve and refine economic levels and program 

suggestions will be up-dated as needed. 

Iii. Contra) Components 

The best combination of control components available for a 

given area will be suggested Pee tnd tenente rion. The components 

used in a given unit will depend primarily on the pest or pest 

- complex in the area. Components from which the best combination 

will be chosen include the following: 

1. Planting and Harvesting Dates 

The pink bollworm is especially susceptible to manipulation 

of planting and Hv eeting dates. Suggested dates for planting 

icaeteni aati the crop for maximum nent fi effect on the 

pink bollworm and compatible with optimal yields will be 

emphasized to participants. The weather station network will be 
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used to provide information for using heat unit accumulations to 

determine optimal planting dates. Crop termination dates will be 

suggested based on diapause data available for the pink bollworm. 

In general, this requires termination of fruiting by mid September. 

2. Varietal Selection 

Varieties with resistance to pests such as the nectariless 

cottons will be suggested whenever applicable and where they are 

expected to yield competitively. Ageia eons varieties that 

yield competitively with a shorter growing season will be 

suggested. 

3. Alternate Host Management For Lygus Bug Control 

An ieee nants pattern of harvesting alfalfa to keep lygus 

bugs in this favored host will be suggested in all areas. This 

can be accomplished by block-cutting or strip-cutting at 

approximately two week intervals and results in greatly reduced 

migration into cotton. Safflower, another favored host, will be 

monitored and treated with an appropriate insecticide when most 

of the single generation produced in the crop is in the late 

nymphal stage. This usually occurs in late May or early June at 

about the time cotton begins to square. More exact timing will 

be accomplished by use of heat unit information. 

4. Biological Control 

Lygus bugs are the first pests of general concern in most 

areas. Management practices in alternate hosts will be emphasized 

to reduce migration into cotton and the subsequent necessity of 



Appendix A (cont.) 

chemical control. This will permit use of parasites and predators 

well into the season to control other pests, particularly the 

Heliothis complex. The wide renee of abundant naturally occurring 

beneficials will be conserved and used to the greatest extent 

Beetle in all areas. 

Use of a microbial insecticide will be suggested when 

Heliothis is the first pest of concern. Bacillus thuringiensis 

and the virus Elcar will be suggested in combination with a 

feeding stimulant. These products will suppress the Heliothis 

populations without disrupting natural control by parasites and 

predators. 

5. Pheromone eoneral 

Gossyplure will be suggested in some areas for pink bollworm 

BU DEeSsi on Mass-trapping, using 5~8 traps per acre or confusion 

applications based on monitoring data will be used, particularly 

for early season suppression, to delay the development of economic 

infestations. These control methods are compatible with effective 

use of natural control forces. 

6. Chemical Control 

Use of insecticides will be suggested when economic levels 

are reached based on field sampling. The final decision regarding 

when to control As the chemical to use will be the responsibility 

of the Magtae or his designated representative. Annually revised 

insecticide suggestions will be made available to all growers. 

These suggestions will provide information on effective insecti- 

cides and the population level when treatment should be applied. 

Emphasis in chemical control will be placed on selecting the best 
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material, using the proper dosage, determining proper timing, and 

obtaining good application. Selective materials, those considered 

"easy" on beneficials and ovicides will be used according to pest 

conditions. Because of the increasing importance of spider mite 

infestations, the miticidal activity of all materials will be 

considered. Careful consideration will be given to potential 

hazards to man and the environment, especially in areas of urban 

and agriculture interface. 

7 Cultural Control 

The pink bollworm is especially susceptible to control by 

cultural practices because of its life and seasonal histories and 

its very limited host range. Weak points when the pest is 

vulnerable to control include the overwintering period spent 

primarily in cotton fields, the emergence period in the spring, 

and the diapause period in the fall. Delayed planting, early 

harvest, and the use of good yielding varieties that terminate 

early will be suggested as management practices. 

Each fall and winter tillage practice destroys some of the 

overwintering larval population and reduces the subsequent spring 

emergence. Following stalk destruction, discing and plowing will 

Ke encouraged. The planting of a winter grain crop is also 

detrimental to overwintering pink bollworms. 

Supplemental sett ie com during the winter destroy pink 

bollworms and other pests. Careful timing of in-season 

irrigations will also be used to manage pest populations. 

Although most of the cultural practices are aimed at pink 

bollworm control, they are generally also beneficial in reducing 

other pest populations. 
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Appendix B 

WESTERN DELPHI PANELS 

Region F — — New Mexico 

Facilitator: Irving Starbird, USDA, ERS 

Resource person: Richard Ridgway, USDA, ARS 

Panel members: Claude Hill (cotton producer) 

Ted Ramirez (Mobay Co.) 

Charles Ward (research entomologist, NM, SE Branch 

Exp. Station) 

Region G —- — Central and Southeast Arizona 

Facilitator: John R. Schaub, USDA ERS 

Resource person: Brookes Taylor, Univ. of AZ -— Tucson 

Panel members: Larry Antilla (alternate: Robert Gronowski), AZ State 

Commission on Agricuiture 

Dale Fullerton (résearch entomologist, Univ. of AZ—Mesa) 

Greg Hogue (Wilber-Ellis Co.) 

Mike Lindsey (independent pest control consultant) 

Leon Moore (Extension entomologist, Univ. of AZ) 

Sam Stedman (Pinal Co. Ext. Agent) 

Howard Wuertz (cotton producer) 

Region H - - Imperial, Riverside, Yuma and Mohave Counties 

Facilitator: Katherine Reichelderfer, USDA, ERS 

Resource person: Thomas Heneberry, USDA, ARS 

Panel members: John Benson (cotton producer) 

James Carter (AZ State Commission on Agriculture) 

David Justice (Arizona Agrochem. Corp.) 

James Kaehler (CA State Dept. of Agriculture) 

Clyde Shields (independent pest control consultant) 

Nick Toscono (Extension entomologist, U.C. - Riverside) 

Theo Watson (research entomologist, Univ. of AZ) 



es 

Facilitator: 

= 20) 

Appendix B (cont.) 

Region I - — San Joaquin Valley 

Gerald Carlson, N.C. State Univ., Dept. of Economics 
and Business 

Resource person: James Brazzel, USDA, APHIS 

Panel members: Hodge Black (Kern Co. Farm Advisor) 

Harold Fisher (Chevron Corp.) 

Phillip Larson (Wilbur-Ellis Co.) 

Tom Leigh (research entomologist, U.S. Cotton Research 

Station) 

O.D. McCutcheon (Kings Co. Farm Advisor) 

John Nickelsen (independent pest control consultant) 

Fred Starrh (producer, Shafter, CA) 
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APPENDIX C 

WESTERN DELPHI QUESTIONNAIRE 
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II. Optimum Pest Management 

Name: </. pre 
Region: ar) 

1. CIC Yield (1977-79) : 900 (és. f Cre 

2. Average cotton lint yield change (pounds/acre) expected 
under option: foYE. 

Equals Bee} % change from CIC 

3. Is the yield change shown above uniformly distributed across 
acreage in the region? 

(ets Male 

If NO, what is the distribution? 

WE*ES A AorYSern nec Gf RURG OE C5OR ite 

Vera acitage ) eee of CXDETI 2 +7 GF oa? Fy Ah elf 

07) C-2#AS um , ; 
LICE ee Sor fF ervey APES S PUGES (7 (50°27 

of ata l aca G2.) cvowles 2cpotrrencs an F Dy 
(7UCTEASA» 7H pee 

4, Using the format below, please list each factor that contributes to 

the projected yield change shown above. 

: Proportional 

Factor : contribution to 

feld change 

a) freservrafron of Soyer te EY 
SPP Cres * Pep lavas al 1 &- Ym 

sss hagas of firs ir 
A TE Ey 

ieee. 7 Ree ovr which 
Shale dest-wevars 3 prachkiad, ee Ao 

C) Fenty peroen! e138 Se Va) 

Plantiag OPE TE varcerves... 70 Ps 

pln 3 Ose En 



=3 35> APPENDIX C (cont.) 

Expert Enumerator Directions 

Current Practices in Cotton Insect Control CCIC) 

Assume current practices over the past 5 years with currently known and 

used technology. Remember to describe what you think the average farmers 

are doing, not what you hope they are doing or think they will be doing 

in the future. Assume beneficial insects are at average levels. 

Ql: Give the major cotton insect pests or pest complexes which farmers 

face in this area (See map for areas). 

(a) Pest complex categories are exhaustive of all pest situations 
treated at least once per season. Ignore pests never treated 

for. 

(b) Examples of a set of complexes might be: lygus bugs; pink 

bollworm only; pink bollworm-bollworm (Heliothis)-tobacco 
budworm; Heliothis (spp). 

Q2: What cotton acreage (acres, or percent of total area) in the past 

5-10 years falls in each of the pest complex categories? This 

gives an acreage scaling of the importance of each pest complex. 

Q3: For each pest complex list: 

(a) Most frequently used materials (common names). 

(b) Percentage of farmers (acreage) using each pesticide for this 
complex. Percentages must add to 100. See the sample question- 

naire. For Q3a the complex pink bollworm only has three insecti- 

cides listed as most frequently used (guthion, carbaryl, and 

pyrethroids). The percentages of farmers (acreage) using each 

are (OMe and iii. 

Q3b: Average dosages (active ingredients/acre) used for each material 
listed in Q3a. 

Q4: It is necessary for us to estimate the applications per season for 

each insecticide treatment program in each complex. This will vary 

by level of insect infestation. Infestation level is defined in 
terms of the duration of the cotton season the insect complex is 

present, the percent of one's acreage infested, the level of the 

pest population, and the susceptibility of the cotton fruit. Give 

your estimates of the numbers of insecticide applications per season 

for this complex for each of the four infestation levels. Use the 

worksheet to arrive at average numbers. (Insert zeros if zero is 
your estimate.) Please remember that you are estimating what farmers 

do, not what you recommend. It is widely documented that, in some 

cases, zero infestation level cotton receives insecticide application. 



TL. 

ie 

OS: 

Q6: 

Oy? 

Q8: 

Q9: 

2 ; -34- Bppendix ¢ (cont. ) 

In the sample questionnaire, Q4 is estimated to be 2, 3, 4, and 5 
for the use of guthion on pink bollworms for zero, light, moderate, 
and heavy infestations, respectively. 

Considering the acreage treated for each complex (see your Q2 
entries), what is the probability of zero, light, moderate, and 
heavy infestations occuring? For example, it may be easiest to 
think of this as, “How many years in 20 would the average acre 

have a light infestation?” Frequencies are considered probabilities. 

Probabilities must add to 1.0 for the four infestation levels. 

In the sample questionnaire these figures are 0.3, 0.2, 0.2, and 0.3 

for the pink bollworm only complex. 

For pest complexes with 2 or more species, consider the sum of the 

pests, in your definition of zero, light, moderate and heavy, and 

their related probabilities. 

For each pest complex list all nonchemical control practices used 

specifically against that target. Identify technologies or services 

that apply to or are used against all insect pests in the last row 

labled "Nonspecific Practices". 

For each practice listed in Q6, show the average percent of acreage 

on which it is currently used. 

For each practice listed in Q6, estimate the average cost per acre 

paid by growers who utilize it. 

Give special problems for each insect complex that might cause yield 

or production cost changes. 

Repeat all of Q1-Q9 under the assumption that “Optimum Pest Management” is 

implemented and effective (assume no change in cotton acreage). 

For the Optimum Pest Management (OPM) Program only, complete page 3 of the 
questionnaire. 

CIC (current insect control) Yield, 197/-79 will be provided. 

Show the additional pounds cotton lint per acre (if any) expected 

as a direct result of an assumed instantaneous change from CIC to 

OPM. Percent change will be calculated for you. 

If the yield change identified in question 2 would be restricted 

to one or a few areas within your region, please indicate the percent 

of total cotton acreage represented by those areas where change is 

expected. 

Please explain and justify the yield change estimate made in questions 

2 and 3 by partitioning that change into all identifiable factors 

estimated to cause it. 
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Regions F, G, H: Insecticide Materials Price List 

Material 

Azodrin (a) 

Bidrin (b) 

Boletar™’ (a,c) 

Co-mite (b) 

Cygon (Dimethoate; Defend) (a) 

mines (5.t.)° (a) 

Dy lox. (c) 

Elear (d) 

Galecron (Fundal; ovicide) (a) 

Puthion (a, ¢) 

Kelthane (b) 

Lannate (b, c) 

Lorsban (d) 

Malathion (a, b) 

Methyl, parathion (a, c) 

Orthene (Acephate) (b, c) 

Pyrethroids (Pounce; Pydrin; Ambush) 

Sevin (Carbaryl) (a) 

Supracide (c) 

Temik (a) 

Price per 1b. a.i. 

6.45 

as) 

7.15 

6.54 

60.00 

2.14 

6.00 

ri 20 

Appendix D 

(1979-80 dollars) 



= 5 Appendix D (cont 

Thimet) (a) 5.60 

Toxaphene (b) 1339 

Material price per application 

Gossyplur (c) fe S 

Sources: a. Table 62. Prices of Selected Chemicals (November 1980), provided 

by AZ Ext. Service, deflated by 142. 

b. AGCHEMPRICE, December 1980, deflated by 142. 

c. Material provided by Fred Cooke. 

d. Regions D and E: Insecticide Materials Price List 



APPENDIX E 

REGIONAL CONCENSUS RESPONSES TO 

DELPHI CIC AND OPM QUESTIONNAIRES 

- — DETAILED DESCRIPTIONS OF WESTERN 

COTTON INSECT CONTROL PATTERNS 
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Mable F4 (cont.) 

Il. Optimum Pest Management --Yield Change from 

CIC for Imperial Valley Areas 

eG le Yield 61975-7-9)—: 1087 = weighted average 

2. Average cotton lint yield change (pounds/acre) expected 

under option: aig 

Equals 2555 % change from CIC 

3. Is the yield change shown above uniformly distributed across 

acreage in the region? 

Yes 

4, Using the format below, please list each factor that contributes to 

the projected yield change shown above. 

Proportional 

Factor ; COntribubion: to 

yield change ° 
. 

oo SS ee er ee Sie a ee ae oe ee 

Increased recommended planting date amy yee 2 

Increased rec. maturity date - 12 

Increased crop rotation 7 

Increased scouting and trapping and other O. P. +e 8 

Decreased Azodrin and other 0. P. use +e iS 

+ eS) —_ 
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Table E6 (cont.) -53- 

II. Optimum Pest Management-- Yield Change 

from CIC for Central Arizona 

Da GiLGaY wel dit We) J 9) a: 1046 

2. Average cotton lint yield change (pounds/acre) expected 

under option: 1100 

Equals 5.190 % change from CIC 

3. Is the yield change shown above uniformly distributed across 

acreage in the region? 
Yes 

4, Using the format below, please list each factor that contributes to 

; the projected yield change shown above. 

Proportional 

Pactoe contribution to 

: yleld ichanee 

Crop management 100 percent 
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Table E9 (Ccont.) 7 =59- 

II. Optimum Pest Management 

LenpeGlLGuYtelda 9/770) me 589 

2. Average cotton lint yield change (pounds/acre) expected 

under option: 40 

Equals 6.8 % change from CIC 

3. Is the yield change shown above uniformly distributed across 

acreage in the region? 

4, Using the format below, please list each factor that contributes to 

the projected yield change shown above. : 

: Proportional 

Factor : contribution to 

: yield change 

More effective control of lygus and 100% 

fleahoppers; increased bollworm control, 

if any, offset by the use of biologicals 

and low rates of selected insecticides. 
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Table Ell (cont.) 

II. Optimum Pest Management-_yjield Change from 

CIC to OPM in Pecos Valley 

Pe CLC Yield (1977-79) : 525 

2. Average cotton lint yield change (pounds/acre) expected 

under option: ~) 

Equals 16.2 % change from CIC 

3. Is the yield change shown above uniformly distributed across 

aereage in the region? 

“4, Using the format below, please list each factor that contributes to 

the projected yield change shown above. 

: Proportional 

Factor >-contribution to 

: yield change 

Ls More effective thrips control resulting in | 5 percent of change 

healthier cotton getting off to a faster 

start. Less susceptibility to seedling 

disease. 

Increased awareness of lygus-fleahopper 95 of change 

problems and importance of early fruit 
set. In this area, 80 percent of crop 

is set in first 3 weeks of fruit set. 

The efficient use of biologicals and 

low rates of other selected insecticides 

are expected to offset the increased 

bollworm control, if any, as a result of 
the increase in early insect control. 
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Table E13 (cont. ) 

II. Optimum Pest Management--Yield change from 
CIC to OPM for Southern Plains 

1. CIC Yield (1977-79) : 321 (includes both dryland and irrigated) 

2. Average cotton lint yield change (pounds/acre) expected 
under option: 25 (irrigated only) 

Equals 7.8 % change from CIC 

3. Is the yield change shown above uniformly distributed across 

acreage in the region? . 

4. Using the format below, please list each factor that contributes to 

the projected yield change shown above. ’ 

: Proportional 

Factor s.contribution to 

: : yield change 

1. Increased thrips control. 10% 

2. Increased fleahopper and lygus control with 90% 

increased bollworm control, if any, off-set 

by the use of biologicals and low rate of 

selected insecticides. 



APPENDIX F 

DELPHI CRITIOUE FORM 

AND 

SUMMARY OF RESPONSES TO DELPHI CRITIQUE 



A. 

B. 

1/ 

Py 

EE Eee 

sos Appendix F . 

DELPHI CRITIQUE FORM 1/ 

Your role in the Delphi process: 

eae Panel Member 

iBT Resource person 

(cou Facilitator 

a! Administrator 

Delphi panel with which you participated (if applicable): 

fpetp San Joaquin 

(PT Imperial, Riverside, Yuma, and Mohave Counties 

/ / Central and Southeast Arizona 

/ New Mexico La 
PANEL MEMBERS ONLY: 

Please indicate the extent of your agreement or disagreement with each of ’ 

the following statements regarding the Delphi by checking the appropriate 

box. ALL OTHER PARTICIPANTS SKIP TO ITEM D, on page 6. 

1. The resource presentations made during the first morning of the 

Phoenix meeting were helpful to me in terms of responding to the 

Delphi questionnaire. 
Number (%) of responses 

/ J" Strongly*agree eects sete tos etre eee ere eon aera 2) 

i i Agree a 60.0 0 bie win ié we Gola Seip ainlerein celeteinie aratetalseteraretatetecerenl Gi (90%) 

/ / Agree somewhat SS (52) 

18 

/ 7 No opinion 

/ 7 Disagree somewhat 

is / Disagree 

/ / Strongly disagree 

Average response: 2/ 
SA A AS DS D SD 

I uf I i x us 
. = 

* 

Includes summary of responses. The number of responses in each response 

category and the percentage of total responses falling in each category 

are shown for each of statements 1-22. 

The average of all responses is indicated by a set of asterisks (*)placed 

along a scale of response categories. Abbreviations are as follows: 
SA = strongly agree; A = agree; AS = agree somewhat; DS = disagree somewhat; 

D = disagree; and SD = strongly disagree. 



Appendix F (cont.) 

eh 

2. I was provided, or could obtain on my:own, the background information 
necessary to respond to the Delphi questionnaires ‘ 

Number (%) of responses 

/ / Strongly agree ; 

EAST COM re ee aE Ph Ada Hoe Acie me nnn ne 14) 7.87.) 

(MIL AG reentomewtiatetes (82ST PLES Siler ese ns. os dtd ere) 

ley No Gpinvorie occ css tata CES EEF ence e ecco Hes Lo57) 

[_] Disagree somewhat..---++.s se eeeeeee eerste ee eeees at (11%) 

(ee "7 Disagree 

ES ~~ 7 Strongly disagree 

Average response: 

SA A AS DS D SD 

i i es ea 
* 

* 

3. The questions on the Delphi questionnaire were precise and unambiguous. 

Numb mh ame CWreieinarrec umber (%) of responses 

(ER MRo  camerenmere: eer er teverssee bases etr reside: 7 (39%) 

PRN MAe TOOEGOGEUIS CebaeGie Eo «neces sie ace ctw oo OM ROE ? C69 

fee) SUL gaeveemcomewiateue: «vill. ssc t cattle eee ees dP5622%,) 
18 

=~ Disagree 

Strongly disagree 

Average response: 

SA A AS DS D SD 

I I 3 I ae I 
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It was difficult to use the Delphi questionnaire to describe the average 

insecticide use patterns I believed would result under alternative 

cotton insect management programs. rrr re er a 

[—T Strongly agree.......ccceeseeece cere es ceceeceeee LS 

[ua bg ree. tivndedadaausawas 44a oies ae ee eee 4 (222) 

[] Agree somewhat « «.os-60022459932431755" 2 Shae 6 (337) 

foo Nofopinion s+ 4sicce ssc ccs ttste pists ses ee we 152) 

[7 Disagree somewhat-------ce eee ereerresseter ste ee GUE 

fac [ Disagree <5 o5cp eee es eee tee +33 017%) 

jet Strongly disagree 

Average response: 

SA A AS DS D SD 

I 2 I L ag I 

The facilitator for my group prevented domination of the group 

activities by any one or a few individuals. 

Number (%) of responses 

fea eS tronglysBgrede. 8 0s, ct et aE 5 (28%) 

[een Ageee tt oo ATR Pe oe ee eee 12 (67%) 

/ 7 Agree somewhat 

[7 No opinion 

/ / Disagree somewhat------+eecssssser reese re eecc ees Ly (52) 

18 

/ / Disagree 

[7 Strongly disagree 

Average response: 

SA A AS DS D SD 

I I i Hi i i 
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The facilitator did not attempt to influence the outcome of the 
exercise by suggesting responses: 

Number (%) of responses —— wey OL responses | RT Strongly agree... SOR. nes Hee ne, PN BPP’ 640532) 

Ne PARES FRASSAT“SASATA APE AsA eto of tn? FeCUr (Go. 

ee] Agree somewhat 

[7 No opinion 

{7 Disagree somewhat 

jee Disagree sReUUIS LSU eUsEtLOUatal sla tetcts stots cee atet ote ct tttn cs ee Ke oR GES) 

18 
// Strongly disagree 

Average response: 
SA A AS DS D SD 
I I i i I I 
Me ee len kan Ge Ce 

The Delphi process allowed me the freedom to disagree with other panel 

members. 3 Number (%) of responses 

WM eSt rong lysarree mee co. ek ee de (39%) 

me lB Ag rect ti ls ere Re Bee Me onthe ohiokoc ys 10 (56%) 

[7 Agree somewhat 

[7 No opinion 

jmbfeDisacree *somewhateserttsiteisrcsiiti ee mieten 

[7 Disagree 

{7 Strongly disagree 

Average response: 

SA A AS DS D SD 

Al L I 



8. The Delphi process provided the opportunity for an 

to the questionnaire. 

eat 
Appendix F (cont.) 

onimity of my responses 

Number (%) of responses 

fT Strongly agree .......cseeeenertnrenneennenin 340172) 

FT Barer ce nncoigees ened
 een oe 8 (447%) 

/ 7 Agree somewhat,........-.+- Rte Aa On oo mat LAC 

| amy Ee) + 6-0 k-) IMEC OD OUT Cy rr ar 2a 7) 

fooT Disagree somewhat, ow. e 5 ie cpeseresne orn oi ueinrnels = Kee) 

18 

/ / Disagree 

/ ¢ Strongly disagree 

Average respouse: 

SA A AS DS D SD 

ui I i I zi I 

If given the opportunity, I would be willing to serve as an expert panel 

member in another similar Delphi exercise. 

/ 7 Strongly agree 

~“s™ Strongly disagree 

Average response: 

SA A AS 

I ja I 
* 

* 

Number (%) of responses 

5 eis Pe rer rr yey e ty ee eS 

Leeree rere cere ese eee ee eS LvaGsi27 ) 

eMC ON Aw IE OTR Meat SOE Fo 1. .(5%) 

of 5. OMS SIE so éiare ese o's 56 5 Kos er eemeen eae LC54) 

18 



#5 Ls Appendix F (cont.) 

D. ALL DELPHI PARTICIPANTS, INCLUDING PANEL MEMBERS: Please indicate the 
extent of your agreement or disagreement with each of the following 

statements regarding the Delphi by checking the appropriate box. 

it ay. 

Li. 

The Delphi regional panels were made up of individuals with a high 

degree of expertise in cotton insect management. 

/ 7 Strongly agree..... 

ass Aer eaaie ON, 05.80 ).%% 

as Agree somewhat 

(oats No opinion 

{7 Disagree somewhat. ., 

/ / Disagree 

/ / Strongly disagree 

Average response: 

SA A 

I I 

Number (%) of responses 

RR Aveo Siete Gels a 6 6% 4% 6b 8 LOmtove 

te, ke mt, Ce ie ee 11 (39%) 

Anata i ioe a aan... ae .l (4%) 

28 

AS DS D SD 
iT: I I 

oF 

* 

* 

The Delphi panels included individuals with a range of perspectives 

and experiences. 

[ 7 No opinion 

Disagree somewhat (ce 
/ / Disagree 

/ 7 Strongly disagree 

Average response: 

SA A 

I ve 

Number (%) of responses 

AF Lip AER Ee 15 (54%) 

Lene de ea ae 11 (39%) 

4 diss 5a Nee Poa) 
28 

AS DS D sD 
i I I I 



=7Go 
Appendix F (cont.) 

12. The Delphi panels were not biased with respect to overrepresentation 

by any one subgroup of individuals. 
Number (%) of responses 

jae] Strongly agree... - 7 NO, AARNE, BAS, ee 9- (83%) 

CF ABCC a a ee Oe ee 16 (59%) 

[sf degree somewhal. oo. cw vee ct es eo ie et eee 1 (42) 

[_T No opinion 

/ / Disagree somewhat....... cer cece cece eee e ee ecesees al (42) 

or 
/ 7 Disagree 

/ 7 Strongly disagree 

Average response: 

SA A AS DS D SD 

ih I sk I I a 
= Te 

* 

13. The Delphi process was well organized and proceeded in an efficient 
manner. » 

Number (%) of responses 

See ee A ee ine ce 1 Papen am Vr Ae, i 11 (392) 

Ladh akg bey: & AS State a teindetaeydaaietiees tie LE 16 (57%) 

HE] AKG Tek BOMEWHAE so cbsso, sniesescseseieceaese.- NERO ERR 6 AS A, 1 (4%) 

Vat) No opinion af 

(BALE Disagree somewhat 

[7 Disagree 

as Strongly disagree 

Average response: % 

SA A AS DS D SD 

I I it a I zi 
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14. ay ar estimates are realistic representations of the average situations 
pected for an average year under the conditions described by program 

definitions. 
Number (%) of responses 

fer | SELON LV ROTOR sox sie cisicivs eReeMrtene oe we ae 3 &LPZ) 3 

| ry ARVO epee nee et Colne crisis st sc se 58s 6255 RTE Y 14 (52%) 

Fug | ASrag S0mewliate: +> ct eee ress hes Sk Sache sees: 5®0C19%) 

/ / NOWODINLON isc set en we ss ot tts 8 558 Ss RRS 28¢%2) 

hai 7 Disagree somewhat >< +++ +. 5t 653550655551 s 4 OEE 2807%) 

= DL SAG Te@ss. «ee ese ee te eee ss ots 6 TERRORS 0 LEG47} 
oy) 

/ 7 Strongly disagree 

Average response: 
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13 I believe the face-to-face interaction provided for among participants 

led to better estimates than could have been collected through a mail 

survey or other individual based survey methods. 

Number (%) of responses 

foul Strongly agree... 666 fell occ e ceded cee ee Meee oo 139437.) 
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/ / No opinion 

[7 Disagree somewhat 

[7 Disagree 

/ / Strongly disagree 

Average response: 
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-78- Appendix F (cont.) 

¢ 

The Delphi review and revision process was prematurely ended. Mo re 

study and review time was needed. 

Number (4%) _of responses 
MOF Strongly: agrees 222316229140 14) 44 fete es 1, (4%) 
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[OM Agree somewhat...----sceeeeeeccr ee ccreceterees G12 22) 
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[home| Disagree somewhat...---- ese eee cece cece ceerceee 2 (72%) 

| ey Disagree. .<.- ct: es rcs es sence se © uate: 14.0527) 
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a7 
Average response: 

SA A AS DS D SD 

is ze I uf 8 I 
"Tage So oo = coe yan on ah pero aa ae eae Se teenie 

* 

A byproduct of the Delphi meetings has been increased understanding 

and communication among cotton experts from various States and in 

various scientific disciplines. 

ETP NG TED, PORIIVIE, roi chirR RAE 11 (41%) 
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[7 Strongly disagree 
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ace Appendix F (cont.) 

| hi process was a waste of my time. Participation in the Delphi p ; hiatal diac pee Sa 

[7 Strongly agree 

[7 Agree 

UE INSTT CEES Os Ge 0 eee ICG 2) 

/ / No opinion .-----seeeeeeeees 2h bebe FICE ace) 
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The Delphi results provided the best possible beltwide estimates of 
average subregional farm level impacts of a change in cotton insect 
Management programs given: current state of knowledge and time constraints. 

Number (%) of responses 
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-80- Appendix F (cont.) 

Please estimate the number of man-hours you devoted to participation in . 

the Cotton Insect Management Evaluation Delphi process. Include in your 

estimate time spent preparing for and attending the meeting and, if 

applicable, revising estimates, providing rationales, preparing resource 

presentations and materials. 

sum of responses equals 

837 man-hours= 0.4 man years 4 
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