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This 1s a final report of the project "Implementadon of Electronic Decision Support
Technology for Apple Producton” funded under the Low Input Sustainable Agriculture
Program of USDA/CSRS (Project LNE88-8).The project duration was July 1, 1988 to
June 30, 1990.

The midterm report (Appendix 1) describes accomplishments from the beginning of
the project until May 1989. This ume period contained field testing which occurred during
the 1988 apple growing season and winter 1988-89 extension educational season.

The remainder of the results are described in several documents; a Master's Thesis
"Adoption of an Expert System by Apple Growers: A Test of a New Model", written by
Timothy Bowser (Appendix 2); a paper entitled," Economic Evaluation of an Expert
System for Apples", presented by Andrew Laughland (Appendix 3) at the annual meeting
of the American Agricultural Economics Association in August, 1990; and, a chapter
entitled " Expert Systems: An Aid to the Adoption of Sustainable Agriculture Systems”
published in 1991 in Sustainable Agriculture Research and Education in the Field by the
National Academy of Sciences (Appendix 4).

A proposal to the Low Input Agriculture Program, Northeast Region of
USDA/CSRS to implement Phase II of this project was denied funding.
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EVALUATING ELECTRONIC DECISION SUPPORT IN THE FIELD:
A PROGRESS REPORT ON THE APPLES EXPERT SYSTEM PROJECT

Submitted to the
Low Input Sustainable Agriculture Program
United State Department of Agriculture

June 15, 1989

This is a progress report that describes the accomplishments of the first year of a two year
project. The first section of this progress report describes the goals and objectives of the project
and the accomplishments through November, 1988. The second section describes
accomplishments from December, 1988 through May, 1989.

Penn State University is the coordinating institution in the Northeast for this evaluation of
expert system decision support technologies for apple production. Also cooperating are
researchers at the Universities of Massachusetts and Vermont and the Rodale Research Center.
This cooperation will aid in the development and evaluation of regionally appropriate systems and
make these efforts as efficient as possible.

1. Goals and Year 1

The goals of this study are manifold. Foremost is the development of a paradigm for

expert system software introduction into commercial agriculrure that can be used in Pennsylvania
as well as other states in the Northeast. Software modification and maintenance does not end with
its initial release. The performance of the software must be constantly monitored. Integral with
this approach is obtaining the opinions and suggestions of the ultimate users of the software early
in its development. By incorporating users' suggestions before general software release there is a
much higher probability that that the software will be integrated into the agricultural system much
faster. Moreover, this introduction paradigm includes measures of the sociological and economic
impact of this new technology. This type of information can be used to design technology transfer
programs that speed adoption and diffusion.

Another goal of this evaluation project is to field test the software and hardware
configurations using a prototype, multilevel evaluation procedure (Fig. 1).
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Several phases of evaluation have taken place before and during general public software
release. First, at the university level, the domain experts and knowledge engineers have checked
the system for errors. Next, the systems were checked by university and industry colleagues who
are expert in the specific areas covered by the expert system. In some cases, research field plots
were used to check the integrity of a system in a controlled agricultural environment. Any
deficiencies or errors in the systems were corrected as they were found.

After the university level check, this pilot study arranged to have growers use the systems
in actual commercial agricultural situations. During the pilot program software was distributed and
pilot study participants were periodically questioned about system performance.

Finally, when all concerned are satisfied, the software will be released through the
extension information division of the college. Even after software release various mechanisms will

be used to track system performance and obtain suggestions for system improvement.

A third goal for this study has been to create a regional network of domain experts and
knowledge engineers in various commodities. In the case of apples, production is similar
throughout the Northeast. Differences that do occur have been defined on a biological basis rather
than the political/geographical basis. In this way the expertise of several state and federal
specialists and the resources of several states have been brought to bear on a few problems. The
present evaluation is a coordinated effort among several states in the Northeast.

A fourth goal is to provide a mechanism upon which interdisciplinary programs can be
created. Expert systems, since they require an expert to display his or her problem solving logic,
are excellent tools for learning across disciplinary boundaries. This displayed logic can also be
used to find points of disciplinary integration. This has resulted in the expert system making
recommendations in an integrated fashion similar to how the farmer must address problems on the
farm. Moreover, it is not only the production agricultural disciplines that are important in this
cooperation but also the socioeconomic disciplines which work at the human/technology interface.

Evaluation Plan

The apple evaluation is split into two time periods. The first time period began in July,
1988 and will continue untl June, 1989. At the beginning of this time period expert system
software was distributed to commercial apple growers in Pennsylvania. During the period the
impact of the software has been determined by the administration of a system of surveys.
Concurrently, software was distributed to cooperators in other states in the Northeast to prepare



them for their own software introduction projects. In the second year, the evaluation will move

into a more advanced stage in Pennsylvania and will commence in the other states.

Participant solicitation

Participants were solicited during regular extension educational meetings. Over 140
growers volunteered to participate in the first phase of the evaluation. Of those volunteers, 27
apple growers growers were selected to represent the spectrum of apple production characteristics
in Pennsylvania including farm size, geographical location and experience with computers. The
participants met with the study organizers for a day and were given instructions, sofrware and, in
the case of 14 growers who did not own computers, computers on loan.

Surveys

There were two types of surveys used to gather data about the participants. The first was a
baseline survey which was used to describe several aspects of the participants including farmer
demographics, business description, socioeconomic status, agricultural practices and histories,
attitudes about expert systems and previous experience with the computer. The second type was
the periodic survey which was used to track the impact of the expert system on farm decision
making over time. Both surveys were done by telephone with the baseline survey being completed
in late summer and the periodic surveys taking place in August, October and November. The

baseline survey will also be used to categorize impacts based on demographics and structural
variables.

Results
As an example of the data being obtained through the surveys the following selected
variables from the baseline and periodic surveys of the apple expert system are displayed.

BASELINE SURVEY

E ize apple acreag wnershi

+ Total farm acreage ranged from from less than 10 trees to more than 800 acres with the average
farm between 100 and 400 acres

+ Apples made up the vast majority of the acreage

* Most farms (66%) sold at least half of their crop as fresh



« Most farms were single family operations (48%) followed by family owned corporations (39%)
and partnerships (9%)
« Most farms were doing well financially (90%) as indicated by their high asset to debt ratios.

E rag ion, off-f; mplovment. farming experien

+ Ages of participants ranged from 30 to greater than 70 with the average around 50

« Education ranged from "some high school” to "post-graduate study” with the majority (79%)
being college graduates.

» Only 17% reported any off-farm employment for the principal decision-maker

+ Most of the farmers (52%) had been farming for less than 20 years although 2 farmers had been
farming for more than 50 years.

Decision maker designation. scouting practices, Spray practices

+ On 44% of the participating farms the husband was the principal decision-maker for crop
production decisions while on 32% of the farms decision-making was shared with various
individuals including the wife, child, sibling, foreman or board of directors.

+ 86% reported that they routinely scouted their orchards for various reasons.

« An average of 13.6 (range 1-20) pesticide sprays were applied for complete sprays and up to 30
sprays for alternate row middle sprays

Prior computer use
» Six participants (25%) had no computer experience before this study while 20% had used
computers extensively.

+ 839% stated that they owned computers and that those computers were used in their fruit business

Awd ut environment

» Issues rated as very important to the participants included protecting water quality, preventing
soil erosion, protecting workers from pesticide contamination, pesticide drift and farm
profitability. '

+ A majority (74%) thought that pesticides, if used properly, were not a threat to the environment

+ A majority (68%) felt that fertilizer and pesticide expenses could be reduced by more precise
applications, and the time, cost and effort to gain the increased precision would pay off.

At information and expert system
» Only 50% felt that they could find the answers to farm problems quickly
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* A majority (55%) would consider modifying their pesticide practices, but were not sure that they
knew enough to safely make the changes.

* Only 52% felt that with the availability of extension specialists, chemical company field reps and
their own knowledge there was not any problem that they could not find an answer for.

+ Asked to list the "selling points™ of expert systems in order to recruit other farmers to their use, a
majority of the participants listed as "very imporant” the following; always available to
give a recommendation, and that the sysiems were easy to use.

PERIODIC SURVEY

vstem usag

» System usage was highest during the growing season (in August 73% of participants used
system at Jeast once) and declined in October (35%) and November (10%).

* Average number of times per month used also declined: August (7.4 times), October (2.4),
November (0.24).

» Total time that the system was used also declined with the season: August (111 hours for 222
sessions), October (11 hours for 56 sessions), November (3 hours for 7 sessions).

» Of those that used the systern, most accessed it for solving actual field problems in August and

October while accessing the system for hypothetcal problems or learning how the system
worked remained at a steady level in all survey periods.

Usage bv module
* The insect management module was the most used, but its usage declined as the growing season
ended.

+ Insect management recommendations sought were found more than 85% of the time

« Insect management recommendations were carried out at least partially more than 85% of the
 time

* The weed control module was used the next most frequently (about 60% of participants).

 The weed information sought was found about 65% of the time )

 Weed recommendations were implemented at least partially about 30% of the time

* Disease diagnosis, nutrient deficiency analysis, leaf analysis and the tree spacing advisor were
accessed less often.

Practice change and monitoring stimulation
* In August, over 45% of the participants stated that the expert system had caused them to effect
some change in their production practices.
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« In August, over 80% of the participants stated that the expert system has stimulated them to
’ monitor their orchard more closely because they more clearly recognized the value of
monitoring information

Information sharing

 Up 10 50% of the participants in any one survey period fcportcd that they shared expert system
recommendations with a neighboring farmer.

+ Other information sources were still heavily utilized by the participants. These included
extension agents and specialists, agricultural chemical dealers, private consultants, other
growers and various extension publications.

Hardware or software problems

» Hardware or software problems were experienced by 40% of the participants in the first survey
period but this rated dropped off to 0% by the third period

Conclusions

The results of the baseline survey revealed that the participant group was diverse when
measured according to farm size, apple acreage; participant age, farming experience, computer
experience and education. The large majority of farms were financially successful. It was the
purpose of this first year's efforts to work with a diverse group so that the widest range of impacts

could be gathered. In coming years the participant population samples will be stratified using some
of the descriptive variables.

Another purpose of the baseline survey was to determine how production and pest
management decisions were presently made on the farm. This was done in order to document any
future changes that could be attributed to expert system impact. We found that decisions on fruit
farms were made by one, or at most a few, persons on a farm. Moreover, these decisions were
made in light of a substantial amount of monitoring information and advice from many outside
sources including extension, consultants, the literature and neighbors. ﬁowever, even with this
rather sophisticated decision-making system, growers still claimed on the periodic surveys that
they could gain even more efficiency in their production practices if the information was available
on a timely basis to aid them. They further pointed out that the expert system had stimulated them
to gather this extra information because the value of the information was made more apparent.
Moreover, even at this early time in the study, participants reported actual practice change due to
information supplied by the expert system.



Another measure of the impact of a new knowledge or a new technology is a change in
attitudes about various issues. A change in attitude about a process can be thought of as a
precursor to practice change. A majority of our participants were very concerned about the
detrimental effect of farming practices on environmental quality, but most thought that present-day
practices, if performed properly, were not threatening to the environment. Improving the
performance of proper farm practices is partally dependent on the availability of information about
the consequences of practice change. With this information a grower could change his or her
practices without incurring unacceptable risk. Many participants felt that information was
available, but finding it quickly was a barrier to practice change. The participants thought that
expert systems may provide easy access to this information store.

The periodic survey allowed us to track system usage over time. Several wends were noted
such as a decrease in system use as the growing season waned. This was due in part to a lack of
awareness on the part of the participants about the full range of modules that were available and the
fact that the system could be used as a learning tool by posing hypothetical situations. When this
decrease in use was noted, a letter was sent to the participants reminding them of all of the uses of
the expert system. This situation also alerted us to emphasize all of the expert system facilites in
our next introductory seminars to next year's participants. |

Individual modules also showed trends in usage, ability to find needed information and
propensity to carry out the recommendations. This is invaluable information for the domain
experts and knowledge engineers to help pinpoint problems that can be corrected before the next
growing season.

Finally, one of the goals of the present study is to develop some process statistics about the
field evaluation of expert systems. One area of process statistics is tracking hardware and software
problems. A pleasant aspect of expert system software is the ease of update or changing the
program code. At the beginning of the evaluation many participants had problems with software or
hardware. However, we were able to address these problems quickly and had usually fixed them
within three days after hearing of them (participants were urged to call in if a software bug was
found). Amended diskettes were then sent to all participants by mail. By the end of the season all
hardware and software problems were solved. The presence of a support structure staffed by
personnel who can answer questions and solve problems quickly lends confidence to the growers
use of computer software. Maintaining this support structure is well worth the expense.



Another part of the process is maintaining contact with the participants who are pilot testing
the systems. Farmers are sometimes difficult to contact by telephone, but considering the
alternative survey approaches, mail or personal interview, the telephone was the best approach.
For the baseline survey the average time for an interview was 38 minutes. The periodical survey

took an average of 15 minutes per interview. It took an average of S calls 1o contact a participant.

2. YEAR TWO

The second season's evaluation, which began in April, 1989 was greatly expanded from
the first year. Incorporating suggestions received from the cooperating growers, the LISA

proposal reviewers, and our own assessment of the first year's work, we expanded the project to
include:

Facilitated meetings with cooperating growers;

*

A survey of county extension agents;

+ Selecton of a control group to compare with expert systems users;

A simplified survey system;

« Activity time monitoring;

*

Partial budgeting analysis to determine economic impacts;

Creation of a bulletin board/ electronic mail network among growers and researchers;

Most importantly, we greatly modified the expert system itself in response to cooperating
grower comment.The major modification was made in the pest manage;ncnt section. In the past,
insecticides were over used due to lack of knowledge about the pest biologies, the impact of
predators, parasites,weather, and cultural practices on pests, and of the intricacies involved in the
judicious use of pesticides. This problem of lack of pest management knowledge should be
ameliorated by the newly designed expert system.

AppIES was designed to view the apple orchard as a complex and integrated system, in
which altering one component often results in changes in the rest of the system. Just as a manager
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has to deal with the orchard in this manner, the goals of the ApplES structure was 1o consider the
orchard as a whole, and make management recommendations accordingly instead of making
individual recommendations based on independent components.

Originally, the expert system consisted of three main components: Insects, diseases, and
horticulture. Since each porogram fits onto one disk, a top level calling module provided a main
menu to call each of the three main modules. Recently, the insects and disease modules were fully
integrated so the program consists of two separate executable programs; one for the combined
insect and disease management, and one for horticultural practices.

Profiles

The apple management program is based on orchard blocks. A block is the largest unit of
an orchard within which consistent decisions are made. Information about the block is stored in
two separate files, called profiles, and each block has its own profiles. The use of profiles
eliminates the need for the user to enter information about the orchard that does not chan ge
frequently. The profile also allows the histories of individual blocks to be stored separately. The
background profile consists of details about the orchard block that would not change from day to
day. For example, the location of the block will not change at all. The tree varieties in each block
the age of the trees, and insect problems form the previous years remain fixed until the end of the
growing season. The dynamic profile contains information that either needs to be updated on a
more frequent basis or at least has the potential for changing. For example, weather information
will change often. Crop load and market destination may change due to a number of environmental
factors that alter the quantity and quality of the crop. Information (besides weather) that changes
from day-to-day is asked with each new session and not stored in a profile.

¢

The management program can either be initiated directly from the profile, in which case all
profile information will automatically be loaded into the program, or else the user will be asked if a

profile needs to be loaded. The user can either choose a previously defined profile or create a new
one.

The Integrated Pest Management Module

The user has the option of looking at an individual pest problem or running the IPM
module, which considers each orchard block as an integrated system where management of each
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component will affect other components. The structure of the integrated insect and disease
management module is shown in Figure 2.

The program first determines if the the insect and mite populations are over thresholds that
will require control. It then calls a chemical management module to establish pestcide application
priorities . With the help of the expert system the user now builds a recommendation by
considering pesticide efficacy and appropriateness, timing, days-to- harvest, and tank
compatability. If the mite population is over threshold and predators are not sufficient to control
the mites, miticide rates are determined. Insectcide rates are then determined for the primary insect
over threshold (ie. the most damaging). If the primary insect control is effective for all secondary
insects, no more insecticide compounds will be considered. Otherwise, the module will determine
other compounds and rates to control the secondary insects. Steps similar to those described in the
preceding paragraph are taken to determine the disease-pesticide recommendations.

The program has now determined an array of miticides, insecﬁcidcs, and fungicides that
will control the pest problems in the orchard block. The array of pesticides is then checked against
the days-to-harvest rules. Certain pesticides can not be applied within a certain period of time
before harvest, and that period varies between materials. The program checks the current date and
the estimated harvest date, then eliminates any materials that are illegal to use during that time.
Most growers mix pesticides into a single tank applicatin. The final filter for the pesticide array is
to determine tank compatibility between pesticides. Any incompatible chemicals are removed from
the array. The user is given a choice of selecting from a list of the remaining pesticides.

Rates for the chosen pesticides are printed to the screen. The screen generally recommends
a tank mix of a fungicide to control diseases, a miticide to control mites, a primary insecticide to
control the most damaging insects, and a secondary insecticide to control any insects that are over
threshold and are not controlled by the primary insecticide. After reviewing the pesticides and
rates, the user has the option of asking for a different combination of pesticides for the same pest
problems. This option is available since there ar many pesticide combinations that may be suitable.

Cooperators Planning and Review Meeting

The 1988 season for the ApplES Expert System Project was wrapped up with a facilitated
meeting of cooperating growers, researchers, and extension personnel in February 1989. The
purposes of the meeting were primarily to review the year to date, provide the growers with an
opportunity for in-depth discussion about improvements in the program, and to collectively plan
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Figure 2: The integrated pest management module structure.
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for the upcoming year. In addition, a major benefit was to bring growers from 13 counties in

Pennsylvania and researchers and extension agents from three states together to interact for the first
time.

During a morning session the nominal group technique was employed with the growers
group to solicit any suggestions growers had for improving either the software itself or the field
evaluation process. This technique was used because it was felt to be the most effective way to get
input from each individual within a group setting. Recommendatons were distlled and ranked by
growers according to importance during an afternoon session. Results of this group process are
included in Appendix 2. During an evening session and the following day, cooperating
researchers and extensionists reviewed the recommendations and discussed ways to Incorporate

them into the next years plan of work. Changes in the software and evaluation process are outlined
in corresponding sections below.

Growers and agents also strongly suggested development of more economic information
into the expert system. A session devoted to procedures for collecting relevant budget data yielded
an additional step in the proposed "Analysis of farm level economic impacts” objective (#2). The
additonal economic information to be collected is described in the "Time monitoring and basic
economic questionnaires” section below.

Researchers and extensionists from Penn State University, University of Massachusetts,
University of Vermont, and the Rodale Research Center met for 1 1/2 days to plan and coordinate

the next years program. Additional responsibilities for expert systems development and evaluation
are outlined in Appendix 3.

County Extension Survey on Expert Systems for Fruit Growers

A survey attempting to measure the familiarity of county extension agents with expert
systems and to solicit feedback on the overall expert systems program was administered in J anuary
1989. The survey was felt to be necessary for two reasons; the realization that many extension
personnel were not informed about expert systems development and that some training sessions
may be in order; and feedback received that agents in cooperating counties could be better served
and utilized by the evaluation process.

The survey was sent by electronic mail to agents with horticultural responsibilities in all 67
county extension offices. Additional questions were asked of agents in cooperating counties.
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A response was received from 64% of the county offices. Only 2% of the responding
agents had not heard of expert systems. However, 84% said that they were not at all or only
somewhat familiar with expert systems for fruit. Over 75% of the respondents indicated that they
would be interested in attending an in-service training session on expert systems. The full
questionnaire appears as Appendix 4.

Evaluation and Field Test

lection of control
During the sprinig of 1989 the evaluation of the pilot study of the ApplES Expert System
was expanded to include a control group a growers who are keeping records but not using the
expert system. This control group was selected in order to further investigate the production and
socioeconomic changes that may be attributed to the expert system. Collecting similar field data on
production practices will enable comparisons between users and non-users of the expert system.

A sample of twenty growers was selected by county extension agehts. An attempt was
made to match the control group with the users group by county and size of apple operation. The
control group cooperators agreed to fill out weekly surveys on time spent monitoring their orchards
as well as a basic economic questionaire at preseason and postharvest periods (Appendices 5 and
6). In return the control group will be rotated into the users group for the 1990 season.

Survey evaluation process

A modified version of the monthly survey used to monitor use of the expert system and
collect grower feedback has been adminstered for the months of April and May thus far in the 1989
growing season. The process for collecting this information was also modified from last year.
Based on feedback from growers at the February planning meeting it was felt that a combination of
mailing surveys to growers ahead of time and then telephoning for the data would enhance
response and be more convenient for growers. ’

A system was devised to incorporate this feedback and still provide for timely collection of
data. Growers were sent a three-ring binder permanently affixed with instructions for executin g
the monthly use survey, the weekly time-monitoring survey, and the basic economic questionnaire
(see following section). Each month this season the growers have been sent a new set of the
respective surveys along with return envelopes. This process enables the grower to fill out the
monthly survey at the end of the month whenever she or he has time. Telephone interviewers
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begin calling on the fifth of the following month for the survey data which can be given by
whomever answers the telephone.

This new systern has improved response to the surveys and appears more convenient to the
growers. Response rates for April and May were 92% and 96% respectively.

Time monitoring and basic economic guestionnaires

An evaluation of the economic impact of the apple expert system on cooperators operations
was added to this season's field test and evaluation process. Feedback from growers at the
February planning meeting indicated that this level of data collection would be unrealistic for most
growers. Many growers already maintain pesticide logs that contain most of the data needed for
development of an apple budget. A basic economic survey questonnaire (BEQ) was developed
from the pesticide record and crop history logsheet of a major commercial apple processor.
Additional information to aid in the comparison between controls and users was incorporated into
the questionnaire (see Appendix 6).

There were two primary goals in developing the BEQ. First, to reduce the variability
among farms as much as possible. To this end growers were asked to select two, mature, healthy
orchard blocks, one of the variety Red Delicious, the other primarily the variety York Imperial.
This way only one well-defined portion of the farm operation was dealt with at a time and only
similar varieties would be compared. In addition, the restriction to mature and healthy blocks
eliminated poor yields due to age or improper fertilization.

The second goal was to make data collection as convenient as possible for the growers.
Grower feedback at the February indicated a preference for mail-in over telephone surveys and

check-off over written responses. The BEQ was constructed and administered in this fashion (see
Appendix 6).

The development of the BEQ went through three reviews; first by the research team; next
by all the county agents involved in the project; and lastly by selected growers who had expressed
interest in its development. This feedback was particularly helpful with the yield and price
component which was developed as a two part format to be collected in the spring and the fall.

The cost of time spent monitoring the orchard for pests and using the expert system is also
a component of the economic impact being looked at. Specifically, the team is looking to answer
the question of whether savings on pesticide applications were being offset by greater costs in
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management. A weekly time monitoring survey was developed that provides a check-off list for
most of the common items monitored. Primarily, it asks how much time was spent monitoring
each block and using the expert system. This form went through the same review-process as the
basic economics survey. In addition, a related question was added 1o the basic economics survey
of the users group to see what price growers would pay someone to operate the expert system vis-
a-vis those performing other farm tasks. Together these questions will give a picture of what each
group is monitoring, plus both actual and perceived costs of using the expert system.

Although the results have yet to be assessed, the growers are responding well to the weekly
format and are providing very good data.

Creation of a bulletin board/ electronic mail network among growers and
researchers

In response to feedback from growers, an electronic users group was formed to improve
communicatnons between cooperating growers, researchers, and extension personnel. Using Penn
State's PennMail system, the growers are able to communicate with each other, county extension
agents, and with specialists on campus via electronic mail. This has helped to make growers more
comfortable with the computer and the information they receive.

Of the 27 growers, 14 expressed interest in participating in this new group and were
included on the electronic mailing list. These growers, the specialists in horticulture, entomology,
plant pathology, and the expert systems coordinator were all placed on a list that is available to
everyone by typing APPLES: in the electronic letterhead. This system was set up in March 1989.
In that time growers have inititated communications 16 times. These communications have
included questions about insects, trapping, use of the computer, and information on the new
version of ApplES. The coordinator has sent out numerous informational and update bulletins.
The growers are also receiving their own copy of the horticultural newsletter in this fashion. Half
of the growers have accessed the system (for messages, responses, PennMail) rou ghly once a
week and the others, once a month. We feel this system has worked well so far and is expected
that usage will continue to grow.

Development of Modules and Modification of Developed Modules for New
England and Organic Production
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Development and evaluation performed by specialists at Universities of Vermont and
Massachusetts and the Rodale Research Center also includes assessment of grower and consultant
acceptance of ApplES. To date the following progress has been made:

University of Vermont
The ApplES Expert System was evaluated by the IPM specialist and the computer specialist
for subject matter and technical validity.

Specialists from Vermont attended a workshop at the PSU Fruit Research Lab to discuss
modifications to the system that would make it more applicable to New England apple production.

The ApplES expert system was demonstrated at the annual meeting of the Vermont Tree
Fruit Growers Association attended by about 150 people including apple growers, agri-business
personnel and representatives of state government. A presentation entitled "Growing With Expert
Systems" was made. Growers were surveyed to determine baseline computer use. Their

suggestions and comments on how to improve the expert system to facilitate their adoption and use
were solicited.

Universitv of Massachusetts

The ApplES Expert System was evaluated by the IPM specialist and a computer
programmer for subject matter and technical validity.

Specialists from Massachusetts attended a workshop at the PSU Fruit Research Lab to
discuss modifications to the system that would make it more applicable to New England apple

production. Work on modifying fungicide module and creating root disease module based upon
multple criteria has been inititated.

Work has also been inititated on a diagnostic module that incorporates uncertainity into the
decision-making process. Conversion to Macintosh of an expert system for controlled atmosphere
apple storage is now in progress with the cooperation of an agricultural engineering specialist.

A pre-systems release survey about computer use and familiarity with expert systems was
given to 52 growers at the 1989 Tree Fruit Growers winter meeting. Data is in the process of
being analyzed. The PSU expert system was also demonstrated at this meeting. The expert
system was also demonstrated at a recent twilight meeting to over 50 people.

16



Rodale Research Center
The ApplES Expert System was evaluated by the orchard coordinator and the agricultural
systems modeler for subject matter and technical validiry.

Researchers from RRC participated in a workshop at the PSU Fruit Research Lab to
discuss modifications to the system that would make it more applicable to organic apple
production. A meeting was also held to discuss development of an informational module for
growers who do not want 10 use chemical methods.
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APPENDIX 2

APPLE EXPERT SYSTEM/ LOW INPUT SUSTAINABLE AGRICULTURE
EVALUATION PROGRAM
GROWER EVALUATION MEETING

9 February 1989
Nominal Group Process Evaluation Resulis

The Nominal Group Process was used during a meeting of coopersting growers to
make collective judgements abaut how the program is proceeding. Eighteen
grovvers and county extension agents participsted in the NGP. Following are the
rankings of responses to questions that were asked. In the last step of the
process, participants ranked their top S priorities from a list genersted by the
group. Only responses ranked by at least six participants (33%) were included in
this summary.

Question 1 List features of the ExS that you like

Feature Ranking
T0T ] 2 3 4 5
Easy to use 11 3 0 1 2 ]
Site specific recommendstions 6 1 1 1 3 0
Integration of difficult 6 2 0 2 2 0

disciplines
The potential Tor improvements 6 2 0 0 2 2
List features of the ExS that you don't like

Feature Ranking
T0T ] 2 3 4 S
Tedious weather data entry 13 2 4 S 2 0
Incomplete modules & profiles 12 3 0 3 2 1

{should state up front)

Mo escape or undo feature 8 0 2 3 1 Z2
should bd simpler to operste 6 0 1 1 1 3



Question 2 How might ExS change the way you manage your farm or business
especially in terms of improving profitability and reducing the impacts of farm
pracitces to human health and the environment.

Festure Ranking
TO0T 1 2 3 4 2
reduce chemical use & cost 13 S 4 1 2 1
Access to timely information 11 3 2 1 2 1
improved consumer education/ 10 1 4 2 1 2
public relations
Reduce environmental impacts g 0 i 2 3 2
of practices
Improved economic 8 2 2 2 1 1
decision-making
Improve timing of sprays 8 1 1 1 3 2
Useful training tool 2 0 2 1 2
Improve use of records 6 1 0 2 2 1

Question 3 What would you do to improve our evaluation procedure so that we
can discern the true impacts of expert systems on orchard management?

Improvement Ranking
T0T 1 2 3 4 5
Do surveys by E-mail 10 3 S 0 1 1
ExS updates in Fruit Times b 4 1 1 0] §]
Mail the surveys, no phone 6 3 1 1 1 0
In depth analysis of each mod. 6 2 1 1 0 2
Send Q. ahead w/ note of when 6 2 0 1 2 1
call will be .
More face-to-face contact/ 6 1 0 2 2 1
feedback
More communication between 6 1 | 1 1 2

participants



APPENDIX 3

COUNTY AGENT SURVEY ON EXPERT SYSTEMS FOR FRUIT GROWERS
ATTENTION AG AGENTS WITH BORTICULTURAL RESPONSIBILITIES

Computerized, electronic decision support programs called Expert Systems have
been developed to help apple growers make better decisions about production,
pest control, and marketing by substituting high quality, integratec,
interpreted information for purchased production inputs.

We are currently conducting field tests on approximately 27 farms in 14
counties to evaluate the effectiveness of the Expert Systems. As part of
evaluating the program we would like to find out what level of awareness now
exists about Expert Systems among county staff. We are a2lso interested in
determining if our communication with county staff has been adequate and, if
not, what we can do to improve it.

Please return this questionnaire by electronic mail to BOWSER T: or by surface
mail to Tim Bowser, 106 Patterson Building, University Park, PA 16802. This
survey will provide us with useful information for future programming
regarding Expert Systems. We appreciate your cooperation.

NAME COUNTY

COMMODITY RESPONSIBILITIES (ALL)

1 Where did you first hear of Expert Systems?

1) county meeting

2) trade publication

3) general media (newspaper, etc.)
4) inservice training

5) have not heard of Expert systems
6) other

2 BAre you familiar with Expert Systems for fruit?

1) not at all

2) somewhat

3) working knowledge
4) extensive knowledge

3 Bave you seen Expert Systems operated?

1) at Extension meetings
2) Dby specialist

3) by grower

4) never

5) other

4 Do you know of any growers using Expert Systems in your county?



1) vyes
2) not to my knowledge

5 How would you evaluate the current usefulness of Expert Systems as a
tool for growers?

1) too simple for "real life" situations

2) adeguate information base

3) eappropriate level of information for most growers
4) no opinion

6 In the future, I feel Expert Systems will:

1) ogenerate more work for me

2) relieve me of many routine requests for information
3) have no appreciable impact on my work load

4) other (please specify)

7 Would you attend an in-service training on Expert systems?

1) VYes
2) No

From what you now know about expert systems, if you were given the job of
recruiting farmers for participation in an Expert Systems program, how would
you rate the following selling points:

not very no
important important important opinion
Expert systems:

8 helps select the best 1 2 3 4
chemicals for the pest problem
8 ealways available to give a 1 2 3 4
recommendation
10 recommendations are specific to 1 2 3 4

growers' situation

11 system is easy to use 1 2 3 4
12 it gives reliable recommendations, 1 2 3 4
based on the best information
available
13 it provides a range of alternatives 1 2 3 4

to any given problem
14 helps control yield & quality loss 1 2 3 4
15 increases farm profits 1 2 3 4

16 involves reduced use of pesticides 1 2 3 4



17

18

18

20

reduces environmental damage 1 2 3 4

gives an unbiased opinion of pest 1 2 3 4
problems

frees growers to use their 1 2 3 4

management skills elsewhere

reduces chances of low yields 1 2 3 4
and profits

THE REMATNING QUESTIONS PERTAIN ONLY TO AGENTS WITB COOPERATING GROWERS IN
THEIR COUNTY

21 What opportunities have you had to discuss Expert Systems with growers who
are involved in the program?

22

23

1)
2)
3)
4)
5)

at Extension meetings -

at other meetings

at the county office

over the telephone

have not discussed with grower(s)

Could you estimate the approximate number of discussions you have had?

Do you receive any feedback from growers about their satisfaction with
the Expert System? If so, what?

Do you feel that adequate feedback channels exist between yourself and
the Expert Systems program?

1)
2)

yes

no

If not, how may we improve them?



APPENDIX 4 Apple Expert System Pilot Study
Basic Economics Questionnaire Instructions

Explanation ,

This questionnaire is divided into three parts. Part 1 is a description of
your orchard, the equipment you use and how you value time. This information
will help us compare among farms and prepare pesticide budgets. Part 2 requests
yield information. From your estimates of yield and quality we can begin to
estimate the impact of the expert system approach to pest management on
profitability. The third part refines the information from part 2 into the
standard quality grades to more precisely compare the effect of expert system
use on quality and profitability. Since the yield information will not be
available until next fall, at the earliest, we ask that you complete and return
the first part now. We will return the form in the fall for you to complete
part 2 and again in the spring for part 3.

Block Selection

Please select two healthy, mature, producing blocks for record keeping for
economic evaluation. For this purpose think of a block as the smallest
production unit under specific management practices. One block should be a
fresh market variety, preferably Delicious, and the other a processing variety,
preferably York Imperial. Some growers will have to substitute other varieties

or may only grow for one market or another. We can handle those situations
statistically.

Labor Prices

To help us analyze the effect of the apple expert system on profits, we
need your assistance in estimating prices for labor and management time. If the
individuals performing pest control activities are employees, an estimate of the
sum of their wages and the value of employment benefits (such as health
insurance and social security) would be appropriate. If you or other family
members perform the task, estimate the wages and benefits you would have to pay
to have someone else perform the task.

Return guestionnaire after completing Part 1

Once you have completed Part 1 (the first two pages), please send the form
back to us in the enclosed stamped envelope.

Pesticide Treatment Records

At the end of the season, we will return a completed version of this form
to you and ask you to xerox the "Pesticide Treatment and Crop History" forms you
maintain for your processors or packers. A sample, modelled on the Knouse Foods
form, is enclosed. If you are going to provide us your standard forms, please
note in the comments column if Block 1 or Block 2 received the treatment. If
you do not maintain this or a similar pesticide log for both blocks, we have
provided you with a few blank forms to get you started. Check "No" on the
pesticide treatment log question and more blanks will be sent with your next
packet. From this information we will be able to give you pesticide use budgets
which will compare your experience with expert system users and other growers.

Apple Yield and Price
Remember to keep track of yield and prices from the blocks selected as we

will request that information in the fall. Inspection certificates and weight
tickets may be convenient sources for some of this information.

Confidentiality

A1l of this information will remain completely confidential and will not be

released or published in any form that would allow your operation to be
identified.

"Thank you for your cooperation. If you have any questions please call
Tim Bowser or Drew Laughland at (814) 865-3143.



Apple Expert System Pilot Study
Basic Economics Questionnaire

Grower’s Name

Part 1 Orchard Description
Block 1 Fresh Market Variety

Block
Block

[

is named
includes acres.

(o)

Block 1 contains the following varieties...

% Varijety Rootstock Age
Delicious
This block is trained as a: Central Leader
(Check one.) Trellis
Other

Tree spacing:

Distance between trees within the row is feet.

Distance between rows is feet.
Bees are provided at flowering at acres/hive.

Is a Pesticide Treatment Log already maintained for Block 17
(Check one.) Yes

No, please provide blank forms.

The tractor-sprayer combination used most often in Block 1 consists of:

Tractor: Make: (example: John Deere)
Model: (example: #2155)
Horsepower: ’

(Check one.) 2-wheel drive 4-wheel drive

Sprayer: Make:

Model:
Size: gallons

(Check one.) PT0 Own Engine ( horsepower)




Block 2 Processing Variety

Biock 2 is named
Block 2 includes acres.

Block 2 contains the following varieties...

>
e
[t~

% Variety Rootstock
York Imperial

|

i

If the answers to the following questions are the same as for Block 1 please
check here and go on to the Time Cost question.
If Block 2 differs from Block 1 in these respects please continue.

This block is trained as a: Central Leader

(Check one.) Trellis
Other
Tree spacing:
Distance between trees within the row is feet.
Distance between rows is feet.
Bees are provided at flowering at acres/hive.

Is a Pesticide Treatment Log already maintained for Block 27
(Check one.) Yes
No, please provide blank forms.

The tractor-sprayer combination used most often in Block 2 consists of:

Tractor: Make: (example: John Deere)
Model: (example: #2155)
Horsepower: .
(Check one.) 2-wheel drive 4-wheel drive
Sprayer: Make:
Model:
Size: gallons
(Check one.) PTO Own Engine { horsepower)
Time Cost

Please indicate the wage rate, including benefits, of the person performing
each of the following production tasks. If the person is not paid a wage
(such as a family member), determine the wage rate by estimating how much a
person would be paid if hired for that task.

Production Task Block 1 Block 2
Operating apple expert

system program. $ /hour $ /hour
Monitoring pest conditions

in the orchard. $ /hour $ /hour

Operating spray equipment. $ /hour $ /hour



This page is for your information only at this time.
You will be asked to provide yield, quality and price
information in the fall
Part 2 Rough Yield Data

After Harvest 1989

Delicious yield from Block 1 was bushels in total.
(Fi11 in most convenient units.) 20 bu. bins
40 bu. bins
0f this amount bushels were sold for the fresh market _
(i.e. delivered to CA storage, packers or wholesalers, or sold retail)
at an estimated average price of § per bushel
and bushels were sold for processing
at an estimated average price of $ per bushel.
York Imperial yield from Block 2 was hundredweight in total.
Of this amount cwt. were sold for the fresh market
at an average price of $ per cwt.
and cwi. were sold for processing
at an average price of § per cwt.

L e S S s e e e e T e e T Y Y R T R T S S R ks Lt

Part 3 Detailed Yield Data
Spring 1980

Total Delicious yield from Block 1 of bushels
broke down into the following percentages for each grade:

Extra Fancy: % average price of $ /bu.
Extra Fancy/Fancy: % average price of $ /bu.

Fancy: %  average price of § /bu.
U.S. No. 1: % average price of § /bu.
U.S. No. 2: % average price of § /bu.
Other: % average price of $ /bu.
Total: 100 %
Total York Imperial yield from Block 2 of cwt.

broke down into the following percentages for each grader

Extra Fancy: % average price of § /ewt.
Extra Fancy/Fancy: % average price of § /cwt.

Fancy: % average price of § /cwt.
U.S. No. 1, 2 3/4 up: % average price of § /cwt.
U.S. No. 1, 2 1/2 to 2 3/4 % average price of § /cwt.
U.S. No. 1, 2 1/4 to 2 1/2 % average price of § /ewt.
U.S. No. 2, 2 1/4 up % average price of § /cwt.
Ciders: % average price of § /cwt.
Culls: % average price of $ /ewt.

—f
o

(—,‘
o

—
Led
O
(=)

%




APPENDIX 5

Instructions for Weekly Monitoring Survey

Explanation

To help us determine the cost of time spent on apple
management, please complete and return this one page survey each
week during the growing season on the date shown in the upper
right hand corner of the form. New forms will be included in
each monthly packet.

The survey asks how much time was spent using the apple
expert system on the computer, how much time was spent monitoring
in the orchard and what diseases, insects or other conditions
were being monitored. You will probably be able to recall these
activities at the end of the week or you may wish to keep a
simple log to aid your memory. We can provide log sheets if it
would be helpful.

Monitoring

Monitoring or scouting is the careful, systematic
observation of orchard conditions to detect developing probiems
which may threaten crop yields or gquality. Monitoring would
include counting mites, looking for scab, sampling fruit for
thinning, looking for leaf nutrient deficiency symptoms, etc.

If you have any questions please call Tim Bowser or
Drew Laughland at (814) 865-3143.

Thank you.



Apple Expert System Pilot Study
Weekly Monitoring Survey

Grower’s Name

For the week beginning Monday, April 3, 1989

How much time was spent using the apple expert system this week?
hours minutes.

How much time was spent monitoring the orchard this week in total?
Block 1: hours minutes.
Block 2: hours minutes.

Who did most of the monitoring? (Check one.)
Block 1: Grower Farm Manager Consultant
Other Please specify.

Block 2: Grower Farm Manager Consultant
Other Please specify.

Please check off below those items the person monitoring was looking for and
those s/he found in each block.

Block 1 Block 2
Looked Looked
for Found for Found
Diseases
Apple Scab

Powdery Mildew
Cedar Apple Rust
Sooty Blotch and Fly Speck
Fireblight

Insects
San Jose Scale
European Red Mite
Green Apple Aphid
Rosy Apple Aphid
Spotted Tentiform Leaf Miner
Tarnished Plant Bug
Plum Curculio
Green Fruit Worm
Tufted Apple Budmoth
White Apple Leafhopper
Apple Maggot :
Codling Moth
Apple Rust Mite
Leaf Rollers
Woolly Applie Aphid
European Apple Sawfly
Stethorus punctum

Other
Weeds
Fruit Size for thinning
Fruit Size for crop estimation
Shoot Growth
Other (Please specify.)
Other
Other
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ABSTRACT

This research explores the role that an informadon technology, known as expert
systerns can have on the generation of more sustainable agricultural systems. This
exploratory study of an ongoing pilot field test of an agricultural expert system known as
AppIES, tests a new model of diffusion which attempts to predict which farmers will adopt
and use a given technology. By evaluating the adoption of this expert system for apple
production by growers who are field testing it, this research examines a) the validity of the
. proposed diffusion model; b) which farmers will adopt and use this technology and with
what consequences for the implementation of IPM programs which may result in pesticide
use reducton; and ¢) what ulimate contibution expert systems may make toward

producing sustainable agriculiural systems.

Dara for this study were collected from 23 apple growers who field used ApplES in
their apple businesses during 1988 and 1989. Growers were interviewed by telephone
each month, using a combinaton of different survey techniques. In addidon, data were

obtained through face-to-face interviews and during a group meeting.

Results of the study suggest that the model does not fully explain the adoption of
the expert system, but that further refinement of the conceptual underpinnings of the model
should improve its predictive powers. In addition, the results su ggest that expert systems
hold significant potential for the development of sustainable agriculural systems through

the substtution of information for cherhical inputs.

Dara also indicate that the diffusion agency must provide increased educatonal
infrasmructure with the introduction of this technology in order for it to reach its potential

with regard to sustainable agriculuure.



iv

TABLE OF CONTENTS

Page
LIST OF TABLES . vii
LIST OF FIGURES viii
ACKNOWLEDGMENTS' ix
Chaper
1. INTRODUCTION 1
2. NEED FOR SUSTAINABLE AGRICULTURE 6
Overview of Sustainable Agriculture 7
Ecologic, Economic, and Sociological Problems of Industial Agriculture 9
Ecological, Health, and Economic Hazards of Pestcide Use in Industrial
Agnculture 11
Ecologic and Economic Problems Associated with Apple Producton 12
Pesticice Use in Apple Producton 12
Information Needs of a Sustainable System of Apple Production 15
Integrated Pest Mangement 16
Expert Systems as a Tool for Sustainable Apple
Production Systems 18
Description of Expert Systems 19
The ApplES Expert System ) 20
AppIES as a Tool for Sustainable Apple Producton 21
3. REVIEW OF LITERATURE: THE ADOPTION OF AGRICULTURAL 23
TECHNOLOGIES
Diffusion of Innovation 24
A Review of Two Theories of the Diffusion of Agriculnural Innovations 25

The Classical Diffusion Model 26



h

TABLE OF CONTENTS (continued)

Consequences of Diffusion of Innovations

Diffusion/Adoption of Microcomputers in Agriculture

Audirac and Beaulieu Model

METHODOLOGY
Implementation of The Field Test and Expert Systems Evaluation
Description of Sample

Data Measurement Procedures
Description of the Survey Instruments Used

Grower Demographics
Farm/Orchard Stwucrural Characterisics

Description of Questions Measuring Selected Grower Amitndes
Methods of Data Presentation

RESULTS OF THE STUDY
System Use and Practice Change Characteristics of Growers
General System Useage Parterns

General Practice Change Characteristics

Structural, Demographic, and Atdmdinal Characteristics
Demographic Characteristics
Structural Characteristcs

Grower Atttudinal Characteristcs Toward Farming,
Environment, Pesticides, Human Health, and Expert Systems

61



TABLE OF CONTENTS (continued)

haprer

Relatonships of Demographic, Structrural, and Atttudinal Varables to
Dependent Variables

Demographic Variables
Strucrural Variables
Amimdinal Variables

6. CONCLUSIONS AND RECOMMENDATIONS
Conclusions
Recommendatons
REFERENCES
Appendix 1 PERIODIC SURVEY OF EXPERT SYSTEMS USERS
Appendix 2 BASELINE FARM DATA SURVEY OF APPLE GROWERS

vi

110



Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Tabel 12.
Table 13.
Table 14.
Table 15.

Table 16.

Table 17.

Table 18.

LIST OF TABLES

ApplES Expert System Use Characteristics of Growers
AppIES Expert System Adopdon Characteristcs of Growers
Selected Demographic Characteristics of Growers

Selected Structural Characteristics of Apple Operations
Selected Arirudinal Characteristics of Growers

Age of Grower by Dependent Variables

Educanonal Level Anained by Grower by Dependent Variables

Years Grower Involved in Farming by Dependent Variables

Previous Computer Experience of Grower by Dependent Variables
Toral Acres in Production by Dependent Variables

Total Apple Acres in Production by Dependent Variables

Type of Farm Ownership by Dependent Variables

Average Pesticide Costs Per Acre by Dependent Variables

Average Yield Per Acre by Dependent Variables

Grower Attitudes Toward Impact of Farming on the Environment by

Dependent Variables

Grower Amitudes Toward Health Risk of Agriculmral Chemical Use

by Dependent Variables

vii

Pace

84

Grower Attitudes Toward Impact of Pesticides on the Environment by

Dependent Variables

Grower Attitudes Toward Expert Systems by Dependent Variables

&5
87



viii

LIST OF FIGURES

Page
Figure 1. Percentage of Growers Using the Svstem Each Month 50
Figure 2. Average times Accessed Per Month: All Growers 52
Figure 3. Average Number of Hours Used Per Month: Users Only 53



Chapter 1

INTRODUCTION

The sustainability of the commercial food production system in the United States is
being questoned at present. Questions of sustainability arise from rwo primary areas of
concern: farm ccoﬁomjcs, in that industrial commercial farming has become increasingly
capital intensive and no longer profitable for a large segment of the farming population; and
ecology, in that a heavy reliance upon large scale mechanization and agrichemicals since the
1940s has degraded soil and groundwater resources, disrupted biological processes, and

created human health hazards beyond publicly acceptable limits.

Like most commercial agriculrural commodites produced in the U.S., the apple
industry relies heavily upon inputs of capital and of petrochemical pesticides. Pestcides
are used extensively in apple producton because apples are a high value crop thatis very
susceptible to insects and disease, and thus a great economic risk is associated with their
producton. In addition, social pressure for cosmetically perfect fruit has been promulgated
by the agriculmral industry as another reason for pesticide use. Thus pesticides are many
times considered as the first line of defense by farmers and in cooperative extension and -
industry educational programs. The use of chemical pesticides in apple producton relates
to the issue of agricultural sustainability from both an ecological and an economic
standpoint. The general public in the U.S. has become increasingly concerned about
pesticide residues in food, as exemplified by the recent controversy over the use of the
petrochemical growth regulator alar and the EDBC fungicides in apple production.

Growers are concerned that many of the chemical pesticides that they are currently



2
dependent upon will be banned from use and cause them 1o incur significant losses in vield
and income (Shabecoff, New York Times, February 5, 1989; Walmer and Glamser, USA
Today, May 3, 1989.)

Since their advent and in the earlier vears of their use, pesticides used in apple
producton have been applied according to a routine schedule proscribed by the current state
of producnon knowledge. Recommendarions for application rates given by production
specialists and consultants have tradidonally been high enough 1o insure effectiveness while
minimizing the significant risks of insect and/or disease damage that would lower the
economic return on the crop. However, such recommendations are often given for a
generalized apple operation and are usually without complete knowledge of a specific
operation, its specific microenvironment, or site-specific weather data. This lack of site-
specific informaton has resulted in growers' adopting routine spray practices, many times
without adequate knowledge of whether applications were in fact necessary or at what
specific and minimum rates for 2 given orchard. This conservative approach 1o the use of
pesucides has been maintzined even though research programs have demonstrated the
usefulness of more efficient pesticide applicaton practices and alternative control methods

that do not involve pesticide applications.

Such practices present several problems. First, routine spraying schedules were
developed in an era of inexpensive fossil fuels; thus petrochemically derived agrichemical
inputs were relatively inexpensive as well. During the past twenty years, however, the cost
of most pesticide inputs has increased significantly relative to other farm inputs and prices.
Reducing agrichemical input usage is seen as one strategy for enhancing farm profitability

and sustainabiliry.

A second problem stems from the long-term and excessive use of pesticides in
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some regions causing significant pollution of soil and water resources (Sloggett, 1981;
Stange, 1988; 1989). This agrichemical pollution is being linked 1o serious ecological and
human health problems such as the contaminaton of drinking water supplies, reduction in
soil productviry, and increased introducton of carcinogens into the ecosystem (Strange,
1984b; Coye, 1986). Increasing public awareness and concern about these problems is
creating pressure on farmers to reduce their use of pestcides. As well, pressures arising
from decreasing levels of soil productivity and pest control, and thus overall biological

sustainability, are being brought to bear on farmers in both financial and social contexts.

A third problem with routine pesticide applications has been the increase in pest
resistance to chemicals used to eradicate them. Outbreaks of secondary insects have also
been a problem anmibuted 10 sustained pesticide use and have become a significant problem

in some areas and with some crops (Croft, 1983).

A problem which stems indirectly from routine pesticide use, exists in wying 1o
introduce new methods of pest control. Applying pesticides to control pests is a relatvely
simple technology and requires little in the way of information about field level biological
and physical phenomena. The imposition of alternative methods including the more
judicious use of pestcides, integrated pest management, biological control, crop rotations,
etc., requires more information and more effort 1o gather and analyze that information.
Getting growers to change from their current, simple methods of pest control to more
complex systems has proved to be problematic in the past (Rajotte, 1989). This has been a

Iimitng factor in the effectiveness of alternative, non-chemical methods of pest control.

During the 1970s a technology known as integrated pest management (IPM) began
10 gain prominence in U.S. agriculre (Allen and Rajotie, 1989). IPM was the first

cohesive attempt to substitute biological and technical information for chemical methods of



pest conmol. IPM sought to integrate existing means of control with a broader
understanding of the interactuons of plant, insect and soil physiologies, pest and crop
histories, and climatic variables to reduce the amounts of pesocides used. Although IPM
has existed for over 60 years it has only begun to be widely adopted in U.S. agriculure
during the last 10 vears (Blair, 1982; Rajotte et al., 1987b). IPM provided the framework
for using producdon information in pest management decision-making. However, the
management of large volumes of data and the efficient sorting through complex pest/crop

scenarios 1o arrive at an optimum decision became problemartic.

The introducton of a new electronic decision support technology known as expert
systems may, by allowing efficient data management and scenario sorting, enable farmers
1o more readily adopt IPM-oriented practces. This computer based technology combines
state of the art production knowledge with specific farm and field level crop histories and
darz, as well as high resoluton site-specific weather informanon. Expert svsiems decision
support has the potendal to reduce the use of chemical inputs by substituting interpreted,

highly integrated, and timely informadon for these inputs in an accessible format.

The expert systems decision support technology may provide farmers with access
10 a dynamic range of alternative solutdons to specific, up-to-the minute problems that may
help them to reduce chemical inputs. However, several questions remain. Which farmers
will be inclined 1o adopt such a technology? Which farmers will bc_able 1o effectively adopt
this computer based technology? What structural, demographic, or addititonal factors may
be related to effective adoption of the technology? Lastly, what actual impact would
widespread adoption have on the implementaton of IPM programs which may result in

pesncide use reduction?

This research will look at an ongoing pilot field test of an expert system known as
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AppIES in order to explore which farmers will adopt and use this technology and with what
consequences for the implementation of IPM programs which may result in pestcide use

reducdon.

This research seeks to illumine what role that informaton technologies, known as
expert systems can have on the generation of more sustainable agricultural systems. By
evaluating the adoption of an expert system for apple production by growers who are field
testing this research will attempt 1o learn a) which farmers will adopt and use this
technology and with what consequences for the implementation of IPM programs which
may result in pesticide use reduction and b) what ultimate conmibution EXpErt systermns may

make toward producing sustainable agriculwral systems.

The need for a sustainable agriculmre will be outlined as defined by the research in
order to demonstrate how expert systems technology may fit into such producton
swategies. The smdy will then test a component of a diffusion model proposed by Audirac
and Beaulieu (1986) which attempts to link the access conditions of a given technological
innovation to adoption of that innovation. This component of the model will be tested
using the IPM oriented ApplES expert systems as the technological innovation. Twenty-
seven apple growers in Pennsylvania were given the ApplES sofrware 1o use in the field
test. Growers completed a baseline survey and usage patterns and any change in
production practices of each grower are being monitored over timc.- Socioeconomic and
atitudinal data will be analyzed in order to discover whether the suctural characterisitics of
an apple growing operation or the grower's aritudes/beliefs are the most valid and reliable
indicators of who will adopt this expert system technology and with what consequences.
In order to make this determination, survey data gathered from the cooperating growers
measuring both structural/personal characteristics and aritudes of the grower about selected

issues will be related with various measures of adoption and use of the system.



Chapter 2
NEED FOR SUSTAINABLE AGRICULTURE

Agriculture has become both a capital and an energy intensive
actvity. Without major technological breakthroughs, however, the
available resources will not be sufficient to meet current or expanded needs
of the agriculral producton system. Therefore, it 1s unsustainable.

(Edens, 1985)

With the advent of so-called modern agriculture, herezfter referred 1o as indusmal
agriculture, in the U.S. during the 1940s, farming began to evolve into 2 highly
mechanized activity increasingly dependent upon an uninterrupted availability of fossil fuels
and other resources. The nature of industrial agriculture has been 1o wansform self-
sufficient, regionally oriented farming into commercialized expori-oriented agribusiness.
This development also wansformed U.S. agriculmre into an inherently unsustainable
enterprise in that it became predicated upon the depletion of nonrenewable resources and
the substitution of synthetic, petroleum-derived agrichemicals for pest control and plant

nutrient management.

While industrial agriculture has enjoyed undisputed improvements in increasing
agricultural output, decreasing labor costs, and inirially decreased input costs, the
unsustainable nature of it has begun to generate problems and bring costs to bear that were
not obvious two decades ago. 'I"-nese problems and costs are at once ecologic, economic,

and social (Jackson, 1984; Douglass, 1984).

In order 1o discuss the need for sustainable agriculture I will review the literature on

sustainable agriculture in order to define what it is and how it relates to current ecological
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and socioeconomic problems in U.S. agriculmure today. Next, I will outline the problems
of industrial agriculture that could be addressed by sustainable agriculrure. In so doing I
will be defining what sustainable agriculture is not. Finally, I will discuss the relevance of

sustainable agriculwre for apple producton.

QOverview of Sustainable Agricvlmre

There is no definidve answer to the queston, "what is sustainable agriculture. As
Douglass (1984) points out, agricultural sustainablity can be defined in different ways and
sought through different means. Douglass has identfied three basic schools of thought
~which come to be known as sustainable agriculmre: 1) the food-sufficiency school,
sustainability as supplving enough food 10 meet everyone's needs; 2) the stewardship
school, sustainability as ecology; 3) and the community school, sustainabiliry as the effects

of agriculrural systems on the sructure and orgainizadon of rural life (Douglass 1984).

While this typology is somewhat simplistic it does serve to identify threz common
components of most of the definitons of sustainable agriculmre in the literature, which in
sum would be, agricultural systems that are ecologically sound, economically viable, and
socially just. Sustainable agricultural emphasizes a long-term over shorn-term perspectve,
both in creating solurions to agricultural production problems and with regard to the

ecological impacts of tarm pracdces.

While the specifics of what sustainable agriculture is vary among the schools of
thought identified by Douglass (1984), there exist three primary areas of convergence.
Proponents of sustainable agriculture all find soil conservation to be  top priority in the
designing of a sustainable system (Berry, 1977; Jackson, 1980; Douglass, 1984;

Breimyer, 1985; Bidwell, 1986; Hecht, 1987; Alderi, 1987; Strange, 1989). This is



accomplished in a number of ways most notably the halting of soil erosion by use of crop
rotations and the creation of farming systems which emphasize species diversity rather than
monocultures (Alderi et al., 1984; Gliessman, 1984). Use of these and other agronomic
methods also reduces dependence on synthetc fertlizers (Lockeretz et al., 1981; Sahs et
al., 1988).

Another common priority among sustainable agricultural theorists is the rcducﬁon in
use of pesticides to control insects, diseases, and weeds and the substiruton of biological
conwols and programs of integrated pest management (Jackson, 1980, 1984; Douglass,
1684). Synthetic pestcides are petroleum derived compounds whose use has increased
threefold berween 1964 and 1985 (Sachs and Higdon, 1989). The use of pesticides has
caused groundwater contamination and is currently raising questions concerning food
safety among consumers (Strange, 1988; Sachs et al., 1987). The effectiveness of

esticides in controlling agriculmural pests has been steadily decreasing due to pest
resistance and destruction of beneficial predator species, causing significant crop losses for

farmers (Dover and Croft, 1984).

A third priority identified in a majority of the literature concerns increasing
agricultural productivity as opposed to producton (Stwrange, 1984, 1989; Breimyer, 1986;
Madden, 1986, 1988; Alderi, 1987; Allen and Van Dusen, 1988). Emphasis here is
placed upon increasing the net income of the farming operation through reduction of
purchased inputs and various other costs of production. By reducing dependence upon
purchased inputs, smaller scale producers are able to remain competitive with larger
producers who are better able to take advantage of capital intensive production technologies

(Strange, 1984, 1989; Madden, 1986, 1988; Norgaard, 1987).

These primary areas of convergence reflect the primary goals of sustainable
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agriculture outlined above: ecological soundness, economic viability, and social justce. It
is further instructive to view them in light of current problems facing modem, industrial

agriculture,

Ecologic, Economic, and Sociological Problems of Industrial Aericulture

Historically, farmers and agricultural researchers have relied on technological
solutions to problems of agricultural production. Farmers urilize capidal intensive
technologies such as large-scale, machinery, computers, synthetc fertilizers, and chemical
pest control strategies to produce crops and livestock. The farm ecosystem as well as the
socioeconomic context of agricultural production has been drastically changed by these and
other technologies. Awareness of the ecological consequences of the technologies and
methods of industrial agriculture have increased in recent years. Soil erosior, depletion of
water tables, pestcide resistance, ground water contamination, and questons about food

safety are all outcomes of the industrial agriculmral production system (Dahlberg, 1986.)

An increasing amount of evidence suggests that industrial agriculmre has depleted
significant stocks of the nonrenewable resources which farmin g is dependent upon. These
nonrenewable resources most notably include farmland and groundwater (Alien and Van
Dusen 1988).

Farmland is being lost and used up through soil erosion, salinization, soil
compaction, loss of soil fertlity, and depletion of nutrients resuliing from the excessive
plowing and harvesting permitted by increased mechanization and large subsidies of
synthetic fertlizers (Alderi et al., 1984). The resultant losses of soil nutrients has been
compensated for with large inputs of petroleum based fertlizers, particularly as a source of

nitrogen. Excessive applications of these fertilizers has significantly contributed to the
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salinizaton of farmland in some areas, causing soil poisoning, crop losses, and reduced

vields (Cox and Atkins, 1979:300-308).

The excessive use of chemical fertlizers and pesticides has also led to pollution of
groundwater resources (Sachs and Bowser, 1988; Strange, 1989) affecting both farm and
nonfarm populations directly. In Nebraska it is estimated that approximately one half of the
800 municipal water systems have been contaminated by excessive fertilization and
livestock wastes, while in Jowa one-third of the state's wells have been found to be

contamninated by pesticide residues (Strange, 1988; 1989).

The amount of groundwater available 1o agriculmire has also diminished under
industrial agriculrural schemes due 1o a 300% increase in groundwater use for irrigation
during the past 30 years (Allen and Van Dusen 1988). Contnual overdrafting of
groundwater reserves has led to reduction in groundwater and surface water supplies as
well as their degradation in qualiry (Worster, 1984). As usabie supplies are diminished,
agricultural operations dependent upon irrigation must bear increased costs for drilling and

pumping or contend with decreased yields. (Worster, 1984).

The dependence of industrial agriculture upon chemical fertilizers and pesticides is
also precariously tied to the depletion of fossil fuel reserves. These inputs are derived
largely from petroleum and namral gas, both of which are nonrenewable resources. In
additon, the substimtion of fertlizers and pesticides for cultural methods and conrols was
developed during times of relatively inexpensive fossil fuels (Perelman 1977; Pimental and
Pimental, 1986; Lockeretz, 1977; 1984; 1986). During the energy "shortages" of the
1970s, prices of ferrilizers and pesticides increased dramatically while farm prices remained
static (Lockeretz, 1977; 1984). The continued depletion of fossil fuel stocks and the

concomitant increase in prices of agrichemicals also indicates the unsustainablility of
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industrial agriculture (Pimental et al., 1983).

Ecological, Health, and Economic Hazards of Pesticide Use in Indusmial A ericulure

The dependence upon pesticides has also caused significant agricultural polluton
problems in the form of soil and water contaminarion (Sachs and Bowser, 1988: Strange,
1989). Research and data on the human health effects of pesticides are still widely debated,
but an increasing number of pesticides found 1o contain known carcin'ogcns are being
banned from use (Coye, 1986; Rajotte, 1989). These factors have created an increased
interest in pesticide use among the consuming public, which has generated new pressures

on farmers.

While excessive accumulatons of pesticide residues in soil and water resources and
a growing concern among the public about food safety add 1o the unsustainability of the
present industrial system, pesticide use poses serious on-farm biologic and economic
problems for farmers as well. Agricultural chemicals alter the agroecosystems in which
they are applied, and heavy dependence on these chemicals has resulted in numerous
problems. Research has shown a tendency of pest insects, diseases, and weeds to become
genetcally resistant to specific pesticides over time. At the same time non-target
organisms, including namral enemies of the pest, are ofien destroyed. The resurgence of
pest populations and emergence of secondary pest populations has also been caused by
use of pesticides (Allen and Rajotte, 1989). In order to control pest species, increased
amounts of pesticides are required over time, which increases the cost of production and
may exacerbate resistance to the pesticide. With increasing numbers of pesticides being
removed from the market and new, more expensive pesticides slow to be approved for
use, farmers face difficult choices in controlling pests in an economically efficient fashion.

Genetic resistance, continued emergence of secondary pests, and increased costs of new



chemicals make heavy dependence on pesticides unsustainable.
logi nomic lemns Associ wi ] cron

The generalized problems of indusmial agriculture outlined above are associated
with apple production as well. However, the nature and strucrure of apple production

presents various problems specific to wee fruit producdon.

Most of the characteristics of apple producton which set it outside the criteria of a
sustainable production system center directly on pesticide use and thus indirectly on
economic viability. Because apple productdon utilizes perennial crops in the form of deep-
rooted trees, resource depletion on the farm level is not significant. Soil erosion is not
typically a problem, because of the soil retaining narure of tree roots and a relative lack of
plowing. Groundwater reserves vary in how they are effected from a depleton standpoint
as irriganon is not yet rypically uilized for apple producton in the eastern U.S.
Groundwater is, however, used extensively for irrigation in the more arid apple growing
regions of the western U.S. Soil applied fertlizers used in apple producton are only
applied every 2-5 years on average and at low rates. Apple production is, however, highly

fossil fuel dependent and that dependency will be discussed below.
Pesticide Use in Apple Producton

Moreso than any other food crop produced in the U.S. apple production relies on
the use of numerous chemical pestcides including insecticides, fungicides, and herbicides.
The high susceptibility of apples to insect and disease damage, as well as consumer
demand for blemish free fruit accounts for this degree of pesticide use. Chemicals are also

used to thin fruit on the tree, control ripening, and to enhance appearance. In 1978, 96%
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of the U.S. apple acreage had insecticides applied, more than any other crop. In addidon,
fungicides were used on 90% of apple acreage and herbicides were used on 45% of apple

acres (USDA, 1985).

The primary reason for apple producer’s heavy reliance on chemical pest contol is
tied 1o the significant vulnerability of the apple tree and fruit to dozens of insect and disease
species (Croft,1983). Apple producers rely on chemical pest control not only to prevent
reductons in vield caused by insects and disease, but also in order to maintain the cosmetc

levels which consumers have come to expect in fresh apples.

Historically, apple producers have used chemical means of pest control since the
early 1900s (Allen and Rajotte, 1989) but with the advent of synthetic pesticides, such as
DDT, in the late 1940s producers began to significantly increase the rate of pesticide
applications (Perkins, 1982). This eventually lead 1o rwo unexpected phenomena which
have had serious impacts on growers. First, the increased use of pesticides, particularly
insecricides, induced a genetic response on the part of the pests known as resistance.
Insects which did survive insecticide applications reproduced succeeding generations that
were increasingly invulnerable to partcular insecticides. In addidon 1o insects, fungi,
bacteria, weeds, nematodes, and rodents have all developed resistance to chemical
pesticides (Dover and Croft, 1984). Secondly, pesticide use encouraged the emergence of
new pests by destroying natural predators and parasites as well as target pests (Perkins,
1982; Allen and Rajotte, 1989). Significant apple pests of today such as mites and aphids
evolved because of reduced populations of their natural predators (Sachs and Higdon,
1989).

While pesticides were initally successful in controlling apple pests, they have

generated what has been referred 1o as the "pesticide weadmill” (Van den Bosch, 1978,
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Alteri, 1987). In order to control pests and effectively manage resistance and the
emergence of new pests, growers have had to continually apply increased levels of new
and different pestcides. These new pesticides currently are ofien more expensive,
sometimes more highly toxic, and are more difficult 1o use. In addidon, while crop losses
are difficult 1o estimate, Pimental claims that across U.S. agriculture, crop losses from
insect pests increased from 7% in 1940 to 13% in 1978 in spite of a 10 fold increase in

insectcide use (Pimental et al., 1978).

These patterns of pesticide use undermine the sustainability of apple production on
several ecological and economic counts. Increases in pestcide toxicity, application rates,
and application frequency necessary to control increasingly resistant pests may be leading
1o groundwater contaminaton. In additon, growers are faced with increased concern on
the part of consumers about pestcide residues on apples (Sachs et al., 1987; Shabecoff,
New York Times 1989; Walmer and Glamser, USA Today, 1989). The recent controversy
surrounding the use of a plant growth regulator, Alar, has shown the economic impact
which consumer preferences can have. Alar was reported to be 2 potental cause of cancer
in children. In the first nine months following the initial reports about Alar use in apples,

the Washington Stat e Red Delicious industry lost an estimated $23.4 million in sales
(USDA 1989). This controversy as well as other events such as the banning of EDBC
chemicals has created as special visibility for apples in the eves of the consumer. Pesticides

use in apple production is now specifically a major consumer concern.

Whether certain pestcides are banned from use as environmental hazards or are
eliminated by consumer awareness, growers face serious problems in effectively and
economically controlling pests. The questonable availability, increasing costs of, and
decreasing effectiveness of pesticides all threaten the productvity and economic viability

of apple producing operations. Continued routine spraying of pesticides threatens
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ecosystems, groundwater supplies, and human health.

Agrnculture is completing its industrialization just as
that era is coming 1o an end.

(Stmange, 1984)

The centwral issue in sustainable agriculture is not maximization of yield but its long-
term stabilizaton. The ability to achieve sustained productivity will require more than
modifying conventonal practices and technologies. Achieving such an ability will come
from the design of innovative agroecosystems that integrate management, the farm-level

resource base, and specific environmental conditons (Loucks, 1977).

Strategies which meet the criteria of a sustainable system of agricultural production
will be based upon an interacton of factors such as crop species, rotations, row spacing,
soil nutrients and moisture, temperature, pests, harvesting requirements, and other
agronomic procedures (Alderi et al., 1984.) However, most farmers, including apple
growers, often lack the time or capability 10 integrate all the information embodied in the
production factors listed above. In the realm of pest control, apple production is
particularly complex with regard to the numbers and interactions of insect and disease
pests. Decisions about control must often be made quickly or treated for on a routine basis.
Due to their vulnerable economic situation and the lack of information on non-chemical
alternatives, most growers make shori-term production decisions to use chemcials rather
than long-term decisions that might stabilize pest populations (Bird, 1988). Pestcides

offer immediate insurance to threats of insect damage, plant disease, and weed competiton.

A sustainable production system for apples that reduces conventional dependence
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upon pestcides requires the integration of high quality, site-specific information. This

information can then be effecdvely substituted for pesticide and other inputs.
Integrated Pest Mangement

One method of substituting culmral practices and information for pest control inputs
which has been used successfully in apple producton is integrated pest management
(IPM). IPM is defined by Apple and Smith (1976) as: a complex set of behavior, decision-
making procedures, methods, technology, and values organized to provide efficient
alternative methods of pest management. Allen and Rajotte (1989) have described IPM as "
a systematc approach to crop protection which utlizes increased information and improved
decision-making paradigms as substimutes for purchased inputs to improve the economic,
social, and environmental siiation of the farm and society as a whole. Moreover, IPM
emphasizes the integration of appropriate technologies such as biological control, chemical

control and many others."

Furthermore, many empirical studies have documented that when an IPM system is
used, costs for controlling pests are either lower than or the same as conventional or
chemical methods, tixat net returns are greater, and that risk as measured by variability in
quality or average level of net return is the same as or lower than that found with the

conventonal control methods (Rajotte et al.., 1987b).

Despite the demonstrable results of the effectiveness of IPM systems they have not
been widely adopted by farmers throughout the U.S. (Grieshop et al., 1988; Allen and
Rajortte, 1989; Sachs and Higdon, 1989) although interest in IPM has grown during the
latter part of the 1980s (Rajorte et al,, 1987b). Because of the complex and chemical-

intensive nature of apple production, IPM practices are valuable in helping growers 1o
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reduce the amount of pesticides used. However, IPM is itself a complex set of activitges
which tend to get bogged down in the disseminatdon process (Rajotte, 1989). While
adopton rates may be relatively higher among fruit producers than U.S. agriculmre in
general, IPM is not a universally accepted practice. The pitfalls of implementing an IPM
program run from the technical to the socio-economic (Norton and Mumford, 1988).
Growers need added technical expertise, information, and education in order to effectively
implement IPM systems (Lambur et al., 1985; Greishop et al., 1988; Sachs and Higdon,
1989). |

IPM as a technology contributes to the generation of sustainable agricultural
producton systems in that it meets several of the criteria outlined above regarding
sustainable agriculture. It emphasizes the integratdon of information and biological
processes over inputs derived from nonrenewable resources; by reducing use of chemical
pestcides, IPM lessens the impacts to the environment and to human health now being
atmibuted to industrial agriculmre; and by reducing dependence upon purchased inputs it

contributes to the profitability of 2 given operaton.

Clearly, the wide scale adoption of IPM practices would be a significant component

in the design of sustainable agricultural systems. However, adoption of these systems has
een negligible prior to the 1980s and is not yet what could be described as significant,

when compared to other major agricultural technologies. In addition, although IPM has
been discussed as a sustainable system it is still presently extensively reliant upon on
pesticides. These issues raise important questions as to whether IPM is truly a sustainable
practice in its current state, as well as to the appropriateness of considering it a sustainable
system in and of itself. While IPM is a strategy for many people seeking more sustainable
methods of pest control, it does not go far enough for others. However, IPM is providing

useful strategies during the ransition 10 a more sustainable agriculture. Moreover,
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objectves of the IPM programs can shift after such a ransiston is affected. IPMisa
process rahter than a static goal. To date profitability has been the main measure of a
successful IPM program. However, the IPM process can be successfully used to attain
goals of decreased environmental impact or increased sustainabiliry (Rajotte, 1989).
Improvements in adopton rates of IPM as well as further reducing reliance upon chemicals

are necessary in the context of sustainable agricultural producton systems.
Expert Systems as a Tool for Sustainable Apple Producton Systems

The need for uilizing various sources of agricultural and on-farm information in a
highly integrated fashion in order to reduce pesticide use and improve farm productviry
and profitability has been stated. The need for alternative methods of pest control in apple
production in the face of increasing pest resistance and concemns about hurman health has
been demonstrated. A case for implementing IPM programs in apple production as one

srategy 1o meet these requirements has been made.

However, the best means for effectively implementing IPM programs for
widespread adopdon ar e stll being discovered. To overcome the initial compiexites of
convertng to IPM, growers require more education, experience, and technical expertise.
In additon, the orchardist faces an overwhelming amount of information which s/he needs
to assimilate in order to make decisions about production, harvesting, and insect, disease,
and weed control. Traditional agricultural information/decision support delivery systems
are discipline oriented packages and thus growers must often integrate various informaton
and data for his/her own orchard (Rajotte et al., 1987a). A recent tcchnological
development known as expert systems is capable of providing decision support in an

integrated fashion whenever and wherever a grower requires it.
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Descripton of Expert Svstems. An expert system (ExS) is a computer program

designed 10 simulate the problem-solving capabilities of a human being who is expertin a
narrow discipline or domain (Denning, 1986; Coulson and Saunders, 1987). ExS are able
to draw and store inferences from information and are thus often called knowledge-based
systems. A form of artificial intelligence, ExS are capable of delivering quanttative
informaton, much of which has been developed through basic and applied research, as
well as heuristics 1o interpret quanttatively derived values or for use when quanttative

values do not exist (Coulson and Saunders, 1987).

Expert systems technology can be used as a delivery mechanism in a larger decision
support system. By computing sequences of symbols which represent different levels in
the solution of 2 problem, the EXS amempts to represent a common problem-solving
pamern: "if conditions, then consequences” (Denning, 1986; Rajotte, 1987). Because an
ExS remembers its logical chain of reasoning (Rajotte, 1987) it enables a user to query the

system about a recommendation or about why certain information is being requested.

In agriculmre ExS can be used to integrate the perspectives of individual disciplines
(e.g. agronomy, hortculmre, entomology, economics) in a fashion that addresses the day-
to-day, ad hoc decision-making processes required of modern farmers. Developed
correctly, ExS can become a powerful tool for providing farmers with the readily
accessible, highly integrated decision support needed to practice a sustainable system of

farming.



The ApplES Expert Svstem. An expert system known as ApplES has been developed
1o help apple growers make better decisions about production, pest control, and marketing.
The system integrates various facets of apple production by substituting high qualiry,
integrated, information derived from three sources (current apple production and IPM
knowledge; site specific, farm level data; and weather records) for purchased inputs. A
primary emphasis of the ApplES system is to decrease the detrimental environmental
impacts associated with pesticide and fertlizer use as well as input costs, thereby

improving farm profitability and reducing economic risk.

ApplES was designed to view the apple orchard from an ecological perspective, as
a complex and highly interdependent system where the altering of one component results in
changes in the entre system. The systerm mimics the way in which a grower must
approach problem-solving in his/her orchard, the goal being to consider the orchard as a
whole organism and to make management recommendations in a2 wholistic fashion rather
than making individual recommendations based upon independent components (Heinemann

et al., 1989).

Two unique characterisitics of the ApplES program are the relative "user
friendliness” of the system and a built-in user feedback loop which facilitates the
incorporation of grower/user suggestions for improving the system into updated versions
of the program (Heinemann et al., 1989; Rajotte et al., 1989). The two versions of the
ApplES systemn (Macintosh and IBM) were designed so that a person who has never used a
computer may operate it. Operation of the system can be accomplished without using the
keyboard in the Macintosh version. The grower's use of the system is being continuously

monitored and evaluated, which allows direct input into how the system is bein g
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developed. The software shell being utilized allows modifications to be made quickly so
that updated versions can be distributed to growers rapidly. Developers of ApplES felt that
these two components were critcal to attaining the goals (Heinemann et al., 1989; Rajotte,

1989; Travis 1989).

These two components contribute prominently to the growers bein g able to input
data specific to their own operaton as well as up-to-the minute weather data into the
system. With this baseline data in the systemn, growers may query ApplES about specific
problems of pest control, soil ferility, and orchard plénting. They may also request
indepth supplementary information about an individual insect, disease, or weed and they
may ask the system to explain the logic behind a given recommendation (Heinemann et al.,

1989; Rajotte 1989; Travis 1989; Crassweller, 1989).

Recommendations are usually given with a range of aliernatives, where they exist,
thus allowing the grower to combine his/her own preferences and experiences with the
recormendation being offered by the system. This combined "package of information" is
then used to support the decision-making process of the grower in planning a pest control
or other strategy. Examples of the screens appearing in the ApplES program appear as

Appendix 1.

ADDIES as a Tool for Sustainable Apple Producton. Effective use of ApplES provides

the grower with specific, [IPM-oriented information that s/he may not have had in a usable
form previously. This information may tell the grower that certain insect pests are present,
but not at economically threatening levels which require application of a pesticide or that
conditions for a disease infection period are present and should be dealt with by nilizing
less chemical intensive preventative measures rather than chemical intensive reactive

measures. This information is substituted for the routine spraying practices that might have



occurred without this knowledge. Thus, the ecosystem is spared the application of
unnecessary pestcides, while the grower realizes an economic savings derived from not

applying said pesticides.

AppIES is a potenually effectve tool for sustainable apple producton for five
reasons: 1) itis delivering IPM derived information and soludons to pest control problems,
the benefits of which are outlined above; 2) it is providing this information in a very up-to-
date and site-specific fashion unattainable by raditonal informaton delivery systems; 3)
this information is always readily available to the grower, relieving dependence upon the
accessibility of literature, prodﬁcnion records, or human experts, thus enabling the grower
10 make crincal, timely decisions whenever necessary; 4) used effectively, it enables apple
growers to reduce their usage of chemical pestcides, thus reducing the negatve impacts of

apple production on the ecosystem; and 5) it provides more profitability for the grower.

However, it remains to be seen whether apple producers will successfully adopt
this new agricultural innovaton and with what consequences. The examination of certain
sociological theories of diffusion of technological innovatons is useful in rying to predict

how the adoption process of an expert system for apple production might proceed.
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Chapter 3

REVIEW OF LITERATURE: THE ADOPTION OF AGRICULTURAL
TECHNOLOGIES
The underlying issue remains the same, however, understanding the
diffusion process for one innovaton is not a good basis for generalizing to other

innovations. The long-run goals of understanding and prediction remain elusive.

(Fliegel and van Es, 1983)

The introduction of new technological innovations into agriculture has been
recognized as a major tactor contributin g to the significant changes in the swucture of
agriculture (Goss and Rodefeld, 1977; Perelman, 1977; Rodefeld et al., 1978; Goss, 1979;
Fliegel and van Es, 1983; Berardi and Geisler, 1984). This technological ransformation
has been the object of much social science inquiry, especially within the rural sociological _
discipline. The dominant theoretcal framework for analyzing these changes has been
known as the diffusion of innovatons (Rogers, 1962; Rogers with Shoemaker,1971;

Goss, 1979; Fliegel and van Es, 1983; Audirac and Beaulien, 1986).

Prior 1o the latter stages of the 1970s, most work on the diffusion of innovations
focused upon the process of rapid introduction of new technologies on farms and the
subsequent rates of adoption. This paradigm, referred to as the classical diffusion model,
was concerned with the individual as the unit of analysis and largely presumed that an
individual's amimudes and beliefs were the best indicators of adoption. A further
presumption was that technological innovations had equal and positive implications for
those who adopted them. Only in recent years has the emphasis shifted to a concern with
soructural characteristcs as indicators, social systems as the unit of analysis, and measuring

the consequences of the diffusion of specific agricultural innovatons (Goss, 1979; Fliegel
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and van Es, 1983; Hooks et al., 1983; Berardi and Geisler, 1984; Audirac and Beaulieu,
1986).

Diffusion of Innovations

Diffusion of innovatons is 2 "multdisciplinary theory of planned social change,
change (consequences) that is brought about by the spread of new ideas or new
technologies throughout a social system," (Goss, 1979:754) wherein an innovaton is
defined as an idea, practice, or object perceived as new by an individual (Rogers with
Shoemaker, 1971:19). Diffusion is the subprocess by which these new ideas are
communicated to members of a social system and consequences are the changes that occur
within a social system as a result of the adopton or rejection of the innovaton (Rogers with
Shoemaker, 1971:7). Goss (1979:767) argues that consequences must be thought to apply

to any member of a social system, adopters and non-adopters alike.

There have been two prominent theoretcal frameworks in sociological thought
regarding the diffusion and adoption of agricultural innovadons: the classical diffusion
model (Rogers, 1962; Rogers with Shoemaker, 1971:7); and consequences of diffusion of
innovatons (Goss, 1979). Here I review these two models of diffusion and their
significance for distinguishing between types of agricultural technologies. Next Ianalyze a
recently proposed diffusion model which asks the question of whether microcomputers in
agriculture represent an inherently different and unique type of innovation and thus require

a new model of diffusion.



It has been argued by many rural sociologists that a major conmibuting factor to
change in rural areas in the U.S. is the adoption of new and increasingly complex farm
technologies and further, that in order to understand the behavior of rural people, one must
analyze the factors that affect the adoptdon of these technologies (Heffernan, 1972;
Rodefeld et al., 1978; Goss, 1979; Butiel and Newby, 1980; Lancelle and Rodefeld, 1980;
Berardi, 1981; Poole, 1981; Hooks et al., 1983; Berardi and Geisler, 1984).

Perhaps the most significant technological and organizatonal mansformation of
U.S. agriculwre has occurred during the middle pari of the 1900s. During this period rural
sociological research focused on what came to be known as the diffusion and adopnon
process. At that ime the research focus was primarily concerned with the process of
introducing new technology at the farm level. Significant among these technologies were
farm machinery, pardcularly wactor related implements, and agrichemicals, including
pesticides. This period of research peaked during the early 1960s and began 10 wane along
with the urgency of promoting rapid introduction of new farm technologies into American
agriculture; the ransformaton of U.S. agriculture into an indusmial agriculture was almost

complete (Goss 1979; Fliegel and van Es, 1983).

Diffusion and adoption research lay dormant untl the laner part of the 1970s when
a shift in the research focus was stimulated by an increased awareness of the social impacts
of innovatons. The focus shifted from a concern with technology at the farm level 1o one
which deals with the consequences of widespread adoption of that technology at the

societal level (Goss 1979; Fliegel and van Es, 1983).
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The Classical Diffusion Model

Research on diffusion and adopton of agriculture innovatdons in the U.S. began
during the 1930s (Goss and Rodefeld, 1977; Rodefeld et al., 1978; Berardi, 1981; Fhegel
and van Es,1983; Berardi and Geisler,1984) and was eventually synthesized and
integrated by Rogers with Shoemaker (1971) into a paradigm which came 1o be known as

the classical diffusion model (Goss 1979; Fliegel and van Es, 1983).

Classical diffusion research evolved from an intellecual raditon which defined
sociological phenomena at the micro-level and thus was predisposed to focusing on
agriculmral technology as a dependent variable, in the context of identifying antecedents of
adopton or nonadopdon (Rogers, 1962; Rogers with Shoemaker, 1971; Goss and
Rodefeld, 1977; Rodefeld et al., 1978; Berardi, 1981; Fliegel and van Es, 1983; Berardi
and Geisler, 1984). The farmer was viewed as an actor in a specifically localized situaton,
responding to outside stimuli that were, at the time, viewed as unquestoned improvements

in agricultural technology (Fliegel and van Es, 1983).

Although some efforts were made to specify disunctive characteristics of parncular
types of technology during the 19405, 50s, and 60s (Gross, 1949; Gross and Taves, 1952;
Wilkening, 1954; Lionberger, 1960; Rogers, 1962) the emphasis was directed toward
explaining the diffusion and adoption from an individual, socio-psychological perspective.
In other words, adherents of the classical diffusion model sought to predict the adoption of
innovations by individual farmers using the behavioral and atttudinal characteristics of

farmers themselves (Rogers, 1962; Rogers with Shoemaker, 1971).

The Rogers with Shoemaker (1971) survey of diffusion research showed an

overwhelming tendency for diffusion research 1o make generalizations using the individual
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as the unit of analysis. This research orientation may have in part lead to a premise of the
classical diffusion model which, briefly stated, is that access to information associated with
a particular technology is the principle factor affecting the adoption decision (Goss, 1979;
Hooks et al.., 1983). This premise was challenged when shoricomings of the model were
exposed in a growing amount of diffusion research that began 10 take place in developing
countries during the 1960-70s (Gotsch, 1972; Havens, 1975; Havens and Flinn, 1975;
Goss, 1979; Fliegel and van Es, 1983). A new paradigm began to emerge that was

concerned about the consequences of adoption of new technologies at the societal level.
Consequences of Diffusion of Innovations

With the development of industrial agriculture, farm-level adoption lost import as a
research issue. Agricultural producton was being radically transformed by a plethora of
chemical, mechanical, genetic, and management innovatons. The inroduction of these
innovatons has been responsible for the displacement of a significant amount of farm labor
and for the increase in scale of farming operations that remain. Land and capital resources
have become concentrated in fewer and more highly specialized production units. As well,
new agricultural technologies have created ecological and natural resource problems
unknown a generation before (Berry, 1977; Cochrane, 1979; Jackson, 1980; Berardi and
Geisler, 1984; Strange, 1989).

The geophysical, social, economic, and political context into which innovations are
now introduced is drastically different from that of 40 years ago (Fliegel and van Es, 1983;
Berardi and Geisler, 1984). The classical diffusion model has been criticized as
conceptually lacking in its ability to adequately explain the reladonship between a
technology and the structural consequences to agriculture which result from its diffusion

and adop;:’gon (Goss, 1979; Fliegel and van Es, 1983; Berardi and Geisler, 1984).



Goss (1979) has argued for the further study of the consequences of diffusion of
innovations and proposed a framework for the study of consequences that reformulates the
Rogers with Shoemaker (1971:318-345) weamment of the classical diffusion model. Goss'
model differs in that it takes a sociological rather than individualisdc or behavioristc
perspective. He argues for utilization of social systems as the unit of analysis, measuring
the change that occurs within them. Whereas the classical model is concerned with the
consequences of innovatons, Goss proposes diffusion/adoption as a structural process,

concerned about the consequences of the diffusion process itself (Goss, 1979).

This perspective allows structural factors (such as land, capital, credit availability,
farming experience, eic.) 10 be considered as causes of adoption or non-adoption (Fliegel
and van Es, 1983) as an alternative to farmer beliefs and atttudes. Research on the
consequences of diffusion also changes the emphasis from that of evaluating the
effectveness of a change agent in stimulating adopton, to an evaluaton of diffusion theory

itself (Goss, 1979:769).

By taking this broader perspective of the diffusion of technology to include the
consequences of adoption, Fliegel and van Es (1983:24) conclude that there is
“considerable scope for a sharper focus on types of technology,” rather than aggregating all
"agricultural technologies" as innovations. This focus allows for distincion between
technologies which benefit the individual directly, and those which impact the larger society

most directly (Fliegel and van Es, 1983).



Diffusion/Adoption of microcomputers in agriculture

Diliman (1985), in his discussion of expanding information technologies and their
potential impacts on rural society, noted that one of the more important issues related 1o the
emerging rural information infrastrucrure is the ability of individuals to effectively ulize
informarion technologies. He asserts that one of the more crideal research issues facing
rural sociologists is to ascertain "who adopts what information technology for what reasons

and who does not with what consequences” (Dillman, 1985:13).

One of the emerging information technologies discussed by Dillman is
microcomputers. The increasing use of microcomputers in agriculture has been noted
(Harsh, 1978; Shaffer, 1978; Diesslin, 1981; Fuller, 1982; Bultena and Hoiberg, 1983;
Audirac and Beaulieu, 1986). At the farm level, there are currently two types of
microcomputer applications. One is for production control, providing labor saving
funcdons, such as automated, computerized livestock feeding systems and irrigation
systems that function automatically according to computer programs. The second
application provides decision-making support in the form of increased managerial capacites
such as record keeping, production planning, feed ratios, or crop budgeting (Audirac and

Beaulieu, 1986).

Audirac and Beaulieu (1986:60) argue that the microcomputer will have important
future impacts on the structure of agriculture by increasin g the demand upon farmers to
acquire advanced levels of technological and scientific knowledge. Further, they raise the
issue of whether on-farm, computer-related activides will require a capital-intensive
operation, which in turn raises questions about the consequences of microcomputer

diffusion/adoption (Audirac and Beaulieu, 1986:61).
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Audirac and Beaulieu Model

In order to study the diffusion of microcomputers in agriculture, Audirac and
Beaulieu (1986) propose a new model of the diffusion process. They have conceprualized
the diffusion of innovations as a stuctural process, affected by what they define as "access
condidons." These access conditons result from (1) research and development of
technological innovatdons, (2) the inminsic characteristcs of the technology, and (3) the
distributional characteristics of the innovaton. The Audirac and Beaulieu thesis is that
potential adopters of microcomputer technology will respond more 10 access conditions

than 10 attitudinal variables (Audirac and Beaulieu, 1986:60).

In setting forth their model, Audirac and Beaulieu (1986) draw from Brown's
(1981) market and infrastructure perspective (MIP) to outline a framework of
diffusion/adoption which they describe as " a process by which innovations and the
conditions for adoption are made available to individuals and instmtions.” This they refer
10 as the "supply side” of the diffusion process (Audirac and Beaulieu 1986:63). In this
model the diffusion process consists of three primary activities. First, the propagator of the
innovaton develops an infrastructure by creating a nerwork of diffusion agencies through
which the innovation will be distributed. Next, the agencies use strategies such as
promotons, price, and market selection to induce adoption by the target population.
Thirdly, the adoption of the innovation becomes possible when the potental adopter's
structural/demographic characteristics match the access conditions for adoption (the

"demand side" of the adoption/diffusion process (Audirac and Bealieu, 1986:63).

The Audirac and Beaulien model refers to what Brown's (1981) MIP calls the
supply side of diffusion as the distributional characteristics of the innovation; the process

and infrastructure set up to make an innovation available for adoption. These distributional
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characteristcs, along with the instrinsic characteristcs of the technology itself influence and
define the access condinons for adopton of the technology (Audirac and Bealieu,

1986:63).

Audirac and Beaulieu state that the adopton of personal computers in farming is
conditoned by the combined effect of three factors: 1) the characteristcs of the research
and development of the innovation; 2) the distributional characteristcs of the innovation;
and 3) the inmrinsic characteristics of the technology. In the case of the present smdy the
research and development of the innovation (ApplES expert system) was conducted by
universiry research and extension staff, the innovation will be distributed through extension
channels, and the intrinsic characteristc of the innovaton is knowledge intensiveness, as

applied in management applications.

Given these three factors, Audirac and Beaulieu conciude that there is a common
point of convergence that make the adoption of personal computers in farming a "firm
innovaton" (Audirac and Beaulieu 1986:71). Conseguently they feel that the
characteristics of a farming operation as a business firm provide more reliable indicators of
microcomputer adoption than do the personal, behavioral, and psychological orientatons

that have been relied upon in the past (Hooks et al.., 1983).

It is this conclusion that will be tested by this study with regard to the adopdon of
the ApplES expert system decision support software: the structural characteristcs of an
apple production enterprise and the demographic characteristics of the apple grower are
more reliable indicators of adoption of the ApplES expert svstem than are the growers'
arimdes toward pestcide use, environmental degradation, human health, and expert

systems.



Drawing from nine surveys administered to apple growers who are using the
AppIES expert system, four variables measuring use and adoption of the expert system will
be related to fourteen variables which measure various strucrural/demographic and
atdtudinal characteristics. Ten independent variables were selected from a farm baseline
data survey of expert systems users to represent an individual grower's
structural/demographic characteristics. Variables such as farm size, farm ownership,
pesticide costs, grower education, age, and previous computer experience will be related 10
the dependent variables measuring use and adopdon. Four atrimdinal measures taken from
the same survey will be related to the dependent variables as well. These variables measure
ardtudes toward environmental issues, pesticide safety, health risks of pesticides, and

€Xpert systems.

The structural/demographic variables were selected to represent the access
conditions necessary for adopton of this technology, according 1o the Anudirac/Beaulieu
model. According to the model, by examining how well these strucrural/demographic
variables match the access conditions of the technology we cam predict the likelihood of
adopton. Specifically, the larger the scale of the operation, the higher the level of
education and farm experience of the manager, or the higher degree of computer experience
of the manager the more likely is it that the expert system will be adopted. Conversely,
operations of smaller scale, operated by lesser experienced managers, or those without
previous computer experience would be less likely to adopt this technology, according to

the model.

The reliance of the Audirac/Beaulien model on both stuctural and personal
demographic characteristics seemingly borrows from both the classical diffusion model,
with its emphasis on individualistic and behavioristic taits, and the consequences of

diffusion of innovations model with its focus on structural processes and consequences.



However, the manner in which the Audirac/Beaulieu model operationalizes the
demographic variables lends them more to a construcdon of a fuller sructural
conceptualizaton of a given farm operation as a business firmm. For instance, educational
level attained, computer experience, or the number of years in farming may be indicators of
the level of business structure in a farm operation. The personal demographic
characteristcs taken as variables in this study are operatonalized in accord with the

Audirac/ Beaulieu model.

In keeping with the constructs of the classical diffusion model the attitudinal
variables were constructed to measure grower concern about the impact of farming on the
environment, pesacide reducton, health and safety risks from pestcide use, and
confidence in expert systems. These variables are all conceprually related 1o ApplES and
are taken to represent the type of psychological and behaviorial characteristics which the
classical diffusion model would hypothesize would explain adoption of the expern system.
It could be theorized that a grower with higher scores on these measures could be disposed

to adopt the expert systemn more than one with low scores.

While the Audirac/Beaulieu model discusses adoption as a dichotomous propositon
of either adoption or nonadoption, this study differs somewhat in that it will examine
varying levels of adoption. These levels will be, for purpose of analysis, categorized as

either adoption or nonadopton.
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Chapter 4

METHODOLOGY

In this study I will test the component of the model proposed by Audirac and
Beaulieu (1986) which links adoption of a technological innovaton 1o the matching of the
access conditons of the innovation with the smuctural/demographic conditions of the
potental adopter. This component will be referred 10 as the “access conditions
component" hereafter. This component of the model will be tested using the IPM oriented

ApplES expert systems described above as the technological innovation.

Socioeconomic and attitudinal data will be analyzed in order to discover whether
the souctural/demographic characteristics of an apple orchardist and her/his apple operation
or the apple grower's attitudes/beliefs about selected issues are the most valid and reliable
indicators of adoption of this expert system technology. The data used in this analysis
were obtained from a baseline survey and series of monthly surveys of growers
participating in a pilot field evaluadon of the ApplES expert system, from feedback during a
winter meeting of participants, and from limited interviews and telephone conversations

with participating growers.
mplementation of the Field Test and Ex vstems Evaluation
The establishment of the ApplES expert system program in 1987 by researchers

from several disciplines at Penn State was described above. In additon to providing apple

growers with a 100} 1o assist them in integrating and interpreting production information
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from many sources, this project has as a goal the development of a paradigm for expert
system sofrware introduction into commercial agriculture that can be used in Pennsylvania
as well as other states. To reach these ends, a field test and evaluation program was
inidated in 1988 in order to determine the usefulness and acceptability of the program to

apple growers.

Both the field test and evaluaton were quite experimental in nature in that a) such
field tesung of expert systems had not been done at the dme this project was inidated; b) the
evaluation was to be ongoing, and would evolve over time, as the technology and the field
test matured, in order to accomodate changes wrought by user input as well as
programming advances. It was also expected that the evaluaton itself would point to
unantcipated issues that would require attendon after the evaluadon had begun. Because
no prior model for evaluating expen systems in the field existed and all nseful data
collection could not be anncipated at the outset, a decision was made to design a great deal
of flexibility into the evaluaton process and to incorporate mechanisms into it which made

grower/user input easily offered and attainable beyond the formal survey process.

In addidon to the specific survey questions open ended survey questons led to
important discussions with grower/users about the expert system and needed modification.
As well, other informal discussions berween grower/users and the author, both face-to-face
and by telephone, took place throughout the time of the evaluation. In addition, a winter
meeting of all participants provided further input from grower/users. Various nominal
group discussion techniques were employved during this meeting to elicit grower/user
comments, suggestons, and recommendations in a detailed, prioritized fashion. This
process provided excellent feedback to systems programming staff for improvements in the
system/user interface as well as valuable insights into how the growers were perceiving and

using the system.



In the field test itself, rwenty-six growers were given the ApplES software to use in
the day-to-day operation of their orchards. Eight of the growers who did not own
computers were also loaned a Macintosh SE for use during the project. In return, growers
agreed 10 use the sofrware and record problems they encountered, as well as suggestions
and criticisms. They also agreed to fill out a detailed farm baseline survey and 1o be

surveyed over the telephone once a month regarding their use of the system.

Because the user/cooperators in this study volunteered for partcipation, some
selection bias occurs in this sample. However, it is not felt that this bias poses significant
problems to the validity of this research for three primary reasons. First, the
groundbrealking nature of this project; no other growers have had experience with the
expert system ourside the experimental group. Second, the vast majority of apple
production in Pennsylvania occurs in the southeast portion of the state. While variation in
scale among operatons cerainly exists, the favorable agroecological atributes and extant
level of specialization combine 1o create a reladvely homogenous apple industry. Third, in
selecting participants great attention was given to geographic and scale representativeness
from apple producing areas outside the southeast. Last, the sample was selected 1o reflect
all levels of computer experience and ownership as possible. Partcipants range from a
grower who had never used a typewriter to growers who have fully integrated computers
into all phases of their apple producing business. While the sample may be biased in thar it
is somewhat self-selected, it is thought that providing a representative sample of apple

producers was more important to the nature of this study.
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Descring ¢ Sample

The selection of the sample was done with non-random sampling techniques.
Inidal demonstradons of the expert sysiem were given 1o growers at extension meeangs
during the winter of 1987-88. Surveys were distributed at these meetings in order 1o
determine which growers would be interested in participating in the pilot field test
evaluadon of the system. Over 140 individuals responded 1o the surveys. The final sample
of growers to be used for the field test was selected from the returned surveys by the
extension specialists involved in development of ApplES, with input from county extension
agents. Twenry-three growers and three field consultants were selected to participate in the
field test evaluation. The criteria used for selection were based upon achieving a diverse
sample that represented the spectrum of apple growing operations in Pennsylvania.
Characteristics such as the acreage, yields, and the geophysical location of an operaton, as
well as a grower's age, education, and experience with computers were considered in

electng the sample.

It must reiterated however, that this sample consists of growers who volunteered
for the project which engenders some selection bias. While this fact will be duly noted in
the analysis of results it is not considered 1o be a significant drawback given the

experimental and unique namre of this research.

Data Measurement Procedures

The ongoing evaluation of the field test has been conducted with two different types
of grower surveys. The baseline survey collected farm level data about each grower and her
or his operation. This survey was administered once at the outset of the field test. The

periodic survey documents each grower's use of the system and has been administered
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each month throughout the growing seasons of 1988 and 1989.

In additdon a srong emphasis of the project has been to actuvely incorporate the
cooperating growers into the feedback loop of systems development and modification.
Grower input has been systematically solicited and growers have been frequently updated
with the project’s progress in the following manner: direct communication with researchers;
use of modified and updated versions of the software; and discussions during a meeting of
all project partricipants in the winter of 1989. Feedback received from growers have
provided invaluable insights and suggestons for improvement not only of the sofrware

1tself, but in the evaluation process as well.

Description of the survey insmuments used

A periodic survey of system use was administered by telephone during each
growing season for 1988 and 1989. In 1988 the survey was administered only three nmes
during the growing season due to delays in the producton of the acrual expert systemn
software and its subsequent distribution to participating growers. During 1989 the survey
was administered beginning in April and continued for each of the five months of the
growing season prior to the beginning of the harvest. The data presented from the periodic
survey is based on eight monthly surveys administered over the second half of the 1988

growing season and the entire 1989 growing season.

This survey was designed to track grower usage patterns and to monitor the
following changes over time: which growers were using the svstem and how intensively;
for what purpose(s) is the system was being used; what individual system modules were
being utlized; and changes in production practices pertaining to pesticide use and

monitoring of orchards for pests. The periodic survey appeass as Appendix 2.
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The growers were contacted by interviewers during the first week of each month
and asked for data pertaining to the previous month's use. During the 1988 growing
season growers responded 1o questions asked by the interviewers over the telephone.
Interviewers experienced great difficulty in reaching growers at convenient times in order 1o
survey them. The response rate was lower than expected (78.1%). During the 1989
growing season this approach was modified in response to grower feedback. A copy of
the survey form on which the interviewers collected the data was mailed to each grower at
the beginning of the month for which the data was being collected. Growers filled out the
survey forms prior to the fifth of the following month so that the information could be
accessible to whomever answered the telephone when the interviewers called. This system
functoned quite well, took less of the growers' time, and as a result, the response rate

improved dramatically (87.7% throughout 1989).

The baseline farm data survey was created by the author with input from
researchers and specialists in rural sociology, entomology, hordculre, plant pathology,
and agriculmral economics. The purpose of this survey was to obtain information
periaining 1o grower age, education, farm tenure, agricultural experience, computer
experience, decision-making processes, information sources, as well as atritudes towards
pesticides, environmental issues, human health issues, and expert systems. In additdon,
information was collected on the stuctural characteristics of each individual farm: crops
and livestock produced, crop acreages, apple yields, crop and pest histories, labor

requirements, and farm financial status.

The baseline survey was administered by telephone interviewers during the early
part of the 1988 growing season. Growers were informed of the baseline survey, and the

types of information which would be sought, at the time they were invited to partcipate in
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the project. A follow-up letter was sent to each grower two weeks prior to initiadon of the
survey process reminding them that the survey would take approximately 45 minutes and
might require the accessing of certain basic farm records. One week later growers were
contacted by telephone in order to set up a convenient ime to conduct the survey in the

following week.

In spite of the pre-survey notificaton response to the survey process was very slow
and took three months instead of the intended three weeks. Some growers appeared to be
reluctant to spend the amount of time needed to complete the survey and others were
reluctant to provide the kinds of information being sought. Interviewers were repeatedly
put off to future times. Anempts to survey growers continued untl the onset of the harvest
at which time it was temporarily suspended. Immediately following completon of the
harvest the survey was sent, along with a letter smessing the importance of the data to the
entre project, to the remaining growers. This approach was implemented based upon
feedback received from several growers who felt that it would be easier for them fill the
survey out and return it by mail. This approach yielded additional, but not a complete
response. Two follow-up letters were sent during the January and February of 1989 to the
remaining growers. The data described here results from 19 of 23 (82.6%) growers. The
three consultants were not surveyed for the baseline data as they do not operate individual
farms. They did provide use data in the periodic surveys. The baseline survey appears as

Appendix 3. The data utlized for this research are described below.

The dependent variables are based on responses to the periodic survey and will
measure the level of adoption of the expert system by the growers. Two of the dependent
variables from the periodic survey are taken to measure one form of adoption here referred
1o as "actual use of the system." "Actual use of the system is" operationalized by: 1) the

total number of times the system was accessed by each grower and; 2) the total hours each
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grower used the system. These variables have been derived by summing the total number
of times used and the total hours used from all eight periodic surveys. For purposes of
analysis growers who have accessed the system less than 16 total times will be classified as
"low" users and those accessing 16 total times or more will be classified as "high" users.
Sixteen is used for the cut-off as it represents an average access of two nmes per month.
Similiarly, for hours used, less than eight total hours is classified as "low" use and eight or

more hours as "high" use. Eight hours represents one hour of use per month.

Two other variables taken from the periodic survey measure another form of
adopton here referred to as "change in producton practices.” "Change in production
practices" 1s operatonalized by the responses to two questions: 1) "Has the use of the
system changed your spray practces or other practces in the past month?" The possible
responses to this queston being "no change,” “some change,"” and "great change.”
Responses were scored as "no change"=0 and "some change=1, with a possible score
ranging from 0-8. (Only one response was ever reporied as "great change.” This was
scored as "some change.") These scores were then summed for analysis with scores of 0-1
classified as "low" change and 2 or more classified as "high" change; and 2) "Did use of
the ExS stimulate you to more closely monitor your crop (for pests)?,” with the possible
responses being "yes" or "no." Responses were scored as "no "=0 and "yes"=1 with a
possible score ranging from 0-8. These scores were then summed for analysis with 0-2
classified as “lbw" monitoring and 3 or more as "high” monitoring.

The "actual use of the system" measures and the "change in producddn pracuaces”
measures will be related with selected variables which measure: structural characteristics of
each operation; demographic characteristics of the grower; and grower artimudes about

selected issues. These variable will be taken from the baseline survey, discussed below.
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¢ independent variables selected from the baseline farm data survey are of three
types. The first type 1s derived from farm strucrural characteristics: 1) total acres in
operanon; 2) total acres of apple orchards in operation; 3) average vields per acre in
bushels; 4) pestcide costs per acre; and 5) type of farm enterprise ownership. The second
type pertain to grower demographic characteristcs: 1) age of grower; 2) level of educaton
of grower; 3) number of years in farming; and 4) prior experience with computers. The
third type of independent variable is constructed from the questons which measure the
grower attitudinal responses to four series of questions. These series deal with the
following issues: 1) grower attitude toward the environmental impacts of farming; 2)
grower atttude toward the eﬁvironmcntal impacts of pesticides; 3) attitudes toward
perceived risk of pesticides on hurnan health; 4) opinions about characteristics of expert

systems.

Grower Demographics. Selected demographic characieristcs about each grower were
collected in the following manner. Grower age was determined by asking the age of the
primary decision-maker of each operatdon. Growers were asked the number of vears that
they had been involved in farming. The level of formal education of each grower was
ascertained by asking growers 1o respond 1o a six point nominal scale ranging from "some
high school (or less)" 1o post graduate study. Growers were asked to rank their previous

experience with computers as "none," "very little," "some," or "extensive."
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Farm/orchard Stuctural Characteristics, Data was also collected on the structural
characteristcs of each operadon. Growers were asked the total number of acres which they
farmed, as well as the total number of acres planted in apples. Growers were asked 10
report how many bushels of apples per acre they produced. Growers were asked a variety

of questions concerning their spray application and pest scouting practces.

Descripton of Questions Measuring Selected Grower Atitudes. According to the
Audirac and Beaulieu model there has been 100 much reliance on individual atitudes and
beliefs as indicators of the probability of adoption. A series of questions were asked of
growers that pertained to: 1) generalized issues of the environmental impacts of farming;
2) the health risks associated with pestcide use; 3) the impact of pestcides and other
purchased inputs used in apple producton on the environment; 4) the grower's opinions
about effectiveness of expert systems. In each series of questons, growers were
responding 1o a nominal scale that ranked their concern about or the relatve imporance of

each item (see Appendix 2).

The series of questions pertaining to farming and the environment consists of five
issues for which growers were asked to rank the importance. The five issues were: 1)
profitability in agriculture; 2) protecting water quality; 3) conserving soil from erosiorn; 4)
effects of pesticides on workers; and 5) drift of agricultural chemical sprays. For each
gueston the responses were assigned a score ranging from 0-4 for "not important” to

"very important.”

The series pertaining to the health risks associated with pesticide use asked the



growers to respond to the question, " Are you concerned that the use of agriculmral
chemicals pose a health risk?": 1) in the nation; 2) in Pennsylvania; 3) in your county; 4)
on your farm. For each question the responses were assigned a score ranging from 0-4,

"not at all concerned" to "very concerned.”

For the series pertaining to the impact of pesticides used in apple production on
the environment, growers were asked 1o respond to nine statements by ranking the degree
to which they either agreed or disagreed with it. For each question the Tesponses were
assigned a score ranging from 1-5 for "sfmong}y disagree” 1o "strongly agree." The
statements which the growers were asked 1o respond to are: 1) I am confident that
agricultural pestcides, if used as directed, are not a threat to the environment; 2) We
cannot be 100 careful when it comes to putting new pesticides on the marker; 3) Should
groundwater supplies become contaminated, I am confident scientists will develop ways to
purify them; 4) We already have 100 much regulation on the use of agricultural chemicals;
5) So linde pesticide residue ever enters the groundwater, it could never pose a health risk
for humans; 6) Instead of worrying about the effects of pesticides we should spend more
effort in solving other problems in farming; 7) Although some farmers could reduce
pesticide expenses by more precise applications, for me these savin gs probably would not
Justify the added time, cost, and effort; 8) Pollution control requirements have gone too
far; they already cost more than they are worth; 9) Protecting the environment is so
important that the requirements cannot be too high, and continuin ¢ improvements must be

made regardless of the cost.

The final series pertains to growers’ opinions about the effectiveness of expert
systems. Growers were asked the question, "From what you know now about expert
systems, if you were given the job of recruiting other farmers for participation in an Expen

Systems program, how would you rate the followin g selling points:" For each of the 13
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statements the responses were assigned a score ranging from 0-3 for "not important” to
"very important” or "no opinion." The statements which the growers were asked to resond
to are: 1) helps me select the best chemicals for the pest problem; 2) always available to
give a recommendation; 3) recommendarions are specific 1o my sitation; 4) the system is
easy to use; 5) the sysiem gives reliable recommendations based on the best informaton
available; 6) the system provides a range of aliernatives to any given problem; 7) helps
control yield and quality loss; 8) increases farm profits; 9) involves reduced use of
pestcides; 10) reduces environmental damage; 11) gives an unbiased opinion of pest
problems; 12) frees vou to use your management skills elsewhere; 13) reduces chances of

low yields and profits.

Methods of Dara Presentation

The darta collected from the growers is presented in several forms. First, the
growers will be described in terms of the demographic, structural, and attimdinal

characieristics outlined above. Next, the growers' expert svstem use patterns and practce

changes will be described. The variation in grower use will also be described.

Due to the smell, non-random sample and the experimental nature of this study,
sophisticated statistical tests would not be appropriate. The limited sample does not allow
for any multvariate analysis. Instead, the independent variables derived from the baseline
survey data will be related in a bivariate fashion with the depcndem-variables in order 10
describe who is us'mg the system and who is changing practices, in terms of
structural/demographic and attitudinal characterisdcs. While the sample size does not
provide a sufficient N to obtain significance using a simple Chi Square test even in bivariate

analysis, these relationships will generate descriptive relationships that can be examined 2s

indicators of who is likely to antempt 10 use the expert system and uldmately to adopt it



These relatdonships will provide the basis for a discussion of the validity of the access
component of the Audirac and Beaulieu model. Chi-Square will be reported where

significant
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Chapter 5

RESULTS OF THE STUDY

The material presented in this chapter is divided into rwo major sectons. The first
part of the chapter characterizes the growers in terms of their actual use of the system, their
practices change patterns, and general individual and farm background. The second section

reports the relatonships berween the use/practice data and the personal/farm data.
vstemn Use and Practice Change Characteristics of Growers

In this section I will present characteristics of actual grower system use and pracice
changes resulting from use of the system as documented and tabulated from the eight

periodic surveys.
General system useage patterns

‘The number of times and amount of time which the expert system is used are
important indicarors of adoption of the expert system. However, contrary to what the
model might predict the data do not show an adoption/nonadoption dichotomy, rather a
contnuum of varying levels of intensity of useage. Only 7.7% of the user/growers did not

use the expert system at all. Useage varied from less than once a2 month (19.2%) to four or

more times per month (23.1%).
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In Table 1 are displayed two measures of the frequency of use of the expent
system, the total number of times which individual growers accessed the system and the
total number of hours they used the system. Both measures are summanons of the data
from the eight one-month periods from which the study collected data. All 26 participants
are included in these measures. Table 2 displays two measures of the frequencies of

changes induced by use of the system.

The first measure, the number of times which the growers accessed the system,
represents the number of dmes which an individual grower actually murned on and used the
system, regardless of the duration of the session. This measure shows that 7.7% of the
growers did not use the system at all, 53.8% of the growers used the system less than two

times per month, and 23.1% used it four times or more each month.

The second measure in Table 1 represents the total number of hours which the
system was actually used by the growers. Again, 7.7% did not use the system at all,
42.3% of the growers utlized it for less than six hours, and 26.9% used it for more than

10 hours.

Total use of and total hours using the system varied a great deal by vear and time of

vear. Figure 1 shows the percentage of growers who accessed the system each month.

&

This variation is explained in two ways. The growers did not receive the system for use
untl late July 1988. A very high percentage of growers accessed the system during August
1988 (73.3%) because they were trying it for the first ime. Use of the system in August
1989 (31.8%), more accurately reflects the lower need for information a grower would
have just prior to harvest. The percentage of growers using the system falls precipitously

during October (34.8%) and November (10.3%) of 1988. During 1989 after having the

system 10 review throughout the winter months, system
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Table 1. ApplES EXPERT SYSTEMS USE CHARACTERISTICS OF
GROWERS

Syvstem Use Characteristics Percent of growers
) (n=26)

Total number of times systemn accessed by grower

0 7.7
1-9 19.2
10-15 34.6
16 - 29 15.4
30- 110 23.1

Total number of hours system used by growers

0 7.7
1-3 26.9
4-6 15.4
7-9 23.1
10-40 26.9

Table 2. ApplES EXPERT SYSTEMS ADOPTION CHARACTERISTICS
OF GROWERS

Production Practice Change Characteristic = Percent of growers
(n=23)

Number of times reporting some change in practices, per grower

0 34.8
1 21.7
2 26.1
3 17.4

Number of times system stimulated increased pest monitorin g, per grower

0 17.4
1 26.1
2 4.3
3 21.7
4 21.7
6 4.3
7 4.3
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Figure 1. Percentage of Growers Using the System Each Month

PERCENTAGE OF GROWERS USING EACH MONTH

Aug-88 Oct-88 Nov-88 Apr-89 May-89  Jun-89 Jul-89 Aug-89
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use was high in the spring months and gradually decreases as wase expected due 10 the
heavy IPM orientation of the expert systemn the higher need for IPM informaton in the

spring months.

Figufc 2 shows the varianion among all growers for average times accessed per
month. Figure 3 shows the average hours of use per month of growers who accessed the
system only. In both cases a similiar pantern of variation occurs as was described in the
preceding paragraph. Although Figure 2 does show a slight rend toward increasing
average system use, it is significant to note the opposite rend in average hours used as
shown in Figure 3. On the average growers are using the system fewer times but for
longer durations earlier in the growing season than later. This may be explained by the
differences in types of information needed at different points in the growing season.
Earlier in the season growers are more involved in planning and scheduling for the
season's work, requiring more intensive and in-depth use of information sources, whereas
during the summer months they are more involved in crop meaintenance and troubleshooting
and may be doing more of the "double-checking" of their own knowledge mendoned

above.

Discussions with user/growers revealed other variables effecting use of the system
which were not uncovered in the survey process. Because the expert system itself was in
an evolutionary state, with new modules being added to it throughout the course of the field
test, some growers remarked that they felt as though they had "fallen behind"” if they did
not dedicate what they perceived as significant ime to relearning the system each ime an
update was sent out to them. Consequently, their useage would drop off although the

reasons for this might not show up on the telephone surveys.



Figure 2. Average times Accessed Per Month: All Growers

AVERAGE TIMES ACCESSED PER MONTH:
ALL GROWERS

Times
accessed

Aug-88 Oct-88 -Nov-88 Apr-89 May-89 Jun-89 Jul-89 Aug-89
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Figure 3. Average Number of Hours Used Per Month: Users Only

AVERAGE NUMBER OF HOURS USED PER MONTH BY USERS

Aug-88 Oct-88 Nov-88 Apr-88 May-88 Jun-89 Jul-89 Aug-89
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As well, some growers with low rates of use indicated that they had never taken the
tme to really learn how to use the expen sysiem or their computer and had done little more
than occasionally skim through the program to see what it was like. This points most likely
1o inadequate levels of training on use of the system for some participants, partcularly for

those without a high degree of computer experience.

Another factor which became apparent in conversations during the second season
was a result of resource constraints beyond the scope of the project. Prior to the second
season far more progress was made in updatng the Macintosh version of the expert sysiem
than the IBM (DOS) version. Users of the IBM version soon complained of having
bscome more "advanced” than the system and their useage levels dropped until additonal

modules were incorporated.

Perhaps a more significant insight into usage patterns was gleaned from open ended
questons or comments during the telephone interviews. After the initial period of getting
acquainted with the system, two opposing patterns of use began to emerge based on
grower comments. One group of growers remarked that the system was 100 cumbersome
for quickly finding an answer or piece of information. Another group seemed to be
reporting that they were primarily using the system as a quick reference or decision
validaton regarding a specific problem. In both cases a fundamental lack of understandin g
of the depth and breadth of the capabilities of the system existed. These comments gave
more meaning to the adoption data being collected by the surveys and alerted the evaluators

to the need for more educational programming concomitant with the system updates.

The statistical measures cited above as well as the anecdotal evidence discussed,
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taken together, form one aspect of adoption, use of the innovation. While number of omes
accessed is an important variable because it shows how frequently the system is being
used, the actual amount of time spent using the system may be a more significant indicator
of adoption of the innovation. As noted, some growers reporied using the system
primarily as a quick validation of their own knowledge regarding a decision, thus these
growers would report a relatively high number of accesses and a low number of hours
used. Conversely, the growers reporting high numbers of hours using the system are

presumably more fully engaging the logic of the system in their decision-making process.

General Practice Change Characteristcs

The degree 10 which growers follow the recommendations presented by the expert
system is a second aspect of adoption. Table 2 displays two measures of the frequencies of
changes induced by use of the system: any change in growers' production practces; and
increased pest monitoring. Both measures are derived from the eight monthly surveys, but

include only the 23 commercial growers and none of the consultants.

The first measure is a sum of the number of times a grower indicated that use of the
expert system had stimulated some change in her/his production practces. Over the course
of the eight survey months, 65.2% of the growers indicated that they had changed standard
producton practices in some way during at least one month. Of these growers, 17.4%
indicated some change during three different months of the eight su;'ve)' months. A
significant number of the sample (65.2%) have engaged a new and untried technology and

have been stmulated to change production practices as a result. In most cases these

practice changes were reported as being some type of reducton in spraying of pesucides.

This type of change in practice occurred very little during the first year. Many
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growers indicated during conversations or on open ended survey quesdons that they were
not at a point where they trusted the system enough to cut back on pestcide application
rates. During the second year, more growers reported that they either were reducing spray
rates or not applying a spray at all in situadons where they normally would. Comments
from these growers indicated that they had achieved a better understanding of the expen
system's Jogic in muking recommendations and were more comfortable with the economic

thresholds which the system based its recommendations upon.

The second of the practice change characteristics displayved in Table 2 is a sum of
the number of times that a grower was stimulated by the expert system 1o go to her/his
orchard and scout for a pest (monitoring). Scoutng for pests is considered to be one of the
most significant activites encompassed in an IPM program (Rajotie, 1989). A large
majority of growers (82.6%) reported that the system samulated them to monitor their
orchard in addidon 1o what they would normally do at least once. 30.3% were stimulated
10 monitor four or more times. As the majority of pest monitoring occurs during April,
May, and June these numbers take on more significance when viewed as a subset of the
eight observations. As a measure of adoption of the system, pest monitoring, an integral
component of IPM was induced by the expert system in 2 significant percentage of

STOWeTs.

Conversations with grower/users indicate that this change in practce evolved
gradually at first but became much more frequent as grower/users develop trust in the
system. Some growers indicated that they were stimulated 1o scout for pests because the
system required that piece of informaton in order to make a recommendadon. However,
several growers remarked that the system helped them 1o better understand why scouting

for pests provided cridcal information for their decision-making process.
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The changes in practices discussed above were occurring as grower/users began 1o
substitute information for purchased inputs, in this case, pesticides. The substtution of
information for inputs was stimulated by the expert system, which enabled the grower/user to

rapidly collect, integrate and interpret the information with more confidence than previously.

Structural, Demographic, and Attitudinal Characteristics of Growers

Demographic Characteristics

As can be seen in Table 3, the sample of growers (these figures do not include the
three consultants) is an average age of 48, which is comparable 1o the average age of the
general Pennsylvania farm population, 49.8 (Sachs, 1982). However, 38.6% of the
growers in the sample are between 33 and 44 years of age. The sample is highly educated
relanve to farmers in Pennsylvania, with 78.9% having at least one college degree. The
average grower has been involved in agriculture for 27 vears, with 72.7% having 20 or
more years experience. The majority (63.1%) of growers have had at least some
experience working with computers prior to their involvment in this project, while more

than one-fourth (26.3) have had extensive experience.

Structural Characteristics

In Table 4 we can see the structural makeup of the apple orchards involved in the
project. The average farm size of the sample (381 acres) is over two and one-half imes
that of the average farm size for Pennsylvania (146 acres) (U.S. Dept. of Commerce,

1978) while 73.7% of the sample growers operate farms larger than the state average. In

terms of



Table 3. Selected Demographic Characteristics of Growers

Demographic Characteristics

Percent of growers
(n=19)

Age of the grower

33-44
45-54
55 & older
mean=4§ years

Educaton leve] attained by grower

less than college graduate
college graduate
post graduate study

Years grower involved in farming

9-19
20-29
30 & over
mean=26.9 years

Prior grower experience with computers

none
Iirtde
some
extensive
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Table 4. Selected Structural Characteristics of Apple Operations

Structural Characteristics Percent of growers
(n=19)

Toral acres in operaton

1-129 15.8
130 - 264 21.1
265 - 419 21.1
420 - 549 15.8
550-1000 26.3

mean =381 acres

Total apple acreage

1-39 15.8
40 - 49 10.5
50 - 89 31.6
90-299 15.8

300-600 26.3

mean=157 acres -
Type of farm ownership
single family 42.1

incorporation 57.9

Pesticide costs per acre (§)

25-129 25.0
130 - 169 18.8
170 - 249 25.0
250 - 400 31.2

mean=%$192/acre

Average apple yield per acre (bu.)

275 - 449 22.2
450 - 524 38.9
525 -1000 38.9

mean=520 bu./ acre



apple production the average orchard in the sample is 157 acres, while the average size
commerical orchard in the state is 42 acres (USDA/PDA, 1987). Here, 78.9% of the
growers in the sample operate orchards larger than the state average. These data suggest that

the farms in the sample are overwhelmingly large-scale operations relatve to Pennsylvania.

The average apple yield per acre produced by the growers is indicarive of
technological and production sophistcation associated with large-scale operations as well.
The average yield within the sample is 520 bushels per acre, while the state average is 460
bushels per acre. Only one-third of the growers in the sample reported producton less than

the state average, with one grower reporting a non-bearing orchard at present.

The average cost of pesticide application per acre was $192 per acre. While state
averages are not available, Pennsylvania tree fruit extension specialists esimated the
average cost 1o be approximately $200 per acre (Travis, 1989; Rajoute, 1989). A

'signiﬁcam dispariry exists among the sample growers with 25.0% spending less than $130
per acre on pesticides and 31.2% spending $250-400 per acre. This may be the result of

the different pest complexes and climatic zones found in different parts of the state.

The type of farm ownership most prevelant in the sample is incorporaton (57.9%),
as opposed to single family ownership. The incorporation category includes parmerships
and family corporations. In Pennsylvania, fully 90% of farms are owned by single farm
families (Sachs, 1982). The very high rate of incorporation among the sample would seem

to generally indicate large-scale, business firm oriented, farm organization among the

Distributions associated with all the structural characteristic variables indicate that

the growers in the sample are primarily large-scale, business oriented operations when
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compared with all farms and orchards in Pennsylvania. This is significant with regard 1o
the model proposed by Audirac and Beaulieu. Their theory holds that farms exhibidng
characteristcs of larger, more firm-oriented operations will be most likelv to adopt

microcomputer based technologies.

Grower Attinudinal Characteristics Toward Farming, Environment, Pesticides, Human

Health, and Expert Systems

Table 5 displays the grower scores derived from the attitudinal questons on the
baseline survey. For the group of questions concerned with the environmental impact of
farming, 42.1% scored the maximum of 20 while the average score was 17. A score of 15
indicates that a grower felt that each farming/environmental issue was at least "important.”
Fully 73.7% scored at least 15. From an ardmdinal standpoint, these data would indicate
that the majority of growers would be interested in exploring methods of reducing the

impact of farming on the environment such as offered by the ApplES expert system.

The group of questons concerned with the health effects of pestcide use has a
fairly even dismibution among the score categories as shown in Table 5. The maximum
score of 16 was reached by 36.8% of the growers. A score of 12 indicates that a grower
was at least "concerned” about each issue. 31.6% of the growers scored less than 12.
Slightly more than two-thirds of the growers (68.4%) are concerncq about pestcide use at
the farm and societal levels, implying an interest in methods of reducing pesticide

applications.

The group of questions pertaining to the environmental impact of pesticide use
measures the degree 1o which growers agree or disagree that pesticides are or are not

hazardous to the environment as well as whether they favor changes in policy and/or



pracuce to ameliorate negatve impacts. A score of 30 or more indicates at least general
support for reducing pesticide use and impacts. In Table 5 we see that a majority (52.6%)
scored between 30 and the maximum score of 45. However, 31.6% scored 25 or less,
indicatve of at least general disagreement with ihc idea that pestcide use has negative
impacts on the environment. Significant numbers of growers indicate a need to change
practices as well as public policy in order to reduce pestcide impacts on the environment.
However, a significant number also feel that there is little need to ﬁnplcmcm change in

pesticide use practices.

The fourth set of questions asked growers to rate specific characteristcs of expert
systerﬁs technologies as not important, important, very important, or no opinion. Of a
possible 39 only 15.8% scored 30 or more. 15.8% of the growers scored 20 or less,
indicating a definite lack of familiarity with expert systems of more than one-third of the
sample. This was expected as the survey was administered prior to most growers having

used the system.
Relationships of Democraphic. Stuctural. and Atdtudinal Variables to Dependent Variables

This section will discuss the results of the bivariate analysis of the selected
demographic, structural, and attitudinal variables with the two dependent variables of
adopton, "actal system use" and "change in production pracdces.” Tables 6-18 are
constructed such that each of the four dependent variables are tabulated with a single
independent variable in one table. In each case for "Total Times Accessed" growers who
have accessed the system less than an average of two imes per month or a total of less than

16 times will be classified as "low" users and those accessing 16 total imes or more will be

classified as "high" users. Similiarly, for "Total Hours Used," less than an average of one



Table 5. Selected Attitudinal Characteristics of Growers
Attitudinal Characteristics Percent of growers
(n=19)

Environmental impact of farming

score
11-15 31.6
16-19 26.3
20 42.1

possible range 9-20
mean=17

Health risk of pesticide use in agriculture

score
4-11 31.6
12-14 31.6
15-16 36.8
possible range 4-16
mean=12

Environmental impact of pesticide use

score
18-25 31.6
26-29 15.8
30- 45 52.6
possible range 9-45
mean=28
Attitude toward expert systems
score
0-20 15.9
21-30 68.2
31-39 15.9

possible range 0-39
mean=25
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hour per month or a total of less than eight hours is classified as "low" use and eight or
more hours as “high" use. These rwo variables will be referred to collectively as Use in

this section.

In each table the variable "Change in Practices” represents a summed score which is
classified 0-1 as "low" change and 2 or more classified as "high" change; and the variable
"Closer Monitoring" represents a summed score which is classified 0-2 as "low"
monitoring and 3 or more as "high" monitoring. These two variables will be referred 10

collectvely as Change in this section.
Demographic Variables

As seen in Table 6, the age of the grower is related differently to Use than it is to
Change. The age categories were created with the mean age (48) serving as the division
point. This closely approximates the average farmer age in Pennsylvania (49.3). Although
the majority of both young and older growers are in the low use category for both "total
times accessed" and "total hours used," older growers are more likely to be high users than
younger growers for both use categories. The difference is slight in "total times accessed”
(40.0-44.4%) and much more pronounced in "toral hours used" (20.0-44.4%). These
relationships are reversed in Change with younger growers much more likely to score
higher than older in both "change in practices” (50.0-33.3%) and "closer monitoring"

(70.0-44.4%).
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Table 6. AGE OF GROWER
Total Times Accessed Total Hours Used
Low High Low High
33-48 60.0 40.0 80.0 20.0
Age of
grower
49 + 55.6 44.4 55.6 44 .4
N=19 N=19
Change in Practices Closer Monitoring
Low High Low High
33-48 50.0 50.0 30.0 70.0
Age
grower
49+ 66.7 333 55.6 44 4
N=19 N=19




66

The number of years which an apple grower has been involved in farming is related
to age and may be indicadve of many things including the physical matrity of her/his
orchard, scale of opéran'on, age, net worth, and resistance to changing pracuces. As
shown in Table 7, this variable seems to be unrelared 10 Use but appears 1o have some
relatonship to Change. Growers with 20 or more years experience are somewhat more
likely to be high users with regard 1o "1otal times accessed” (46.1- 33.3%) but slightly less
likely with regard to "total hours used" (30.8-33.3%). More importantly, both categories
of experience are more likely to be low users in both Use categories. The situaton is quite
different in Change. While less experienced growers score somewhat higher in "change in
practices” (50.0-38.5%), they score significantly higher in "closer monitoring” than do

more experienced growers (83.3-46.1%) (significant at the .15 level).

Educatdonal level is thought 1o be a very imporiant variable in predicting adoption of
agriculrural technologies. This is even more the case with computer based technologies. While the
present sample as a whole has a high degree of education (79% college graduates) there appears to
be little relatonship between educational level attained and three of the dependent variables, as can
be seen in Table 8. With regard to "total dmes accessed,” growers without college degrees are
somewhat more likely 1o be high users (50-40%). However, with regard to "total hours used"
100% of the non-college graduates are low users, while 40% of the college graduates remain high

users. As mentioned previously, the number of times accessed is an important variable in that it



Table 7.

Years in
farming
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YEARS GROWER INVOLVED IN FARMING

Total Times Accessed Total Hours Used
Low High Low High
less than 20 years 66.7 333 66.7 33.3
more than 20 years 53.9 46.1 69.2 30.8
N=19 N=19
Change in Practces Closer Monitoring *
Low High Low High
less than 20 years 50.0 50.0 16.7 g3.3
more than 20 years 61.5 38.5 53.9 46.1
N=19 N=19
*p<.15
**p<.10

***p<.05
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Table 8. EDUCATION LEVEL ATTAINED BY GROWER
Total Times Accessed Total Hours Used*
Low High Low High
less than 50.0 50.0 100.0 0.0
college graduate
Educaton
level
college graduate + 60.0 40.0 60.0 40.0
N=19 N=19
Change in Practices Closer Monitoring
Low High Low High
less than 50.0 50.0 50.0 50.0
coliege graduate '
Education ‘
level '
college graduate + 60.0 40.0 40.0 60.0
N=19 - " N=19
*p<.15
**p<.10

%% p < .05
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shows how frequently the system is being used. However, the actual amount of time spent
using the system may be a more significant indicator of adopton of the innovaton. Some
growers reported using the system primarily as a quick validaton of their own knowledge
regarding a decision, hence a reladvely high number of accesses and a low number of
hours used. On the other hand, the growers reportng high numbers of hours using the
system are presumably more fully engaging the system even with lower rates of total tmes

accessed.

Among Change very little difference appears to exist between college graduates and
non-college graduates. In "change in practices” 50% of the non-college graduates score
high, while 40% of college graduates do. In "closer monitoring" more college graduates
score high than do non-college graduates (60-50%). With the excepton of "total hours
used,"” this difference may be unrelaied 1o Use and Change. This relationship was found to

be statistcally significant at the .15 level.

Previous experience using computers on the part of the grower is thought to be 2
very significant variable in terms of predicting adoption of a computer based technology
such as expert systems (Audirac and Beaulien, 1986). This variable is also likely related to
education since those with higher levels of education are more likely to have been exposed
1o computers. Table 9 bears this theory out somewhat. Across all four dependent variables
growers in the little or no previous computer experience category are overwhelmingly low
users, 71.4% in each case. Atleast 50% of the growers in the higher computer experience
category ranked high in all but "total hours used” (33.3%). The most significant difference

between the experience categories occurs in "closer monitoring" where 71.4% of the low
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computer expenence growers score low and 75.0% of the high computer experience

growers score high. This relationship was found to be significant at the .05 level.

For the selecied demographic variables it is in general the case that the vounger,
lesser educated, least experienced farmers, and least experienced computer operators are
lower users of the expert system in terms of both "total imes accessed" and "total hours
used." It must also be pointed out, however, that in none of these relatdonships are there
more high users than low users. The situaton is reversed when the Change variables are
considered. With the exception of previous computer use it is precisely the younger, lesser
educated, and least experienced growers which score higher in each "change in pracdces”
and "closer monitoring” relationship. As well, high scorers are a majority in over half of

these Change relatonships.

The age and education compositon of the group may potentially provide an
explanaton for high system use parterns that exist as younger people with higher levels of
educaton are more likely 1o be associated with higher degrees of computer experience. The
ability to effectively utilize microcomputers is a requisite condition of access 1o this
technology. To this erd, the high level of computer expertise within the sample may also

be significant in explaining system use variation among growers.

Smucrural Variables

Total acreage and total apple acreage are important theoretical variables in that size is

a indicator of the scale of an operation. Larger size and thus larger scale are often



Table 9.

Previous
computer
experience

Previous
computer
experience

PREVIOUS COMPUTER EXPERIENCE OF GROWER
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Total Times Accessed Total Hours Used
Low High Low High
little to none 71.4 28.6 71.4 28.6
some 10 extensive 50.0 50.0 66.7 33.3
N=19 N=19
Change in Pracices Closer Monitoring ***
Low High Low High
little to none 71.4 28.6 71.4 28.6
some 10 extensive 50.0 50.0 25.0 75.0
N=19 N=19
*p<.15
**p<.10

¥*¥ p<.05




associated with more sophisticated production technologies, higher productvity, higher
income, higher educanon levels, etc. Table 10 shows the reladonships between the total
acres of an operation and the dependent variables. Table 11 shows the relatonships
berween the total apple acres of an operation and the dependent variables. These acreage
variables are considered separately because for some larger growers, apple production may
not be the primary crop grown. Growers whose main crop is apples may differ in terms of

Use and Change than growers for whom apples are one of many crops.

However, Tables 10 and 11 are being discussed together because the relatonships
between the dependent variables and the small and large acreage categories are almost
identical for both tables. In every case for both tables growers with smaller farms and with
smaller apple acreages rank higher than larger growers with respect 1o Use and Change. In
terms of "total time accessed," the differences are small (44.4-40.0% and 45.4-37.5%). In
all "rotal hours used,” "change in practces,"” and "closer monitoring” relationships the
differences are much more pronounced, with roughly 30% separating small growers from

large growers in each case.

In Table 10 the relationships between total acres and “change in practices"” and total
acres and "closer monitoring” are both significant at the .10 level. In Table 11 significance
.occurs at the .15 level for total apple acres and "total hours used" and total apple acres and

"closer monitoring."



Table 10.

Total
acres

Total
acres
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TOTAL ACRES IN PRODUCTION

Total Times Accessed Total Hours Used
Low High Low High
1-270 55.6 44.4 55.6 44 .4
271 -1000 60.0 40.0 80.0 20.0
N=19 N=19
Change in Pracdces ** Closer Monitoring **
Low High Low High
1-270 33.3 66.7 222 77.8
271 - 1000 80.0 20.0 60.0 40.0
N=19 N=19
p<.15
*p<.10

*x% D < 05
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Table 11. TOTAL APPLE ACRES IN PRODUCTION
Total Times Accessed Total Hours Used *
Low High Low High
1-75 54.6 45.4 54.6 45.4
Toral
apple
acres 76 - 600 62.5 37.5 87.5 12.5
N=19 N=19
Change in Practces Closer Monitoring *
Low ‘High Low High
1-75 45.4 54.6 27.3 72.7
Total
apple
acres
76 - 600 75.0 25.0 62.5 37.5
N=19 N=19
*p<.15
**p<.10

*** p <.05
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While these results were not expected based on the model, a feasible explanation -
does exist. The larger growers clearly have more acres to manage and may be more
diversified in terms of number of different crops, in both cases Iirm&ng dme for actually
using an expert system, particularly one devoted 10 one crop. It is also the case that larger
apple growers are less flexible in their spray schedules due 1o the number of acres which
they must cover. It might also be presumed that larger size is an indication of a grower's
success as a production manager, which may indicate resistance to changing successful
practices. As well, smaller growers focussing on apples as their main crop may have more

of a vested interest in becoming as efficient and productive as possible on that one crop.

No distnct patierns are found for type of farm ownership as shown in Table 12. A
grower running an incorporated operation is somewhat more likely to be a higher user with
regard to "total imes accessed" than a single family operator (45.4-37.5%). However, 2
greater percentage of single family operators are higher users (50.0%) in terms of "total
hours used" and are significantly higher users than incorporations (18.2%) (significant at
the .15 level). The single family operator is more likely to change practices in "change in
practices” (50.0-36.4%) and is also more likely to be stimulated to "closer monitoring”

(62.5-54.6%).

Interestngly, high users are a minority for both ownership categories in "change in

"

practices," but high users are a majority for both in "closer monitoring." In general, it
would appear that single family operators are somewhat higher users than incorporated

operators, and more likely to make changes in practices.
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Table 12. TYPE OF FARM OWNERSHIP
Total Times Accessed Total Hours Used *
Low High Low High
single family 62.5 37.5- 50.0 50.0
Type of
ownership
incorporanon 54.6 45.4 81.8 18.2
N=19 N=19
Change in Practces Closer Monitoring
Low "High Low High
single family 50.0 50.0 37.5 62.5
Type of
ownership
incorporaton 63.6 36.4 45.4 54.6
N=19 N=19

¥*p<.15
¥*p<.10
**% pn <.05
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Table 13 looks at the average dollar amounts spent on pesucide applications per
acre. This variable attempts to categorize a grower's disposition 1o spraying pesticides.
Growers in the lower category may be more technically efficient in their spray applications
or they may be personally disposed towards using less chemicals or are more willin g1
risk damaged fruit In either case these growers may be more likely to use a technology
which reduces pesticide inputs. Growers in the high category may be less efficient or less
concerned about excessive chemical use. They may be, however, more willin g o change

pracuces if viable alternatives are offered.

As may be seen in Table 13 neither category of grower is exceptionally disposed to
high use of the expert system. With regard 1o "total time accessed," growers spraying less
are much more likely 1o be high users (50.0-16.7%), but are somewhat less likely in terms
of "total hours used” (20.0-33.3%). There is no difference berwesn low spray and high
spray growers with regard 1o "change in practices” (50.0%), while high spray growers are
a lirtle more likely to be simulated 1o "closer monitoring" (66.7-60.0%). For both
categories of growers the expert systems appears to have more impact on Chan ge, with a
majority of low spray and high spray growers indicatin g some changes. A lower N was

obtained due to a lack of appropriate records on the part of three growers.

Yield data can give some indication of the level of efficiency.and technological
sophistication employed by a grower on her/his operation. Growers obtaining higher
average yields are more likely to be using the most up-to-date production techniques and
may be more likely to use the expert system. This theory is somewhat upheld by the
results in Table 14. In terms of Use, high-yielding growers are higher users, slightly so in
"total times accessed" (42.9-36.4%) and more pronouncedly in "total hours used" (42.9-

18.2%). High-vielding growers are décidedly less likely to change practices (45.4-
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28.6%), but are slightly more likely 1o be stimulated to "closer monitoring” (57.1-54.6%).
The fact that high-yielding growers are higher on all counts but "change in practces” is not
necessarily inconsistent. The fact that high-yielding growers are higher users indicates that
they perceive some value in using the system. However, as measured by their high>yiel‘ds,
they are presently successful managers of their operations and may thus be less likely to
need or want to change practces. It appears that these growers do recognise a value for
their operaton in additional pest scouting. The lower N in this table is atributed to one

grower wishing not to report her or his yield data.

In general, for the selected structural variables, it is the growers whose operadons
tend to not be the higher, more "firm-oriented” levels of smucture who are using the system
and changing production practices. This is most surprisingly the case in terms of total
acreages, however aliernative explanatons for this have been discussed. Perhaps as
surprising is the type of farm ownership, where incorporation would be expected to 1end
more toward a business firm orientation and adopton of expert systems, as discussed in
the model. Only the results for the yield data occurred as expected, however, it is not

known how high vield relates 1o other smuctural characterisics.

A relatvely high level of farming experience among the group also exists, with over
half (52.6%) having more than 30 years of farm experience. This may translate into
resistance to adoption of the technology in the Change categories as many growers may be
reluctant to alter a successful production system which they have developed over their
entire farming lifetime. It may also point to a relative inflexibility of decision-making on
the part of the larger growers due to their size, which may signify that the technology is

most suited for smaller growers, at least with regard to apple production.
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Table 13. AVERAGE PESTICIDE COSTS PER ACRE
Total Times Accessed Total Hours Used
Low High Low High
Less than $200 50.0 50.0 80.0 20.0
per acre
Avg.pesticide
cost/acre
More than $200 83.3 16.7 66.7 33.3
per acre
N=16 N=16
Change in Practces Closer Monitoring
Low High Low High
Less than $200 50.0 50.0 40.0 60.0
per acre
Avg.pesncide
cost /acre
More than $200 50.0 50.0 33.3 66.7
er acre

N=16

N=16




Table 14.

Average
per acre
(in bu.)

Average
per acre
(in bu.)
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AVERAGE YIELD PER ACRE IN BUSHELS

Total Times Accessed Total Hours Used

Low High Low High

275-520 63.6 36.4 81.8 18.2

521-1000 57.1 42.9 57.1 42.9
N=18 N=18

Change in Practices Closer Monitoring

Low High Low High

275 - 520 54.6 45.4 454 54.6

521-1000 71.4 28.6 429 57.1
N=18 N=18
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Amindinal Variables

The variable "Grower attitudes toward the impact of farming on the environment" is
represented by a summated score from a series of questons which attemnpt to discern the
level of importance each grower places on protecting various aspects of the environment
from detrimental farming activities. Growers with low concern would be expected to rank
lower in use than growers with high concern. As may be seen in Table 15, this is the case
with regard to both "total times accessed” and "1otal hours used” where only 22.2% of
growers with low concern are high users. Growers with high concem are much more
likely to be high users with 60.0% in "total times accessed"” and 40.0% in "total hours

used.” A significant relationship at the .10 level exists for "total imes accessed.”

With regard to Change, atdrude is less clearly related. Growers with low concern
are Jess likely 1o change their practces (50.0 -33.3%) but more likely to be stimulared 10
monitor more closely (66.7-50.0%) than are growers with high concern. However,
growers with high concern are equally likely to be low or high with regard 1o both "change

in practces” and "closer monitoring."

In general, it does not appear that this artitudinal variable serves as a good indicator
of expert system adoption. Growers with high concern are higher in terms of the two Use
categories and in one of the Change categories. However, there is little consistency of Use

and Change within grower categories.

The variable "Grower atitudes toward health risk of agricultural chemical use” as
shown in Table 16 provides slightly more consistency with regard to those growers who
exhibit low concern, but their relation to growers with high concern changes both in Use

and Change. In terms of "total times accessed” low concern growers are much less likely



Table 15. GROWER ATTITUDES TOWARD IMPACT OF
' FARMING ON THE ENVIRONMENT
Total Times Accessed ** Total Hours Used
Low High Low High
low concemn 77.8 222 77.8 22.2
(10-17)
Atirude
score
high concemn 40.0 60.0 60.0 40.0
(18 - 20)
N=19 N=19
Change in Practces Closer Monitoring
Low High Low High
low concemn 66.7 33.3 33.3 66.7
(10-17)
Animnde
score
high concem 50.0 50.0 50.0 50.0
(18 - 20)
N=19 N=19
*p<.15
**p<.10

*¥%k p < .05
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to be high users than growers with high concern (50.0-33.3%). However, in terms of
"total hours used” those with low concern are slightly more likely to be high users (33.3-
30.0%). However, in "change in practices" low concern growers are much more likely to
change practices (55.6-30.0%) than high concern growers, but slightly less likely to be

"

stimulated to "closer monitoring.

As with the previous attitudinal variable, it does not appear that "artitudes toward
health risk" serves as 2 good indicator of expert system adoption as the relatonships are not

clearly discernible.

Knowing a grower's aritude about the impact of pesticides on the environment
might reveal something about how or why that grower uses the expert system. A grower
with little concern that pestcides harm the environment might be oriented toward using the
expert system only as an economic 100}, 1o reduce inputs only when s/he perceives the
ability to save money. On the other hand, a grower with high concern might be more
interested in using the system for a variety of reasons. As may be seen in Table 17, the
variable "Grower attitudes towards impact of pesticides on the environment” does not

differentiate between high and low grower Use or Change particularly well.

With regard to "total times accessed,” Jow concern growers are clearly less likely to
use the expert system than are high concern growers (58.3-14.3%). However, in the other
Use category, "total hours used," there is only a slight difference between the two
categories of growers, with high concern growers more likely to use the system (33.3-
28.6%). In terms of Change, the patterns reverse. In "change in practices” there is
virtually no difference berween the two growers. Low concern growers rank 42.9% and
high concern growers rank 41.7%. In "closer monitoring” low concern growers are much

more likely to be stmulated 1 closer monitoring (71.4-50.0%). It should be noted that the



Table 16.

Aminude
score

Attitnde
score
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GROWER ATTITUDES TOWARD HEALTH RISK OF

Total Times Accessed

AGRICULTURAL CHEMICAL USE

Total Hours Used
Low High Low High
low concern 66.7 33.3 66.7 33.3
(4-12)
high concemn 50.0 50.0 70.0 30.0
(13-16)
N=19 N=19
Change in Pracices Closer Monitoring
Low High Low High
low concern 44 4 55.6 44 .4 55.6
4-12)
high concern 70.0 30.0 40.0 60.0
(13-16)
N=19 N=19




Table 17.

Amitude
score

Anirmude
score

GROWER ATTITUDES TOWARDS IMPACT OF

PESTICIDES ON THE ENVIRONMENT
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*¥% p <.05

Toral Times Accessed ** Total Hours Used
Low High Low High
low concemn 85.7 14.3 71.4 28.6
9 - 26)
high concern 41.7 58.3 66.7 33.3
(27 - 45)
N=19 N=19
Change in Practices Closer Monitoring
Low High Low High
low concem 57.1 42.9 28.6 71.4
9 - 26)
high concern 58.3 41.7 50.0 50.0
(27 - 45)
N=19 N=19
¥p<.15
**p<.10
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only relationship with statistcal significance is "total times accessed" (at the .10 level),

which is also the only relationship which produced expecied results.

Familiarity with the capabilides of expert systems would likely increase a grower's
confidence in the systems ability 1o provide significant help to her/him in the operation of
her/his orchard. Differentiatng between growers opinions indicating low or high
confidence in the capabilites of expert systems may enable some prediction about useage
parnerns and changes in production. Growers with high confidence would be expected 10
be higher users. As Table 18 shows, this theory may not hold. In each case, growers with

a Jower confidence rating use the system more or change practices more.

With regard to Use, the differences are slight. In "total times accessed" low
confidence growers are 4.4% more likely (44.4-40.0%) and in "total hours used" they are
3.3% more likely (33.3-30.0%). With regard 1o Change, lower confidence STOWETS are
only slightly more likely to have "change in practices” (44.4-40.0%) and much more likely

to be stimulated to "closer monitoring" (66.7-50.0%).

In general, the atindinal variables analyzed do not appear to offer reliably
consistent relationships with which predictions of Use and Change may be confidently
made. Attitudés and beliefs abount thé environment, health risks associated with pesticides,
agrichemical pollution, and expert systems, that are conceptually related to the capabilities
and intentons of the ApplES do not seem to differentiate berween who uses the system or

changes practices because of that use very consistently.



Table 18.

Aumde
score

Atimde
score
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GROWER ATTITUDES TOWARD

EXPERT SYSTEMS

Total Times Accessed Total Hours Used
Low High Low High
low confidence 55.6 44 .4 66.7 33.3
(0 - 25)
high confidence 60.0 40.0 70.0 30.0
(26 - 39)
N=19 N=19
Change in Practces Closer Monitoring
Low High Low High
low confidence 55.6 44.4 33.3 66.7
(0-25)
high confidence 60.0 40.0 50.0 50.0
(26 -39)
N=19 N=19
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Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

Conclusions .

This research has looked at an ongoing pilot field test of an expert system known as
AppIES in order to explore which apple growers will adopt and use this technology and
with what consequences for the genereation of more sustainable production systems
through reduction in pesticide use. By allowing more efficient and rapid data management
and scenario sorting, the expert system enabled some farmers to more readily adopt IPM-

oriented practices which reduce dependence upon pesticides.

This study has sought to answer several questions surrounding the diffusion and
adopton of this technology: Which farmers will be inclined to adopt such a technology?
which farmers will be able to effectively adopt this computer based technology? What
structural, demographic, or addititonal factors may be related 1o effective adoption of the
technology? What actual impact would widespread adoption have on the implementation of

IPM programs which may result in pesticide use reduction?

According to Audirac and Beaulieu, the access conditions of a given technology are
important variables to consider in the process of diffusion. These access conditions result
from (1) research and development of technological innovations, (2) the intrinsic

characteristics of the technology, and (3) the distributional characteristics of the innovation.
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Consequently they feel that the characteristics of a farming operation as business firm
provide more reliable indicators of microcomputer adoption. Potential adopters are more
likely to respond to these access conditions than to personal characteristics, attitudes, or
beliefs. Audirac and Beaulieu hypothesize that, since diffusion is a structural process,
adopters will be those people whose structural and related demographic characteristcs

mesh with the access conditions inherent to the technology.

This study created variables from survey data that best represented 1) the kinds of
structural/demographic characteristics most associated with the access conditions of the
microcomputer-based technology, ApplES; and 2) the grower atitudes and beliefs most
relevant 1o qualities inherent to ApplES. These variables were then analyzed with
dependent variables representing adoption of the system (svstem use and practce change)

in order to test the Audirac and Beaulieu hypothesis.

Extending from the model proposed by Audirac and Beaulieu we would expect that
the adopters of the ApplES expert system, as measured by this study, would be the
growers with more education, more farm experience, more experience with computers,
who operated larger farms, with operations incorporated as a business firm, and who were

managing inputs and generating outputs most efficiently.

The results of this smdy do not conclusively support the model as constructed by
Audirac and Beaulien. This study found a plurality of relanonships, some of which
support the model, some of which do not. In general, among demographic characteristics
as they were related to both Use variables, the strucrural variable "vield," and all ardrudinal

variables, the results would support the predictive orientation of the model.

With respect to the demographic variables, the older, better educated, more
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experienced growers and computer operators were the higher users. This is consistent with
the model as these personal traits are related 1o the access conditons of this particular
technology. Growers producing the highest yields were also high users as well as more
likely to be stimulated to closer monitoring. However, reladonships across the Change
variables of the demographic characieristics generally found that the vounger, less
educated, least experienced growers were changing practices and monitoring more closely
as a result of using the system. Similar results were obtained from the smuctural variables,
where growers whose operatons were less "firm-oriented” in structure were the higher

users as well as the most likely to change practces.

While these are important departures from the model, there may be external reasons
influencing the results which need to be considered and incorporated into the model. With
reference to the demographics, growers with lower age, educaton, experience are in fact
using the system less but changing practces more. It may be that even though these
growers' use is less, the impact on those who do use it is greater. Changes suggested or
stumulated by the system may be more readily accepted by growers who are stll learning
and evolving as apple production managers, 2s compared to their counterparts in the study.
More experienced, bener educated growers, and presumably more successful, may be

understandably more reluctant to make changes in their production systems.

Similar possibilides exist for the structural variables. With respect to the Use
variable, as was noted earlier, the larger growers have more acres to manage and may be
more diversified, in both cases limiting tme for actually using an expert system,
particularly for one crop. It might also be the case that larger, more "firm-oriented”
growers have less flexibility or perceived need to make the same incremental changes
which smaller growers are able to make. It might also be presumed that larger size is an

indication of a grower's success as a production manager, which again, may indicate
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resistance to changing successful practices. As well, smaller apple growers may have more
need for becoming the most efficient apple producer possible, as proportonately more of

their income depends upon the yield per acre.

The results of analysis of the anitudinal variables generally support Audirac and
Beaulieu's position that personal, behavioral, and amirudinal orientations are not reliable
indicators of agricultural microcomputer technology adoption. In general, the amimdinal
variables analyzed did not show consistently reliable rclationships between atdtudes toward
the environment, pesticide use, or health issues and Use or Change. Adoption of the
system does not appear 1o be related to 2 growers atirudes about environmental or health

issues, or pesticide use.

While the results of this study do not reveal adequate evidence 1o vigorously
support the Audirac and Beaulieu thesis, they do indicate that the model] is developing in the
appropriate direction and that the need for further refinement and conceptualizaton is
warranted. While it would be well, in the interpretation of these results, to keep in mind
the experimental nature of the study and the small sample size, it would appear that the
model stands justifiably on its claim to dismiss attitudes as indicators of adopton. The
results surrounding the relationship berween the demographic variables and Use may
indicate some validity to the model.

Given the experimental nature of the present research, the relatively uncxémincd
phenomena of microcomputers in agriculture from a long-term sociological perspective,
and that the present findings are at least partially congruent with the Audirac and Beaulieu
model, I feel that it is reasonable 1o conclude that this model should be given further
consideration in future diffusion research. This is underscored by the fact that a review of

the research found no evidence of other agriculture-oriented expert systems ever having



been field tested, making comparative analysis impossible.

Evidence from the this study does suppon the Audirac and Beaulieu thesis that the
access conditons of a technology need 1o be condsidered in the diffusion process. Those
access conditions of the expert system derived from its technological development as well
as its intrinsic characteristcs are important variables in the diffusion process. In parncular,

two characteristics seem noteworthy based on the results of this study.

The ApplES expert system is foremost an information technology. While it
contains database production informaton, it also requires the input of reliable, site-specific
informaton in order to formulate decision support recommendations for the user. The
information needed as well as the resultant recommendations require the apple producer 10
form questions and to look at problems in a different manner than have previous
informaton delivery systems used in apple producton. That this transiton will not occur
automatcally is reflected by the fact that the test group exhibited varying levels of use and
that almost none of the changes in practices occurred until growers had sufficient ime to
delvelop an understanding of the system's logic. Some growers indicated that they still do
not "mrust” the system to make decisions for them. This would appear to be one case where
the access conditions are likely to not be met by the farming operation, thus inhibiting
adopron. The exper system is an information technology that is intrinsically different than
most information technologies previously utlized by apple producers. The kinds of
practical and educational experience a grower/user has may effect how well the system is

understood and thus, adopted.

Secondly, the expert system is a technology inherently connnected to
microcomputers. In order for a grower to make use of the decision suppornt capabilities of

AppIES they must: a) have access to a microcomputer capable of ranning the sysiem; b) be
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able to operate the computer proficiently. While the ApplES program was designed and
developed to be used by people with little or no computer experience, results of the srudy
indicate that growers with the least amounts of computer experience also had the lowest
rates of system use. This would appear to be another good example of the access
conditons of the technology not being met by the farming operaton. The technology is
inherently computer-based and a farming operation must have access to a computer and a

person who can operate it before the technology will be adopted.

By substituting information for inputs the ApplES expert system has the potential to
contribute to the generation of more sustainable apple production systems in the Northeast.
This can occur through the introduction of more informaton intensive, IPM oriented
pracrices into the production system. This study has provided some preliminary evidence
that changes in usual producton practices occur as grower/users substirute informarion for
purchased inputs, in this case, pesticides. It was also demonstrated that the substmton of
informadon for inputs was stimulated by the expert system, which enabled the grower/user

to rapidly collect, integrate and interpret the informaton.

However, based on other evidence produced by the study, it appears that the
potential for sustainable agriculture which this technology holds will be diminished without
some attentdon to better linking the access conditons of the technology to the farming
operaton. This conclusion raises a host of questions needing further exploration

concerning the potential of expert systems as a tool for sustainable agriculrure.

First, do the unique access conditions inherent in this information technology
present insurmontable barriers 1o the widespread adoption of the technology, thus limiring
its usefulness as a tool for sustainable agriculture? Or will educational programs

implemented with the general introducdon of this technology serve 1o maich the access
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conditons with the general apple producing operation?

A concern is here raised as to who will be able to adopt this technology and the
purposes for which it will be used? Will only larger scale operations be able to afford the
hardware necessary to operate the expert system? If so, what impact would this have on
the structure of the apple industry, partcularly, would it increase concentration and
encourage expansion of operatons? If the technology proved 1o be readily accessible to all

scales of operations, what advaniages might it generate for smaller producers?

Further artculaton of the reladonship between adoption and and scale needs to
occur. The use patierns of large scale users pointed out by this study are significant in the
context of how the expert systemn will be primarily utdlized. What ramificadons will these
use patterns have for sustainable agriculture? Will the expert system be viewed merely as
an elecronic version of printed production guides and utilized primarily as an economic

consultant?

Lastly, if the widespread adoption of expert systems occurs how will it alter
existing information delivery systems? Will expert systems replace tradidonal forms of
extension publications, consultants, or the grower's own knowledge altogether or will use
of these various sources become more closely integrated? What will be the consequences

10 the structure of agriculure for either scenario?

Based on the evidence provided by this study, without additional attendon to the
areas of concern outlined above, expert systems for agriculture will not reach its potendal
as an effecﬁve 100l for sustainable agriculture. Without new educational programs aimed
at basic computer use and at the wransiton to information driven, whole farm systems

decision-making, expert systems will likely be used sporadically throughout the farming
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population, and then primarily as an economic consultant, rather than as the integrated,

systems oriented tool as it was intended.

Recommendadons

Although few expected relationships were obtained with respect to the souctural
variables in particular, the results, coupled with aliernative explanations posed do indicate
that further work in this direction may be fruitful. It may be necessary to modify the model
for some agricultural microcomputer technologies, partcularly commodirty specific
technologies such as ApplES. Perhaps further conceptual clariry and definition of what are
the most appropriate structural variables for analysis, at what levels, and for which
commodities/technologies, rather than discussing "structural variables” in a homogeneous

fashion would elicit the results intended by Audirac and Beaulieu's model.

The results from this research seem 1o indicate that there may be additional
consideratons that must be taken into account. For instance, even though a grower and
her/his operation may have structural/demographic characteristics which match the access
conditions of a given technology, it is possible that precisely these characteristcs will be
limiting factors of adoption, when viewed from the broad parameters of the existing model.
The results of this study suggest this with regard 1o apple producton. For instance, the
model would predict that larger scale operations, with more characteristics of a business
firm, would be more likely to adopt the technology. However, the study revealed some
evidence that larger growers may not have the flexibility to implement the recommendations
of the expert system on 2 regular basis. This may or may not be an issue with regard to
corn or vegetable producton. More inquiry is necessary on this point as well as others

which may prove to be exceptions to the model. In the furure it may be necessary 1o take
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the generalized model and modify it for specific commodites once the particular
producdon, structural, and demographic characteristics unique to that commodiry have been
identified and understood. In this way rather than being, a generalized conceprualization
for what constitute access condidons to microcomputer based information technologies, the

access conditons would become specific to the crop and type of producton system.

The results of this study also seem to indicate that, with regard to the ApplES expert
system, some work will need 10 be done at the first stage of the diffusion process outlined
by Audirac and Beaulieu if ApplES is 1o become an effective tool for sustainable
agriculture. This first stage concerns the set of actvities which provide for the
"...c;tablishrncnt of diffusion agencies or a nerwork of outlets from which the innovation is

distributed to potendal adoprers" (Audirac and Beaulieu, 1986:63).

In the present case, it is planned that this diffusion network will be the madidonal
cooperatve extension service network of university and county extension offices and
personnel. In addition to acting as the diswributive agent for this innovation, this nerwork
will have to also provide new educational training programs in two areas identified by this
research if the effective adopton of this innovartion and its potental for sustainable
agriculture are 10 be realized. As discussed earlier, some growers are not using the system
very much and others are not being stimulated to change production practices based on their
use of the system. In either case, effective adoption is not occurring and the potental to

reduce the amount of pesticide inputs being used is diminished.

In order to correct this siruation when the system is offered 1o the general public, it
is recommended that the diffusion agency provide new educational programming in the
following areas: 1) training and basic orientation 1o computer use for farming operations

and agricultural expert systems in particular. These waining sessions should be held on a
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very localized basis and taught by a person(s) familiar both with expert systems software
operation and the cropping system being discussed; 2) training which provides an
overview of the gradual modification of existing production systems 1o incorporate
reduced-input methods. This training should focus on the societal level needs and
responsibilites for reducing pesticide use as well as the long-term farm level benefits for
doing so; 3) establishment of "local experts" 1o provide a resource for growers
experiencing difficulues in the computer or expert system; 4) continuing updating of system
capabilites so that recommendations remain current and appropriate; and 5) training

extension specialists and agents to familiarize them with the possibilities of the system.

It may also be necessary 10 begin the process of delineating the criteria and goals
for sustainable agriculmure attainable with the expert systems as a tool. In this way
scientists will be better able to begin to design production systems for large scale
agricultural operations that provide more flexibility in responding to dynamic production
conditons, thus enabling the time and spatially speciﬁc recornmendanons of the expert
system 10 be benter implemented. In the long run, this may be the greatest contribution of
agriculural expert systems development toward 2 more sustainable system of global

agriculture.
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APPENDIX 1

PERIODIC SURVEY OF EXPERT SYSTEMS USERS

AppIES - Expert Systems for Oreherd Menagement

PENNSYLVANIA PILOT PROGRAM
MONTHLY TELEPHONE GROWER SURVEY

01

03

04

04.1
04.2

WHO

06
08

10

GROWER 02 DATE

HOW MANY TIMES HAS THE SYSTEM BEEN ACCESSED IN THELAST
MONTH?

WHAT IS THE APPROXIMATE TOTAL AMOUNT OF TIME THE SYSTEM
HAS BEEN USED? (in hours and/or minutes)

WHAT TIME OF THE DAY DO YOU USUALLY USE THE SYSTEM?

WHAT DETERMINES WHEN YOU ACCESS THE SYSTEM (ie. problem,
routine, weather, slow period, etc.)?

WHAT WOULD STIMULATE YOU TO USE THE SYSTEM MORE THAN
YOU ARE PRESENTLY? (ie. more time, time of year, if system addressed
different problems)

1S ACCESSING THE SYSTEM?
FREQUENTLY OCCASIONALLY NEVER

grower
manager
other family

worker
other

1
11
1

104
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HOW MANY TIMES HAS THE SYSTEM BEEN ACCESSED FOR THE
FOLLOWING?

11 SOLVING ACTUAL FIELD PROBLEMS
12 SOLVING HYPOTHETICAL SITUATIONS
13 LEARNING ABOUT THE SYSTEM

———

WE WOULD LIKE TO KNOW WHAT MODULES YOU HAVE
ACCESSED IN THE PAST TWO WEEKS.

INSECT MANAGEMENT (DEVELOPMENTAL)

14 DID YOU USE THE INSECT MANAGEMENT MODULE?

1) yes 2) no (IF NO, GO TO WEED MODULE)
15 IF YES, APPROXIMATELY HOW MANY TIMES?
16 DID YOU GET THE INFORMATION YOU WERE LOOKING FOR?
1) ves 2) no (IF NO ASK FOR EXPLANATION)
17 DID YOU FOLLOW THE RECOMMENDATIONS:
1) completely
2) parnally N
3) notatall
18 IF NOT, why? (ie. hypothetcal, learning, didn't like)
19 HOW SATISFIED WERE YOU WITH THE RESULTS OF THE
RECOMMENDATIONS?

1) very satsfied

2) somewhat satsfied
3) neumral

4) somewhat dissatsfied
S) very dissatisfied

11

WEED CONTROIL (HORTICULTURE)

20 DID YOU USE THE WEED CONTROL MODULE?

1) yes 2) no (IF NO, GO TO DISEASE DIAGNOSIS MODULE)
21 IF YES, APPROXIMATELY HOW MANY TIMES?
22 DID YOU GET THE INFORMATION YOU WERE LOOKING FOR?

1) yes 2) no (IF NO ASK FOR EXPLANATION)

3%
v

DID YOU FOLLOW THE RECOMMENDATIONS:
1) completely
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2) paraally
3) notat all
IF NOT, why? (ie. hypothedcal, learning, didn't like)

HOW SATISFIED WERE YOU WITH THE RESULTS OF THE
RECOMMENDATIONS?
1) very sausfied
2) somewhat sansfied
3) neurral
4) somewhat dissatsfied
5) very dissatisfied

]

DISEASE DIAGNOSIS (DIAGNOSIS)

26°

27
28

29

30

31

DID YOU USE THE DISEASE DIAGNOSIS MODULE?

1) yes 2) no (IF NO, GO TO NUTRIENT DEF MODULE)
IF YES, APPROXIMATELY HOW MANY TIMES?

DID YOU GET THE INFORMATION YOU WERE LOOKING FOR?
1) yes 2) no (IF NO ASK FOR EXPLANATION)

DID YOU FOLLOW THE RECOMMENDATIONS:
1 completely
2)  parnally
3) not at all
IF NOT, why?

.

(ie. hypothetcal, learning, didn't like)

HOW SATISFIED WERE YOU WITH THE RESULTS OF THE
RECOMMENDATIONS?
1) very satnsfied
2) somewhat satsfied
3) neutral
4) somewhat dissatsfied
5) very dissatsfied

i

NUTRIENT DEFICTENCY (DTAGNOQSIS)

DID YOU USE THE NUTRIENT DEFICIENCY MODULE?

1) yes 2) no (IF NO, GO TO LEAF ANALYSIS MODULE)
IF YES, APPROXIMATELY HOW MANY TIMES?

DID YOU GET THE INFORMATION YOU WERE LOOKING FOR?
1) yes 2) no (IF NO ASK FOR EXPLANATION)

DID YOU FOLLOW THE RECOMMENDATIONS:
1) completely
2) parnally
3) not at all
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36 IF NOT, why? (ie. hypothetical, learning, didn't like)
37 HOW SATISFIED WERE YOU WITH THE RESULTS OF THE
RECOMMENDATIONS?

1) very satisfied

2) somewhat sansfied
3) neural

4) somewhat dissadsfied
5) very dissatisfied

]

LEAF ANALYSIS (DJAGNQSIS)

38 DID YOU USE THE LEAF ANALYSIS MODULE?

Dves__ 2)no (IF NO, GO TO TREE SPACING MODULE)
39 IF YES, APPROXIMATELY HOW MANY TIMES?
40 DID YOU GET THE INFORMATION YOU WERE LOOKING FOR?

1) ves 2) no (IF NO ASK FOR EXPLANATION)
41 DID YOU FOLLOW THE RECOMMENDATIONS:

1) completely

2) pardally

3) not at all -
42 IF NOT, why? (ie. hypothencal, learning, didn't like)
43 HOW SATISFIED WERE YOU WITH THE RESULTS OF THE

RECOMMENDATIONS?

1) very sansfied

2) somewhat satsfied
3) neurral

4) somewhat dissatdsfied
5) very dissatisfied

TREE SPACING _ (HORTICULTURAL)

1]

44 DID YOU USE THE TREE SPACING MODULE?

1) yes 2) no (IF NO, GO TO NEXT PAGE)
45 IF YES, APPROXIMATELY HOW MANY TIMES?
46 DID YOU GET THE INFORMATION YOU WERE LOOKING FOR?

1) yes 2) no (IF NO ASK FOR EXPLANATION)
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48

49
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DID YOU FOLLOW THE RECOMMENDATIONS:

1) completely
2) parually _
3) not at all -
IF NOT, why? (ie. hypothetical, learning, didn't like)

HOW SATISFIED WERE YOU WITH THE RESULTS OF THE
RECOMMENDATIONS?
1) very satisfied
2) somewhat sausfied
3) neutral
4) somewhat dissausfied
5) very dissatsfied

|11

50

51

52

HAS THE USE OF THE SYSTEM CHANGED YOUR SPRAY PRACTICES OR
OTHER PRACTICES IN THE PAST MONTH? (IN OTHER WORDS DID
THE SYSTEM PERSUADE YOU TO DO SOMETHING YOU WOULDN'T
NORMALLY HAVE DONE?)
1) no change 2) some change 3) great change
PLEASE EXPLAIN

DID THE SYSTEM STIMULATE YOU TO MORE CLOSELY MONITOR YOUR
CROP? FOR EXAMPLE DID YOU COUNT MITES AND STETHORUS OR
LOOK FOR LEAF NUTRIENT DEFICIENCY SYMPTOMS?
1) ves 2) no
PLLEASE EXPLAIN

(IF YES), DID YOU MORE CLOSELY MONITOR BECAUSE:
1) THE SYSTEM REQUIRED THIS INFORMATION OR
2) YOU RECOGNISE THE ADDITIONAL YALUE IN MONITORING

DO YOU SHARE INFORMATION GAINED FROM THE SYSTEM WITH OTHER

GROWERS?
1) yes 2)no _____
IF YES, WITH WHOM?
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WHAT OTHER SOURCES OF INFORMATION HAVE YOU UTILIZED THE PAST
MONTH?

62

63

65

AG CHEMICAL DEALER
EXTENSION PERSONNEL
CONSULTANT

OTHER FARMER

TREE FRUIT PROD GUIDE
FRUIT TIMES NEWSLETTER
OTHER

T

SINCE YOU RECEIVED THE EXPERT SYSTEM HAS YOUR USE OF THESE
SOURCES BEEN:

1) muchless 2)less 3) same 4) more 5) much more

HAVE YOU HAD ANY PROBLEMS WITH THE MACHINE OR THE
SOFTWARE DURING THE PAST MONTH?

1) ves 2) no

IF YES, PLEASE EXPLAIN.

DID YOU TALK WITH ANYONE AT PENN STATE REGARDING THE
PROBLEM? 1) yes 2)no
WITH WHOM?

HOW SATISFIED WERE YOU WITH THE HELP YOU RECEIVED?

1) VERY SATISFIED

2) SATISFIED

3) INDIFFERENT

4) UNSATISFIED

5) VERY UNSATISFIED

AT THIS POINT, DO YOU HAVE ANY SUGGESTIONS FOR IMPROVING
THE SYSTEM?
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Baseline Farm Data Survey of Apple Growers
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We would like some information about your operation for this year (1988)

Farm size
1 ' How many total acres do you operate
2 acres owned
3 acres rented
Crops
4 How many acres of apples acres
5 How many acres of grapes acres
What other crops do you grow change in
acreage from
1987
6 acres 7
S acres 10
12 acres 13
15 acres 16
18 acres 19
21 acres 22
Do you raise any livestock
24 dairy cCows
25 beef head
26 sheep ewes
27 hogs head
28 horses __
29 broilers birds
30 layers birds

Farm operator characteristics

31 Is your farm enterprise :
1 single family operation
2 partnership
3 family-owned corporation
4 non-family owned corporation

11
14
17
20
23

crop is
% of ar
1888 in




32
33
34

i
v

36
37
38
39

40

41

42

47
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To what extent are the following people involved in the day-to-
day decision-making of your operation. Please answer:

very involved somewhat involved  not invoived

Husband 1 2 3
Wife 1 2 3
Son 1 2 3
Daughter 1 2 3

Brother/Sister 1 2 3
Farm manager 1 2 3
Other employees 1 2 3

Of these people who is the principal decision-maker?

What is the age of the principal decison-maker

(ask only if unclear)
What is the sex of the principal decision-maker M F

What level of formal education have you completed: (READ CHOICE

____some high school (or less)
high school graduate
vocational school

some college

college graduate
post-graduate study

Next we would like to know about any off-farm employment in
1887. Were you employed off the farm:

spouse
43 not at all 45 not at all
full time full time
part time part time
if part time were you employed
44 regularl 46 regularly
seasonally seasonally

Occupation 48 Occupation
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51
53

55

56
57

58
59
60
61
62
63

64
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Labor hired in 1987 (do not include immediate family)
# of full-time

year around
growing season only
harvest only

How many years have you farmed _
How many years have you grown

apples
grapes

workers

# of part-time
workers

We would like to know what sources of information you use to
decide how much fertilizer to apply? Do you use:

university soil testing
extension recommendation
commercial lab recommend
dealer recommend

my own knowledge

other (please describe)

always f{requently

1
1
1

(AVENAS BN AV ST 3V ]

sometimes never
3 4
3 4
3 4
3 4
3 4
3 4

How often do you test your soil for fertility needs? (READ ALL

annually

every 2 years
every 3 years
every 4 or more

don't test soil

ANSWERS)
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How would you rate the importance of each of the following
information sources for knowing when and how to apply pesticides,
please answer: (READ CHOICES, THEN READ LIST)

not somewhat very extremel
importan! imporiant important imporian’
65 follow directions on label 1 2 3 4
66 county extension agent 1 2 3 4
67 Penn State fruit specialist 1 2 3 4
68 my own knowledge 1 2 3 4
69 extension educational migs 1 2 3 4
70 agri-business fieldperson 1 2 3 4
71 private consulting fieldperson 1 2 3 4
72 agri-business counterparson (Agway) 1 2 3 4
73 other farmer 1 2 3 4
74 other 1 2 3 4
(please describe )
75 How often do you talk to your county extension agent? (READ CHC
____ once per week or more ofien
____ every two weeks
____ once per month
____ every six months
____ less than every six months
___ never
76 How often do you talk with a Penn State fruit specialist? (READ)

once per week or more often
every two weeks

once per month

every six months

less than every six months
never

APPLES This set of questions pertain to your apple produbtion practices
77-79 On what do you base your first scab spray : (READ CHOICES,

check any)
1 Same calendar date each year



80-82

83

84

85

86

87-88

114
Presence of green leaf tissue
Maturity of scab spores
Published extension alerts such as newsletters
Other

bW

After petal fall, how do you most often decide on your first
miticide application: (READ CHOICES, check all that apply)

Same calendar date each year
Automatically in one of the cover sprays
Mite counts are greater than 3 per leaf

Published extension aleris such as newsletters
Other

A wp -

Do you routinely scout for insects and diseases in your orchard?
Yes No

IF YES, who scouts for pests in your orchard?
farmer

farm employee
private consultant
industry- consultant

IF YES, do you keep written records of pest levels in your

orchargd?
Yes No

When do you normally stop spraying for mites: (READ CHOICES)

At harvest

Between the 6th and 8th cover

When stethorus populations are high enough
When mites are below economic threshold

HWN

What kind of weather monitoring equipment do you utilize?
thermometer/ rain gauge

hydrothermograph

an automatic weather station such as Reuter-Stoke
television

other

none

DU WP -
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80

S1

82

83

84
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Do you keep day-by-day records of the weather?
Yes No

On average, how many times did you enter your orchard to spray

during each of the last three years? (inciuge all herbicide,
fungicide,insecticide, rodent)

complete sprays
aternate row middles

As a yearly average over the last three years, approximately how
much did you spend per acre for pesticides in apples (including
miticides, insecticides, fungicides, and addiiives such as
calcium chloride but excluding application costs such as gasoline
for tractor and labor)? $

What percentage of your acreage has been fertilized in the past 3 y

acres

Approximately how much did you spend on fertilizer per acre
during the past 3 years?

$

As a yearly average over the last three years, approximately how
many bushels of apples per acre did you produce?

bushels

Can you tell us approximately what percentage of your apple
production is sold fresh?

don't sell fresh apples

10% or less

11 to 25%

26 to 50%

51 to 75%

76 to 99%

100%

T

As a yearly average, over the last three years, approximately
what net price (after deducting any packing, storage, and selling
costs) per bushel did you receive for your fresh apple crop?

$
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87 As a yearly average, over the last three years, approximately
what net price (after deducting any packing, storage, and selling
costs) did you receive for your processing apple crop?

S

Next | would like to ask your opinion about several issues of
concern to Pennsylvanians. How important is each issue to you?
Please respond:

not of some imponant very no
important  imporiance imponiant  opinion
114 Profitability in agriculture 1 2 3 4 0
115 Protecting water quality 1 2 3 4 0
116 Conserving soil from erosion 1 2 3 4 0
117 Immigration laws 1 2 3 4 0
118 Effect of pesticides on 1 2 3 4 0
wildlife and pets
119 Effects of pesticides on 1 2 3 4 0
, workers
120 Drift of ag chemical sprays 1 2 3 4 0

Now | would like to ask your opinion concerning the use of
agricultural chemicals (fertilizers and pesticides)

Are you concerned that

the use of agricultural

chemicals pose a health

risk:
Please respond:

" not at zll somewhat concerned very not
concerned concerned - concerned  sure
121 in the nation 1 2 3 4 5
122 In Pennsylvania 1 2 3 4 5
123 In your county 1 2 3 4 5
124 On your own farm 1 2 3 4 5
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| am going to read a list of statements and would like you to indice
the extent to which you agree or disagree with each.

strongly somewhat undecided somewhat strongly
disagree  disagres agree agree

125 | am confident that agriculural pesticides, if 1 2 3 4 5
used as direcled, are not a threat 1c the environment.

126 We canno! be too careful when it comes 10 1 2 3 4 5
putting new pesticides on the markei.

127 Should ground water supplies become 1 2 3 4 5
contaminated I'm confident scientisis will develop
ways to purify them.

128 We already have too much regulation on 1 2 3 4 5
the use of agricultural pesticides.

128 So little pesticide residue ever enters the ground 1 2 3 4 5
waiter, it could never pose a health risk for humans.

130 Instead of worrying about the efiects of 1 2 3 4 5
pesticideswe should spend more effort in
sciving other problems in farming.

131 Although some farmers could recuce fertilizer 1 2 3 4 5
and pesticide expenses by more precise applications, for

me these savings probably would not justify the

added time, cost, and efiort.

132 Poliution control reguirements have gone too far; 1 2 3 4 5
they already cost more than they are worth.

133 Protecting the envircnment is so imporiant that 1 2 3 4 5
the requiremenis cannot be 100 high, and continuing
improvements must be made regardless of cost.

134 | would consider modifying my pesticide 1 2 3 4 5
practices but | am not sure that | know enough
1o make the changess.

135 1 can usually find the solutions to problems on 1 2 3 4 5
my farm quickly.

136 Considering the availability of Penn State 1 2 3 4 5
specialists, chemical company fieldpsople,

and my own knowledge, there probably isn't any

problem on my farm that | cannot find & solution for.
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138
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From what you know now about expert systems, if you were given
the job of recruiting other farmers for participation in an Expert
Systems program, how would you rate the following selling points,

please respond:

not
imponant

Expert systems:
helps me select the best 1
chemicals for the pest problem
always available to give a 1

1389

140

recommendation

recommendations are specific to 1
my situation
system is easy to use 1

141 it gives reliable recommendations, 1

142

based on the best information

available

it provides a range of alternatives 1

to any given problem

143 helps control yield & quality loss 1

144

145

146

147

148

148

increases farm profits. 1
involves reduced use of pesticides 1
reduces environmental damage. 1

gives an unbiased opinion of pest 1
problems.

frees you to use your management 1
skills elsewhere.

reduces chances of low yields 1
and profits

very no
important opinion
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4



150

151

152

15683

154

1585
157
158
1588
160
161
162
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Prior to this project, how much experience had you had with
computers?

1 none

2  very little

3 some

4 extensive use

Have you ever worked with any of the following computer systems?

wordprocessing
bookkeeping

electronic spreadsheets
data management

SN

Do you own a computer?

Yes No

———— .

1

If yes, what type
Apple Macintosh
IBM/PC or other computer that uses IBM software

Do you use a computer in your fruit growing business?
Yes No

If yes, for which purpose(s)? (check all that apply)

Bookkeeping
Electronic Mail
Weather Monitoring
Printing advertising and marketing .brochures
Printing bills and receipts
Maintaining mailing lists
Other uses (please specify)

1]
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Now I'd like to ask a few questions about farm income. Please
remember that your answers will be absolutely confidential’ and
will never appear alone, only as an total average for the project.

163 Considering all sources of income, what was the net income of
your household in 1887, before income taxes?

$ 0 -10,000
10,000 - 20,000
20,000 - 30,000
30,000 - 50,000
50,000 -100,000
100,000-250,000
over $250,000

T

164 What was your off-farm income in 19877
$
165 For statistical analysis, we. are interested in getting some idea

of your operation's asset to debt ratio. First estimate your
assets which include everything owned, including land,

machinery, cash, stocks, livestock, etc. Now estimate your debt,
which would include loans secured by mortgages, unsecured loans,
and accounts due to surplus. Are your operation's:

debts twice as large as assets

assets equal to debts

assets less than 2 times as large as debis
assets 2 times larger than debis

assets 3 times larger than debts

assets 4 times larger than debts

assets 5 times larger than debis
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Economic Evaluation of An Expert System for Apples

Production decisions for many agricultural commodities are becoming increasingly
more complex. In apples and other horticultural commodities, obsolescence and
removal from the market of pesticides combined with consumer demands for reduction
in pesticides are causing producers to constantly consider new pest management
methods. Increasing use of scouting, beneficial pests, selective pesticides, and other
components of integrated pest manégement complicates these management decisions.
Unlike earlier calendar pest control recommendations, general recommendations must
be adapted to the specific environmental conditions and previous management decisions
of the grower. At the same time, reductions in extension funding are causing assistance
from agricultural production specialists to become more scarce.

Expert systems are a potential method to alleviate such management problems in
agriculture. Expert systems are a class of electronic decision support systems designed
to simulate the combined problem-solving capabilities of a number of persons who are
experts in specialized disciplines or domains. Expert systems are able to draw and store
inferences from information and are thus often called knowledge-based systems. A form
of artificial intelligence, expert systems are capable of integrating and delivering
quantitative information, much of which has been developed through basic and applied
research, as well as heuristics (experientially based "rules of thumb") to interpret
quantitatively derived values, or for use when quantitative values do not exist (Denning,
Coulson and Saunders). Unlike many industrial applications, most expert systems for

agricultural production management are still in the developmental and testing phases

(Schmisseur and Doluschitz).



This paper reports on an economic evaluation of an extensive field testing of an
expert system for apple production decisions in Pennsylvania. Profits of users of the
expert system in 1989 were contrasted with profits of a control group of non-users.
Profits were estimated with partial budgets for both groups. Sample statistics of
gconomic variables were calculated for both groups and also analyzed in several

econometric models. The analysis also gives some evidence on the effect of the expert

system on risk.

Background to the Economic Evaluation

This evqluation concerned the Penn State Apple Orchard Consultant (PSAOC) which |
has been developed to assist apple growers on decisions about apple production.
Rajotte, et al. and Rajotte and Bowser describe the expert system and its development
in more detail. This section largely summarizes their discussion.

PSAOC has modules on insect control, disease control, and various aspects of
horticultural management. While the goal of PSAOC is integrated, holistic decision-
making, its modules were largely developed independently. Currently, the insect and
disease modules have been integrated. Production recommendations are derived from
three sources of information--state of the art scientific information on apple production,
orchard production characteristics, and weather reports. Users input the latter two
categories to obtain expert advice consistent with their specific orchard characteristics,
past decisions, and current weather and production conditions.

PSAOC is now available for general distribution after four years of development and
testing. The initial development of the computer programs took two years. The last two

years involved field testing and revision of the programs. The field testing of PSAOC



involved an interdisciplinary team of production scientists, rural sociologists, and
agricultural economists. In 1988-1989, sociological evaluation was emphasized. Bowser
presents the rural sociological analysis. In addition, data were collected for the
economic analysis in 1989.

Information was collected with several methods. A baseline survey was used to
collect basic information about the grower and the orchard. Monthly surveys during the
growing season were used to monitor use of PSAOC and its impact on pest control
decisions. Meetings were held with the grower participants in winter 1989 and 1990.
The 1989 meeting provided crucial feedback on PSAOC design and was also used to
formulate the economic evaluation. Sources of data for the economic evaluation are
discussed in more detail in the next section.

Participants in the field testing were selected from a list of volunteers who were
identified in regular apple extension educational meetings in 1988. Of the 140
volunteers, 26 were selected as the pilot test group. These growers were chosen to
represent the spectrum of apple production characteristics in Pennsylvania, including
farm size, geographical location, and experience with computers. These pilot test
parﬁ'cipants met with th;a study organizers for a day and were given instructional training
and software in 1988. Fourteen growers who did not own computers, were loaned
Macintosh computers. A control group was chosen in 1989 to prc;vide economic and
other data. These growers were chosen to have similar characteristics to the test group

to allow a quasi-experimental analysis of the effects of the expert system.



Methods for Economic Evaluation

Many farm-level economic evaluations of pest management methods occur after the
adoption process is largely completed. Adopters are then contrasted with non-adopters.
However, adopters likely differ on management ability and perhaps other resources from
the non-adopters. Thus, the impact of the innovation can be confounded with the
beginning resource endowments (Wetzstein, et al.). Alternatively, bio-physical
simulation models are used to evaluate innovations in a constant resource environment
(Reichelderfer and Bender; Boggers, Cardelli, and Barfield). However, these models
may assume management that is beyond field-level capability. Thus, the selection of
field test and control groups from a relatively homogenous group of grower volunteers is
quite unique for economic evaluation.

The basic premise of PSAOC is that management decisions must consider the apple
production system rather than specific production decisions which are the responsibilities
of traditional academic disciplines. During the design phase of the economic evaluation,
the initial plans were to collect complete input-output data to allow a complete
enterprise budgeting analysis of the operations. However, growers in the testing
program after the 1988 season reported that they believed that largely pest control
decisions would be impacted by using PSAOC. Thus, pest control inputs were assumed
separable from other inputs to limit data requirements, and the decision variable was
returns above pest control costs (R,).

In discussing the components of R, explicit consideration about the hypothesized
impact of the PSAOC is helpful. It was expected that expert system use would benefit
growers by educating them about state of the art practices and helping them process

specific information about their farm. Anticipated changes in behavior from expert



system use included more efficient monitoring for pests and more efficient use of
pesticides. In terms of impact on R, increases in yield or quality for the same level of
inputs, and/or decreases in pesticide quantities are expected. However, management
time associated with monitoring and expert system use could increase. If all of these
changes are beneficial for expert system use, pest control costs should decrease, revenue
should increase and R, increase.
With these concepts outlined, R, is defined for the k™ case as:

MR, = IiZP,kQ,k - Sw Xy - VG, - Wty - Wity
where P, = price recciJved for i™ grade and variety of apple,

Qx = quantity produced for i" grade and variety of apple,

wy = price for j” pesticide input,

X, = quantity used of j” pesticide,

VCyu = total variable cost of machinery used in pesticide application,

W, = per unit value of time for monitoring pests

e = time used for monitoring

Wy = per unit value of time used for operating expert system, and
tu = time used for operating expert system

The first term of R, is total revenue and total pest control costs is the negative value of

the remainder of R,. The next sector discusses sources of data for these components of

R,

Economic Data
Data were collected from the growers with a series of mail and telephone surveys.

Before the production season began, each grower was asked to select two orchard blocks



for the 1989 growing season. One was to be a fresh market variety, preferably Red
Delicious, and the other was to be a processing variety, preferably York Imperial. This
procedure was designed to further standardize the analysis between user and control
groups. All of the data collected were related to the two blocks. Each block is one
observation for most of the analysis in this paper. Information about the size, spacing,
cultural practices, equipment used, and mix of varieties was collected for each block.
After harvest, yields, average prices received and grading information was collected. All
these data were converted to per acre figures for each block.

The spring survey also collected data on value of time used for monitoring pests,
operating the PSAOC, and machine applications of pesticides. Given that these
activities may occur at different times and be conducted by different individuals,
separate values were elicited for each of these activities. An adaptation of contingent
valuation methods used in natural resource economics (Mitchell and Carson) was
utilized to obtain these values. The introduction to the time value question was:

Please indicate the wage rate, including benefits, of the person performing
each of the following production tasks. If the person is not paid a wage
(such as a family member), determine the wage rate by estimating how
much a person would be paid if hired for that task.

The remainder of the data for R, were obtained from three é’ou:ces. Values for t,,
and t, were obtained from weekly surveys during the 28 week growing season. Pesticide
use were obtained from copies of pesticide logs that growers maintain for processors and
other marketing firms. Finally, VC,, were calculated with the Mississippi State Budget
Generator (Spurlock and Laughlin) using machinery data for each block, the value of

time, and number of pesticide applications.



Initially, 60 orchard blocks were identified for data collection. Because of the
extensive data requirements, complete data were available only on 35 blocks, 21 for the
users and 14 for the control groups. Selected orchard characteristics of the two groups
are presented in Table 1. Using standard Student’s t tests for differences in the means,
tree density and age of trees were not significantly different. The sample selection |
therefore controlled for differences in these variables impacting apple production.
However, the block sizes and especially total apple acreages were significantly larger for
the user groups. The sampling procedure largely focused on geographical distribution

and unfortunately did not control for size of orchards.

Results

Sample statistics for several important variables are presented in Table 2. The t statistic
is the standard test of differences between means and the F statistic for differences
among variances. The magnitudes of the means are all consistent with the hypothesized
level. Pesticide materials are less, scouting time is more, yields are higher, revenues are
more, and returns above pest control are more for expert systems users than the control
group. Using one-tailed rejection regions because of hypothesized magnitudes, only
scouting time and yields are significantly different. The standard deviations of the two
groups indicate the variations in these variables among group members. Since these
statistics are from cross-sectional data, they may reflect heterogeneity in the groups
rather than risk. However, it is interesﬁng that returns, total revenues, and pesticide
materials have smaller standard deviations for the users with the later being significant
at the five percent level. These results are consistent with the common perception of

improved information reducing risk (Hey).



Table 1. Selected Orchard Characteristics for Expert User and Control Samples®

Means

Variable Unit User Control
Block Size* Acres 10.11 5.72
(1.54) (1.47)

Tree Density Trees/Acre 129.70 183.13
(17.99) (40.52)

Age of Block® Years 19.79 14.82
(2.21) (2.56)

Total Apple Enterprise®* Acres 230.19 42.71
(41.00) (12.86)

* Standard error of the mean in parentheses.

® Only 19 user blocks were available for this variable.

‘Signiﬁéa.ntly different at 5% level
**Significantly different at 1% level



Table 2. Sample Means and Standard Deviations for Per Acre Economic Variables
for Users and Control Groups.

Means Standard Deviation

Variable Units Control User t-statistic®  Control User F-Statistic®
Costs

Pesticide Materials dollars 337.14 320.24 0.15 177.02 103.95 52.90**
Scouting Time dollars 485 70.24 -1.91** 20.72 37.43 1.59
Expert System Time dollars - 5138 - - 30.24 -
Yields pounds 11,125.76 15,710.16 -1.38* 11,690.59 11,323.58 1.07
Revenues

Fresh Market dollars 1,12732 1,569.27 -0.92 1,569.48 1,671.47 1.14
Processing dollars 49275  494.99 -0.01 163.63 110.06 2.61**
Total dollars 1,765.13  2,058.76 -0.46 1,88639  1,764.42 1.14
Returns Above dollars 137948 1,607.90 -0.36 1,872.56  1,763.65 113
pest Control

® *indicates significant at 0.10 level, and **significant at .05 level
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Regression models were also estimated for the key economic variables. These
models allowed further evaluation of the impact of the expert system while holding some
other variables constant which may vary between groups. Two regional dummies were
included with the Southeast being the deleted region. Density, which is expected to be
positive and a dummy for Red Delicious is included. Percent of revenue from
processing was included because this outlet is less profitable than fresh market
production. Percent of acreage in apples was included to measure specialization--this
variable was expected to be positively related to revenue, returns and yields. Total
apple acreage was included as a scale measure. Its effect on economic variables is
uncertain as both economies and diseconomies of scale could be operational--gains from
specialization versus problems of managerial control as acreage increases. Finally, a
dummy variable was included for users.

The results of regressing these variables on returns above pest costs, total revenue,
pesticide material costs, and yields are reported in Table 3. The R? are good for cross-
sectional regressions but do indicate that considerable unexplained variation exists.
Density and Delicious were not significant in any of the regressions. However, regional
dummies were significant in all but one case. Pesticide costs, yields, revenues and
returns were all higher in the two regions with dummies than in the Southeast region.
The specialization and scale variables were not significant. The sign of the scale
variable supported the diseconomies argument except for the pesticide material costs
variable. The specialization variables did not have the expected signs. The processing
specialization variable did have the expected signs on returns and revenues with the

later being significant at the 10% level.



Table 3.

11

Estimated Regression Coefficients for Economic Outcomes for Expert
Systems Evaluation®

Returns Pesticide Yield
Above Pest Total Material per
Control Revenue Cost Acre
Independent Variables (§8/acre) ($/acre) (8/acre) (Ibs/acre)
Constant 2,279.06° 2,174.33" 105.97 4,998.96
(1,287.48) (1,244.33) (97.16) (7,863.09)
Orchard Density -1.59 -1.40 -0.16 4.47
(trees/acre) (3.01) (2.95) (0.23) (18.63)
Delicious Dummy -646.96 -810.86 83.50 -1,582.05
(1 if predominant (815.54) (778.28) (60.77) (4,918.06)
variety is Delicious)
Region 1 Dummy 1,930.25° . 1,619.76 192.00™ 6,282.72
(South Central Pa.) (1,054.01) (923.40) (72.10) (5,835.09)
Region 2 Dummy 1,982.49™ 1,722.86™ 17746  12,176.207
(North & Western Pa.) (931.51) (805.58) (62.90) (5,090.55)
Percent of Acreage in -7.02 -10.34 2.05 -29.43
Apples (17.18) (16.18) (1.26) (102.25)
Percent of Revenue from -15.43 -17.00° 0.66 7.59
Processing Sales (9.82) (9.56) (0.75) (60.43)
Total Apple Acreage -4.32 -3.61 -0.40 -8.60
(3.24) (3.04) (0.24) (19.19)
Expert System User Dummy 1,245.84° 1,313.15° - 636 9,891.87"
(1 if user) (726.23) (717.59) (56.03) (4,534.54)
Pesticide Material Cost -2.63 - — -
($/acre) (2.54) — — —
R? 0.3958 0.3919 0.3509 0.3203

*Standard errors in parentheses.

*Indicates significant at 0.10 level, **at 0.05 level, and ***at 0.01 level.
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The results on the user dummy are quite promising. Pesticide material cost does
not have the expected sign but is not significant. However, yield has the correct sign
and is significant at the five percent level, and returns and revenues have the correct
sign and are significant at the ten percent level. The relative magnitudes of the
coefficients are also consistent. A higher yield would suggest higher revenue unless
quality and price has greatly diminished. Higher pest control costs would mean that
returns would increase less than revenues. A case can be made for one-tailed tests of
the user dummy variable because of prior expectations on the effect of the expert
system. For these regression coefficients, B, H,: B, < 0 and H;: B, > 0. Then, the t
statistics of 1.715, 1.830, and 2.181 for returns, revenue, and yields, respectively are all
greater than the five percent one-tail critical value of 1.706 for 26 degrees of freedom.

Under this interpretation all the coefficients are significantly positive at the five percent

level.

Conclusions

This paper reports on an economic evaluation of PSAOC, an apple expert system,
developed at The Pennsylvania State University. While PSAOC also includes
horticultural decision modules, co-operating growers argued that pest management
decisions are the major use of PSOC so this evaluation focused on its impact on pest
management and returns above pest control. Unlike most economic evaluations of pest
control innovations, this research had a quasi-experimental design. Growers were
chosen to field test the expert system from a list of volunteers obtained at extension
education meetings. Economic data were collected from these growers during their

second year of use. Similar data were collected from a group of growers matched to the
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user group on geography, size, and other variables. Data were collected on orchard
blocks of standard varieties. Thus, more confidence can be placed in the results than
most evaluations after the adoption process is largely complete.

The analysis in this paper is based on a data set of 35 blocks. Yields were
significantly higher for the user group as was costs of monitoring time. Mean pesticide
material costs were lower and mean revenues and returns were higher but not significant
for users. In regression models of these economic variables, a dummy variable for
expert system use was positive in yield, returns, and revénues, and all were significant at
the five percent level in a one-tailed testing format. Despite the small sample, the
analysis, therefore, supports the view that expert system use increases returns.

As in all evaluations of technology, the analysis perhaps did not control for all
variables between the groups. The R? indicates that considerable variation is
unexplained. Nevertheless, evaluating a pilot sample of users is more satisfactory in this
regard than most pest control technology evaluations. The pilot testing procedure also
provided useful feedback on improving the system and establishing a dissemination
network (Rajotte and Bowser). Future use of this method should consider random
assignment to groups to provide a more controlled experimental research and emphasize

procedures for complete data collection so a larger sample is available for analysis.
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Appendix B

ixpert Systems: An Aid (o the Adoption of
Sustainable Agriculture Systems

Fdwin G. Rajotte and Timothy Bowser

Agricultural production has evolved into a complex business requiring
the accumulation and integration of knowledge and information from many
diverse sources, inchading marketing, horticuliure, inseet nagement, dis-
ease nanagement, weed management, accounting, and tax laws, This is
especially teue ol emerging sustainable practices that require even more
information (to substitute for purchased inputs) for implementation. Very
seldom do Gaem managers have all available information in o usable form al
their disposal when major inanagement decisions must be made. Increas-
inply, the modern grower must become expent in the acquisition of informa-
tion for decision making w remaia competitive. However, intepration and
interpretation o information from many sources may be beyoud the means
ol individual growers, so they use the expeitise ol agricultnral specialists.
Unlortunately, agricultural specialist assistance is becoming relatively scarce
at the same time that the complexity of agriculiure is incre sing. To ablevi-
ate this problem, it is cssential that current information be structured wnd
organized info o system for casy access by growers and agriculiural special-
ists. No organized structure is currently available for information storage
and retrieval; consequently, techuical information, both experimental
experiential, is often tost or unavailable 10 potestial users. One way 1o
make this information readily available is through the use of clectronic
decision support systems.

‘The development of an electionic decision support system requires the
combined effosts of specialists from many fickds of agriculture and nst be
developed with the cooperition ol the growers who will use them, Special-
ists tend 1o be trained in rather narrow domain and are best at solving
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in the Field. Mational Academy Press.Washington. 437pp. Ar
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probiems within that domain. However, there is o growing readization th
the complex problems faced by growers go beyond the abilities of indi-
vidual specialists. Interdisciplinary teams of speciulists must work in
wnison to formulate solutions to agriculioral problems. Apriculiie must be
viewed as - systeny of interacting parts where the perturbation of one padt

alfects many others,

The acquisition and wilization of information can be considered
mesns of reducing the amount of uneertainty in a given decision problen
(tey, 1979), Because high-quatity information has not been casily acees:
sible 1o growers when they are faced with imporiong managenent decisions
decision making on the farm has been suttounded by a high degree o
uncertainty. To compensate for the farge degree of uncertainty, tanm man

and fertilizers in

agers have increased inputs of chemical pesticide
elfort to minimize the variability in yield and quality that can oceur fron
year o year, The price of this strategy, however, is teduction in potentia
profit amd an increased threat 1o the cnviromment because of the overuse o
fetiti and pesticides,

One way to alleviate these problems in agricultuse is to substitute high
quality interpreted information for purchased production inputs such a
fertilizer, Tabor, and pesticides. By providing farm business managers wiltl
up-to-date, interpreted information, the rish of decision making is reduced
the application of unnecessary inps is climinated, and profits are increascd
"The problem faced by fand-grant colleges of apriculture and other provider
of agticultural information has been how to deliver accurate information t
ortunately

farm managers rapidly inan inlegrated, interpreted ashion, |
several technologies are now available that can help overcame thi
problem: (1) data bases that include geographic information systems. (2
expert systems, (3) decision analysis tools, and 0 clectronic communici
gion through computer systems and telephone lines. A camplication o
ihis solution, however, is the fact that the adoption of computer technolog,
by growess is predicated on a linkage between a particular farm operatiol
and the acecess conditions of the particular technology (Aundirac an
Beaulicu, 1986). These access conditions are determined, in part, by th
devetopment of the technology and by private and public diltusion infra
structures. The development of diffusion strategics that consider growers
needs and capabilitics reltive 1o specilic access conditions will aceelerat
the adoption of these new technologics.

DESCRIPTION OF EXPERT SYSTEMS

This discussion concentrates on delining expert systems, describing the
development of an apple production expert systen, amd aeporting some o
the reactions of commercial apple prowers to this new informition deliver

. ),.\!n._.
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technology. An expert system(s) is a computer program designed 1o simu-
late the combined problem-solving capabilitics of 4 nwber of people who
are experts in specialized disciplines or domains (Coulson wd Saunders
1987, Denning, 1986). Expert systems e able (o draw and store infer-
ences [rom information and are thus often called knowledpe-based systems.
A Tonu of atificial intelligence, expert systems are capable of integrating
and delivering quantittive information, much of which has been developed
through basic and applicd rescarch, as well as hewistics ?;_:.: entially
based rules of thumb) o imcrpret quantitatively derived vadues, or for
use when quantitative vidues do nat exist,

Fxpert systems technology can be used as a delivery mechanism in a
Lurger decision support system. Uy c:__:::;u sequences of symbols
that represent ditferent levels in the solwtion of o problem, the expert
system attempts Lo represent a common problem-solving pattern;
“it conditions, then conseyuences™ (Denning, 1986; Rajotie, 1987). Mure-
over, because an expert system _.c:_n_:_.n_.m its logical chain of reasoning,
a user nay query the system about why a particular recommendation

wias given.

In agriculuire, expert systems can be used to integrate the perspectives ol
individual disciplines (c.g., agronomy, horticaliure, entomology, ccology,
and cconomics) in a fashion that addresses the day-to-day, ad hoc
decision-making processes required of modern farmers. Developed cor-
rectly, expert systems can become a powerlul tool Tor providing farmers
with the readily accessible, highly integrated decision support they need
to practice a sustiainable system ol fanuing,

Unlike many industeial applications, most expert systems for agri-
cultural prodaction management are sl in the developmental and testing
phases (Schmisseur and Doluschitz, 1987). This chapter describes the
creation of an expert system for apple production and provides the resulls
of the first widespread lichd testing of expert systems by growers. Unlike
most studics, this vescarch has implemented an evaluation plan simulia-
neously with the _:..m::__:m ol adoption of the system. Thas, some of the
problems with canlier research, such as lack of bascline data and the poten-
tial confounding of ::::_mn_:n_: ability and adoption (Welzstein et al,
1985) can be avoided. The purpose of this study is to document the socio-
economic impact of expeit systenss in terms of changes in knowledge,
shitls, attitudes, and praciices

DECISION MAKING FOR APPLE ORCHARDS

Apple orchards are highly diversified and complex ccological, economic
and social systems.  Apple praduction is alfected by o wide varicety :_
insect, mite, disease, weed, and maommadian pests ad is subject 1o the same

APPENDIN I . 08

ceonomic and social constraints as any agricultural business enterprise,
NMorcover, orchardists are experiencing increased pressure from envi-
ropmental amd consumer groups to reduce their chemical use, particulaely
pesticides.

Apple prodacers have a need to utilize various sources of stiate-of - the-
agriculturad knowledge as well as site-specific, on-farm information in
Lighly integrated fashion 1o reduce pesticide use and jmprove farm pro.
ductivity and profitability.  Alternative methods o pest management i
apple production are needed in the face of inereasing pesticide resistane
and concerns about food safety and homan health, The case for implement:
ing integrated pest namagement (IPRD) programs
one strategy o meet these requirements has been made previously
(Rajotte et al., 1Y87).

However, the best mcans for effectively implementing 1PN prograns
and other sustainable agricultare practices for widespread adoption are stit
being discovered. "To overcome the initial complexities of converting 1
IPM, growers require more E_:S_:::. expericnce, and technical expertise
In addition, orchardists are confronted with an overwhelming amount ol
information that they need 1o assimilate in order (o make decisions abow

in apple production a:

production, harvesting, and the control of Insects, discases, and weeds, T
ditional agricubiaral information and decision support delivery sy
tems are discipline-oriented packages, Thus, growers must often integrate
virious disciplinary information and data for application o their own
orchirds (Rajotte et al,, 1987). Rarely, if ever, do apple growers have the
time or resources to compile and ceffectively assimilate all the aequired
information involved in the daily decision-making process.  An apple

production expert system can provide an improved levet ol decision support
in i timely and integrated fashion whenever and wherever prowers
reguire it,

THE PENN STATE APPLE ORCIHARD CONSULTANT

An expert system known as the Pean State Apple Orchand Consultant
(PSAOC) has been developed 1o help apple growers make better decisions
about production and pest management.  Alter <1 yewrs of development
il testing (including 2 years supported in part by a ULS. Departent of
Apriculture [USDA] low-input sustainable agriculture JLISA| grant),
this system has recently been made available Tor sale to fruit growers
in Peansylvania through Penn State Cooperative Extension (Travis
et al, 1990). The system integrates various facets of apple production. 1t
gives the apple grower the information necessary to reduce some purchased
inputs by substitating high-quality, integrated, information devived from
thice sources (state-of-the-art apple production aml 1PN knowledge;

v gy
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site specific, farm level dadag and weather records)) A primary emphasis
of the PSAOC expert system is o decrease the detrimental environ-
mental impacts associated with pesticide and Tertilizer use as well as
input costs, thereby improving v profitability and reducing economic
rish.

PSAOC was desipned (o view the apple orchard from an ecological per-
s o camplex and highly interdependent system where the alier-

spective
ation of one component tesults in changes in the entire systenn, The systen
mimics the way in which growers must approach problem-solving in their
orchards. The goal is to consider the orchard as a whole organism, and to
make management reconmendations in a holistic fashion, rather than
making individual recommendations based on independent components
(Heinemann et al., 1989).

Twao unique charactetistics of the PSAOC program are (1) the relative
user frieadliness of the system, and (2) a built-in user feedback toop thn
facilitates the incorporation of grower and user suggestions lor improving
the system into updated versions of the program (Heinemann et al., 1989).
The two versions of the PSAOC system, Macintosh (Apple Computers,
currently available) and DOS (available in 1991}, were designed so that a
person who has never used a computer may operate it. Operation of the
system can be accomplished without using the heyboard in the Macintosh
version, Growers™ use of the system is being continuously monitored and
evaluated, which allows them to have direet input into how the system is
being developed. The solftware shell being used (PennShell) atlows
modilications ta be made quickly so that apdated versions can be rapidly
distributed 1o growers.,

Developers of PSAOC felt that these two components (user fricmdtiness
and user feedback loop) were critical to attaining the goals (Bowser, 1990;
Heinemann ¢t al., 1989). These two components contribute prominently
to the ability of growers to input into the system data specific to their
own archanrds as well as op-to-the-minate weather dada. With thiese bascline
dati in the system, growers may query PSAOC about specitic problems of
pest management, soil Tetility, and orchard planting. They nay also
request in-depth supplementary information (including pictures) aboul
an individual insect, disease, or weed. The user may ask the system to
explain the logic behind a given recommendation (Bowser, 1990; Crass-
weller et all, 198Y9; Heinemuann ¢t al., 1Y89).

Recommendations are usually given with a range of alternatives
(where alternatives exist), thus allowing growers to combine their own pref-
crences and experiences with the recommendation being offered by the
systen., This combined package ol information is then used to support the
of the grower in planning a pest management

P3

decision-making proce
or other strategy.
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Structure of the Penn State Apple Orchard Consultant

When the PSAQC expert system was Tirst indrodoced 1o growery in tf
fickd test it consisted of three main components:  insects, dise:

NCN, i
horticulture. Since each program fits onto one disk, w top Jevel callin
maodule provided @ main menu to call each of the three main modales, |
the most recemt version, the inseet and disease module were fully ini
grated into an (PM module. PSAOC is further divided into prolile
(long- and short-term memory of an orchard block) und various decisic
modules that utilize recent orchard observations.,

Profiles

The apple producer’s orchard management program is hased o
orchard blocks. A block is the largest unit of an orchand within whic
consistent decisions are made (genericatly known as a management unit
A typical orchard may consist of several Dlocks thit are each manage
differently.  Information about the block is stored in two sepurate file:
alled long-term and short-term profites, and cach block has its own pro
files.  The use of profiles climinues the need for the grower 1o repen
cdly enter infornition about the orchard that changes infyequently. “Th
long-term profite consists of details abont the orchird block that wou!
not change from day to day, For example, the location of the block wi
not change at all, “The tree varieties in cach block, the ages of the trees, an
the history of inscet problems remain fixed for an entire growing seasor
Projected harvest dates usually remain fixed wntil the end of the growin
season, when they may be adjusted. ‘The short-teem profile contains infor
mation that either needs upditing on a more frequent basis or else has th
potential for changing. For example, wember history data that need dail
updating are kept in this profile.  Crop load and manket destination ma
change becanse of o nwmber of envivonmental factors that alter the quantit
and quality ol the crop.

Information (besides weathier) that changes from hour o hour within
day must be entered by the user at the beginning of a new session and is na

stored in a profite.  For instance, disease incidence and inseet and min
population changes may be assessed as often as once a day.

The management prograan cither can be initiated directly from the pro
file, in which case all profile information will auntomatically be foaded int
the progriam, or ¢lse the user will be asked if a profile should be toaded
The user either can choose a previously defined profife or the user cu
create i new one,
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The butegrared Pest Management Module

The user has the option of requesting i reconumendation about an indi-
vidual pest problenn ar vunning the 1IP8 module, which considers all the
archard and pest characteristics as an inlegrated system when the manage-
ment ol cach component will alleet other components.

By considering site cluwacteristics, bodticultural parameters, weather
conditions, pest severity, and predator density, for example, the progriam
determines whether the inseet and mite populations are over thiesholds
that signal the necd for action w control these pests. 11 then calls a pesti-
cide management moduale o establish pesticide application priovities. With
the ickp o the expert system, the user then builds o recommendation by
considering pesticide efficacy and appropriateness, timing, days to harvest,
and tank compatibility. For instance, if the mite population is over the thiesh-
old fevel and predators are not sullicient 10 control the mites, miticide rites
are determined. These rates will vary depending on the severity of the prob-
lem. dnsecticide rates wre then determined foe the primary insect over the
theeshold level (e, most damaging).  Hothe primary insect conteol is effec-
tive for all secondary insccts, no more insecticide compounds will be consid-
cred. Otherwise, the module will determine other compounds and rides to
contiol the secondary inscets. Steps similar 1o those described in the preced-
ing paragraph are tuken 1o determine the disease control recommenditions.

The program has now determined an array ol miticides, insccticides,
and Tungicides that will control the pest problems in the orchiard block,
The aray ol pesticides is then checked against the days-to-harvest rules.
Certain pesticides cannot be applicd within a certain period of time before
hirvest, and that period varies between materials, The program checks the
cutrent date and the estimated harvest dite and then climinales any materi-
als that are illegal to use during that time. Most growers mix pesticides into
a single tank application. The final filier Tor the pesticide array is o deter-
mine Lk mix compatibility between pesticides. Any incompatible
n:r.::n:_z:_n_.r.:_:<r.._..::::_c:_._.:«..:.c:.,,,EA?EE..::n_:;cc:_.vd_nc.-

ing from a list of the remaining pesticides.

Rates for the chosen pesticides are displayed on the computer screen. The
program generally recomnmends i timh mix of a fungicide 1o control discases,
a miticide 1o contiol mites, @ primary insecticide w contral the most dumag-
ing inscets, and a secondary insecticide (o control any inscets that are over
threshold bat that wre not contiolied by the primary insecticide. Alier veview-
ing the pesticides and rates, the user has the option of asking for a different
combination of pesticides for the sime pest problems. This option is offered

becaune there are many pesticide combinations that may be suitable,

APPENDIX B 41

PSAOC as a Tool for Sustainable Apple Production

Effective use of PSAOC provides growers with specific. 1IPA- oriente
information that they may not have had in a usable form previously. Thi
information may tell the grower that certain insect pests are present. n
not at cconomically threatening fevels that require application of a pesti
cide, or thit conditions for o disease infection period have not been me:
even though it is the proper season for discase infections.  This inlos
mition is substituted for the routine spraying practices that might hav
occuned without this knowledpe. Thus, the ccosystem is spared the appli
cation of unnecessary pesticides, while the grower realizes an economi
savings derived from noi applying pesticides.  Morcaver, the yield an
quality ol 1he crop is maintained because pest problems are nimage
with a profitability objective,

PSAOC is a potentially effective ool for sustainable apple productio
for six reasons:

Loin delivers 1PM-derived information and solutions 1o pest manage
ment problems, the benefits of which are outlined above;
2.0t provides this information in a very up-to-date and site-specifi
shion that is unattainable by traditional infonuation detivery systems;
3. this information is always veadily available 10 any prower with acces:
sibility o

to o compder and the software, relieving dependence on the acces
literature or human experts, thus enabling the grower to make critical, timely
decisions whenever necessary;

4. when used ceffectively, it provides the apple grower with the opportu
nity to reduce the usage of chemical pesticides, thus reducing the negative
impacts of apple production on the ccosystem and human heatty:

S.it can increase grower profits; profitability is an esseatial condition
for sustainable agriculture; and

6. as additional low-input sustainable methods of production are devel-
oped, these can be easily incorporated into PSAOC,

It remains 1o be seen whether apple producers will successfully adop
this new agricoliural fnnovation on o widespread basis. To address this
question, a field test and evaloation of the expert system was conducted
during 8 months of the 1988 and 1989 growing scasons. Some of the re-
sults of this field research are presented below,

ield Testing the System

During regular extension cducational meetings in 1988, apple growers
were asked 1o volunteer for on-farm field testing of the expert systiem. Over
L0 growers volunteered 1o participate in the First phase of the eviduation.

DRy \l.“l..
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Of those volunicers, 26 apple growers were selected as a pilot ¢
These growers were carelally selected 1o represent the spectrwm ol apple
production characteristics in Pennsybvania, including farm size, peo-
graphic location, wnd experience with computers. These pilot test partici-
pants met with the study organizers for | day and were given instructional
taining and softwie. Fourteen growers who did not own computers were

{ group.

loaned MMacintosh computers.

Growers aprecd 1o use the system and 1o record their expericaces with
the system, suggestions Tor its mprovement, and their usage patlerns, A
monthly telephone survey wits used to collect the dita being geacrated by
For a more complete

the pilot group. Some results are discussed he
discussion see Bowscer (1990),

Grower Surveys: System Use and Practice Change

In this section prower usage of the PSAOC expert system is discussed,
as are changes in faoming practices resulting from this use of the system,

General System Usape Patterns

The number of times o grower vses the PSAOC expert systenm and the
amount of time it is used during cach session are indicators of the degree of
!

s
adoption of the expert system. Table B-1 displays two measures ol the

TABLE B-1 Penn Stue Apple Orchird Consultant
Expert System Use Characteristics of Growers

frercentage of Guoanwers

System Hae Chara tedintics (= 20)
Totad po. of Hnes system aecessed
by prowers an 8 soths
1] 71
LY 19.2
10 15 RENG
1629 15.4
RUINRIY 2310
Total no. of houts systen used by
gronvees in 8 months
1] 1.1
-3 0.9
46 15.4
79 241
(1L I 1Y) 269
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fiequency of use of the expert system:  the total number of times that ia-
dividual growers accessed PSAOC, and the total number of hours they used
the systen. Both measures are summations of the data from an 8-month
period in 1988 and 1989 during which the study dati weie collectad,

The fiest measure, the number of times thi the growers accessed the sys-
tem, represents the npumber of dimes an individoal grower actually
tned on and ased the system, regardless of the duvnion of the session, This
meastre shows that 7.7 percent of the growers did not use the system al

all, S1.8 percent of the growers used the system less than 16 thiimes in 8 months
(2 times per month), and 231 percent used i -1 times or more cach month,
The second measure in Table B-1 represents the wotal number of howrs
that the system was actoally used by the growers during those 8 months,
Agaia, 7.7 percent did ot use the system i all, 200 pereent of the grow-
cis used it o dess than 6 houwrs, and 26,9 percent used it 10 hows oF more.
Total use of the system varied widely by year and time of year, Figure
B-1 shows the percentage of growers who swecessed the system each month,
This vaciation is explained in two ways. The growers did ot receive the
system {or use until fate July 1988, A very high percentage of growers
accessed the systemt during August 1988 (733 pereent) becuuse they
were tying it for the fiest time, Use of the system in Augost 1989 was 3
L8 percent, which more accurately reflects the need foc information a
grower would have just prior to harvest, The percemtage of prowers who
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FIGURE B-1 Percentiage of prowers who aceessed the Penn State Apple Orclised
Consuliant expert system cach moath, :
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FIGURE B-2 Averape number of hours pes month the Penn State Apple Orchird

Consultant expert systeny was accessed by growers,

used the system el precipitously during October (318 percent) and No-
vember (103 pereent) of 19880 During 1989, alter the prowers had the
opportunity to review the system throughout the winter months, system
use was high in the spring months, The spring is traditionally an intensive
period of pest management because of favorable conditions for fungal and
bacterial diseases caused by wet comditions,  Inaddition, insect and mite
populations begin 1o increase in the spring wicd are therefore more valaer-
able (o management actions.  System use gradually decreases throughout
the sumunier, as would be expected based on the declining informational
needs ol the growers,

Figme B-2 shows the average number of howrs of use per month by
growers who accessed the system. A pattern of vinjation similar 1o that
described above occuned.  On average, growers used the system fewer
times but Tor longer durations catlier in the growing season than they did
fater in the growing season. ‘This may be explained by the differences in
types of information aceded an different points in the growing scason.
Baclicr in the scason, growers were more involved in planning and schedul-
ing Tor the scason's warh, which sequired more intensive and in-depth
use of information sources, More importantly, pest problems (especially
discases) are much more complex in the spring than in the sununer, re-
yuiting more time on the computer to extract a recommendation. During
the summer months, growers are more involved in crop maintenance and

APPENDIN 1t !

troubleshooting and may be doing maore of the double checking of 1w
own knowledge mentioned above.

These measures of system use tahen together indicate one aspect
adoption: use of the innovation. While the number of times that the PPSAC
system s accessed shows how frequently the system is being used, 1
actual amount of time spent using the system may be a more significa
indicator of adoption of the innovation. Some growars reparted that th
used the systemy primarily as a quick validition of their own knowled
reganding o decision. These growers reported a relatively high number
aceesses and a low number of hours used, Conversely, the growers wi
reported g they used the system for many houwrs were presumably
fully engaging the logicof the system in their decision-making process.

General Practice Change Characteristics

The degree to which growers follow the recommendations presented |
the expert system i
measures of the frequencies of change
(1) any change in growers” production practices and (2) increased
monitoring.  Both measwres were derived from the cight monthly surveys

The first measure is o sum ol the number of times that growers indican
that use of the expert systen stimulated some change in their productic
practices.  Over the course of the 8 survey months, 65.2 percent of 1l

second aspect of wdoption, Table B-2 displays v

induced by use of the systes

growers indicated that they had chainged standand production practices
some way during g least 1 month, OF these growers, 17,0 pereent indivak
some change during 3 difterent months of the B survey months,

A significant number of those sampled (65.2 percent)y engaged a ne
and untried technology and were stimulated o change production practice
as sesult,

The sceond of the practice change characteristics displayed in Table B-
is u sum of the number of times that a grower was stimadated by the expe
systent to go 1o the orchavd and scout for o pest timaonitoring). Pest monito
ing is seminal to any 1PN prograum. A large majority of growers (K2
pereent) reported that the system stimulated them to increase their monito
ing af least once. A wotal of 303 percent of growers were stimubued |
monitor their orchards four or more thimes. As the miajority ol pest monito
ing occurs during April, May. and June. these numbers take on mo
significance when viewed as a suabset of the cight monthly obscrvations.,

o

Weekly ‘Time Monitoring and Basic Economic Questionnaires

During the field test and evaluation process in the TU8Y season, the ce
nomic impiact of the apple expert system on cooperalors” operations and e
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extension information has encouraged growers to monitor for mites at th

TABLE B-2 Pean State Apple Orchard Consuliang time of bloom and thereafter (week 8 of the growing season). Bath PSAO!
_...,_..:.: wv.,:r...: >._:_.:::.~_:_.F:__,.:C.:_C_.::._u users wnd nonusers performed scomting at similae Hiequencies in the pos
Production Practice Percentage of Giowers bloom period. Hlowever, @ new prebloom monitoring practice is recom
Chiange Clhasaeristic (=21 mended by the expert system as an elfective mite control stralegy that ni

Tonom o reduce pestivide nsage later in the season. The nonusers of PSAOC wer
Ma. ol thues prowers - C1hi b >

. U B not as awine ol this prebloom method, Figure B-3 shows that more PSAOK

1epenied some change

AT . Sieer Fove 1ione .. e freee onrbicer §
D practices, por prowes system users tended 1o monitor for LEoropean red mites cartier in th

0 18 season than did the comparison group of nonusers. Similar behavior ha
l 217 been seen in PSAOC users who ended their monitoring processes soong
2 26,1 than did the control group, thus making more efficient use of Hmited time
z.w. of times sysen 174 This constitutes .:.E... ....,.Er”:nn __::.:.#. ol an expert system can stimulat
skt inorcased pest measurable changes in Gaming practices.
fnitoning, o1 grower A prelimiigry comparison of the Farm-gate cconmmics of expert systen
0 17.4 users versus those ol expert system nonusers shows some treads. Bve
! 200 though Pennsylvania sulfered throngh a poor apple-growing season i
.m .:_N_ T9RY, the preliminary results of the survey show that yiclds of PSAOC
A 17 users and nonusers were roughly similar,
o a4 The cost ol time speat monitoring the orchard for pests d asing the

7 44 expert system is also a component of the cconomic impact being ¢ xunined
C Specifically, the team is fooking 1o answer the question of whether saving:

income wits estimated. Nany growers already maintain pesticide logs that

100

contain st of the data needed for development of an apple eaterprise

budpget. A basic cconomic survey questionnaire was developed from the 90

pesticide recond and crop history logsheet of @ major commercial apple

processor (o collect orclind chavacteristics, apple yields, and prices re- 9 80

ceived.  Additional information o aid in the comparison between expert 8 70

systems users and a control group of nonusers was incarporated into the ww .

questionnaire. A weekhly time maonitoring survey was designed to gpather 5 6o

lornation o the amount ol tinie cach grower spent scouting (moni- ﬁ 50

toting) his or her achind cach week as well as what pest problem was 10}

being looked for. Pesticide application tecords were also collected to pro- L 40

vide information on the chensicals and rates that the chemicals were ap- ol 20

plicd 1o each orchard, The swrvey questionnaire was subjectied 1o thice —M_

revicws: First, by the research cam; next, by all the county agents involved 20

in the project; and finally, by selected growers who had expressed interest 10 FEY Users  Monusers \
in its devetopment. This feedback was particubuly helpful for develop- ’

ing the yickl and price componients of the questionnaire, which was a two- Y {2 AT B T 12 19 Ao 1017 18102021 92 2321 25 26 27
part formal that was collected in the spring and the fall WEEK OF SEASON ADJUSTED BY PLIENOLOGY *

Resalts from the monitoring surveys we still being anadyzed. While the
finddings reported here are preliminary and subject 1o change, they, too,
indicate tun the expert system s an elicetive teaching tool.  In the past,

FIGURE B-3  Mouitoring for Furopean red mites (ERNY by users and nonuseis
of the Penn State Apple Occland Consuliant expert system, .

.- -
f‘(‘ﬁ’.n.\!.
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on pesticide applications were being oflset by greater costs in manage-
ment. A weekly time-monitoring survey was developed that provides a
checklist for most ol the common items monitored. Primarily, it ashs how
much time was spent monitoring cach block and using the expert system.
This checklist went through the same review process the basic ccononies
survey did.

No clear resulis have yet been obtained Trom the pesticide records ana-
lyzed thus G, but some interesting irends have been noted. “Phere is some
indication thit system users may have applicd lower amounts of some in-
sceticides than nonusers did. Futher anadysis of this information ay
indicate whether or not the expert system is changing growers’ prictices
reganding pesticide use and will provide the basis Tor partial budget
analysis,

Further Mechanisms to Obtain Grower Evaluation,
Feedback, and Training

Cooperators” Planaing wnd Review Meetings

The expericnces with the PSAOC expert systemy during the 1988 and
1989 prowing scasons were summarized during facilited mectings of co-
operating growers, researchers, and extension personnel in Februuy 1989
amd March 1990, respectively. The prinmary purposes ol the mectings were
to review the system’s perfonmance over the year to dide, provide ihe
growers with an opportunity for iu-depth input and discussion about -
provemets in the program, and collectively plan for the upcoming year,
T addition, a major benelit was 1o bring growers from 13 counties in Penn-
sylvamia and rescarchers and extension agents lrom three states 1ogether
to interact Tor the st time.

The nominal gronp technique was employed during woiking sessions
with the growers group to solicit any suggestions that they had for improv-
5. Recommen-

ing cither the sottware dtselt or the Ficld evaduaion proces
dations were distilled and ranked by growers according to importance
during a later session,

Growers and extension agents also strongly suggested the inclusion of
more cconomic inlormation into the PSAOC expert system. A session
devoted o procedures For collecting relevant budper data yiclded an addi-
tional step in the proposed analysis of furm-level cconomic impacts.

Rescarchiers and exteasion specialists from The Pennsylvania State
University (University Park), Univensity of Massachusetts (Amherst), Uni-
versity of Vermont (Bailington), amd the Rodale Research Center (Max-
atmwney, Pennslyvaniay also met Tor 1S days (o plan and coordinate the
Tollowing year's progran., - Additional responsibilities for expert systems
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development and evaluation were outlined for the second- and thind yen
plans of work.

Midscason Grower Training Sessions

Based on Teedback from growers as well as trends io the sirvey dat
smadl-group training sessions were held at the Biglervitle Froit Laborator
aed the Berks County Agriculture Center during the summer of 198
Ieowas determined that the newest venion of PSAOC was not bein
comprehiended adequadely and therefore was not being used o its fulle:
elficiency. These training sessions sought 1o correct this problem by fami
jarizing the growers in-depth with the new aspects of the soltware.

Electronic Mail Netwvork Among Growers and Rescearchers

Also in response (o feedback from growers, an clectronic mail user
group was formed 1o improve comnumications between cooperating grow
ers, researchers, and extension personnel,  Using The Pennsylvania St
University's PenlMail system, the growers are able to communicite wit
sach othier, with county extension agents, and with specialists on campy
via electronic mail. This communications link has helped 1o make grow
ers more comfortable with the computer amd the information they receive.

The electronic mail system was set up in March 1989, Grower commu
nications have included guestions about insccts, pest tapping, use of th
computer, and information on the new version of PSAOC. The project”
evaluation coordinator has sent owt numerous infornudional and updat
bulletins, The growers are also receiving their own copy of the stale horti
cultural newsletter by elecnonic mail. Hall of the growers have aceesse
the system (for messages, vesponses, Pealaily ronghly once o week, i
the others have accessed the system about once aanonth, This system ha
worhed well so far, and it is expected thin usage will continue 1o grow.,

Site Visits 1o Cooperating Orchards

Visits to fickd test sites were made by evaluation stall at various point
during the growing season, to observe orelard management and expert sys
tems use by grower. These visits also provided more opportumity for th

growers o give input into the development and improvement of PSAOC

It wias noted that the expert system was more often found in the busi
ness office of the orchacd, residing on the computer the grower used (o
accounting.

Grower Panel at Professional Mectings

Three pilot study growers and the cooperiting regional tree frait exten
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sion agent presented a panct discassion on the Penn State Apple Oschard
Consultant systemt 1o over W0 apple growers at a mecting ol the Pean-
sylvania Horticulugal Association in January 1990, Discossants provided
with testing of the system, citing both the

insights into their expericnc
problems and potentials ol using the expert system in orchand ianagement.
Panclists were mostly supportive of the new technology, citing increased
responsibility on the pint of the grower o reduce environmental inputs
and bmprove Tond salety while still maintaining profitabitity.

Involhvement with Cooperative Extension Agents

Cooperative extension agents were directly involved in the orgianization
and impleoientation of the project. Iy addition 1o consulting on the styuc-
tre and content of the svey process, agents were primuily responsible
fur the selection of cooperating growers for the project.

Connty Extension Agents Survey on Expert Systems for Fruit Growers

A survey was distributed by clectronic mail in Jamsny 1989 10 measure
the familianity of county extension agents with fruit expent systems and 1o
solicit fecdback on the overall expert systems program,  The survey was
necessany (or two reasons: (1) many extension personnel were not informed
about eapert systems development, thus indicating some training sessions
were necessary; and (2) Teedback was received that indicated agents in
coopetating counties could be better served and wtilized by the eviluation
—::r.r.v.v..

The survey was sent by Penhlail 1o agents with horticubtaral responsibili-
ties in all 67 county extension ofices in Peansylvimia, Additional questions
were cooperating in the

were ashed of agents in the counties where growe
pilot study to solicit fecdback on improvements (o the evaluation process.

A vast majority (84 percent) of county extension agents were il most
only somewhat Tamiliae with expeit systems for frait production. Seventy-
six percent of apents indicated that they would attend an in-service travining
program on how (o use this techuology in their programs.

Entension Agent Expert Svsiem Training Session

In response to feedback from county extension agents, training sessions
for county extension personnel wese scheduled during the Maich extension
in-service training programs al ‘Fhe Pennsylvania State University. Agents
pasticipated in a lecture and discussion of what expert systems are and how
they work.  In another session, patticipants received hands-on expericnee
with expert systems in a computer laboratory. ‘This training was provided
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1o help Familiarize agents with expert systems and 1o lay the groundwor

tor the future di

ITusion ol agriculiural expeit systems,

Local Experts Network

A proposal has been made to extension administration o initiate
network of extension agents (o serve as ocal experts to support expel
systems users within a specified region. “The local expertis a person wh
learns o new technology quickly and is motivated 1o belp others lein
(Landy et al., 1987). Schirer (1983) sugpests that the individual is centy
10 the uhiimate success of the training elfort. This process, which is ofie
used in the diftusion of software technologies, provides a more rapid 1
sponse 10 user problems and educational necds than is currently availabl
through Cooperative Extension programs, 3 is expected that this networ
will facilitate a more efficient and ellective adoption process,

CONCLUSIONS

The project reported here is the first in the fiterature of an agricultun
oriented expert systems being tested in the fickl with comparisons of use
and nonuser practices,  Evidence from this study supports the thesis ¢
Audirae and Beanlicu (1986) that the access conditions of a technolog
need to he considered in the diffusion process. Those access conditions «
the expert system derived from its technolugical development as well
its inhinsic characteristics are important variables in the diffusion proces
In particular, two characteristics scent noteworthy based on the resud
of this stady.

First, the Pean State Apple Orchard Consultant expert system is prima
ity an information delivery technology. While it contains dita bas
production information (such as weather), it also requites the input of el
able, site-specific information in order to formulate recommendations
the user. The information requested as well as the resoftant recommend:
tions require the apple praducer 1o form questions and to look at problew
in i nroner different from thit of previous information delivery systen
used in apple production. That this transition will not oceur antonaticall
is reflected by the Fact that the test group exhibited various levels ol us
and that ahmost none of the changes in practices occuried until prowet
had sufficicnt time to develop some familiarity with the system’s logi
Some growers indicated that they still do not tust the system (o mak
decisions for them. This attitwde is appropriste. PSAOC is not intended
a substitute for good management but as o source of information o guid
and enlighten growers' decisions. Distrust ol the PSAOC expent sysie
could also be the result of incongrucnce between growers” pereeptions ¢

g
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the system versus those of theiv apple orchards. The expert system is an
information technolopy that s inwinsically different from most informa-
tion technologies that have previously been used by apple producers. The
Kiwlds ol practical aud cducidional experience a grower or user has may
alfect how well the systens is understood and, thas, adoped.

Sceond, the expert system is o technology that s inherently connected
to microcomputers. For a grower 1o make wse ol the decision support
capabilines of PSAOC, they must (1) have access 10 a microcomputer
capable ol running the system and (3 be able to operate the computer
proficiently. While the soliware was designed and developed to be nsed by
people with little or no camputer experience, results of the study indicie
that growers witle the least amounts o computer expericnce also had the
lowest vates of system use. This would appear 1o be an example of the

access conditions of the technotogy not being congruent with the faning
operation.  This technology is inhereatly computer hased, and a fanning

operation must have aceess o a computer and @ person who can aperate it
belore the technology will be wdopted.

By substituting information for some chemnical inputs, the Penn State
Apple Orchind Consuliant expert system has the potential to contribute 10
the gencration of more sustainable apple production systems in the north-
castern tnited Staes, This bend can accelente through the introduction
of more intormation-intensive, low-input 1PN practices into the farm
production systenr. This stwdy has provided some preliminary evidence
that changes in usual production practices oceur as growers and users sub-
stitute information for purchased inputs, in this case, pesticides. 1 owas
also demonstated that the substitution of information for inputs was
stimulated by the expert system, which enabled the grower or user (o col-
leet, integrate, and interpret the information rapidly.  However, based on
other evidence prodiced by the stady, it appears that the potential for
sustainable agricultuee that this technology holds will be diminished
conditions of the

without some attention to better linking of the access
technodogy to the Tarming operation.

RECOMMENDATIONS

Mare work will need 1o be done atahe fivst stage of the diffusion process
it the Penn State Apple Orchard Consultant is 10 become an eifective tool
for sustainable agriculture. This Tirst stage concerns the set of activitics
which provide Tor the “establishinent ol dilfusion agencies or o network
of outlets from which the innovation is distributed to potential adopterss™
(Audirac and Beaulicu, 1986, p. 63).

In the present case, it is planned that this diffusion network will be the
traditional Cooperative Extension Service network of university and county
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extension offices and personnel.  In addition to acting as the distribu
agent for this innovation, this network must abso provide new cedocation
training programs in Key areas idemilicd by (his research, it the effect
adoption of this innovation and its potential for sastainable agricuttu
are 1o be realized. Some growers are not using the system very ol
and others are ot being stimulated 10 chiange prodaction practices bas
on their use ol the system. In some of these instances, perhaps no chan
is necessary or advisable. In other instances, change would be high
beneficial in terms of grower prolits and reduced pesticide ase. In the lan
ase, elfective adoption is not occursing and the potential (o educe 1

wmount of pesticide inputs heing used is diminished.

To correet this sitmation when the system is olfered tor pencial u
by growers, it is recommended that the diffusion agency provide
cducational programming in the following arcas:

Loowadning inoand basic orientation to computer use for fuoming o
erations in general and agriculiural expert systems in particulars the

sions should be held on a very localized basis and taupht

training 8
people who are Gamitir with expert systems software and the croppi

3:,._.,.:__.r.:_m;m.,.c:v.mc..
2, wadning that provides an overview of the gradual modilication
existing production systems to incorporate reduced-input methods: th

training should focus on societal-level needs and responsibilities for sedu

ing pesticide use as well as the long-term Tane-level benefits for doing s
3. establishment of a actwark of focal experts to provide a resource |
growers expericncing difti
4. continual updating of system capabilities, so that recommendation
remain scientifically cuerent and approprinte:
5. training of extension specialists e agents to familiarize them wii
the possibitities and potentials of the system: amd
6. bepinning the process by delincating the criteria and goals for s

ficultics with the camputer or expert system;

tainable agriculture atainable with expert systems as a ool I this wi
s

scientists will be better able 1o begin 1o design production sy
agricultural operations of all sizes that provide more Hexibility in respond
ing 1o dynamic production conditions, thus coabling time and spatiall
specific recommendations for the expert sysiem (o be better implemented
o the Yong run this may be the preatest contribution ol agricoltural ex

pert systents development towird o more sustainable systent of globa
agticulune,
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