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ABSTRACT

Orchard 2000 software has been used to deliver weather-based plant
diseasemodel sto horticultural users. Softwarefor assessing theweather
risk of apple black spot (Venturia inaequalis), developed, tested and
commercialised over 6years, givesusersdirect accessto hourly weather
data from 40 automatic stations in New Zealand’s main horticultural
regions. In the 1995-96 season, commercia users numbered 61, with a
further 50 growers receiving twice weekly printouts via facsmile. A
1992 survey of 20 trial usersindicated that use of the software did not
reduce the number of fungicide applications, but typically led to there-
timing of four applications. The survey aso highlighted a need for
knowledge of the persistence of protective fungicide cover. Spray diary
software, also now commercialised, providesthefirst step towards such
knowledge. In addition to being a planning and recording tool, the
software offers a means of checking proposed spray applications for
marketing complianceand mixing compatibility. Weather-based software
for fireblight (Erwiniaamylovora) and grape botrytis (Botrytiscinerea)
are currently under development.
Keywords: decision support software, apple, technology transfer,
Orchard 2000

INTRODUCTION

Several plant protection research programmes have achieved transfer of new pest
and disease management technology through weather-dependent biological models
deliveredineither decision support computer softwareor on-orchard diseasepredictors.
The Orchard 2000 system uses software on growers' persona computers (PCs) which
links disease model s with aweather database, aswell as orchard and spray databases.
Theweather databaseisupdated on demand from one or more of 40 el ectronic weather
stations which are operated by HortResearch or independent operators. All stations
measure air temperature, rainfall and surface wetness, and some measure a wider
range of variables of World Meteorological Organisation standard. Although initial
software has been devel oped for disease management applications, the Orchard 2000
system has the potential to incorporate any aspect of orchard management where
wesather information, biological models, or orchard layout detail are required.

This paper reviews the trial and commerciaisation of a weather-based disease
monitoring package based on the Orchard 2000 standard for decision support software
(Laurensonet al. 1994). Orchard 2000, and itsforerunner ODE, have been promoted as
amechanismfor technol ogy transfer andfor validation of biological models(Laurenson
1989; Atkins et al. 1992). We examine the effectiveness of this medium in terms of:
» uptake - the proportion of potential users employing the medium
e use - the frequency with which they use the medium
» vaue - the value they place on the medium
e impact - the proportion of the total crop produced with the assistance of the

medium
e science benefits - the medium’ s benefits to associated science programs
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Thecostsof devel oping thecurrent tools, and themarginal cost and pay back period
of new applications are estimated, and grower priorities for new tools are explored.

RESULTS
Uptake

Laurenson and Manktelow (1992) reported field trials of Orchard 2000 software
for monitoring apple black spot (Venturia inaequalis) involving two Nelson growers
and several research sites. The software was trialed with 20 users in the 1992-93
season, and subsequently marketed as* Spot Check”. Therewere 20 commercial users
in 1993/94, 45 in 1994/95, and 62 in 1995/96.

Over thisperiod nineclients have ceased using the software, some of these having
left orcharding. Inadditiontocommercial clients, thesoftwareisused by HortResearch
staff, and 70 clientsin the Hawkes Bay and Central Otago receive twice weekly faxes
generated by the software. Table 1 shows the number of commercial software users
in each of seven categories. Each of the corporate growers is managing at least five
orchards.

TABLE 1: Numbersof commercial usersof Orchard 2000 software in seven
categoriesof user typein 1995/96 season.

User group No. of commercial users
Apple - corporate growers 4

Apple - other growers 38
Agrochemical retailers 8

Wine industry 4
Horticultural consultants 3
Cropping/vegetable farmers 4
Educational 1

TOTAL 62

Use

The version of Spot Check trialed in 1991/92 recorded the time and duration of
usage. Thetwo growersinvolvedinthetrial used the package 30 timesover November
and December, or once every 4 days on average.

Value

Orchard 2000 clientswho only usethe Spot Check package pay aninstallationfee
of $200, plus $200 per year to run the software, and around $300 per year for weather
station access. In 1992, 20trial usersof the softwarein the HawkesBay weresurveyed
to review their use of the software. A similar survey was conducted in 1995. Of the 17
responsesreceived in 1992, 15 ranked the main display of the software “very useful”
and 2 ranked it “useful”. The options “some use” and “useless’ were not selected by
respondents. Usersalso found atable summarising daily weather to be useful, with 15
ranking this information either “useful” or “very useful”.

Users were asked how many times the software had changed the way they had
applied fungicide. In 1992, a particularly wet spring, users said that on average there
were two occasions when the software convinced them that they should spray when
they otherwise would not have, and two occasions when the converse applied.
Growers in the 1995 survey said that there was one occasion in each category. The
standard error in both responsesin both surveyswas about one occasion. Beresfordet
al. (1989) haveidentified that in regionsor seasonswhere black spot infection periods
occur at less than approximately 10 day intervas, there is little scope to reduce
numbers of applications using weather information. Thereis still, however, scope to
improve the timing of applications through infection period monitoring.

In 1992, in response to the question “To what extent do you believe that Spot
Check represents the weather risk of infections during the black spot season?’, 15 of
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the 17 respondents selected “ ... most of thetime”. One respondent chose“...all of the
time”. This indicated that respondents took the information from the monitor and
combined it with other information in making decisions.

In 1995, in response to the question “Do you think Spot Check improved your
black spot control?’, 13 respondents answered “Yes’, and four answered “No”. In
response to the question “ Did the use of Spot Check reduce any uncertainty you may
have had associated with black spot control?’, 16 of the 17 respondents answered
“Yes’ and one answered “No”.

Impact

We do not have an accurate figure for the total acreage of apple trees grown by
usersof the software, but three of the corporate clients between them grow about 10%
of New Zealand’ s 13,000 haof apples (Statistics New Zeaand, 1995). Assuming that
the 70 clients of the Faxout service have average size orchards (10 ha), these growers
would account for afurther 5% of the crop area. The Hawkes Bay has 40% of New
Zealand's planted apple area (Statistics New Zeadand, 1995). The three major
agrochemical retailersinthe Hawkes Bay usethe software and “ often” refer toit when
discussing disease management with their clients, and their representatives are the
most important source of pest and disease management information for 68% of
growers(Stewartet al. 1993). Therefore, itislikely that much of theHawkesBay apple
production is at least indirectly influenced by the software.

Science benefits

A Windows Dynamic Linked Library (DLL) has been developed which alows
weather datain spreadsheets to be automatically updated when, for example, asingle
datein the spreadsheet is changed. Thishas allowed simpleweather-driven modelsto
be developed, validated, and distributed using the spreadsheet medium. Weather-
driven disease monitors compatiblewith Orchard 2000 are under development for fire
blight (Erwiniaamylovora) and grapebotrytis(Botrytiscinerea). DOS-based versions
of both productsworking from the Orchard 2000 weather database have assistedinthe
validation of weather-driven models and have already been trialed by some growers.
Costsand revenue

Government investment in the Orchard 2000 system to date (through the Public
Good Science Fund) totals around $1 million, excluding investment in the associated
biological science. A further $50,000 from the parent organi sation (HortResearch) has
beeninvestedin converting scienceprototypesinto distributablecommercial products.
Of this investment, approximately $500,000 relates to the tools now available to
growers, or about $100,000 per tool. Improvements in software development toals,
and thelibrary of software routinesthat have been devel oped, mean that the marginal
cost of developing, testing and documenting a new weather-based tool is around
$15,000. This assumes that the underlying scienceis sufficiently well devel oped that
further validation of the underlying model need not take place.

Software licence fees (excluding weather station fees) in the latest season of
commercia operation total about $30,000, or $6000 per tool. Approximately two
thirds of thisincomeis consumed in sales commissions, and support costs, leaving a
net revenue of around $2,000 per tool. On this basisit is possible for the technology
process to be self-funding with a pay back period of around 12 years at 8% annual
interest. Increasing the number of users would shorten the pay back period.
Prioritiesfor softwar e development

Users were asked to allocate notional resources ($100) to six proposed
improvementsto Spot Check and to allocateafurther $100to 11 possible new Orchard
2000 modules. Responses are summarised according to relative popularity (number
of respondents who allocated any money to the option) and importance (average
amount allocated to an option when amount allocated is greater than zero) in Table 2.

The results indicate strong interest in an electronic spray diary linked to disease
management software. Inresponsetothissurvey, aspray diary hasbeen developed and
commerciaised, and links between this and Spot Check are being developed. A
growing degree calculator and general weather viewer have a so been devel oped and
commercialised.
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TABLE 2: Results of the 1992 survey of nine Hawkes Bay grower s showing
popularity and importanceranking for additionsto “ Spot Check”
black spot management softwar e, and new packages.

Additions to “ Spot Check” Popularity Importance  Total
(%) (average$)  (9)

Display fungicide applications (cover duration) 100 53 481
Report regional ascospore release measurements 89 26 210
Make additional wesather elements available 67 22 126
Expert assessment of black spot weather risk 67 10 60
Improve documentation 33 4 13
Improve weather station downloading process 11 10 10
TOTAL 900
New modules

Electronic spray diary 100 22 200
Fruit size tracking 88 16 131
Forecast maps, text and/or satellite pictures 67 21 127
Growing degree accumul ator 77 13 89
Fire blight monitor 7 12 86
Better access to westher data 67 14 83
Gross margin analyser (block profitability) 56 13 63
European red mite phenology predictor 44 13 50
Frosts 44 11 43
Nutrition model 33 8 25
Chemical thinning assistance (whether & when) 11 3 3
TOTAL 900

A similar survey of 17 grower users was undertaken in 1995, after devel opment
had commenced on the spray diary and other packages. This survey, with asingle
category “Enhancements’, yielded the preferences (in descending order of total
“dollars’ alocated) shown in Table 3.

TABLE 3: Results of the 1995 survey of 17 Hawkes Bay growers showing
popularity and importanceranking for proposed enhancementsto
“Spot Check” black spot management software.

Enhancements Popularity Importance  Tota
(%) (relative $) (%)
Forecast maps, text and/or satellite pictures 56 32 318
Regional ascospore release measurements 67 21 257
Historical datain growing degree calculator 72 14 175
European red mite phenology predictor 56 15 152
Fruit size tracking/revenue forecasting 50 16 148
Expert assessment of black spot weather risk 33 22 134
Fire blight monitor - Windows version 56 12 117
Chemical thinning assistance (whether & when) 44 14 112
Better summaries & graphs of weather data 22 19 77
Additional weather elements 33 12 74
Nutrition model 22 17 66
Frost monitoring (10 min. readings if temp<2°C) 17 13 38
“Safety checks” in spray diary 17 11 32
Replanting decisions aids 0 0
TOTAL 1700
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Regional ascospore measurements for V. inaequalis were of high priority in both
surveys, aswasweather forecast information. A test version of aDOS-basefireblight
monitor was issued to some growers between the surveys and this may explain the
lower ranking of this option in the later survey. Low scores were given to nutrition
advice and frost warnings in both surveys.

Both surveys were of relatively small groups of users. Nevertheless the results
were quite consistent between surveysand give an indication of industry prioritiesfor
further development of Orchard 2000 tools.

CONCLUSION
Decision support softwarerepresentsarel atively expensive, but effectivemedium
for technology transfer of plant protection science. Direct adoption appears to have
been low in terms of the number of growers, but we believe the system is having a
considerable indirect influence on black spot decision making. Tools for rapidly
devel oping such software, particul arly using weather-based model s, arenow available.
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