Weed Technology. 2003. Volume 17:412-420

Review

HADSS™, Pocket HERB™@, and WebHADSS™: Decision Aids for Field Cropst

ANDREW C. BENNETT, ANDREW J. PRICE, MICHAEL C. STURGILL, GREGORY S. BUOL, and

GAIL G. WILKERSON?

Abstract: Row crop weed management decisions can be complex due to the number of available
herbicide treatment options, the multispecies nature of weed infestations within fields, and the effect
of soil characteristics and soil-moisture conditions on herbicide efficacy. To assist weed managers in
evaluating alternative strategies and tactics, three computer programs have been developed for corn,
cotton, peanut, and soybean. The programs, called HADSS®™ (Herbicide Application Decision Sup-
port System), Pocket HERB™, and WebHADSS®, utilize field-specific information to estimate yield
loss that may occur if no control methods are used, to eliminate herbicide treatments that are inap-
propriate for the specified conditions, and to calculate expected yield loss after treatment and expected
net return for each available herbicide treatment. Each program has a unique interactive interface
that provides recommendations to three distinct kinds of usage: desktop usage (HADSS), internet
usage (WebHADSS), and on-site usage (Pocket HERB). Using WeedEd®, an editing program, co-
operators in several southern U.S. states have created different versions of HADSS, WebHADSS,
and Pocket HERB that are tailored to conditions and weed management systems in their locations.
Nomenclature: Corn, Zea mays L.; cotton, Gossypium hirsutum L.; peanut, Arachis hypogea L;
soybean, Glycine max L.

Additional index words: Bioeconomic models, computer decision aids, decision support systems,
weed management.

Abbreviations. HADSS, Herbicide Application Decision Support System; PDS, postemergence-di-

rected; POST, postemergence; PPI, preplant-incorporated; PRE, preemergence.

INTRODUCTION

Many factors are considered when selecting an appro-
priate weed control strategy within a cropping system
for a given field. Decisions are complicated by the num-
ber of herbicide treatments available for crops such as
corn, cotton, peanut, and soybean. Herbicide decisions
are further complicated by the multispecies nature of
weed complexes within fields, and substantial differenc-
es in herbicide efficacies due to weed species, weed size,
soil characteristics, and soil moisture conditions. Avail-
ability of herbicide-resistant crop cultivars and associ-
ated technology fees or higher seed costs further com-
plicate economics of weed management decision-mak-
ing.

Standard weed control strategy for many row crops
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such as corn, cotton, soybean, and peanut has been to
apply a preplant-incorporated (PPI) or preemergence
(PRE) herbicide treatment (or both) to prevent weed ger-
mination, followed by remedial, postemergence (POST)
or POST-directed spray (PDS) treatments to control
weeds emerging after the crop (Hagood et al. 2001; Jor-
dan and York 2002; York and Culpepper 2000, 2002).
The introduction of herbicide-resistant varieties in crops
such as corn, cotton, and soybean and the availability of
many broad-spectrum, highly effective POST and PDS
herbicides has made possible weed control strategies that
rely less on PRE or PPI herbicides (Askew and Wilcut
1999; Bradley et al. 2000; Hart et al. 1997; Miller et al.
1999). One advantage of a total POST weed manage-
ment approach is that more information about the nature
and severity of the weed infestation is available at the
time of herbicide treatment selection. Thus, herbicides
with high efficacies for the emerged weed complex can
be applied and the likelihood of successful weed control
increased. However, a remedial-only approach is not
without risk due to the number of POST or PDS herbi-
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cide choices available for most row crop production sys-
tems as well as the unpredictable nature of weather. In
the event that the selected herbicide or preselected her-
bicide-resistant crop technology (i.e., glyphosate appli-
cation in a glyphosate-resistant crop) is ineffective
against the emerged weed complex, or inclement weath-
er prevents timely application for early season weed con-
trol, yield loss may occur (Askew and Wilcut 1999;
Buchanan and Burns 1970; Clewis et al. 2000; Culpep-
per and York 1998; Scott et al. 2001).

During the past 20 yr, many decision models have
been developed to assist growers and other weed man-
agers in weed control decision-making for several crops.
These decision aids have generally fallen into one of two
categories (Mortensen and Coble 1991): those that make
recommendations primarily on the basis of herbicide ef-
ficacy (Linker et al. 1990; Renner and Black 1991; Stig-
liana and Resina 1993; Thomson and Williamson 1992)
and those that consider weed seed bank or weed seedling
density and make a recommendation based on economic
benefit (Berti and Zanin 1997; Krishnan et al. 2001; Ly-
becker et al. 1991; Mortensen et al. 1999; Pannell 1990;
Swinton and King 1994; Wiles et al. 1996; Wilkerson et
al. 1991). HERB®, a decision model for postemergence
weed control in soybean, is an example of the latter cat-
egory and is the predecessor of the HADSS family of
decision aids (Wilkerson et al. 1991).

Rapid changes in both weed control and computer
technologies during the past 10 yr have necessitated and
facilitated development of new decision aids with greater
capabilities. A weed management decision aid that is not
regularly updated to incorporate new information and to
take advantage of computer hardware and software ad-
vances will rapidly become obsolete. Since HERB was
first introduced, the availability of herbicide-resistant
crops technology has had a major impact on weed man-
agement in several crops. Handheld computers are now
available with more computing power than that of the
best desktop machines 10 years ago. Internet use in-
creased from 13% of all farms in the United States in
1997 to 43% in 2001 (Economic Research Service
2001).

In a recent review of weed management decision mod-
els, Wilkerson et al. (2002) discussed many of the chal-
lenges facing model developers, as well as possibilities
for utilizing current computer technology to provide sit-
uation-specific weed management decision-making as-
sistance in a timely fashion. With increasing Internet ac-
cessibility, more and more information is being distrib-
uted to extension personnel and their clientele in this
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manner. Pl@ntinfo, a web-based decision support system
developed by the Danish Institute of Agricultural Sci-
ences and the Danish Agricultural Advisory Centre to
provide decision support to farmers and their advisors,
was launched in 1996 (Jensen et al. 2000). Handheld
computers provide a mechanism for making decision
models available in the field at the time a decision is
needed. Desktop computer systems have become so
powerful and sophisticated that many of the constraints
that limited HERB and other early decision models no
longer apply.

HERB, an MS-DOS3-based program, was designed
for use by a single user on a desktop computer. It was
supplied on diskette. In 1998, in cooperation with sci-
entists at the University of Georgia, HERB was modified
so that it could run on MS-DOS-based handheld com-
puters (Murphy et al. 1998). These computers could be
carried into the field, allowing users to enter scouting
information and obtain a recommendation while in the
field. Also, cooperators in Georgia set up a web site from
which HERB could be downloaded for installation on a
desktop or handheld computer. In all, HERB was updat-
ed nine times before its final release in 1999. When it
became clear that HERB’s useful lifespan was drawing
to a close due to advances in technology, we decided to
retain the functionality of HERB but develop several re-
lated programs to address different users’ needs. Where-
as HERB could run on both desktop and handheld com-
puters without problems, developing a new program to
run on both desktop and handheld systems was not fea-
sible, given differences in operating systems, software
availability, and screen size and resolution of these com-
puters.

Developing computer decision aids is an expensive
undertaking, making it impractical and inefficient for
weed scientists in each state to develop programs inde-
pendently. However, weed problems and management
strategies differ from location to location, so that a de-
cision aid developed for one state often may not be used
without some modification in another. Soon after HERB
was first released, we began cooperating with weed sci-
entists at several locations to develop versions adapted
to conditions in their area. It became clear that devel-
oping a method for easily modifying program databases
would be essential if these cooperative efforts were to
continue.

The creation of the HADSS family of decision aids

3 Microsoft Corp., 16011 NE 36th Way, P.O. Box 97017, Redmond, WA
98073.
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(HADSS,* Pocket HERB, and WebHADSS?®) was under-
taken with the goal of utilizing current computer tech-
nologies to better assist growers, extension personnel,
consultants, and others involved in weed management in
making timely, effective, and economically sound weed
control decisions. Our objectives were to develop a de-
cision support system that (1) would allow weed man-
agers to compare weed management strategies in terms
of efficacy, cost, and expected economic returns, (2)
would assist weed managers in evaluating conditions
within fields and provide on-site treatment information,
(3) could be used in classroom and extension settings to
demonstrate the complexity of weed management deci-
sions and associated risks and benefits of alternative ap-
proaches, (4) would be available and useful to a broad
range of weed managers with varying needs for weed
management assistance, and (5) could be adapted to
many cropping systems and updated as needed to reflect
changes in weed management options.

MATERIALS AND METHODS

Like HERB (Wilkerson et al. 1991), the three decision
aids in the HADSS family use information on weed bi-
ology, herbicide efficacy and cost stored in the software,
and field-specific information supplied by the user to
rank treatments on the basis of expected net return. How-
ever, the three programs have been designed to meet dif-
ferent needs, as described below. HERB has been de-
scribed elsewhere (Wilkerson et al. 1991), but we in-
clude a brief description of its main features in order to
make clear both the similarities and differences among
these programs.

HERB. In HERB, the competitive ability of each weed
species is characterized using a competitive index (Coble
1986). This index represents the degree of competitive-
ness the weed species has with the crop; it ranges from
0 to 10, with 10 assigned to the most competitive weeds.
Competitive index values have been developed from
weed competition studies when available and from ex-
pert opinions of cooperating weed scientists. An estimate
of total competitive load is calculated by multiplying
weed density per unit ground area by this competitive
index and summing across species (Coble and Mortensen
1992; Wilkerson et al. 1991). For each treatment, a pre-
dicted total competitive load value after control is cal-
culated on the basis of initial weed densities and ex-

4 North Carolina State University, Raleigh, NC 27695-7620, or
HADSS_Info@ncsu.edu.
5 http://www.cropsci.ncsu.edu/webhadss/.
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pected treatment efficacy. A linear relationship between
total competitive load and percent yield loss is assumed
at low weed densities, and a hyperbolic relationship is
assumed as density increases.

Herbicide efficacy depends upon weed species, aver-
age weed size, and soil moisture conditions (Bruce et al.
1996; Olson et al. 2000; Wie et al. 1997). Weed size is
divided into three height categories: <5 cm, 5 to 10 cm,
and > 10 cm. Soil moisture is divided into two catego-
ries: adequate and dry. Adequate is defined in this model
as allowing active plant growth, while dry conditions
would be those that do not sustain active growth. Each
treatment has six efficacy values for each weed species,
one for each weed size—soil moisture condition combi-
nation. The herbicides, tank mixtures, and corresponding
application rates included in program databases are those
deemed most appropriate for each weed size-soil mois-
ture combination.

HERB uses expected crop selling price, herbicide
prices, application costs, and expected weed-free yield
(supplied by the user) to calculate expected net return
for each treatment in the database. Treatments are ranked
according to these expected net returns, and users can
view information on expected yield loss, weed control,
cost, and returns for each treatment.

HADSS. This is a desktop program, designed to provide
a full spectrum of weed control recommendations in-
cluding PPI, PRE, POST, and PDS treatments. It may
also be used for preseason planning and for storing field
weed management information to assist in herbicide re-
sistance management. Although HADSS still provides
recommendations on the basis of expected economic re-
turns, it allows users to sort treatments by other criteria
and provides more information than did HERB to assist
in decision making.

HADSS calculates expected net returns for POST and
PDS treatments as described above for HERB. For PPI
and PRE treatments, herbicide efficacy depends upon
weed species and soil characteristics (organic matter
content and soil surface texture). Reduced bioavailability
of many soil-applied herbicides due to soils containing
increased organic matter and increased clay mineral con-
tent has been documented by many investigators (Loux
et al. 1989; Obrigawitch et al. 1981; Shaw and Murphy
1997). Within HADSS, organic matter content is divided
into three categories: < 1%, 1 to 3%, and > 3%. Surface
texture is also divided into three categories: coarse (sand/
sandy loam/loamy sand), medium (loam/silt/silt loam),
and fine (clay/clay loam/sandy clay/sandy clay loam/silty
clay/silty clay loam). These categories are in accord with
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many PPl and PRE herbicide labels (Anonymous 2000,
2001a, 2001b). There are nine efficacy values for PPI
and PRE treatments, one for each organic matter con-
tent—soil texture combination. Cooperating weed scien-
tists have provided efficacy values on the basis of field
experimental results and expert opinion when field data
are lacking.

Information is organized by grower and field name in
HADSS. The information required for a given field de-
pends on the user’s choice of application method. For
PPl and PRE recommendations, the information required
is crop, expected weed-free yield, crop selling price, es-
timated weed density on the basis of field history, field
size (acreage), and soil surface organic matter content,
and texture. Field size is used for calculating the amount
of herbicide needed to treat the whole field. If the user
selects only POST or PDS treatments, the information
required is crop, expected weed-free yield, crop selling
price, average weed size, soil moisture status, field size
(acreage), and weed density counts per unit ground area
for each weed species in the field. On the basis of an
economic analysis of potential losses with different lev-
els of scouting, we recommend that the user make weed
density counts in 10 to 12 randomly selected locations
per field (Krueger et al. 2000).

Depending upon the crop selected, additional infor-
mation (crop height, number of true crop leaves, soil pH,
planting date, and expected application date) may be re-
quired to eliminate inappropriate treatments. For exam-
ple, a treatment that can only be applied POST within
25 d after planting will be eliminated if the number of
days after planting (as calculated from planting date and
expected application date) is greater than 25. HADSS is
distributed with default prices for each herbicide, but us-
ers can modify herbicide selling prices and application
costs. This allows users to enter values that reflect their
local costs.

Herbicide-resistant cultivars represent an additional
input dimension. If herbicide-resistant cultivars are avail-
able for the specified crop, the user can then choose
whether or not to consider the associated herbicides in
the decision-making process. For preseason planning in
HADSS, a user can enter an extra seed cost or technol-
ogy fee, if appropriate, for each herbicide-resistant va-
riety. This cost will be subtracted from expected net re-
turn for each treatment containing the herbicide that can
only be used in conjunction with the herbicide-resistant
crop variety. After planting, the investment in herbicide-
resistant cultivars has already been made and should not
be considered part of the decision process.
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HADSS displays predicted yield loss information if
no control measures are taken. Yield losses are presented
as percent weed-free yield, bushels, tons, or pounds lint
per acre, and dollars per acre. The loss attributed to each
weed species is displayed, along with the total loss due
to all weeds. The herbicide recommendation screen
shows summary information about all available treat-
ments. Tank mixtures and sequential treatments are in-
cluded where appropriate. Treatments are initially listed
from most profitable to least profitable. Herbicide names,
rates, costs, yield loss remaining after treatment, and ex-
pected net return are listed for each treatment. By se-
lecting the appropriate column heading, the user can sort
treatments by herbicide cost or by after-treatment yield
loss. This approach facilitates identification of treatments
that are least expensive or provide the best overall weed
control, regardless of cost or net return.

HADSS has an additional option that allows users to
sort treatments according to control of a specific weed
species. When this option is selected, HADSS displays
a column for each weed species in the field. Each column
contains the predicted number of weeds remaining per
unit ground area after treatment application. Selecting a
species name at the top of a column causes treatments
to be sorted from most to least effective for the selected
species. This feature has been added to assist weed man-
agers in managing problematic weed species, where net
return and overall herbicide efficacy are of less impor-
tance than control of a particular species.

On the herbicide recommendation screen, HADSS has
an option to show label information. If the user is con-
nected to the Internet, selecting this option connects the
user directly to a World Wide Web site that maintains
official herbicide label information. HADSS provides
detailed, treatment-specific information. This feature dis-
plays name and application rate for each herbicide in-
cluded in the treatment, method of application (PPI,
PRE, POST, or PDS if more than one method of appli-
cation is selected), estimated net return, total application
cost, number of each weed species present per unit area
before and after treatment, and estimated yield loss from
each weed species before and after treatment. This fea-
ture also provides information on amount of each her-
bicide needed for the specified field size, total number
of units of each herbicide to purchase, and total cost of
herbicide(s) needed to treat the specified field size.

HADSS prominently displays a wide array of treat-
ment-, herbicide-, and weed-specific messages that may
be important for the user to consider while deciding on
an appropriate treatment. These messages address a
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range of possible situations. Examples include messages
that indicate the need to control a particular weed species
because seeds are poisonous, there is potential for crop
injury from a treatment, or there are rotational or envi-
ronmental restrictions associated with a herbicide.

When a herbicide treatment is selected by the user,
information about the treatment is stored in the field his-
tory database. The program uses this treatment infor-
mation in subsequent years to flag treatments that may
promote weed herbicide resistance. A treatment being
considered within the current year is identified as pos-
sibly promoting weed resistance if both the following
criteria are met: (1) the treatment utilizes a mode of ac-
tion that has been used in all of the past 3 yr and (2)
each year, the treatment constituent with this mode of
action had efficacy against the same weed species (i.e.,
the same mode of action has been used to control a par-
ticular species for the past 3 yr). If these criteria are met,
the program notifies the user that continuing to use that
mode of action could promote selection for weed resis-
tance, and the user should consider selecting a herbicide
with a different mode of action.

HADSS can be run under Windows 98®, Windows NT
4.0%, Windows 2000®, and Windows XP® operating sys-
tems. The program is written in Microsoft Visual Basic
6® and stores data in a Microsoft Access 2000® data-
base.

Pocket HERB. This program is designed to function on
handheld computers and offers the convenience of en-
tering field conditions and receiving in-field assistance
with herbicide treatment selection. Because it is designed
for within-season, in-field use, it only makes recommen-
dations for POST and PDS treatments. Like HADSS, it
stores information by grower and field name. Input data
requirements are identical to those for POST and PDS
recommendations in HADSS. Pocket HERB displays the
same information about treatments as does HADSS and
allows treatments to be sorted by multiple criteria, but
the small screen size limits the amount of information
that can be displayed at any one time.

Field information can be transferred between Pocket
HERB and HADSS. This feature allows editing of basic
field information and herbicide prices on a desktop or
laptop machine prior to field scouting with Pocket
HERB. Given the small size of handheld computer
screens and the use of a stylus for data entry, our objec-
tive has been to minimize the amount of information that
must be entered into Pocket HERB while in the field.
Once grower and field information have been entered
into HADSS and transferred to Pocket HERB, only in-
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formation about the identity and density of weed species
remains to be entered when visiting the field. Scouting
data can be transferred from Pocket HERB to HADSS
for permanent storage.

Pocket HERB can be run on handheld computers us-
ing the Microsoft Pocket PC® operating system. Pocket
HERB is written in Microsoft Visual Basic—embedded
C++® and stores data in random access files and the
system registry.

WebHADSS. This program runs on a web server and
can be accessed by anyone with an Internet connection
and a web browser. WebHADSS was designed primarily
(1) for classroom and extension education, (2) for weed
managers with a small number of fields to manage for
whom installing a custom desktop program would be
inefficient, (3) for users who lack access to a Windows-
based computer (e.g., many of the extension agents in
North Carolina), and (4) as an easily accessible intro-
duction to the HADSS family of decision aids.

WebHADSS is a fully functioning decision aid that
makes recommendations for POST and PDS treatments.
The same POST and PDS database is used in both
HADSS and WebHADSS, and identical routines are used
by both programs to calculate losses and net returns.
Given the intended user base for WebHADSS, no mech-
anism for users to store and recall field information was
included in the program. Users do not have the option
of modifying herbicide prices, although they must spec-
ify all other input information needed by HADSS for
POST and PDS treatments. WebHADSS displays the
same information as HADSS does about yield loss, net
return, and cost for each treatment, as well as the same
warning messages. Treatments are sorted by net return,
and the program does not allow the information to be
re-sorted. This lack of sorting capability is due to pro-
gramming constraints and may be modified in future ver-
sions.

The user interface for WebHADSS is written in hy-
pertext markup language, while the database engine and
database are identical to those in HADSS. WebHADSS
can be accessed at www.cropsci.ncsu.edu/webhadss.

Program Structure. Each decision aid consists of two
separate parts: (1) a user interface that collects input in-
formation and displays results, and (2) a library of rou-
tines that access database information and perform cal-
culations. This design allows new applications with dif-
ferent user interfaces to be created utilizing already de-
veloped databases and algorithms. For example, a
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Microsoft® Excel® spreadsheet has been developed that
accesses HADSS databases and algorithms through Mi-
crosoft Visual Basic for Applications® to demonstrate
principles of site-specific weed management in the class-
room (Bennett et al. 1999).

Updating Program Databases. A key feature in devel-
oping, maintaining, and customizing decision aids is the
ability of weed scientists to modify the underlying da-
tabase. An editing program, WeedED, has been devel-
oped to allow cooperators to modify the database that
HADSS, Pocket HERB, and WebHADSS share, includ-
ing yield loss equation parameters; listed weed species;
weed competitive indices; herbicide names, rates, modes
of action, and cost; herbicide warning messages and use
restrictions; single ingredient, sequential, and tank mix
treatments; and treatment efficacies under different con-
ditions. Cooperating weed scientists can make modifi-
cations to meet the conditions and expectations of weed
managers, whether this involves modifying efficacy val-
ues, adding local environmental warnings, or including
comprehensive information on rotational restrictions.
Currently, only English-language versions are supported,
but either metric or English units of measurement can
be specified. Once weed scientists have constructed a
database for use in a particular set of crops in a given
geographic area, WeedED creates the databases that are
used by all the decision aids. This allows cooperators to
enter information only one time for use in all three pro-
grams.

Validation. The overall approach used in these decision
aids to estimate yield loss from a multispecies weed pop-
ulation was validated using data from 76 separate soy-
bean trials in North Carolina (Coble and Mortensen
1992) and from trials specifically designed to test algo-
rithms for peanut (White and Coble 1997). The quality
of recommendations generated by these programs and
their precursor, HERB, has been evaluated in a number
of field studies (Bennett et al. 2001; MacDonald et al.
1998; Monks et al. 1995; Rankins et al. 1998; Scott et
al. 2001, 2002; Shaw et al. 1998). In general, these stud-
ies have shown that these programs in most cases can
provide recommendations equivalent to those of an ex-
pert and weed control, yield, and net returns that are
equal to or better than a grower’s standard treatment.
Program modifications to more accurately represent local
conditions have improved overall results (Monks et al.
1995; Rankins et al. 1998).

6 Microsoft Corp. 16011 NE 36th Way, P.O. Box 97017, Redmond, WA
98073.
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RESULTS AND DISCUSSION

Using WeedED, cooperators in Ontario, Canada, and
several U.S. states have created, or extensively modified,
versions of HADSS, WebHADSS, and Pocket HERB for
corn, cotton, peanut, and soybean. At present, databases
have been developed, validated, and made available for
peanut, soybean, corn, and cotton in North Carolina; for
soybean, peanut, and cotton in Georgia; for soybean in
Mississippi; for cotton and peanut in Oklahoma; and for
soybean and corn in Ontario, Canada (Weaver 1999).
Versions for various crops in other locations may be-
come available over time.

We have been somewhat surprised at just how differ-
ent the state databases are. For example, in a recent com-
parison of the North Carolina and Oklahoma cotton da-
tabases, the following differences were found: 35 weed
species in the North Carolina database are not included
in the Oklahoma database; 14 species in the Oklahoma
database are not in the North Carolina database; com-
petitive indices differ between states for 22 of the species
that are common to both databases; and herbicide treat-
ments differ greatly between the two databases, leading
to < 1% commonality in treatment efficacy values (Price
et al. 2002).

North Carolina extension agents who have used Pock-
et HERB generally like having the ability to enter scout-
ing data and get recommendations while in the field.
Agents involved in a project using Pocket HERB in the
summer of 2002 suggested that a more extensive hands-
on training session would be helpful. They found the
training session that included running through only one
actual example insufficient. Most agents had not used a
handheld computer previously and encountered some
problems related to general operation of the computer
(e.g., forgetting to recharge batteries and losing the pro-
gram from memory, having the program ‘““vanish” from
the screen and not knowing how to get it back, and los-
ing the stylus). In the future we plan to expand the
hands-on part of training sessions for new users substan-
tially, covering other programs that are available on the
computer as well as having users make several trial runs
of Pocket HERB.

WebHADSS has been well received by users. Only
the North Carolina and Ontario versions have been avail-
able long enough to develop a user base. Between April
2001, when the North Carolina and Ontario, Canada,
versions were first made available, and July 2002, over
1,400 runs have been made (all required information was
entered by the user and a recommendation requested).
Of these runs, 42% were for soybean, 40% for corn, 13%
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for peanut, and 5% for cotton. The relatively low usage
for cotton is probably because cotton was only included
in April 2002, and its availability has not been publi-
cized. Usage patterns over time have generally followed
the planting and weed management patterns for the
crops. Most (72%) of the Ontario WebHADSS usage oc-
curred between May 1 and July 15 each year. Peanut and
soybean usage in North Carolina was largely (88% and
65%, respectively) between May 1 and July 31. How-
ever, only 45% of the North Carolina corn runs occurred
between March 10 and July 10.

We have found that WebHADSS eliminates some of
the problems we had using HERB in the classroom.
Computers in university laboratories generally have ac-
cess to the Internet, making it easy for classes to use
WebHADSS. Getting custom software such as HERB or
HADSS installed on university teaching laboratory com-
puters for use in a particular class can be time-consum-
ing or difficult to accomplish, depending upon computer
configurations and university policies. At North Carolina
State University, for example, such requests must be
made several months in advance.

Development of these decision aids has been, and will
continue to be, an evolutionary process. As we add ad-
ditional cooperators and users, and as weed control tech-
nologies change, modifications are being suggested to
improve the functionality and operation of the programs
for particular users. Given the positive response of co-
operators and weed managers to WebHADSS, we plan
to include more functionality in this program as time and
programming tools allow. As a web-based application,
user technical support requirements are much lower for
this program than for either HADSS or Pocket HERB.
We are able to include links to other information sources
that might be useful in weed identification or in decision
making. We are also able to update databases whenever
necessary, and the latest version is immediately available
to all users. For instance, when a herbicide selling price
was reduced substantially several weeks after the 2002
version of these programs was released, we were able to
change the price immediately in WebHADSS. Pocket
HERB and HADSS users had to be notified to change
this price themselves.

In our interactions with weed scientists, growers, ex-
tension agents, and consultants during the development
and implementation process, we have heard concerns re-
lated to using the HADSS family of decision aids. One
concern is that weed managers do not or cannot expend
the time required to scout fields for weeds in the manner
recommended for the programs. The most common
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method of quantifying field weed populations for use in
decision models has been to use weed density per unit
ground area (Berti and Zanin 1994; Black and Dyson
1993; Martin et al. 2001; Wiles et al. 1996; Wilkerson
et al. 1991) and is the approach recommended for use
with the HADSS family of programs. However, other
methods are available, such as grouping weed species
into broad categories or entering density information as
ranges (King et al. 1986; Lybecker et al. 1991; Morten-
sen et al. 1999; Wilkerson et al. 1999). Developing cost-
effective and less time-consuming methods for quanti-
fying weed populations remains an active area for re-
search and may lead to improvements in future versions
of the HADSS program family (Gold et al. 1996; Krue-
ger et al. 2000; Murdock and Murray 2002; Wiles et al.
1992).

Another concern is correctly estimating weed popu-
lations prior to emergence for PPl and PRE recommen-
dations. Clearly, estimating weed species densities prior
to weed emergence is subject to uncertainty; however, it
is necessary for direct comparisons of potential econom-
ic returns for PPI, PRE, and POST strategies. A user’s
uncertainty about weed population estimates prior to
weed emergence may highlight the benefits of a remedial
weed management strategy that relies upon field scout-
ing. By changing estimated densities for each weed spe-
cies, a user can see the impact of these changes on pro-
gram recommendations and determine how dependent
economic gain from a particular PPl or PRE treatment
is upon weed densities. This information should help a
user to decide whether a PPl or PRE application is ap-
propriate for a particular field or a total POST strategy
is most economically appropriate.

Another concern is the validity of economic thresh-
olds. While economic thresholds have been validated
within many crops, many growers have their own thresh-
old that initiates treatment on the basis of personal phi-
losophy. Also, growers consider other factors when mak-
ing weed control decisions that are not included within
the model, such as simplicity, use in multiple fields, re-
lationships with chemical manufacturers or distributors,
and effectiveness of the weed management systems in
terms other than potential economic returns. We have
tried to address these concerns by supplying as much
information as feasible, by allowing the user to sort rec-
ommendations according to multiple criteria and by em-
phasizing that these programs are decision aids, not in-
dependent decision makers. Given the many uncertain-
ties involved in making weed control decisions early in
the season, we recommend that weed managers consider
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any recommendations with net returns within 10% of the
top recommendation to be equally good.

HADSS, Pocket HERB, and WebHADSS offer many
potential benefits to weed managers who make herbicide
treatment decisions. They offer an easy way to examine
potential economic benefits of a wide range of weed
management treatments, something that can be extreme-
ly time-consuming otherwise. Weed managers can ex-
amine herbicides in terms of overall efficacy against the
range of weed species found in fields, also a potential
time-consuming process by any other method. The in-
clusion of appropriate and timely warning messages can
provide weed managers with a range of information
weed scientists think important, including environmental
restrictions, rotational crop restrictions, and crop injury
concerns. Much of the information can be obtained from
other sources, but the structure of the decision aids
brings a wide range of data relevant to the decision-
making process together in a convenient, easy-to-access
format.

HADSS, Pocket HERB, and WebHADSS can all be
of value as educational tools. Weed managers may ex-
plore the effect of misidentifying weed species, under-
estimating or overestimating weed populations, delaying
herbicide applications, applying herbicides under unfa-
vorable conditions, or applying inappropriate herbicides.
These programs can also be used to investigate potential
economic benefits of new crop cultivars that have been
genetically engineered to be resistant to specific herbi-
cides.

Decision aids of this type also provide a mechanism
for weed scientists to store and organize information in
an easily accessible format. The four-crop (corn, cotton,
soybean, and peanut) version of HADSS for North Car-
olina, including the PPI and PRE information, currently
contains over 75,000 nonzero efficacy values for more
than 600 treatments containing one or more of 91 her-
bicides. Although data requirements to create a database
for a new crop can be extensive, particularly if there is
little herbicide overlap with crops already in the data-
base, modifying a database to meet the needs of a new
state has not proved to be a major obstacle for the weed
scientists involved. Yearly updates to a completed data-
base are also necessary.
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