WSSA Liaison to EPA (Office of Pesticide Programs — OPP)
Interim Report to the WSSA Board of Directors — Quarter 3 2011
October 7, 2011

Third quarter activities:

July: 1did not go into the agency in July; however, | participated in several phone conference calls related to
SME activities. | participated in a Public Relations Committee conference call where the primary discussion topic
was the issue with funding for the Pesticide Safety Education Program. | had another phone conference with
Carol Ramsay, EPA Project Director with NASDA (National Association of State Departments of Agriculture)
Research Foundation, about use of the WSSA Herbicide Training modules in training programs offered by
pesticide safety educators. This discussion is continuing.

August 7-11: American Phytophathology Society meeting. | was involved in two activities: 1- | attended the
APS-Public Policy Board meeting to participate in their discussion about the activities of the liaison (subject
matter expert) and benefits of maintaining this program for their society and agency. Frank Wong, APS-SME,
left the position due to a change in his job and the society was deciding how to proceed with the position. |
participated in a conference call with EPA colleagues, Gene Reagan (ESA-SME) and Frank Wong (former APS-
SME) to discuss the benefits and needs of the SME program in preparation for the meeting. The agency (EPA)
benefits from having representation from all three pest disciplines. In addition, the societies benefit from the
interaction and resulting synergy among the three disciplinary SMEs. 2- | presented an invited paper on behalf
of the Herbicide Resistance Action Committee (HRAC) “A Technical Perspective on Managing Herbicide-Resistant
Weeds”, authors J. Schroeder, J. Soteres, L. Glasgow. The presentation included a number of the slides from the
HR training modules.

August 15-17: | participated in the herbicide resistance tour sponsored by the Illinois Soybean Association,
United Soybean Board, North Central Weed Science Society, and Weed Science Society of America. The
discussion about hosting this event began last February at the President’s breakfast during the WSSA annual
meeting when Kevin Bradley suggested that members of the NCWSS would like to host a tour. Bryan

Young, Kevin Bradley, and Jason Norsworthy put a great deal of time and energy into finding financial support
for the event (funding for EPA travel became very limited) and organizing an outstanding educational event. A
summary report was written and distributed to all participants and has been posted on the WSSA website
http://wssa.net/WSSA/EPAliaison/documents/HR%20tour%20report August 2011.pdf. The feedback | have
received from the participants has been very positive. They are planning to hold a discussion session for the
office this fall to share their experiences with colleagues who could not attend the tour. | hope to join the
discussion and, depending on what questions are raised, may offer to facilitate a seminar at the agency by a
WSSA expert.

September 20-23: | spent September 20 and 21 at the agency. | attended a resistance management workgroup
meeting (as did Gene Reagan, ESA-SME) and shared that the HR Training Modules were being released the
following week (I forwarded the link to the press release to all the HR tour participants as soon as it was
available). | also attended part of a Labeling Workshop on September 21. Participants included industry
regulatory managers and federal and state regulators. The presentations and discussion were enlightening and
educational (for me). | attended (as did Gene Reagan) the Plant Tech Team (part of the Environmental Fate and
Effects Division) meeting; they discussed the HR tour that one of their members attended in August. | hope to
meet with them on a semi-regular basis so | can learn more about their work. Gene and | also met with Steven
Bradbury, OPP Office Director, and members of the Biological and Economic Analysis Division to discuss the SME
position and issues of mutual concern to the agency and our respective societies.



| spent September 22-23 at the Plant Biology Research Summit, organized by the American Society of
Plant Biologists and Howard Hughes Medical Institute, Chevy Chase, MD. Mike Barrett, President, John Jachetta,
Past-President, and | represented WSSA at this event. The main goal of the summit was “to identify critical gaps
in our understanding of plant biology that must be filled over the next 10 years or more in order to address the
grand challenges facing our nation.” The participants represented academia, industry, and other organizations
involved with plant science. The discussions were varied and lively. They plan to prepare a report representing
the consensus of the group as well as a plan of action.

Fourth quarter plans are still in progress.
Respectfully submitted,

Jill Schroeder
WSSA SME/liaison to EPA
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DRAFT RESISTANCE TERMS

Fungicide

Resistance to a fungicide in a population acquired
by long-term exposure to sub-lethal amounts over
multiple pathogen generations.

[not used commonly]

Immunity or tolerance to a fungicide due to a
genetic change leading to an alteration in the target
enzyme, protein, or molecule that leads to reduced
or no binding of the fungicide.

The development of resistance to a fungicide
caused by repeated exposure to sub-lethal doses.
Used commonly in the context of the selection of
individuals/mutants in lab studies. (See laboratory
resistance)

[not used]

The establishment of stable populations of fungi
biochemically resistant to a fungicide.
[not used commonly]

This may also refer to the pattern of resistance
development in populations where a continuous,
guantitative range of sensitivity values can be
detected (see directional resistance, quantitative
resistance)

Resistance to multiple fungicides that share the
same biochemical mode of action or target site.

A unimodal pattern of resistance development
where selection within a population with a
continuous, quantitative range in fungicide
sensitivity results in an increased frequency of
individuals with lower fungicide sensitivity (e.g. the
population distribution shifts directionally towards

Insecticide (changes not included)
Resistance that develops over extended

periods of exposure (not a very useful term).

Resistance which develops through
alteration of the target site molecule, thus
resulting in reduced binding of the
insecticide.

(not a very useful term).

The ability for an insect to detect and avoid
insecticides, thus influencing a change in the
behavior of the insect, with a potential
population increase in non-treated areas.
An established insect population which is
resistant to an insecticide, in contrast to
non-continuous which breeds back to
susceptibility after a period of time.

A single mechanism of resistance conferring
resistance to a number of chemicals.

Development of resistance resulting in an
increasing percentage of insects expressing
reduced susceptibility towards an
insecticide.

Herbicide
[NU]

A change in enzyme or protein receptor
(i.e., target site) of the herbicide in a
resistant weed biotype such that the
herbicide does not bind or bind as
efficiently as susceptible biotypes [CU]

[NU]

[NU]

A weed biotype that is resistant to two or
more herbicides of the same or different
chemical families due to the presence of
a single resistance mechanism [CU] .
[NU]
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a higher frequency of less sensitive individuals, but
the distribution remains a continuous range of
fungicide sensitivity). Typically, increased rates of
fungicide can provide some control of the
population under field conditions. (See also
continuous resistance, quantitative resistance)

A bimodal pattern of resistance development
where selection of a population results in the
increase in frequency of individuals greatly
insensitive or immune to the fungicide, usually
caused by a target site mutation. (See also
qualitative resistance, discrete resistance,
disruptive resistance)

(See qualitative resistance)

(See qualitative resistance)

A situation where the frequency of biochemically
resistant individuals in a pathogen population is
high enough (due to repeated selection events) so
that the effectiveness of the fungicide application is
compromised such that decreased control is
noticed in the field. (See also practical resistance)
Resistance development in pests in response to
field applications of fungicides where their
repeated use results in the selection of naturally
immune or tolerant individuals to a frequency
where control with fungicides is compromised. (See
practical resistance)

[not used commonly]
[not used]

The development of biochemical immunity to a
fungicide. (See resistance)

Selection of resistant pests through repeated
exposure under controlled conditions. This is
sometimes related to the creation of mutants in the
lab with mutagens and subsequent selection with

Development of resistance with a
percentage of the insects expressing
reduced susceptibility in some portions of
the population in contrast to other areas.

Resistance in an insect population which is
derived from repeated exposure to an
insecticide, thus with reduced efficacy of
field applications, maybe resulting in control
failures.

Resistance derived from repeated exposure
from field applications of an insecticide.

Stimulating insect activity through exposure
to sublethal doses of insecticide. (?)
Reduced sensitivity at the target site,
especially for insects not ever affected by
the insecticide. (Target site insensitivity)
Resistance selected from controlled
laboratory conditions (i.e. artificial
selection).

[NU]
[NU]

Same as field-evolved resistance or at
levels recognized by a grower [MU]

Development of resistance in a normal
pattern of herbicide use as opposed to
selection for resistance via greenhouse
or laboratory selection methods [CU];
evolved resistance in a weed population
over time in a field as a result of past
selection pressure.

[NU]

[CU], e.g., target site enzyme single-step
resistance

resistance developed via artificial
selection procedures [MU]
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fungicides. Resistant pests created in this manner
may or may not reflect genetic mutations that
would occur under natural conditions. (see
artificially induced resistance)

The development of tolerance individuals to a
fungicide that may not be significant relative to the
rates or doses of fungicides used for commercial
control.

Alternately, the development of a low frequency of
immune individuals to a fungicide but at a
frequency so low that control is not compromised.

Resistance associated with changes to a single gene
that affects the fungicide binding characteristics of
the target molecule, protein or enzyme. Typically
associated with a target site mutation that confirms
immunity to the fungicide.

Pest resistance associated with high economic or
biological impact.

[ambiguous term]

The process by which pests become biochemically
resistant to fungicides. Processes are typically
related to target site mutations, decreased binding
to the target site, increased gene expression,
detoxification or degradation of the fungicide, or
efflux of the fungicide away from the target site.
This may also refer to the selection process for pest
populations and the patterns of increased
frequencies of resistant individuals in response to
fungicide use strategies.

Biochemcal resistance development based on
detoxification or degradation of the fungicide, or

The development of reduced sensitivity
levels which may be insignificant to some
normal control practices; most likely to be
first detected in a reduced length of control
period.

Resistance due to single gene, as opposed to
being controlled by several (minor) genes.

Resistance levels which highly impact the
economics of the management system,
relates to population density.

Behavioral and physiological changes that
occur within the insect, allowing for the
development of resistant traits.

Resistance which develops through the use
of detoxifying enzymes to break down

Mechanism of resistance that alters how
the end user uses the herbicide, but level
of resistance <100 fold [CU];

Suggested: resistance ratio < 5
(moderate: 6-10; high: 11-100; very high:
>100.

Resistance controlled by a single, major
gene with large phenotypic effect. [CU]

[NU]

Response of the plant that reduces the
efficacy of the herbicide (e.g. target site
resistance, exclusionary resistance, over-
expression target site) [CU]

Biophysical, biochemical, or physiological
basis for evolved resistance (e.g., target
site resistance (insensitivity, over-
expression); non-target site resistance
(enhanced detoxification, reduced
translocation, etc.)

Clarification: Should sequestration or
exclusion be included under the general
term ‘translocation’?

Situation where the herbicide undergoes
rapid detoxification before it reaches
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efflux of the fungicide away from the target site

The biological process which a fungicide specifically
inhibits (biochemical mode of action). For example,
the biochemical mode of action of Qols is the
inhibition of cellular respiration. See also target site
of action, which describes the exact location of a
molecule that a fungicide binds to. This may also
describe the temporal and spatial characteristics of
a fungicide in inhibiting the life or infection cycle of
a pest (physical mode of action). For example, Qols
are strongest at inhibiting spore germination and
infection processes and have a “preventive” mode
of action.

This refers to the pattern of selection in a
population with a continuous distribution of
sensitivities to a fungicide, and when resistance is
conferred by more than one target site mutation or
genetic mechanism. Each of the mutations or
mechanisms gives an additive effect with
individuals with a few of these may have a
moderately tolerant phenotype, and those with
multiple mutations or mechanisms have a highly
tolerant phenotype. This may also be referred at as
“multigenic” resistance. The effect of the different
Applications select for increasingly tolerant
individuals dependent on the dose of fungicide
used, e.g. low doses select out the most sensitive
individuals allowing for the survival of moderately
sensitive ones and higher doses select out low and
moderately sensitive individuals. Very high doses
may have a neutral overall effect on the pest, as
the dose is so high that even the least sensitive
individuals are still controlled. DMI fungicide
resistance is a good example of this phenomenon.
See also one-step resistance, quantitative
resistance and qualitative resistance.

Biochemical resistance development to two or

insecticide molecules into smaller soluble
compounds, which then can be excreted, or
the sequestration of the insecticide, such as
is the case with amplified esterases in
mosquitoes.

The insect physiological process,
biochemical process and/or molecular
target that is affected by the insecticide and
by which the insecticidal action occurs or is

thought to occur. How the insecticide works.

Resistance which develops from mutations
across multiple target sites, and where each
mutation exhibits an additive effect.

Resistance to multiple unrelated

target site of action; can be via oxidation,
reduction, hydrolysis, and conjugation
[CU]

Response of plant to herbicide [CU]

The plant processes affected by the
herbicide, or the entire sequence of
events that results in death of
susceptible plants; includes absorption,
translocation, metabolism, and
interaction with the site of action.

[NU]

Description of weed populations with
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more unrelated fungicide classes. This may result
from selection of individuals naturally resistant to
two or more fungicides or the sequential selection
of individuals resistant to one fungicide class which
then naturally obtain a mutation conferring
resistance to another fungicide and are
subsequently selected for by the use of the latter
fungicide.

A situation where a fungicide only affects
individuals resistant to another class of fungicides.
An example is the N-phenylanilines, which are only
toxic to individuals that are benzimidazole resistant
and ineffective against benzimidazole sensitive
individuals. Note that multiple resistance can
develop to both fungicides, such in the previous
case where an adjacent target site mutation in
beta-tubulin also conferred resistance to N-
phenylanilines in benzimidazole resistant
individuals.

A situation where biochemical resistance to one
fungicide also confers low levels of resistance or
tolerance to another fungicide class with a different
biochemical mode of action.

[not used]

The situation where the frequency of biochemically
resistant individuals in a population reaches a point
at which field or commercial fungicide applications
no longer provide aesthetically or economically
acceptable control. This is a relative term as
“acceptable levels of control” amongst crops can be
variable depending on the use or value of the crop.
(See field resistance)

See multi-step resistance and quantitative
resistance.

[not commonly used]

insecticides, which is conferred by multiple
mechanisms - multiple mechanisms here vs
one mechanism in cross resistance. (Some
feel the appropriate term should only be
cross resistance).

An occurrence where the insect develops
resistance toward one insecticide but
greater susceptibility towards another.

An occurrence where the insect develops
resistance toward one insecticide and low-
level change in response toward another
unrelated insecticide.

A resistant trait which develops from
mechanisms that prevent the insecticide
from penetrating through the cuticle and/or
epidermis into the hemolymph and reaching
the target site.

The level of resistance to where
conventional field applications of an
insecticide no longer provide acceptable
control of the insect pest.

see multi-step resistance

two or more distinct resistance
mechanisms [CU]

A situation where a biotype resistant to
one herbicide or chemical family has
greater sensitivity to other herbicides
[CU]; A resistant population that is more
sensitive to a herbicide than a
susceptible population of the same
species

[(MU]

[NU]

The level of resistance that reduces the
economic effectiveness of the herbicide
to the grower [MU]

[NU]
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Resurgence

A patter of resistance development in populations
where there is a distinct separation between
sensitive and resistant individuals. Individuals are
either susceptible to the fungicide or resistant to
levels of the fungicide that could be feasibly used.
This is typically associated with target site
mutations that confer immunity to a fungicide for
an individual.

A pattern of resistance development in populations
where there is a continuous range of sensitivity
amongst individuals in a population. Individuals
may have increased tolerance to a fungicide but
increased doses may still be effective. This is
typically associated with target site mutations,
metabolic resistance mechanisms or other genetic
changes that confer tolerance but not immunity to
a fungicide.

The ratio of resistant individuals relative to
sensitive (wild-type) individuals in a population.

This may also refer to the difference between mean
population sensitivities (typically expressed as 50%
effective dose (ED50) values ) when populations
exhibit a quantitative pattern of resistance
development.

Decreased sensitivity to a fungicide that results in
immunity or tolerance to the fungicide in an
individual pathogen from a population.

(see also biochemical resistance)

Also may refer to the presence of resistant
individuals within a population of fungal plant
pathogens.

The situation where the application of a fungicide
to a population containing resistance to the

(?)

(?)

The measure of resistance in an insect
population, which is calculated by dividing
the LD50 of the resistant population by the
LD50 of the susceptible population.

The development of an insect strain that is
capable of surviving a dosage or dose that is
lethal to the majority of individuals of the
same species, by means of a genetic
inheritable change that has increased in
frequency in response to selection, and may
impair control in the field.

A rapid increase in numbers of a pest that
has previously been suppressed by an

Synonymous with major gene
resistance. [MU]

Continuous or quantitative variation in
susceptibility to a herbicide in a weed
population, caused by accumulation of
minor genes with small additive effect in
progeny due to outcrossing that may
lead to practical field resistance.
Synonymous with polygenic

resistance. [CU]

The fraction of resistant plants that
survive herbicide application to the
corresponding fraction of susceptible
plants; [CU] suggest this definition refers
to resistance frequency of individuals in a
population, sometimes erroneously
coined with ‘level’ of resistance;
resistance ratio or index: - effective
herbicide dose reducing growth or
survival by 50% compared with the
nontreated control of a resistant
compared with a susceptible population
of the same species.

Herbicide resistance is the inherited
ability of a plant to survive and
reproduce following exposure to a dose
of herbicide normally lethal to the wild
type. In a plant, resistance may be
naturally occurring or induced by such
techniques as genetic engineering or
selection of variants produced by tissue
culture or mutagenesis. [CU]

[NU]
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fungicide causes an increase in this pest’s damage
or activity. This is due to the negative affect of the
fungicide on other competing pests or organisms
but essentially no effect on the resistant
population, putting them at an ecological
advantage.

Resistance conferred by a single mechanism of
resistance such as a single target site mutation or
single metabolic change. This may also be referred
to as “monogenic” resistance. Also see multiple-
step resistance, quantitative resistance and
qualitative resistance.

Refers to multi-step or quantitative patterns of
resistance development.

Alternately, this could mean resistance to one class
of chemistries followed by reliance on another class
as the fungicides to which resistance then develops,
etc.

[ambiguous term]

The situation where either a pest has failed to
develop resistance to a fungicide despite repeated
use of it due to biological or behavioral reasons, or
a situation where biochemically resistant
individuals are present but are maintained at a low
level, thus practical resistance never develops.

[not used commonly]

The physical site of interaction between a fungicide
and the pest. For single site of action fungicides,
this is a specific enzyme, protein or molecule
involved in a key biological process. For example,
Qols bind specifically to the Qo-site of cytochrome
bcl. Also see mode of action, which describes the
biological process inhibited by the fungicide.

insecticide. Earlier, the concept of
resurgence due to elimination of natural
enemies may be a bit limiting; we now know
that pesticides can alter plant defense
biochemical pathways that in turn may
increase pest populations not because there
are no enemies but because they change
the plant physiology that may increase
fecundity for example. This has been
observed with mites and aphids. J Econ
Entomol. 2002 Aug

Resistance which develops from a single
behavioral or physiological alteration.

[NU]

Term used to assist with management
concepts involving insecticide resistance
replacement chemistry. In order to minimize
the loss of multiple chemistries, a particular
insecticide or class might be used (in
contrast to others) which would not
preclude the loss of potentially important
replacement chemistries if resistance were
to occur.

The inability for an insect to develop high
levels of resistance toward an insecticide.

[NU]

The specific molecule (most commonly
proteins: receptor, channel, enzyme,
transcription factor), or when unknown the
physiological component or pathway that is
directly affected by an insecticide.

Similar to mechanism of action; specific
biochemical or physiological pathway
disrupted by herbicide [CU];

The biochemical site within a plant with
which a herbicide directly interacts.
Mechanism of action is a synonym.



Tolerance

Reduced sensitivity of a individual pest to a

fungicide conferred by genetic changes relative to a
wild-type individual. Tolerant individuals still may
be affected by increases doses of a fungicide. In
contrast, immunity describes a situation where the
individual has a mutation that causes the target site
to no longer be able to bind to the fungicide or at
such a low level that commercially useable doses of

fungicide are ineffective for control.

Additional Suggested Terms

Term
Accession

Allele

Biochemical
Resistance

Biotype

Dominance

Fungicide

Resistance to a fungicide in an individual that
results from genetic changes that confer
tolerance or immunity.

Distinct from resistance in the context of
populations that describes the frequency of

biochemically resistant individuals in a population

The natural ability for an insect to withstand
insecticide exposure. For synthetic
insecticides, this is more commonly due to
the metabolic capabilities of a particular
species; for Bt toxins it may be due to
differences in receptor binding, toxin
excretion, etc. It is important to distinguish
it from Resistance because this term
“tolerance” has been sometimes used
wrongly to indicate low resistance ratios in
populations. Tolerance is the estimated
(upper) natural range of survivorship of a
population, previous to exposure or selection
by the toxicant. For example one could say

that H. zea is more tolerant than H. virescens

to the Cry1lAc Bt toxin. It is inherent to the
species.

Insecticide

Herbicide tolerance is the inherent ability
of a species to survive and reproduce
after herbicide treatment. This implies
that there was no selection or genetic
manipulation to make the plant tolerant;
it is naturally tolerant. [CU]

Herbicide

A collection of individual
plants of a weed species
whose characteristics
(genetic, physiological,
biochemical, or biological)
are yet to be determined.
An alternative form or copy
of a gene.

A plant selection that has a
unique genotypic pedigree.
State of an allele whose
phenotypic expression is
similar both in the



Ecotype

Evolution

Fitness

Genotype

Hormesis

Inheritance

Mating
System

(Gene)
Mutation

Population

homozygous and
heterozygous stages.

A biotype that has adapted
to a specific growing
environment.

Progressive change in the
gene pool of a given weed
(species) population in
response to most recent
growing conditions
(herbicides in this context).
Ability of a biotype to
survive and reproduce in an
environment that may or
may not include herbicide
treatment.

The complement of a
plant’s complete hereditary
information.

Stimulation of growth
processes in plants treated
with low doses of
herbicide(s).

Process of transfer of a
genetic trait from one
generation to the next.
System by which pollen
moves from the anthers to
the stigma of the same
flower or different flowers
on the same plant
(selfpollination), or to
stigma of flowers on a
different plant (cross-
pollination) of a weed
species.

An inheritable change to
genetic material or the
process resulting in such a
change.

A group of plants of a single



Recessive

Reduced
Sensitivity
Selection
Pressure

Trait

(See Tolerance)

weed species with potential
to interbreed and
inhabiting a specific
geographic area.

Condition of an allele
whose expression is veiled
by a dominant allele in the
heterozygous stage.

The effectiveness of natural
selection in altering the
genetic composition of a
population over a series of
generations.

A genetic characteristic of
interest.



