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ABSTRACT

Eversmeyer, M. G., and Kramer, C. L. 1987. Components and techniques of integrated pest
management threshold determinations for aerial pathogens. Plant Disease 71: 456-459.

Foliar disease forecasting systems have been developed to facilitate efficient use of fungicides in
high-disease-hazard situations. Most predictive models use biometeorological “threshold” values
todrive the model. These values are not the static control action or economic injury thresholds, as
defined in the literature by entomologists and economists. Rather, the values vary with the
components of each disease model. Thresholds can be misleading, because the definitions may
suggest a level of precision that does not exist in the real world of integrated pest management
programs. Normally, threshold determination is straightforward for a single disease system in a
crop; however, development of multiple-disease thresholds for a single crop is extremely complex
because of the interactions that occur among the disease systems and with yield. Determination of
thresholds is limited by constraints of the data available for any given disease system. Spore
concentrations, meteorological parameters, disease severity estimates, and biometerological
parameters have been used to develop thresholds for models of foliar disease development.

The integrated pest management
(IPM) approach to foliar pathogen
control has received much emphasis
during the past decade. This approach
integrates all possible methods for
effective disease control in maintaining
pathogen populations below economic
damage levels without adversely affecting
the ecosystems of the crops. A variety of
control measures have been used singly
orin combination for effective integrated
Crop management programs.

It seems safe to assume that all crops
have been subjected to a foliar disease
epidemic at some time during their
existence. There is little question that this
has been true for all major crops.
Southern corn leaf blight devastated the
corn crop in the early 1970s (35). Severe
wheat leaf or stem rust epidemics have
occurred many times during the past 70
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yr (3,10,11,16). Potato crops have been
destroyed during late blight epidemics,
resulting in widespread famine in Europe
(19). Entire apple and pear orchards have
been destroyed during fire blight
epidemics (36).

Genetic vulnerability of our major
food and feed crops to the changing
pathogen populations has increased.
Several trends in modern crop production
enhance the risk of severe foliar disease
epidemics in the future. Minimum tillage
and no-till methods and shorter crop
rotation systems may increase the
probability of accumulation of primary
inoculum. Higher plant density, higher
leaf area index, and increased use of
nitrogen, irrigation, and growth regulators
all may cause microclimatic changes that
may affect disease development.

Infestation of a pathogen species in the
field is not always a sign of impending
crop loss. Disease control is usually
justifiable when the increased yield is
worth more than the cost of control
measures. Ideally, two values, the
economic injury threshold and the
control threshold, must be known before
a management decision can be made
regarding the possible use of control
measures. The economic injury threshold
is the lowest population density that will
cause economic damage. The control
threshold is the pathogen or disease
density at which control measures should
be applied to prevent an increasing
pathogen population from reaching the
economic injury threshold (7).

Entomological literature is replete
with research on the components and
techniques of determining thresholds for
insects; however, thresholds rarely have

been determined for foliar pathogens.
Because of the limited use of fungicides,
except on high-value crops such as
potato, models have not been developed
using these defined thresholds.

Plant disease forecasting systems have
been developed to provide guidelines for
efficient use of fungicides in high-disease-
hazard situations. Disease modeling
systems have been developed on high-
value crops for potato late blight (23) and
apple scab (21) and for leaf (12) and stem
rust (13) epidemics for wheat, a low-value
crop. Although not so named, each of
these models used a threshold concept.
These thresholds were not the precise
control or economic injury thresholds
(7,14,15) used by entomologists or
economists. Rather, the concept of
thresholds used is one in which the values
vary with the components and their
interactions in each model.

Our present knowledge concerning
thresholds of foliar epidemic development
has come largely from experiments either
to determine thresholds for individual
diseases or to monitor disease develop-
ment in the growing crop. A compre-
hensive review of the literature on
threshold determination in plant
pathology will not be included here.
Instead, we will use examples in the
wheat and potato systems to describe
concepts, techniques, and problems
pertinent to threshold determination and
prediction of foliar disease development.

TECHNIQUES AND PROBLEMS
IN DETERMINING THRESHOLDS
Spore concentration as threshold
component. Adhesive-coated microscope
slides have been used to trap uredinio-
spores of Puccinia recondita and P.
graminis in studies of wheat leaf and stem
rust epidemics since 1917 (34). Asai (1)
used coated rods to trap urediniospores
in a study of spore movement in the
upper Mississippi River Valley. By this
method, urediniospores were trapped
before uredinia were found locally.
Others (6,29), however, have reported
that the numbers of urediniospores
deposited on microscope slides or glass
rods were highly correlated with the local
development of wheat rust. Romig and
Dirks (29) concluded that the major
portion of urediniospore concentrations
measured by slide samplers represented
locally produced inoculum rather than



exogenous inoculum and that any
fungicide recommendation for disease
control must be based on data collected
in the field to be treated. Roelfs et al (27)
reported that rod samplers would detect
urediniospores only after uredinial
frequency reached levels of one uredinium
per 100 culms, indicating that inoculum
responsible for initial infection outside of
overwintering areas is not trapped by
these samplers. Rowell and Romig (30)
collected rain samples and concluded
that the initial infections of leaf and stem
rust develop from urediniospores
deposited in rainwater. In a similar study
using rainwater samples, Roelfs et al (28)
detected primary inoculum for stem rust
development in all 42 location-year
samples studied and in 94% of their trials
with leaf rust.

Kramer et al (20) studied spore
sampling with many fungi under various
artificial and natural environmental
conditions and developed several samplers
that have been used for measuring
primary inoculum for disease prediction
models. Multiple-regression techniques
(4,5,12,13) were used to determine the
inoculum variables that gave maximum
accuracy in predicting wheat leaf and
stem rust development. Disease fore-
casting was most accurate when leaf or
stem rust pustules were observed in the
local area on the date of prediction. If
only urediniospore counts were used as
the inoculum threshold variable, the final
disease severities and resulting yield
reductions were often underestimated.

Disease severity and incidence as
threshold components. In developing a

wheat leaf rust prediction system for.

Oklahoma, Chester (8,9) used leaf rust
severities observed during the last week
of March as threshold values for
determining epidemic potential. The
number of leaf rust uredinia per 1,000
wheat culms was used to differentiate
among levels of epidemics. During the
development of the model, he found that
seasonal temperature and moisture
patterns in the fall and after 1 April did
not markedly affect the rate of disease
development. Buchenau (2) in South
Dakota used a disease severity threshold
that does not differentiate quantitatively
among epidemics. Each producer uses
the model to estimate rates of disease
development from severities on the date
of prediction and weather of the previous
weeks and plots the course of rust
development and potential yield loss.
Both of the models used by Chester and
Buchenau rely on estimates of disease
severity (thresholds) taken early in the
growing season on commercial fields in
which cultivar response is not considered;
however, cultivar response will influence
the rate of rust development.

Burleigh et al (6) characterized wheat
leaf and stem rust epidemics using
uredinia and urediniospore counts
obtained near or within wheat plots.

They found that the threshold at which
fungicidal control would produce an
economic gain was 109% leaf rust severity
as measured by the modified Cobb scale
(26). Uredinia and urediniospore counts
were nearly equivalent in predictive value
in their studies. Although they obtained
fewer stem rust data points, relationships
between stem rust uredinia and uredinio-
spore counts were similar to those
observed for leaf rust.

Eversmeyer et al (13) and Burleigh et al
(4) developed disease prediction models
based on uredinia per culm, airborne
urediniospore counts, temperature, and
moisture variables from 24 winter wheat
plots and 16 spring wheat plots. Disease
severities (uredinia per culm) were better
predictive measures than other variables
considered in 7- to 30-day rust forecasts
in the Great Plains.

There are several methods (18) used in
making disease ratings for threshold
determinations or for inoculum param-
eters for models of disease forecasts.
Most errors are introduced into the
estimate when percentages are determined
from nonuniform frequencies or when
unequal sample sizes are averaged.
Disease ratings must be correctly
determined by area covered in the plot or
field. A 10-ha area of a field with 809 leaf
rust severity averaged with a 30-ha area
of the field with 10% leaf rust would give
an overestimate of 45% disease severity
within the field. However, an estimate for
the field based on the proportion of the
total field at each severity level (10/40 X
80) + (30/40 X 10) produces an average
estimate of 27.5% for the field. Novice
observers will frequently use the highest
severity observed on several culms as the
severity for a plot, field, or area.

Meteorological parameters as threshold
components. Meteorological parameters
have been widely associated with
threshold determinations and disease
development (9). Their widespread use
can probably be traced to the availability
of data recorded by many governmental
agencies, at low or no cost. Hyre (17)
proposed a moving mean of daily
maximum and minimum temperatures
and precipitation to forecast potato late
blight. The primary late blight infections
are forecast 8—14 days after a threshold of
10 consecutive blight-favorable days. A
day is considered blight-favorable when
the 5-day average temperature is below
25.5and above 7.2 C and the precipitation
total for the last 10 days is=3 cm. Wallin
(39) developed a model of potato late
blight forecast based on relative humidity
=290% and the average temperature.
Prognostic surface and 500-mbar weather
charts have been used as a basis for
forecasting disease epidemics. Wallin
and Riley (40) used daily, 5-day, and 30-
day charts to forecast potato late blight
development. Lambert (24) used daily
surface charts to determine pressure
areas that aided in the movement of stem

rust urediniospores to serve as primary
inoculum in the spring wheat area.

Forecasts using biometeorological
parameters as threshold components.
Miller and O’Brien (25) and Krause and
Massie (22) reviewed predictive systems
and suggested that disease prediction was
more precise when inoculum was present
in an area than when it was absent.
Burleigh et al (4) and Eversmeyer et al
(12,13) developed predictive models for
wheat leaf and stem rust using stepwise
multiple-regression equations. Fifteen
biometeorological parameters that
correlated with disease development 7,
14, 21, and 30 days after the date of
disease prediction were found. Different
equations were required to precisely
predict epidemic development at locations
where inoculum data were not available
either as uredinia or urediniospore
counts. A measure of host growth was
used that improved precision in the
predictions. It also was found, as has
been pointed out in most of the preceding
works, that the determination of a
threshold value for economic control of
disease is not a precise, concrete value
from field to field or from year to year.
Similarly, Schrédter and Ullrich (31,32)
developed a prediction model for potato
late blight using multiple-regression
techniques to relate blight occurrence
with environmental factors. The accumu-
lation of ratings from the average time of
plant emergence was used as a threshold
for blight alerts.

Simulation models have been developed
for a number of disease systems including
potato late blight (23,37), tomato early
blight (37), southern corn leaf blight (38),
stripe rust of wheat (33), and apple scab
(21) among others. Blitecast (23)
combined the systems developed by
Wallin (39) and Hyre (17) to provide
recommendations to growers on control
measures for potato late blight. These
simulations and the prediction models
mentioned previously were developed for
a single-disease situation, although many
of them use multiple-threshold indices in
modeling disease development.

CONCLUSIONS

The scope and choice of factors for
threshold determination is limited by the
constraints of available environmental
data and quantitative data available on
the organisms involved in the disease
system. The adequacy of the thresholds
as determined is limited by the least
adequate of three phases of their
determination: 1) developing the
fundamental knowledge for the biotic
systems involved, 2) representing that
knowledge by decision aids, and 3)
monitoring the biotic/abiotic and
environmental factors that determine the
threshold.

In an IPM system, all thresholds must
be based on an economic level. The
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benefits from pest control differ from the
crop loss obtained from disease damage
without control. Crop loss from disease is
the difference between the potential yield
and the yield without disease control
measures applied. The expected benefits
from disease control are the differences
between yields obtained with control
measures and yields obtained without
disease control measures. Clearly, yields
obtained with control measures are
always less than potential yields because
foliar disease control is rarely 100%.
Thus, it is difficult to predict an expected
benefit or yield increase from the control
of different disease severities at different
crop growth stages. If we look for factors
directly affecting threshold determination,
we have to know the kind of damage the
disease does and its interactions with
yield.

Normally, the development of thresh-
olds is fairly straightforward for a
single-disease complex in a crop. When
we become interested in developing
multiple-disease thresholds for a single
crop such as wheat, however, the
complexity increases manyfold. Cultural
practices, such as delayed seeding, may
effectively control pests such as wheat
streak mosaic virus or Hessian fly;
however, the later seeding date may cause
the crop to mature later, increasing the
probability of a stem rust epidemic.
Minimum or no-till practices will
contribute to an increase in inoculum
accummulation and result in increased
tan spot epidemics. Chemical or genetic
control mechanisms of one pathogen
without concurrent control of other
pathogens may lead to severe epidemics.
For example, use of fungicides effective
against P. recondita, to control leaf rust
epidemics, increased yields by 409 over
rusted plot yields. In plots in which both
P. recondita and P. graminis were
controlled, yields averaged 50% higher
than in those where no control measures
were applied. Plots in which P. recondita
was controlled but P. graminis was
allowed to develop resulted in yield
reductions of 75%.

The concept of system analyses is fairly
new in epidemiological research, but
during the past decade, it has begun to be
used to solve some of the major problems
in developing thresholds for IPM
programs. The primary causes of a foliar
disease epidemic are a virulent pathogen
population and a susceptible host
population interacting in a favorable
environment. It also becomes obvious
that the effects are actually determined
by the interaction of the components of
the system, which change constantly with
time and space. Each of these components
may be indispensable in the determination
of the threshold, but they vary in their
importance in time. Development of
multiple foliar disease thresholds is
determined by the interaction of at least
four factors: environment, pathogen,
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host, and human activity. These inter-
actions are complex and, even if
understood, are extremely difficult to
monitor in the field.

All thresholds can be misleading
because the definitions may suggest a
level of precision that does not exist in the
real world of IPM. Most simulations or
disease forecast models have been
developed by monitoring of disease
epidemics followed by appropriate
experimentation. The experiments
usually determined the cardinal points
for germination, infection, incubation,
and fungal development within the host
plant. Those cardinal point values were
then used as threshold values in
developing prediction models of a single-
disease system.

If usable thresholds for foliar pathogen
management programs are to be
developed, we must formulate and test
concepts for foliar disease control in
cropping systems by simulation or other
modeling techniques. Fundamental
knowledge of the biological and meteoro-
logical systems operating within the crop
production system must be refined to
formulate disease control concepts. New
information and present knowledge of
the biometeorological system must be
represented accurately in an automated
disease control decision aid or model.
Factors, both biological and meteoro-
logical, that collectively propel these
models must be monitored or measured
automatically and be available in real
time.
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