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Abstract
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Fusicladium effusum (syn. Cladosporium caryigenum), causal agent of
pecan scab, is the most economically important pathogen of pecan
(Carya illinoinensis). A weather-based advisory is currently used in
Oklahoma to assess the need for fungicide application and requires the
accumulation of scab hours. A scab hour is defined as an hour with
average temperature 221.1°C and relative humidity =290%. To assess
the validity of the thresholds in the advisory, repeated ratings of dis-
ease severity were taken on fruit at five locations during the 1994-96
and 2009-10 growing seasons, resulting in a total of eight site years.
Hourly weather variables were also examined, including temperature,
relative humidity, dew point, dew point depression, total solar radia-
tion, and total rainfall. Rain and disease severity were converted to
binomial variables where a rain event (=2.5 mm) and disease severity
(225%) were coded as 1 and all other events as 0. Logistic regression
models adjusted for correlated data were developed using generalized
estimating equations. Two models were developed: a temperature/
relative humidity model and a dew point/dew point depression model.

For the temperature/relative humidity model, the best fitting model
included all main effects. Using this model, validation exercises
assuming no rain and total solar radiation of 22.5 MJ m? resulted in a
0.45 probability of pecan scab development when the temperature was
21°C and relative humidity was 90%. Findings of this model were
further validated during field studies that evaluated different combina-
tions of temperature and relative humidity thresholds for scheduling
fungicide applications. These analyses indicated that the current
thresholds of temperature and relative humidity are viable, but a
modification of the relative humidity component should be considered.
For the dew point/dew point depression model, a reduced model, in-
cluding dew point, dew point depression, and the binomial rain varia-
ble, was considered adequate for explaining scab events, which sug-
gests that future model building to describe pecan scab epidemics
should include dew point, dew point depression, rain, and total solar
radiation as independent variables.

Fusicladium effusum (G. Winter) (syn. Cladosporium cary-
igenum (Ellis & Langl.) Gottwald), the causal agent of pecan scab,
is the most economically important fungal pathogen of pecan
(Carya illinoinensis (Wangenh.) K. Koch). During severe epidem-
ics of pecan scab, kernel quality can be reduced and crop losses
can be high (9,12). F. effusum overwinters as stroma on infected
shoots and fruit shucks from the previous season. When springtime
temperatures begin to warm, conidia are liberated from the stroma
and serve as primary inoculum. Symptoms of pecan scab can occur
as early as budbreak in Oklahoma, initially as small, gray-green
lesions that develop into larger, dark-brown lesions (6,9). Expand-
ing leaves and twigs are the first plant parts infected. Fruit are in-
fected via primary and secondary inoculum produced on leaves and
twigs (6,12). In controlled environment studies using leaves and
48-h wetting periods, F. effusum grew optimally at 15 to 25°C and
produced the greatest number of lesions at 20°C (8).

Current pecan scab management practices rely heavily on the
use of fungicides to protect trees from the disease. In order to
facilitate proper timing of fungicide applications, the Oklahoma
Agweather Pecan Scab Fungicide Advisory (OAPSFA) was devel-
oped in the mid-1990s. The parameters of the model used in the
OAPSFA were developed through analysis of pecan scab increase
as a function of hours of weather conducive for disease develop-
ment (7). Inputs for the model include air temperature and relative
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humidity to determine “scab hours”. A scab hour is defined as an
hour in which the average air temperature is 221.1°C and the rela-
tive humidity is 290%. Scab hours are accumulated over a 14-day
window after an assumed 14-day protection period has ended fol-
lowing a fungicide application. Fungicide applications are not
advised until 10, 20, or 30 scab hours have accumulated over the
14-day period for susceptible, moderately susceptible, or resistant
cultivars, respectively (28). The scab hour thresholds were devel-
oped by Driever (7) based on regression analysis, which demon-
strated a correlation between number of hours that weather was
favorable for scab and differential cultivar susceptibility. For the
OAPSFA, temperature and relative humidity data are collected
from the Oklahoma Mesonet weather station network (www.
mesonet.org) at a standard height of 1.5 m above the ground. In
Oklahoma, the OAPSFA can recommend from 1 to 10 fungicide
applications per season depending on weather and the cultivars
being grown. However, the average number of fungicide applica-
tions is approximately five per season.

Recently, growers have questioned the performance of the spray
advisories, resulting in speculation that the model may not be accu-
rately identifying periods favorable for pecan scab epidemics.
Growers perceive that the model does not accurately predict scab
increases when increase in disease is observed in the field. These
perceived inaccuracies in the advisory could be from three sources.
First, weather stations are located in areas that may not be repre-
sentative of the microclimate typically found in Oklahoma pecan
groves. Pecan groves tend to be in low-lying areas or near bodies
of surface water, which can dramatically change the microclimate.
Another explanation for the inaccuracy of the advisory might be
that pertinent weather variables are missing from the model. Fi-
nally, current temperature or relative humidity thresholds may be
incorrect. The current thresholds were set to reflect levels of tem-
perature and relative humidity known to be biologically significant
for symptom development. The temperature threshold was based
on research in Georgia (9) and Oklahoma (7), which indicated that
temperatures >21.1°C correlated with increases of pecan scab.



Gottwald (8) reported that isolates of F. effusum were capable of
infecting leaves at temperatures of 15 to 25°C. Turechek and
Stevenson (25) found similar trends, with infection and disease
development occurring at temperatures as low as 15°C and no
infection or disease development at 35°C. Considering the wide
range in temperatures for scab development, the current threshold
of 21.1°C in the OAPSFA might be set too high. This could result
in false negatives for fungicide spray recommendations, leading
to an increase in disease despite no warning being given by the
advisory.

For the current Oklahoma advisory program, a relative humidity
threshold for scab of 90% was selected to estimate wetting events
that corresponded to an increase in pecan scab (7). Relative humid-
ity can be used to estimate wetting events, and a value of 290% is a
suitable indicator (15). However, in some locations such as the
upper Midwestern United States, leaf wetness has been reported to
occur at lower thresholds of relative humidity from 83 to 85% (21).
In Oklahoma, leaf-wetting events have been observed at relative
humidity values as low as 85% (D. L. Smith, unpublished data).
Considering the wide variation in temperatures at which F. effusum
infects and causes disease, and the lower relative humidity thresh-
olds that may correlate with leaf-wetting events, the current advi-
sory may need modification to improve prediction accuracy. Also,
other weather variables such as dew point or rain events should be
considered as inputs. Therefore, the objectives of this study were to
evaluate the thresholds used by the current fungicide advisory pro-
gram and determine whether the addition or substitution of other
weather variables can improve pecan scab risk predictions.

Materials and Methods

2009-10 Field trials. Field trials were conducted on a commer-
cial farm near Madill, OK (Latitude: 34.081506°, Longitude:
-96.926179°). Trees were planted on a Madill fine sandy loam soil
located on a lowland site in 2002. Bare root transplants consisted
of ‘Pawnee’ scion grafted to ‘Apache’ rootstock. Pawnee is consid-
ered to be moderately susceptible (7,28). Trees were spaced 12.2 m
apart with a between-row spacing of 12.2 m. Treatments consisted
of applying fungicides according to the OAPSFA with various
modifications to the air temperature and relative humidity com-
binations required to calculate a scab hour. These included air tem-
perature/relative humidity thresholds of 15.5°C/80%, 18.3°C/80%,
15.5°C/85%, 21.1°C/90% (positive control), and no thresholds
(negative control). The temperature thresholds were chosen in or-
der to examine temperature influences that span the lower range of
temperatures known to be favorable for pecan scab development.
Relative humidity thresholds were based on previous reports that
leaf wetness could be estimated using relative humidity thresholds
lower than 90%. Likely combinations of thresholds were included
in this study but, because of limited research trees, all possible
combinations of thresholds were not examined. At least two border
trees separated each plot that received a treatment. The first fungi-
cide applications for each treatment were applied at the parachute
stage of leaf development during the prepollination period, which
corresponded to 19 May 2009 and 28 April 2010. Subsequent
applications were applied according to the treatment thresholds
after 20 scab hours accumulated (moderately susceptible cultivar).
The experimental design in both years was a randomized complete
block design with five replicates. In 2009, fungicides used were a
rotation of fenbuconazole at 0.14 kg a.i./ha (Enable; Dow AgroSci-
ences), azoxystrobin at 0.25 kg a.i./ha + propiconazole at 0.16 kg
a.i./ha (Quilt; Syngenta Crop Protection), and azoxystrobin at 0.22
kg a.i./ha (Abound; Syngenta Crop Protection). During the 2010
growing season, fungicides used were a rotation of tebuconazole at
0.25 kg a.i./ha (Folicur; Bayer CropScience), thiophanate-methyl
at 0.70 kg a.i.ha (Topsin 4.5FL; United Phosphorus), and
azoxystrobin at 0.22 kg a.i./ha (Abound; Syngenta Crop Protec-
tion). Fungicides were applied with a tractor-mounted air-blast
sprayer (Savage Equipment), calibrated to deliver 100 GPA. Dis-
ease severity was assessed in 2009 and 2010 as the percentage of
scab lesion coverage on a single arbitrarily selected fruit at each

cardinal direction, below and above the midline of the tree canopy
(eight ratings/tree), every 14 or 28 days (depending on trial and
location). Ratings for each tree were averaged to a single value.
Disease progression was analyzed using area under the disease
progress curve (AUDPC) by season for all treatments (23). Once
fully mature, nuts were removed from each tree using a tractor-
mounted tree shaker (Savage Equipment) and harvested using an
orchard floor harvester (Savage Equipment). Yield data were col-
lected after field cleaning and drying pecan nuts to 6.5% moisture
in 2009 and 4.5% moisture in 2010.

1994-96 Fruit severity data. Fruit disease severity data were
collected during the 1994-96 growing seasons by Dr. G. F. Driever
(7). Rating sites included Sparks (Latitude: 35.598681°, Longi-
tude: —96.828160°; 1995-96), Burneyville (Latitude: 33.879538°,
Longitude: -97.257806°; 1994-95), and Vinita (Latitude:
36.625216°, Longitude: —95.123370°; 1994-95), OK. Disease
severity data were collected using a modified Horsfall-Barratt scale
ranging from 1 (disease free) to 8 (100% fruit severity) (7). Fruit
severity was rated per cluster across arbitrarily selected locations
of the tree canopy. Values as determined by the ordinal scale were
converted to percentages by using the midpoint indicated by each
range of the rating scale. Ratings for each tree were averaged to a
single value. These data, used previously to develop the original
model, were reused here to further explore other modeling ap-
proaches.

Weather variables. Weather data for the 1994-96 and 2009-10
growing seasons were collected from the Oklahoma Mesonet
weather stations in closest proximity to each rating site. These sites
included Sparks (1995-96), Burneyville (1994-95), Vinita (1994—
95), Perkins (Latitude: 35.992134°, Longitude: —97.038666°; 2009—
10), and Madill (2009-10), OK. Moving averages based on time
between disease assessments were calculated from average daily
weather data. Time intervals between disease ratings were 7, 14, or
28 days depending on location and study. The weather variables
evaluated included air temperature, relative humidity, dew point,
dew point depression, total solar radiation, and daily rainfall total.
Dew point depression was calculated as the absolute difference
between air temperature and dew point. Rainfall was further con-
verted to a binomial variable where a “no-rain” event was coded as
0 and a “rain” event of 2.5 mm was coded as a 1. Both total daily
rainfall and binomial rain variables were used in the model de-
velopment process.

Model development. For development of scab prediction mod-
els, disease severity data from the locations listed above (eight site
years) were converted to a binomial variable where ratings 225%
were coded as 1 and all other events as 0. Previous research
demonstrated that an acceptable threshold for determining eco-
nomically damaging levels of pecan scab on fruit was approxi-
mately 25% severity (12). Because multiple disease assessments
were collected on the same tree throughout the season, all models
were developed using the generalized estimating equations proce-
dure (PROC GENMOD with the REPEATED statement) in SAS
(version 9.2; SAS Institute) to account for the correlated nature of
the data (14,30). Unadjusted effects were calculated for use in the
model building process, and significance was determined using a
x? test.

For this analysis, quasi-likelihood-under-the-independence-
curve information criterion (QIC) was used in determining overall
fit and proper working correlation matrix. Quasi-likelihood-under-
the-independence-curve information criterion adjusted for the
number of parameters in the model (QICu) was used to determine
proper parameterization of the models. During the build process,
models with the smallest QIC and QICu were selected. Smaller
QIC and QICu indicate better model fit (18). All models were
developed using a forward selection process beginning with the
most significant unadjusted effect.

Results

2009 and 2010 Field trials. Following the prepollination fungi-
cide application, fungicides were applied twice during the 2009-10
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growing season for the 21.1°C/90% treatment. Fungicide applica-
tions were made four times (following the prepollination spray) for
the remaining treatments for both years (Table 1). Because of low
and varying levels of disease in the 2009 growing season, there
were no significant differences in final disease severity or AUDPC
recorded among treatments (Table 2). However, numerically larger
values of final disease severity and AUDPC were recorded in the
nontreated and 15.5°C/85% treatments compared with the
21.1°C/90% treatment. Yield differences ranged from 100 to 170
kg/ha and were not significantly different among treatments (Fig.
1A). In 2010, the highest levels of disease were observed in plots
not treated with fungicide (Table 2). All plots that were sprayed
with fungicides had significantly less disease and lower AUDPC
values than the nonsprayed treatments. Yield differences were not
significantly different among all treatments. However, yield tended
to be higher in plots treated with fungicide (Fig. 1B).

Model development. Analysis of the single-effects models
demonstrated that relative humidity was the most significant unad-
justed effect followed by dew point depression, whereas tempera-
ture and daily accumulated rain were not effects that explained the
probability of pecan scab (Table 3). Because of previous research
indicating the biological significance of temperature and total
accumulated rain on pecan scab development, these variables were
forced into one model during the building process. A second model
was developed using dew point and dew point depression rather
than temperature and relative humidity. Subsequent full- and re-
duced-model testing indicated that the full main effects model was
statistically the best fit, and biologically and meteorologically
relevant for the temperature/relative humidity models developed
(Table 4). A reduced model was most appropriate for the dew
point/dew point depression models developed to describe the
probability of a significant (fruit severity 225%) pecan scab event

Table 1. Dates of fungicide applications made according to the experi-
mental thresholds examined during the 2009 and 2010 growing seasons us-
ing the moderately susceptible ‘Pawnee’

Treatment Application 2009“ 2010
Nontreated N/A N/A N/A
21.1°C/90% 1 29 June 8 June
2 31 July 28 June
15.5°C/85% 1 12 June 18 May
2 1 July 4 June
3 31 July 24 June
4 14 August 16 July
18.3°C/80% 1 12 June 18 May
2 1 July 4 June
3 31 July 28 June
4 25 August 20 July
15.5°C/80% 1 10 June 18 May
2 29 June 4 June
3 23 July 24 June
4 14 August 16 July

z Experimental thresholds were initiated following an initial fungicide
application made during the parachute stage of leaf development, prior to
pollination on 19 May in 2009 and 28 April in 2010. N/A = not applic-
able.

(Table 5). In the dew point/dew point depression model build pro-
cess, the reduced effects model that included dew point, solar
radiation, and the binomial rain variable was the statistically best-
fitting model as determined by the lowest QICu (Table 5). How-
ever, a reduced model that included dew point, dew point depres-
sion, and the binomial rain variable was selected as the most
appropriate model. In order for dew point to be an appropriate
parameter for addition to the model, a reference to the temperature
must be included in the model. Although dew point is the point at
which atmospheric saturation occurs, the proximity of the ambient
temperature to the dew point must be included. The smaller the
dew point depression gets, the more likely it is that a dew event
will occur.

To further evaluate both models and use the temperature/relative
humidity model to test the validity of using 21.1°C temperature
and 90% relative humidity thresholds in the current OAPSFA,
temperature or relative humidity and dew point or dew point
depression were held constant while adjusting the other variable
within the back-transformed models. It was assumed that a 0.50
probability of significant pecan scab increase was a suitable action
threshold (e.g., probabilities =0.50 indicated that disease was
likely). For the temperature/relative humidity model, temperature
and relative humidity variables were positively correlated to an
increasing probability of observing significant levels of pecan scab
on fruit. Increasing levels of total solar radiation and the binomial
rain variable were inversely correlated with the probability of eco-
nomically damaging levels of pecan scab. The probability of
significant scab increase never approached the 0.50 action thresh-
old when relative humidity was adjusted at a constant temperature
of 18°C (Fig. 2A). At the mean observed temperature of 21°C, the
predicted probability of a significant increase in scab was near 0.50
when relative humidity was >90% (Fig. 2B). At 30°C, the
probability of a significant pecan scab event was predicted to be
>0.50 for all observed values of relative humidity (Fig. 2C). When
temperature was adjusted at a constant relative humidity of 57, 72,
or 87%, significant levels of pecan scab were predicted when tem-
peratures were =30°C, >26°C, and 222°C, respectively (Fig. 2D-
F).

In the reduced model that included dew point, dew point depres-
sion, and total rainfall, dew point was positively correlated with an
increasing probability of observing significant increases in pecan
scab. Rain events and dew point depression were inversely corre-
lated to an increasing probability of observing significant pecan
scab. When dew point was fixed at a constant value of 14°C, the
probability of a significant scab event was above the 0.50 action
threshold at dew point depression values less than 2.5°C (Fig. 3A).
At a fixed dew point of 20°C, the predicted probability of a
significant increase in scab was above 0.50 when dew point de-
pression was less than 4.0°C (Fig. 3B). At a dew point of 24°C,
the probability of a significant pecan scab event was predicted to
be above 0.50 at a dew point depression less than 6.0°C (Fig.
3C). When dew point was adjusted at a constant dew point de-
pression of 2.0°C, significant levels of pecan scab were always
predicted (Fig. 3D). When dew point depression was fixed at
6.0°C, significant levels of pecan scab were predicted at dew
points greater than 24.5°C (Fig. 3E). When dew point depression

Table 2. Effects of weather-based advisory programs on levels of pecan scab during 2009 and 2010 growing seasons in Madill, OK?

2009 2010
Treatment Severity (%) AUDPC (%-days) Applications Severity (%) AUDPC (%-days) Applications
Nontreated 31 963.0 N/A 572a 1,589.2 a N/A
21.1°C/90% 13 387.0 3 26.1b 671.2b 3
15.5°C/85% 39 925.3 4 12.7b 658.9b 4
18.3°C/80% 0 0.0 4 132b 33390 4
15.5°C/80% 1 38.5 4 11.1b 266.6 b 4

% Severity = mean observed fruit severity taken on the final disease rating on 18 September 2009 and 16 August 2010; AUDPC = area under the disease
progress curve; Applications = number of fungicide applications; and N/A = not applicable. Mean values within a column followed by the same letter, are
not significantly different according to Fisher’s protected least significant difference (o = 0.05).
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was fixed at 10.0°C, significant levels of pecan scab were not
predicted across any of the observed dew points (Fig. 3F).

Discussion

This study demonstrates that current thresholds used by the
OAPSFA appear to closely estimate scab epidemics in Oklahoma
orchards. Field experiments indicated that the 21.1°C/90% RH
thresholds were typically suitable for controlling scab to levels that
did not influence yield, while providing a two-spray savings over
the other spray regimes evaluated in this study. However, there is
evidence that there is a slight underestimation of pecan scab when
using the current advisory temperature/relative humidity thresh-
olds, which could result in inaccuracies in epidemic prediction. An
adjustment of the relative humidity threshold to 87% may reduce
type-II error if assuming an action threshold of 0.50. Findings by
Sentelhas et al. (21) demonstrated that relative humidity could be
used to estimate leaf-wetting events when the relative humidity
threshold was calibrated to each site. This may be necessary in
Oklahoma; however, using a single relative humidity threshold for
the entire state would be more straightforward. Relative humidity
thresholds >90% have also been shown to accurately predict dis-
ease in a field situation and maintain a high degree of sensitivity
and specificity (16).

The negative influence of solar radiation in the temperature/
relative humidity and dew point/dew point depression models pre-
sented here is biologically significant. Solar radiation has been
shown to inhibit the ability of conidia to germinate in Venturia
inaequalis, Cladosporium spp., Alternaria spp., Arthrinium spp.,
and Aspergillus spp. (3,26).

The effect of rain has been shown to have a dual effect on the
capture of spores from the atmosphere (10). Spore liberation has
been shown to greatly increase immediately prior to a rain event.
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Fig. 1. Pecan yield during the A, 2009 and B, 2010 growing seasons for plots
sprayed with fungicide according to the Oklahoma Agweather Pecan Scab Fungi-
cide Advisory using five combinations of air temperature and relative humidity
thresholds to calculate “scab hours”. Treatments included air temperature/relative
humidity thresholds of 15.5°C/80%, 18.3°C/80%, 15.5°C/85%, 21.1°C/90%, and a
nontreated control. Error bars represent a 95% confidence interval about the treat-
ment mean.

During the rain event, spore captures decreased. However, after the
rain event, the number of spores captured increased again
(4,5,10,13,27). Rain events have traditionally been considered
highly conducive to the development of epidemics. These events
induce leaf wetness onset and increase relative humidity, resulting
in conditions conducive for spore liberation and infection events

Table 3. Single-effects models describing the probability of a scab event
greater than 25% fruit severity using either dew point (DP), air temperature
(T), relative humidity (RH), total solar radiation (SR), binomial output of
rain events (R, where 1 = rain event >2.5 mm; 0 = 0 to <2.5 mm), and total
rainfall (TR) as independent variables

Model* QICY QICu* x2 P value
-12.718 + 0.157 RH 411.39 408.81 29.30 <0.0001
2.109 - 0.579 DPD 419.39 416.36 28.30 <0.0001
-10.215 + 0.433 DP 438.98 433.02 13.40 0.0003
-0.312-1.467R 442.60 437.65 11.98 0.0005
0.910 - 0.093 SR 476.89 471.53 8.84 0.0029
-1.134-0.011 TR 481.50 476.60 0.46 0.4958
-0.904-0.010T 482.76 477.25 0.07 0.7906

* Data used were collected during the 1994-96 and 2009-10 growing
seasons.

¥ Quasi-likelihood-under-the-independence-curve information criterion. Low-
er values indicate better model fit.

% Quasi-likelihood-under-the-independence-curve information criterion ad-
justed for number of parameters in the model. Lower values indicate bet-
ter model fit.

Table 4. Evaluation of models predicting the probability of a scab event
greater than 25% fruit severity using air temperature (T), relative humidity
(RH), total solar radiation (SR), binomial output of rain events (R, where 1
= rain >2.5 mm; 0 = <2.5 mm), and total rainfall (TR) as independent
variables*

Model¥ QICuw?
—-12.718 + 0.157 RH 408.81
24720 +0.210RH + 0.304 T 389.66
—-13.574 + 0.178 RH - 1.639 R 370.40
-18.630 + 0.245 RH-0.171 TR 478.50
—-15.300 + 0.171 RH + 0.066 SR 408.66
24484 + 0229 RH-1.630R +0.277 T 353.95

-9.536 + 0.159 RH - 1.932 R - 0.102 SR 369.11
—-17.831 + 0.180 RH + 0.685 T — 0.577 SR - 3.400 R 313.31

* Models were developed using a forward selection approach starting with
the most significant unadjusted effect as chosen by the lowest QICu.

Y Data used were collected during the 1994-96 and 2009-10 growing
seasons.

%z Quasi-likelihood-under-the-independence-curve information criterion ad-
justed for the number of parameters in the model. Lower values indicate
better model fit.

Table 5. Best fitting multivariable models describing the probability of a
scab event using, dew point depression (DPD), dew point (DP), binomial
output of rain events (R, where 1 = rain event 22.5 mm and 0 < 2.5 mm),
total rainfall (TR), and total solar radiaiton (SR) as independent variables*

Model¥ QICuw?
2.109 - 0.579 DPD 416.36
-10.215 + 0.433 DP 433.02
—4.485 —0.492 DPD + 0.292 DP 397.85
—2.711-0.585 DPD + 0.273 DP - 1.543 R 364.59
—4.577-0.371 DPD + 0.382 DP - 0.109 SR 396.27
-1.423 - 0.762 DPD + 0.241 DP - 0.127 TR 381.27
-0.464 + 0.679 DP — 3.340 R — 0.581 SR 317.77
—-0.560 + 0.041 DPD + 0.695 DP — 3.394 R — 0.601 SR 319.70

* Models were developed using a forward selection approach starting with
the most significant unadjusted effect as chosen by the lowest QICu.

Y Data used were collected during the 1994-96 and 2009-10 growing
seasons.

z Quasi-likelihood-under-the-independence-curve information criterion ad-
justed for number of parameters in the model. Lower values indicate
better model fit.
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The horizontal line is positioned at the action threshold of 0.50.

(11). The approach used by the AU-Pecan advisory is based on the
occurrence of rain and has been used successfully since its adapta-
tion. Light misting rain allows deposition of spores on leaf surfaces
but does not generate sufficient force to coalesce droplets and wash
spores from them (20). However, the models presented here show
decreased probability of economically damaging disease levels
during rain events. This relationship can be explained by washing
events that take place during heavy rainfall. In previous research,
rain events measuring 23 and 33 mm resulted in a decrease in con-
centrations of airborne Cladosporium spp. spores (24). These find-
ings were amplified if rain events occurred during the late night
hours. During prolonged heavy rain events, spores can also be
washed from the leaf surface to the grassy understory of the or-
chard (1,2,17).

The dew point/dew point depression model developed during the
course of this study has provided insight into predicting pecan scab
epidemics while relying on a more appropriate meteorological
phenomenon to estimate leaf-wetting events that occur in the ab-
sence of rain. Few studies have looked at the importance of dew
point depression when estimating leaf wetness for use in a fungi-
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cide advisory, although the influence of dew on epidemics has been
well documented (29). Continued work on the validation of this
technique in needed in order to better understand the ability of dew
point depression to predict epidemics. Dew point depressions less
than 1.8°C have been proposed as an estimator of leaf wetness
onset and dew point depression greater than 2.2°C as leaf wetness
dry-off (19). These values were compared with a relative humidity
threshold of 90% and an extended relative humidity threshold
model using 87% as the base in another study (22). Those findings
demonstrated that, when thresholds were calibrated specifically to
each site, the dew point depression and relative humidity threshold
approaches were suitable and capable of predicting leaf wetness
duration with an accuracy of <2 h difference between predicted
and observed leaf wetness duration, which made this approach
suitable for operational use.

The temperature/relative humidity model presented here not
only offers insight into the performance of the OAPSFA but also
may have an advantage over the current threshold approach if it
was used directly to predict pecan scab increases. This model has
been adjusted for the effects of solar radiation and the accumula-
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Fig. 3. Evaluation of most appropriate DP/DPD-based model that included dew point (DP), dew point depression (DPD), and total rain (TR). Probability of a significant fruit
severity event as predicted by the model: fruit severity >25% = exp(—1.423 — 0.762DPD + 0.241DP — 0.127TR)/[1 + exp(-1.423 — 0.762DPD + 0.241DP — 0.127TR)]; when
DP was fixed at the observed A, 14°C, B, 20°C, and C, 24°C values and DPD was adjusted, or when DPD was fixed at the observed D, 2°C, E, 6°C, and F, 10°C values and
DP was adjusted. All predictions assumed no rain (e.g., TR = 0). Dashed lines represent probabilities extrapolated outside the context of the observed data. The horizontal

line is positioned at the action threshold of 0.50.

tion of rain in a dynamic fashion. By doing so, it is evident that the
thresholds used by the current advisory closely estimated periods
of scab increase; however, accuracy might be improved by adding
the effects of solar radiation and rain. Furthermore, a new model
using dew point and dew point depression was developed. Future
validation studies using these models should be performed to iden-
tify any improvement in the ability to predict fungicide applica-
tions.
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