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Abstract A set of standard area diagrams (SADs) was
developed and validated to aid visual assessment of
severity of frogeye leaf spot (FLS) caused by
Cercospora sojina. The SAD has eight color images of
diseased leaflets with severity values that ranged from
0.1 to 39.9 %. The SAD was validated by a group of 20
raters [10 experienced (ER) and 10 inexperienced (IR)],
who assessed the same set of 50 images twice, the first
without SADs and the second using SADs as an aid. The
SADs significantly improved accuracy [coefficients of
bias (Cb) were 0.64 and 0.99 for IR and 0.98 and 0.99
for ER, without and with SADs, respectively], precision
[correlation coefficients (r) were 0.89 and 0.95 for IR
and 0.94 and 0.97 for ER, without and with SADs,
respectively] and overall agreement [Lin’s concordance
correlation coefficients (ρc) were 0.57 and 0.94 for IR
and 0.92 and 0.97 for ER without and with SADs,
respectively]. The estimates of severity of FLS were
more reliable when using SADs. Both the inter-rater
reliability (coefficient of determination, R2) and intra-
class coefficient (ρ) were significantly increased by
using SADs. Therefore, it is believed that the SADs
proposed in the present study will be a useful tool to
aid accurate, precise and reliable estimates of severity of
FLS in experiments (e.g., fungicide screening,

assessment of partial resistance of soybean genotypes
to FLS) and to aid in decision-making purposes.

Keywords Cercospora sojina .Glycinemax . Disease
assessment . Disease severity . Epidemiology.

Phytopathometry

Introduction

Frogeye leaf spot (FLS), caused by the fungusCercospora
sojinaHara, was first reported on soybean in 1915 in Japan
(Mian et al. 2009). Subsequently, it has become an impor-
tant disease in warm, humid tropical and subtropical re-
gions (Akem and Dashiell 1994). Although C. sojina is
able to infect all above ground organs, FLS is primarily a
leaf disease, with symptoms initially forming as dark,
water-soaked spots (with or without a lighter center) and
developing into brown spots surrounded by a narrow,
purple-brown margin (Nascimento et al. 2014). The le-
sions can coalesce and cause severe leaf blight or defolia-
tion (Kim et al. 2013). FLS epidemics can cause yield
losses greater than 60 % (Dashiell and Akem 1994).
Cercospora sojina survives in infested soybean residues
and infected seeds (Mian et al. 2009). Because FLS is a
polycyclic disease, inoculum can increase continuously
throughout the growing season, thereby causing severe
epidemics when control measures are not properly adopted
(Kim et al. 2013). Sowing disease-free seeds, seeds treated
with fungicides, crop rotation and fungicide sprays applied
at the R2-R5 growth stages are used to control FLS (Mian
et al. 2009). However, resistance based on three single
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genes (Rcs1-3) is the most important strategy that has been
adopted for disease control (Mian et al. 2009). In spite of
the past effectiveness of fungicides in managing FLS,
C. sojina isolates with reduced sensitivity to quinone out-
side inhibitor fungicides were recently detected in the U.S.
(Zhang et al. 2012). The recent characterization of sexual
reproduction in C. sojina (Kim et al. 2013) causes addi-
tional concerns regarding FLS management because re-
combination amplifies the genetic variability of the fungus,
which may render resistance ineffective. The extent of
sexual reproduction in C. sojina has not yet been investi-
gated in Brazil, but the fungus is known to be genetically
diverse (Yorinori andKlingelfuss 1999). Therefore, studies
to better understand the biology of C. sojina, to identify
soybean genotypes with partial resistance to FLS and to
screen fungicides are urgently needed. However, a stan-
dard method to quantify FLS has not been developed,
hindering efforts to address these important issues.

The assessment of disease severity in experiments to
compare control measures and for characterization of
pathogen aggressiveness is dependent on the availability
of a standard method for disease quantification (Duarte
et al. 2013). Poor disease quantification can result in
erroneous conclusions and recommendations that might
have catastrophic consequences for producers (Madden
et al. 2007). The phytopathometric variable most com-
monly used for quantifying FLS on soybean is severity,
using the percentage of symptomatic leaf area.
However, estimation of disease severity by raters is
difficult because it is subjective and estimates may vary
according to the inherent ability of the rater (Campbell
and Madden 1990). This subjectivity introduces unde-
sirable error; thus the use of standardized criteria to
measure disease is imperative (Lenz et al. 2010).

Ideally, a disease assessment scheme should be ac-
curate, precise and reliable (Nutter and Schultz 1995;
Madden et al. 2007). Accuracy measures the degree of
closeness or bias between the estimates and the actual
severity and involves the difference between the means
of observed and expected values, and scale differences
(Nutter and Schultz 1995; Madden et al. 2007), preci-
sion is a measure of the variability of the estimates
(Madden et al. 2007; Yadav et al. 2013), and the concept
of agreement combines both accuracy (measure of bias)
and precision in the case when actual true values are
being considered (Madden et al. 2007). Reliability is
related to the ability of the rater to produce similar
estimates from the same specimen under different con-
ditions (Nutter et al. 1991).

A standardized method that has proven very useful for
estimating disease severity is the standard area diagram
(SAD), which consists of pictorial diagrams that depict
the true proportion of severity on individual sampling
units (quadrants, whole plants, leaves, fruit, tubers, etc.)
and represents a range of disease severities (Bergamin
Filho and Amorim 1996; González-Domínguez et al.
2014). Although it has long been recognized that the
use of SAD provides more accurate and precise estimates
of diseases severity (James 1971; Horsfall and Cowling
1978; Kranz 1988), it was only recently that improve-
ments afforded by using SADs relative to estimates made
without SADs were statistically supported (Corrêa et al.
2009; Duarte et al. 2013; Rios et al. 2013; Yadav et al.
2013; González-Domínguez et al. 2014). Furthermore, it
has been demonstrated that inexperienced raters tend to
improve more in accuracy and reliability when using
SADs compared to experienced raters (Michereff et al.
2000; Nita et al. 2003; Godoy et al. 2006; Bock et al.
2009, 2013; Pedroso et al. 2011; Sachs et al. 2011;
Klosowski et al. 2013; Yadav et al. 2013; González-
Domínguez et al. 2014).

Severity of FLS has been assessed using various
methods including an ordinal rating scale (Ross 1968),
and disease category scales (Akem and Dashiell 1994),
such as the Horsfall-Barrat (H-B) scale, which is a
logarithmically-based scale with unequal intervals of
severity related to the eye’s supposed ability to discern
differences (the so-called Weber-Fechner law) (Horsfall
and Barrat 1945). Problems can arise when assessing
severity of FLS with these methods: the first method is
less informative and tends to be subjective, whereas the
assumptions behind the H-B scale were never supported
experimentally and have been severely criticized (Nutter
and Esker 2006; Bock et al. 2010). No SADs have been
developed and validated to assess severity of FLS. Two
objectives were addressed in this study: i) development
of SADs as an assessment aid for estimating severity of
FLS, and ii) evaluation of the effects of SADs and rater
experience on accuracy, precision and reliability of the
estimates of severity of FLS.

Materials and methods

Diseased soybean leaves

Leaves of the soybean cultivars Bossier and Conquista,
susceptible and resistant to FLS, respectively
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(Nascimento et al. 2014), were obtained from plants
previously inoculated with a pathogenic isolate of
C. sojina (UFV/DFP-Cs 01). The inoculation procedure
followed that described by Nascimento et al. (2014).
Plants were maintained in a greenhouse at a temperature
of 30±5 °C, relative humidity of 65±5 % and natural
light radiation of 900±15 μmol photons m−2 s−1, which
was quantified with a LI-250A light meter (LI-COR,
Inc., Lincoln, NE, USA).

Development and evaluation of the SAD

A total of 150 leaflets with a range of severities of FLS
were collected at 16 days after inoculation and were
individually scanned to obtain images with a resolution
of 300 dpi. These images were processed, and the actual
severity of FLS was measured using QUANT software
(Vale et al. 2003). The minimum and maximum true
severity of FLS obtained after image processing was 0.1
and 39.9 %, and following an approximately linear
increase, six additional, intermediate diagrams were
chosen resulting in a set of eight images. These soybean
leaflet images with known values of severity of FLS
were used as templates for the diagrams developed for
the SADs. The typical symptoms of necrosis and purple-
brown borders were included in the leaflet diagrams in
the SADs.

A group of 20 raters (10 inexperienced and 10 expe-
rienced) assessed the 50 images. Raters were classified
as experienced if they had received previous formal
training and practice in assessment of severity of FLS
and were familiar with FLS symptoms. Rater training
was performed in three steps 2 weeks before assess-
ments. First, a group of 50 digital images of FLS-
diseased leaflets that was not used for SADs validation
was projected to raters and the raters were provided with
an explanation as to how to recognize FLS symptoms
(to consider only lesions with light brown to light gray
centers and showing a darker red to purple-brown bor-
der). Second, the same group of images was projected
and the actual severity of FLS was immediately shown
with the image. Raters were cautioned to take care with
estimates of severity in images which had numerous
small lesions (due to risks of overestimation, Madden
et al. 2007) and they were informed that leaflets become
chlorotic at severities near 40 %. Third, the raters esti-
mated severity of FLS for each training image, immedi-
ately after which the actual severity was shown on the
image. Images were projected one at a time at random

for 15 s each. Images used in rater training and SADs
validation were chosen to embrace a wide range of FLS
severity and included leaflets with several small lesions.
Inexperienced raters had no formal training or familiar-
ity with FLS symptoms. For each group, the 50 digital
images of the FLS-diseased leaflets were projected at
random one at a time for 15 s. In the first assessment, the
raters did not use SADs as an aid to estimate severity of
FLS. Two weeks later, the same raters made a second
assessment using SADs as an aid to estimate severity of
FLS using the same set of images. To evaluate each
leaflet, the rater compared the image with those in the
SADs to obtain a new estimate of severity of FLS.
Before performing both evaluations, raters were told to
consider only the symptoms of necrosis and purple-
brown borders typical of FLS lesions and to base their
visual estimate on proportion of diseased area related to
total leaflet area for each image as a percentage.

Data analyses

Agreement between estimated and actual severity of
FLS for each rater was determined according to Lin’s
concordance correlation coefficient (LCCC) (ρc) (Lin
1989). The analysis was performed separately using
the data obtained with and without the use of the
SADs for both inexperienced and experienced raters.
This analysis is the most appropriate for gauging agree-
ment because it combines measures of accuracy and
precision to assess the fit of pairs of observations to
the line of concordance (45°). The LCCC is comprised
of two statistics where ρc=Cb . r, and where Cb is a
measure of bias or accuracy of the best-fit, and r equals
the correlation coefficient between the estimated sever-
ity (Y) and the actual severity (X), and in this case,
measures the precision of the best-fit line. Cb is derived
from the following: Cb=2/[(υ+1/υ+μ

2)], where υ=σy /
σx, and σy and σx are the standard deviations of Yand X,
respectively, and where μ=(μy - μx) / √ (σy . σx) and μy

and μx are the mean values of Yand X, respectively. The
term υ (scale shift or systematic bias) describes the
dependency of over or underestimation on the magni-
tude of X (it can be described as the difference in the
slopes of the fitted line and the line of concordance).
Slopes of 45° would have a υ of 1. The term μ (location
shift or constant bias) is the tendency, on average, to
over or underestimate severity. Equal heights would
have a μ of 0. A perfectly accurate measurement occurs
when estimates equal actual values, and all points fall on
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the concordance line e.g., r=1, Cb=1 υ=1, μ=0 and
thus, ρc=1 (Bock et al. 2010; Nita et al. 2003).

For all parameters analyzed (υ, μ, Cb, ρc and r), the
differences between the means (i.e., with SADs minus
without SADs) were calculated and an equivalence test
was used to test their significance (Yi et al. 2008;
Bardsley and Ngugi 2013; Yadav et al. 2013). The
equivalence test was used to calculate 95 % confidence
intervals (CIs) for each statistic (the difference between
the means) by bootstrapping using the percentile meth-
od (with an equivalence test, the null hypothesis is the
converse of H0, i.e., the null hypothesis is non-equiva-
lence). All analyses were based on 2,000 balanced boot-
strap samples using 95% CIs that were calculated as the
difference between the means of the groups. If the CIs
spanned zero, there was no significant difference (P=
0.05). Precision was also determined using analysis of
the absolute error (estimated minus actual severity of
FLS).

The inter-rater reliability of the estimates was deter-
mined in two ways. First, the coefficient of determina-
tion (R2) from linear regression analyses of relationships
between severity estimates for all pairs of raters was
used (Nutter and Schultz 1995). Second, the inter-rater
reliability was assessed based on the intra-class correla-
tion coefficient (ICC, ρ) (Shrout and Fleiss 1979),
which, unlike most other correlation measures, operates
on data structured as groups rather than data structured
as paired observations, which provide only relative
measures. For the ICC analysis, the model was assumed
to be two-way, with absolute agreement and single
measures (Shrout and Fleiss 1979). The effect of
SADs use on the inter-rater reliability for each assess-
ment time was measured based on the confidence inter-
val of the ICC estimated by the model.

All statistical analyses were calculated in R (R Core
Team 2013). The epi.ccc function of the epiR package
(Stevenson 2012) was used to obtain Lin’s CC statistics.
The built-in boot.sample R function was used for the

equivalence test. The ICC was calculated with the icc
function of the irr R package (Gamer et al. 2012).

Results

Soybean leaflets developed FLS symptoms that began
as dark, water-soaked circular to somewhat irregular
spots with light centers (Fig. 1). As the lesions expand-
ed, the centers turned light brown to light gray in color
and developed a darker red to purple-brown border as
they aged. When severe (~40 %), the leaflets showed
intense chlorosis. The SADs developed in the present
study comprised eight color frogeye spot-diseased leaf-
let images, each of a known severity value ranging from
0.1 to 39.9 % (Fig. 2).

Lin’s concordance analysis revealed that the raters’
estimates of severity of FLS approached the actual se-
verity when they used SADs, irrespective of their expe-
rience. There was a linear relationship between estimat-
ed and actual severity of FLS for all raters. Use of SADs
resulted in significant improvement for all bias and
accuracy statistics of Lin’s concordance correlation co-
efficient (υ, u, Cb, ρc and r) for inexperienced raters and
for Cb, ρc and r for experienced raters (Table 1).

Use of SADs significantly reduced scale shift (υ) for
inexperienced raters (Table 1), which ranged from 0.78
to 2.73 (mean of 1.93) and from 0.80 to 1.05 (mean of
0.93) without and with SADs, respectively. The propor-
tion of raters who had υ values between 0.90 and 1.10
increased from 10 to 70 % with use of SADs, indicating
that the slope of the best fitting line was closer to the
concordance line when SADs were used (Fig. 3a).

Location shift (μ) for inexperienced raters was sig-
nificantly reduced by using SADs (Table 1).
Inexperienced raters overestimated severity of FLS
without SADs [μ ranged from 0.02 to 1.47 (mean of
0.85)]. In contrast, μ values ranged from −0.16 to 0.16
(mean of −0.01) when inexperienced raters used SADs.

Fig. 1 Symptoms of frogeye leaf
spot (FLS) on soybean leaflets
inoculated with Cercospora
sojina. Characteristic lesions have
a necrotic center surrounded by a
purple-brown margin. At high
FLS severity (~40 %), the leaflets
become chlorotic and senesce
prematurely
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The proportion of inexperienced raters with μ values
between −0.10 and 0.10 was 30%without use of SADs,
but 90 % when SADs were used, indicating a reduction
in overestimation when SADs are used as an aid to
assess severity of FLS (Fig. 3b).

Accuracy (Cb) was significantly increased when
either experienced or inexperienced raters used SADs
(Table 1). Accuracy without SADs ranged from 0.38
to 0.97 (mean of 0.64) for inexperienced raters and
from 0.95 to 0.99 (mean of 0.98) for experienced

Fig. 2 Set of standard area
diagrams (SADs) developed as an
aid for assessment of frogeye leaf
spot (FLS) on soybean leaflets.
Values represent the percentage
(%) of the leaflet area showing
FLS symptoms

Table 1 Effect of the use of a set of standard area diagrams (SADs) as an assessment aid on bias, precision and agreement of estimates of
severity of frogeye leaf spot (FLS) on soybean leaflets made by raters with or without experience in FLS assessment

Experience LCC statistic Means 95 % CIa of the difference
between means

No SADs With SADs

Inexperienced Scale shift (υ)b 1.93 0.93 −1.340, −0.629
Location shift (μ)c 0.85 −0.01 −1.075, −0.634
Bias correction factor (Cb)

d 0.64 0.99 0.228, 0.465

Correlation coefficient (r)e 0.89 0.95 0.028, 0.081

Concordance coefficient (ρc)
f 0.57 0.94 0.254, 0.474

Experienced Scale shift (υ) 0.93 0.92 −0.088, 0.053
Location shift (μ) 0.05 −0.01 −0.154, 0.027
Bias correction factor (Cb) 0.98 0.99 0.005, 0.026

Correlation coefficient (r) 0.94 0.97 0.017, 0.048

Concordance coefficient (ρc) 0.92 0.97 0.032, 0.063

a Bootstrap calculated difference between means and confidence intervals (CIs). If the CIs embrace zero, difference is not significant at the
5 % level. Bold numbers represent significance of the difference
b Scale or slope shift (systematic bias) relative to the perfect relationship (1=perfect relation between x and y)
c Location or height shift (constant bias) relative to the perfect relationship (0=perfect relation between x and y)
d Bias correction factor that measures how far the best-fit line deviates from a line at 45°. No deviation from the 45° line occurs when Cb=1.
Cb is calculated from υ and μ and is a measure of accuracy
e Correlation coefficient (r) that measures precision
f Lin’s concordance correlation coefficient (ρc) combines both precision (r) and accuracy (Cb) (ρc=r.Cb) to measure agreement with the
actual value (Lin 1989)

Eur J Plant Pathol (2015) 142:603–614 607



raters. In contrast, accuracy when using SADs for
inexperienced raters ranged from 0.96 to 0.99 (mean
of 0.99) and for experienced raters from 0.97 to 0.99
(mean of 0.99). Use of SADs also increased the

proportion of raters with accuracy >0.95 from 55 to
100 % (Fig. 3c).

Without the SADs aid, precision (r) ranged from 0.83
to 0.93 (mean of 0.89) and from 0.90 to 0.97 (mean of
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Fig. 3 Frequency of bias, precision and agreement and inter-rater
reliability without and with use of a set of standard area diagrams
(SADs) as an assessment aid by 20 raters who assessed 50 images
of frogeye leaf spot-diseased soybean leaflets. (a) Scale shift (or

systematic bias, υ), (b) location shift (or constant bias, μ), (c) bias
correction factor (Cb), (d) correlation coefficient (r), (e) Lin’s
concordance correlation coefficient (ρc), and (f) coefficient of
determination (R2)
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0.94) for inexperienced and experienced raters, respec-
tively (Table 1). When assessments were made using
SADs, precision improved for both inexperienced [0.89
to 0.98 (mean of 0.95)] and experienced raters [0.95 to
0.99 (mean of 0.97)]. The proportion of raters with
precision (r) >0.95 was 25 and 85 % without and with
use of the SADs aid, respectively, which indicates an
increase in precision using the SADs (Fig. 3d).

Agreement (ρc), which combines measures of both
accuracy and precision, was significantly improved for
all raters, irrespective of experience, when SADs were
used (Table 1). In the absence of SADs, ρc for inexpe-
rienced raters ranged from 0.32 to 0.81 (mean of 0.57)
and for experienced raters from 0.88 to 0.97 (mean of
0.92). In contrast, when raters assessed using SADs
inexperienced raters had a ρc ranging from 0.87 to
0.97 (mean of 0.94) and experienced raters from 0.94
to 0.99 (mean of 0.97). The improvement in agreement
was reflected in the increase in the proportion of raters
with a ρc value >0.90 (40 and 90%without and with the
SADs aid, respectively) (Fig. 3e).

The increase in precision was reflected in the reduc-
tion in absolute errors when raters used SADs, and was

particularly evident for inexperienced raters (Fig. 4).
When estimates were made without SADs, 80 % of
the raters had error >25 %. When SADs were used as
an aid to estimate severity, the errors were consistently
<25 %.

Without SADs, experienced raters had less bias and
better accuracy, precision and agreement (υ, u, Cb, r and
ρc, respectively) compared to inexperienced raters
(Table 2). However, when the experienced raters used
SADs, only precision (r) and agreement (ρc) were sig-
nificantly improved compared with inexperienced
raters. Although estimates of severity were improved
for all raters regardless of their experience, the biggest
reduction in bias and gains in accuracy, precision and
agreement were obtained for inexperienced raters
(Fig. 5).

The equivalence test revealed that inter-rater reliabil-
ity measured by both the coefficient of determination
(R2) and the intra-cluster coefficient (ρ) was significant-
ly improved when the raters used SADs (Table 3). The
mean coefficient determination (R2) among inexperi-
enced raters increased from 0.76 to 0.84 when using
SADs and for experienced raters from 0.81 to 0.93.
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estimates of severity of frogeye leaf spot on 50 diseased soybean
leaflets for each of ten inexperienced (a, b) and ten experienced

raters (c, d), without (a, c) and with (b, d) the use of a set of
standard area diagrams (SADs). Low absolute errors indicate that
the estimated severity was similar to the actual severity

Eur J Plant Pathol (2015) 142:603–614 609



Without use of SADs, 72.2 % of the rater pairwise
comparisons had a coefficient of determination <0.85,
but when SADs were used, only 2.1 % of the pairwise
comparisons had a coefficient of determination <0.85
(Fig. 3f). The intra-class correlation coefficient (ρ) for
inexperienced raters increased from 0.78 to 0.91 and
from 0.88 to 0.95 for experienced raters, indicating that
use of the SADs aid resulted in greater inter-rater reli-
ability irrespective of experience.

Discussion

Several studies have previously demonstrated that use of
SADs improves the accuracy of raters to estimate the
severities of leaf diseases including Asian rust on soy-
bean (Godoy et al. 2006), blast (Rios et al. 2013) and
brown spot (Domiciano et al. 2014) on wheat, brown
spot on rice (Lenz et al. 2010), early blight on potato
(Duarte et al. 2013) and rust on coffee (Capucho et al.
2011). Despite the increase in importance of FLS on
soybean, no adequate method has been developed to

help ensure accurate estimation of severity. Accurate
methods of assessment are required to minimize the risk
of type II errors in hypothesis testing (Bock et al. 2010)
and thus are very important when the data is to be
analyzed to compare control strategies and also for
ensuring accurate estimates of severity for other studies
on the biology of C. sojina. The SADs developed and
validated in this study to assess severity of FLS was
demonstrated to provide great improvements in accura-
cy, precision and reliability of estimates of severity of
FLS, and when used, should ensure severity estimates
are closer to the actual values.

The SADs proposed as an aid to assess severity of
FLS in this study utilized eight color images of leaf-
lets with severity values ranging from 0.1 to 39.9 %.
This severity range is considered quite sufficient to
embrace the range of severities of FLS observed in
the field. Furthermore, severities <0.1 % can be dif-
ficult to identify and have little epidemiological val-
ue; and leaflet senescence was found to occur at
severities near 40 %. The eight severities represented
in the SADs developed in the present study are

Table 2 Effect of rater experience on bias, precision and overall agreement of estimates of severity of frogeye leaf spot made by raters either
unaided or aided by a set of standard area diagrams (SADs)

Assessment LCC statistic Means 95 % CIa of the difference
between means

Inexperienced Experienced

No SADs Scale shift (υ)b 1.93 0.93 −1.388, −0.589
Location shift (μ)c 0.85 0.05 −1.049, −0.507
Bias correction factor (Cb)

d 0.64 0.98 0.220, 0.449

Correlation coefficient (r)e 0.89 0.94 0.023, 0.078

Concordance coefficient (ρc)
f 0.57 0.92 0.238, 0.455

With SADs Scale shift (υ) 0.93 0.92 −0.071, 0.041
Location shift (μ) −0.01 −0.01 −0.068, 0.071
Bias correction factor (Cb) 0.99 0.99 −0.004, 0.009
Correlation coefficient (r) 0.95 0.97 0.006, 0.050

Concordance coefficient (ρc) 0.94 0.97 0.006, 0.055

a Bootstrap calculated difference between means and confidence intervals (CIs). If the CIs embrace zero, difference is not significant at the
5 % level. Bold numbers represent significance of the difference
b Scale or slope shift (systematic bias) relative to the perfect relationship (1=perfect relation between x and y)
c Location or height shift (constant bias) relative to the perfect relationship (0=perfect relation between x and y)
d Bias correction factor that measures how far the best-fit line deviates from a line at 45°. No deviation from the 45° line occurs when Cb=1.
Cb is calculated from υ and μ and is a measure of accuracy
e Correlation coefficient (r) that measures precision
f Lin’s concordance correlation coefficient (ρc) combines both precision (r) and accuracy (Cb) (ρc=r.Cb) to measure agreement with the
actual value (Lin 1989)
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considered adequate to give accurate and rapid esti-
mates of severity of FLS. Similar numbers of repre-
sented severities have been employed in SADs de-
veloped and validated for other host-pathogen inter-
actions, which are in practical use (Corrêa et al. 2009;
Yadav et al. 2013; González-Domínguez et al. 2014).
The eight severities follow an approximately linear
increase, in contrast to some SADs that use a loga-
rithmic arrangement based on the so-called Weber-
Fechner law, which assumes a logarithmic relation-
ship between estimates and actual severity (Horsfall

and Barrat 1945; Godoy et al. 2006; Lenz et al.
2010). However, this law was never substantiated,
and recent studies have questioned its usefulness for
providing good estimates of disease severity (Nutter
and Esker 2006; Bock et al. 2010). Therefore, con-
sistent with the SADs that were recently developed
(Domiciano et al. 2014; Duarte et al. 2013; Rios et al.
2013; Yadav et al. 2013; González-Domínguez et al.
2014), a linear relationship between estimates and
actual severity of FLS was adopted as the rationale
for the SADs described here.
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Fig. 5 The relationship between gain [difference between the
estimate with and without use of a set of standard area diagrams
(SADs)] for measures of (a) location shift (or systematic bias, υ),
(b) scale shift (or constant bias, μ), (c) bias correction factor (Cb),

(d) correlation coefficient (r), and (e) Lin’s concordance correla-
tion coefficient (ρc) of visual severity estimates made by 10
inexperienced (circles) and 10 experienced (triangles) raters for a
set of 50 images of frogeye leaf spot-diseased soybean leaflets
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Overestimation of disease severity by raters is well-
documented (Lenz et al. 2010; Capucho et al. 2011;
Godoy et al. 2006; Rios et al. 2013; Domiciano et al.
2014). In the present study, raters (primarily the inexpe-
rienced) overestimated severity of FLSwhen they did not
use SADs. However, when raters used SADs as an aid in
severity estimation (irrespective of their experience) not
only was accuracy greatly improved, but some (60 % of
the raters) actually underestimated severity of FLS (neg-
ative μ values). Underestimates were most pronounced at
severities of FLS above 20 %, which is consistent with
some previous reports (Duarte et al. 2013; González-
Domínguez et al. 2014). Furthermore, absolute errors of
the estimates were greatly reduced by using SADs, which
was particularly evident for inexperienced raters. These
results are consistent with the effects of the use of SADs
or computer-based assessment training in improving ac-
curacy of disease estimates (Nutter and Schultz 1995).

Formost raters scale shift (υ) and location shift (μ) were
closer to 0 and 1, respectively, when using SADs, indicat-
ing that the slope and height of the fitted line approached
the line of concordance. However, the gain in these pa-
rameters for experienced raters who used SADs was neg-
ligible, as has been noted before (González-Domínguez
et al. 2014). However, the other measures of precision,
accuracy and agreement (r, Cb and ρc) were all improved
by using SADs for all raters (irrespective of experience),
indicating that overall the estimates of severity of FLS
were more accurate and precise when raters used SADs
as an aid to assess severity of FLS. These results demon-
strate the value of the SADs we developed as an aid for
estimating severity of FLS, even for experienced raters.

Many studies showed that rater experience, familiarity
with symptoms and training in disease assessment influ-
ence the reliability and accuracy of disease estimates

(Bardsley and Ngugi 2013). In general, experienced raters
produced estimates that were more accurate and precise
than inexperienced raters, which is consistent with previ-
ously reported results (Nita et al. 2003; Bock et al. 2009;
Yadav et al. 2013; González-Domínguez et al. 2014).
According to Yadav et al. (2013), an inexperienced rater
may inherently have a high degree of accuracy and pre-
cision, butmost often the estimates of inexperienced raters
deviate more from the actual severity compared to expe-
rienced rater estimates. Thus inexperienced raters are
expected to benefit most from using SADs, which also
improve inter-rater reliability (Yadav et al. 2013).

The proposed SAD should be a valuable tool where
estimates of severity of FLS are required, including in
experiments comparing disease management treat-
ments, for epidemiological studies or for monitoring
disease for decision-making purposes.
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