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Abstract A standard area diagram set (SAD) to aid
visual assessment of loquat scab (caused by
Fusicladium eriobotryae) severity on fruit was devel-
oped and evaluated for improving accuracy, precision
and reliability of visual estimates. The SAD set contains
eight black and white diagrams of diseased fruit with
severity values from 2% to 98%. To evaluate the SADs,
a group of 20 raters (comprising 10 ‘experienced’ and
10 ‘inexperienced’ raters) assessed the same set of 50
images three times, the first without SADs and the
second and third using the SADs as an aid. Only for
the group of inexperienced raters did SADs significantly
improve accuracy (bias correction factor,Cb=0.93 with-
out SADs and 0.98 with SADs), precision (correlation
coefficient, r=0.88 without SADs and r=0.96 with
SADs) and overall agreement (Lin’s concordance

correlation coefficient, ρc=0.82 without SADs and ρc
with SADs = 0.95) of the estimates. Accuracy and
precision of the estimates by inexperienced raters were
significantly higher than those obtained by the experi-
enced raters, especially for the second assessment with
SADs. Inter-rater reliability was improved when SADs
were used by inexperienced raters, whereas a high
degree of intra-rater reliability was obtained by
both experienced and inexperienced raters when
using SADs. The SADs developed in this study
were useful for obtaining more accurate, precise
and reliable assessments of loquat scab for inex-
perienced raters, and should be used as an aid for
assessing scab in epidemiological studies or mon-
itoring for decision-making purposes.
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Introduction

Loquat (Eriobotrya japonica Lindl.) is a fruit tree grown
in regions with a subtropical climate (Calabrese 2006)
including China, Japan and the Mediterranean basin
(Caballero and Fernández 2002; Lin 2007; MAGRAMA
2013). In 2006, global production of loquat fruit was
estimated to be 550,000 t with a crop area >130,000 ha
(Lin 2007). China is the leading producer followed by
Spain. Spain is the major exporter, and >50 % of loquat
production (28,812 t) is cultivated in the southeastern
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region of the country (Caballero and Fernández 2002;
Soler et al. 2007; MAGRAMA 2013).

Loquat scab, caused by Fusicladium eriobotryae
(Cavara) Sacc., is the major fungal disease affecting
loquat in Spain (Soler et al. 2007; Sánchez-Torres
et al. 2009) and other regions of theMediterranean basin
(Caballero and Fernández 2002; Sánchez-Torres et al.
2009; Gladieux et al. 2010). The fungus infects the
leaves, fruits and young branches, particularly in their
early stages of development. The symptoms are gener-
ally most noticeable and serious on fruit, and are first
visible as circular, chlorotic spots which increase in size
and become brown to olive and velvety in appearance
due to production of asexual spores. Eventually, the
spots become dark brown, coalesce and can cover al-
most the entire surface of the fruit (Rodríguez 1983;
Sánchez-Torres et al. 2009) (Fig. 1). The symptoms
may appear throughout the flowering and fruit develop-
mental stages from February to June in the northern
hemisphere (Sánchez-Torres et al. 2009). In years with
a warm winter and a rainy spring, the incidence of the
disease on fruit can be as high as 50 % (Rodríguez
1983). Scabby fruit are unacceptable for sale, resulting
in significant economic losses (Sánchez-Torres et al.

2009). The etiology and pathogen biology of loquat
scab in Spain have been studied recently (Sánchez-
Torres et al. 2009; González-Domínguez et al. 2013),
but the epidemiology of the disease remains poorly
understood and no standardized disease assessment
method is available.

While estimates of incidence can be accurate and
easy to obtain, estimates of severity may be affected
by the inherent ability of the rater (Campbell and
Madden 1990). However it has been shown that train-
ing, experience and use of aids during assessments, such
as standard area disease diagrams (SADs), lead to im-
proved accuracy (closeness of the estimate to the true
value) and reliability (the extent to which the same
measurements of individuals obtained under different
conditions yield similar results) of the estimates (Kranz
1988; Madden et al. 2007).

Ideally, disease assessment methods should be eval-
uated to ensure accuracy and reliability. Intra-rater reli-
ability (repeatability) is the consistency of estimates by
the same rater evaluated at different times, and inter-
rater reliability (reproducibility) is the consistency of
estimates by different raters. The percentage of leaf or
fruit area affected by disease as determined by image
analysis is usually considered a “true” severity (Madden
et al. 2007; Bock et al. 2010). Severity can be estimated
directly with or without assessment aids or using disease
scales such as the one proposed by Horsfall and Barratt
(Kranz 1988; Campbell and Madden 1990; Madden
et al. 2007).

SADs, also known as diagrammatic scales (Godoy
et al. 1997) or disease diagrams (Madden et al. 2007),
are pictorial diagrams that depict the true proportion of
damage (usually disease severity) on individual sam-
pling units (quadrants, whole plants, leaves, fruit, tubers,
etc.). Although it has long been stated that the use of
SADs led to improved accuracy and precision of visual
estimates (James 1971; Horsfall and Cowling 1978;
Kranz 1988), only recently have studies provided evi-
dence (some with statistical support) that estimates by
individual raters are usually more accurate and precise
when made with the aid of SADs compared to unaided
estimates (Corrêa et al. 2009; Michereff et al. 2009;
Lima et al. 2011; Spolti et al. 2011; Capucho et al.
2011; Bardsley and Ngugi 2013). Additionally, some
studies have investigated the effect of experience of the
rater on both accuracy and precision, and inexperienced
raters tended to respond more to the use of SADs
compared to experienced raters (Michereff et al. 2000;Fig. 1 Fruit of loquat with typical symptoms of scab
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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).

The objectives of this study were to: 1) develop a
SAD set as an assessment aid for estimating loquat
severity based on a sampling of diseased fruit from the
field, and 2) evaluate the effect of the SAD set and rater
experience on the accuracy, precision and reliability of
scab severity estimates.

Materials and methods

Loquat fruit and image acquisition

Two hundred diseased loquat fruit (cv. Algerie) were
collected in May 2011 from an unsprayed loquat or-
chard in Callosa d’En Sarrià (Alicante province,
Southeastern Spain). Cv. Algerie has previously been
reported as highly susceptible to loquat scab (Sánchez-
Torres et al. 2009). Fruit were mature and had a wide
range of scab severity (<1 to >90 %). An experienced
rater selected a subsample of 50 fruit representing the
range of severity. This subset was used for all the as-
sessments in this work. Digital images were taken from
one lateral view of each fruit using a digital camera
(Nikon D-5000, 12.3 megapixels) mounted 30 cm from
the fruit.

Image analysis

Each image was analyzed using Assess V2.0 (Image
Analysis Software for Plant Disease Quantification,
American Phytopathological Society, St Paul, MN,
USA (Lamari 2008)). The true severity was based on
the Hue-Saturation-Intensity (HSI) colour model, which
was used to determine the total area and the diseased
area of the fruit in pixels. Threshold levels for healthy
fruit and diseased areas were set accordingly and record-
ed for each fruit image.

Construction and evaluation of the SAD set

The maximum true severity determined by image anal-
ysis was 99.7 %. Because of the wide range of severity,
the SAD set was constructed with eight incremental
severity levels (2, 8, 16, 24, 48, 64, 86 and 98 %) with
the diagrams represented in black and white (Fig. 2).
Using a standard image of a fruit outline, the lesions

were painted manually with shapes and spatial patterns
reflecting the actual diseased fruit, which included
prominent lesions around the peduncle region of the
fruit.

For evaluation purposes, each image of the 50-fruit
set was inserted as an individual slide in a Microsoft
Powerpoint file. A group of 20 raters (10 ‘experienced’
and 10 ‘inexperienced’) assessed the same set of images.
Raters were classified as experienced if they had re-
ceived previous formal training and practice in disease
severity assessment, and were familiar with the symp-
toms of loquat scab. Inexperienced raters had no formal
training or familiarity with plant disease symptoms. For
each group, 50 digital images of the diseased fruits, in a
random order, were projected one at a time for 15 s. The
first assessment was done without the SADs. All raters
received the same information on how to identify symp-
toms of loquat scab and visually estimated the percent-
age of diseased area related to total fruit area for each
image. Two weeks later, the same 20 raters estimated
disease severity, but with the SADs as an aid, receiving
instructions on how to use them when estimating sever-
ity to the nearest percent (i.e. use those values as refer-
ence points to help with their estimation). After a further
2-week interval, the raters made a final assessment of
the fruit using the SADs (the images were displayed at
random for the SADs assessments).

Data analyses

Precision, bias, accuracy, agreement and inter- and intra-
rater reliability of estimates were compared without and
with the use of the SADs for both inexperienced and
experienced raters. Lin’s concordance correlation (LCC)
analysis (Lin 1989) was calculated for testing the agree-
ment between estimate and true severity for each rater.
The LCC coefficient (ρc) combines measures of accura-
cy and precision to assess the fit of pairs of observations
to the line of concordance (45° = perfect concordance).
The concordance correlation coefficient is calculated
from the Pearson correlation coefficient (r), an indicator
of precision, and the bias correction factor (Cb), which
measures accuracy and is the distance to the 45° line of
concordance. The bias correction factor (Cb) is calculat-
ed from μ (location bias, or height shift relative to the
perfect relationship where 0 = perfect relationship be-
tween x and y) and υ (scale bias, or slope shift where 1 =
perfect relation between x and y), which are derived
from the means and standard deviations of x and y,
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respectively. Thus, the LCC coefficient provides a meth-
od to judge agreement with true values and has been
previously used to judge agreement in plant disease
assessments (Nita et al. 2003; Madden et al. 2007)
including estimates with or without SADs (Spolti et al.
2011; Yadav et al. 2013).

Following Yadav et al. (2013), the overall effect of
the use of SADs and of the experience of the rater, with
or without SADs, were statistically analyzed using boot-
strap analysis to calculate the mean and respective 95 %
CIs on the difference between the group means for each
statistics (a test of equivalence). In the analyses, 10,000
balanced bootstrap samples were taken and the 95%CIs
were calculated on the difference between the groups, so
that if the CIs spanned zero, there was no significant
difference (P=0.05).

The LCC statistics were used to measure intra-rater
reliability for raters who repeated severity assessments
with SADs. The inter-rater reliability was assessed
based on the intra-class correlation coefficient (ICC)
(Shrout and Fleiss 1979), which, unlike most other
correlation measures, operates on data structured as
groups, rather than data structured as paired observa-
tions (e.g. Pearson correlation coefficient), which are
only relative measures. For our ICC analysis, the model
was assumed to be two-way, with absolute agreement
and singlemeasures (Shrout and Fleiss 1979). The effect
of the use of SADs on the inter-rater reliability for each
assessment time was measured based on the confidence
interval 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
hypothesis test. The ICC was calculated with the icc
function of the irr R package (Gamer et al. 2012).

Results

Effect of SADs and rater experience on accuracy
and precision

The use of the SADs resulted in improved concordance
(ρc), accuracy (Cb) and precision (r), and reduced abso-
lute error of the estimates compared to unaided assess-
ments (irrespective of experience) over all raters
(Fig. 3). Estimates of severity with SADs were closer
to the concordance line compared to estimates without
use of SADs (Fig. 3a, b). Absolute errors decreased with
the use of SADs, with most values falling within ±20%.
Both without and with the use of SADs, the absolute
errors of the estimates were mostly negative, suggesting
a tendency to underestimate severity, particularly notice-
able in the range 40 to 80 % (Fig. 3c, d).

Lin’s CC statistics improved significantly with the
use of SADs for the group of inexperienced raters
(Table 1), with better accuracy (Cb=0.93 and 0.98 with-
out and with SADs, respectively), precision (r=0.88
without and r=0.96with SADs, respectively) and agree-
ment (ρc without SADs = 0.82; ρc with SADs = 0.95,
respectively). However, no improvements in Lin’s CC
statistics were found when experienced raters used the
SADs (Table 1).

Fig. 2 The standard area diagram
(SAD) set developed as an aid for
assessment of scab on fruit of
loquat. Each value represents the
percentage of loquat scab severity
on that image
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The greatest improvement in accuracy of estimates
with SADs compared to without SADs was noted for
the group of inexperienced raters (Fig. 4). The biggest
gains in agreement, bias and precision were obtained for
raters with the poorest estimates without the use of
SADs (Fig. 4a–c). Intriguingly, some experienced
raters increased bias (gain was negative) thus
resulting in reduced agreement when using the
SADs compared to estimates initially made without
the SADs (Fig. 4).

Rater experience had a significant effect on precision
(r) but not the accuracy (Cb) for estimates made without
SADs (Table 2). With the use of SADs, inexperienced
raters were significantly more accurate and precise com-
pared to experienced raters, especially during the second
assessment using SADs. Accuracy (Cb), precision (r)
and agreement (pc) differed significantly between the
experienced and inexperienced raters based on the boot-
strap analysis, with values, in the case of inexperienced
raters in the range 0.97 to 0.99.

Inter-rater and intra-rater reliability

Inter-rater reliability, based on the intra-class correlation
coefficient, was improved for inexperienced raters with use
of SADs (ρ=0.71 without SADs and ρ=0.93 and ρ=0.96
for the first and second assessment using SADs, respec-
tively) (Table 3). Experienced raters showed good inter-
rater reliability (ρ>0.94) irrespective of the use of SADs.

Good intra-rater reliability was obtained by both
experienced and inexperienced raters when estimates
were made using the SADs (ρc>0.92). There was no
effect of experience on intra-rater reliability (mean ρc=
0.95 and 0.95 for inexperienced and experienced raters,
respectively) (Table 4).

Discussion

The SAD set of eight black and white loquat scab
diseased fruit images covered the range 2 % to 98 %

a b

c d
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Fig. 3 Relationship between the estimates and true severity (a, b)
and the absolute error (estimate minus true severity) (c, d) of
assessments of a set of 50 images of scab-diseased fruit of loquat

by 20 raters without (a, c) and with (b, d) the use of a standard area
diagrams (SADs).Dashed line (a, b) represents the regression line



severity and exhibited typical symptom patterns of lo-
quat scab (small spots initially, that expand and coalesce
covering almost the entire fruit surface; Sánchez-Torres
et al. (2009)). This severity range is commonly observed
in cv. Algerie, the most widely grown cultivar in Spain
and known to be highly susceptible to F. eriobotryae

(Sánchez-Torres et al. 2009). More realistically, the
diagrams, although depicting only the side view of the
fruit, display the typical prominent lesions at the pedun-
cle region of more severely affected fruit, a pattern
commonly associated with splash-dispersed pathogens
(Bock et al. 2011).

Table 1 Effect of use of SADs as an assessment aid on the bias, precision and overall agreement of estimates of scab severity on loquat fruit
made by raters with or without experience in disease severity assessment

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

No SAD aid With SAD aid

Inexperienced Scale-shift (υ)b 1.01 1.00 −0.059, 0.091
Location-shift (μ)c 0.18 0.09 −0.120, 0.295
Bias correction factor (Cb)

d 0.93 0.98 −0.094, −0.014
Correlation coefficient (r)e 0.88 0.96 −0.117, −0.052
Concordance coefficient (ρc)f 0.82 0.95 −0.175, −0.089

Experienced Scale-shift (υ) 1.04 0.99 −0.007, 0.106
Location-shift (μ) 0.19 0.20 −0.133, 0.120
Bias correction factor (Cb) 0.96 0.97 −0.032, 0.025
Correlation coefficient (r) 0.95 0.95 −0.015, 0.008
Concordance coefficient (ρc) 0.92 0.93 −0.042, 0.028

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 relative to the perfect relationship (1 = perfect relation between x and y)
c Location or height shift 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 whenCb=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 true
value (Lin 1989)
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Fig. 4 The relationship between gain (difference between the
estimate with and without use of a standard area diagram, SAD)
for measures of accuracy, precision and agreement of visual sever-
ity estimates made by 10 inexperienced (circles) and 10

experienced (triangles) raters for a set of 50 images of scab-dis-
eased fruit of loquat (a, agreement, measured by Lin’s concordance
correlation coefficient; b accuracy measured by the bias correction
factor; and c precision, measured by the correlation coefficient)
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The number of diagrams (eight) used to depict the
severity range (2–98 %) was similar to the number used
in SADs of other pathosystems, which is of practical use
(Corrêa et al. 2009, Yadav et al. 2013). The severity
increment was nonlinear because more reference values
(five) were placed in a range where loquat scab severity
levels are typically more common (<50 %) (results of
this study; Sánchez-Torres et al. 2009).

Although the SADs improved the accuracy and reli-
ability of the estimates by inexperienced raters, there
was an overall tendency to underestimate severity in the
40–80 % range of severity. Most reports in the literature
show that inexperienced raters tended to overestimate
severity, especially at lower severities (<20 %) (Forbes
and Korva 1994; Diaz et al. 2001; Leite and Amorim
2002; Spósito et al. 2004; Bock et al. 2008, 2009).
However, this is not the first study to report a slight

tendency of raters to underestimate severity at mid to
high disease severity (Michereff et al. 1998, 2000;

Table 2 Effect of rater experience on the bias, precision and overall agreement of estimates of scab severity on loquat fruit made by ten
raters either unaided or aided by a standard area diagram (SAD)

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

Not experienced Experienced

No SAD Scale-shift (υ)b 1.01 1.04 −0.103, 0.053
Location-shift (μ)c 0.18 0.19 −0.240, 0.211
Bias correction factor (Cb)

d 0.93 0.96 −0.078, 0.013
Correlation coefficient (r)e 0.88 0.95 −0.108, −0.039
Concordance coefficient (ρc)

f 0.82 0.92 −0.151, −0.049
SAD first assessment Scale-shift (υ) 1.00 0.99 −0.050, 0.066

Location-shift (μ) 0.09 0.20 −0.200, −0.007
Bias correction factor (Cb) 0.98 0.97 −0.001, 0.037
Correlation coefficient (r) 0.96 0.95 −0.001, 0.015
Concordance coefficient (ρc) 0.95 0.93 0.003, 0.048

SAD second assessment Scale-shift (υ) 1.02 0.98 0.011, 0.071

Location-shift (μ) 0.07 0.20 −0.212, −0.035
Bias correction factor (Cb) 0.99 0.97 0.002, 0.043

Correlation coefficient (r) 0.98 0.95 0.012, 0.031

Concordance coefficient (ρc) 0.97 0.93 0.018, 0.068

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 relative to the perfect relationship (1 = perfect relation between x and y)
c Location or height shift 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 whenCb=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 true
value (Lin 1989)

Table 3 Inter-rater reliability (reproducibility) of visual estimates
of scab severity on 50 loquat fruit by 20 raters either unaided (one-
time assessment) or aided by SADs measured by the intra-class
correlation coefficient (ICC). Two assessments were made using
the SADs with a 2-week interval

Assessment Intra-class correlation coefficient,
ρ (95 % CI)

Inexperienced
raters (n=10)

Experienced
raters (n=10)

No SAD 0.71 (0.59–0.80) 0.94 (0.91–0.96)

SAD aid 1st assessment 0.93 (0.91–0.95) 0.94 (0.92–0.96)

SAD aid 2nd assessment 0.96 (0.94–0.97) 0.95 (0.93–0.97)
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Gomes et al. 2004; Spolti et al. 2011). This underesti-
mation could be because of the disease pattern on the
fruit. Spolti et al. (2011) discussed underestimation of
severity of sooty blotch and flyspeck disease as possibly
related to the clustering of small lesions that could not be
discerned easily by raters. Moreover, Sherwood et al.
(1983) also demonstrated that illusions in assessment
due to lesion size and number resulted in error. If two
leaves had similar severity but one had many small
lesions as compared to a few larger lesions, the visual
estimate for the leaf with the greater number of lesions
exceeded that for the leaf with the fewer (but larger)
lesions. Although this situation related to overestima-
tion, equivalent illusions may be a cause of underesti-
mates we observed with loquat scab. In the case of
loquat scab, clustering of lesions on the fruit surface is
typical of the disease (Sánchez-Torres et al. 2009), re-
ducing the number of diseased areas at higher values of
severity. The clustering of disease might affect how the
symptom severity is perceived. Furthermore, the fact
that the SADs have only three severity values > 50 %
might also have contributed to greater negative bias in
that range.

The effect of rater experience on the accuracy and
precision of estimates, without or with SADs, has been
studied previously (Godoy et al. 2006; Pedroso et al.
2011; Yadav et al. 2013). In an evaluation of SADs for
pecan scab caused by Fusicladium effusum (Yadav et al.
2013), experienced raters who showed low bias and
high accuracy and precision of estimates without
SADs, did not respond as much as the inexperienced
raters to the use of SADs. The results of the current
study confirmed that experienced raters did not benefit
significantly from the use of SADs.

Significant improvements in reliability of the esti-
mates, both within and among raters, were noticed for
estimates made with the SADs, in agreement with pre-
vious reports (Godoy et al. 2006; Yadav et al. 2013).
The SADs developed in our study proved to be useful
for obtaining more accurate, precise and reliable esti-
mates of loquat scab for inexperienced, rather than
experienced raters, and will be a valuable tool for raters
as an aid in estimating scab severity in epidemiological
studies or for monitoring disease for decision-making
purposes.
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