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ABSTRACT: A standard area diagram set (SADs) for severity evaluation of septoriosis (Septoria passiflorag) in fruit of sour
passion fruit (Passiflora edulis Sims) was developed and validated in this study. The SADs presented eight severity levels (0.3;
0.5; 1; 2; 4; 10; 18; and 30%). For its validation, 20 raters were divided into groups (G1 and G3, inexperienced; G2 and G4,
experienced) who initially estimated the disease severity without the aid of the SADs. Subsequently, G1 and G2 performed the
second evaluation without the SADs, and G3 and G4 completed the second evaluation with the proposed SADs for each disease.
The accuracy and precision of the evaluations were determined by simple linear regression and by Lin’s concordance correlation
coefficient. The proposed SADs allowed accurate and precise quantification of septoriosis severity, increasing the agreement
between estimated and actual values. The increase in accuracy and precision in the non-aided groups, when present, was less
pronounced than those increments observed in the SADs-aided groups. Lin’s concordance correlation coefficient confirmed the
increases in accuracy and precision detected by the linear regression analysis.
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Escala diagramatica para a quantificacao da severidade
da septoriose em frutos do maracujazeiro azedo

RESUMO: Uma escala diagramatica para a avaliagdo da severidade da septoriose (Septoria passifiorae) em frutos do
maracujazeiro azedo (Passiflora edulis Sims) foi desenvolvida e validada neste estudo. A escala diagramética apresentou oito
niveis de severidade (0,3; 0,5; 1; 2; 4; 10; 18; e 30%). Para a sua validagéo, os 20 avaliadores foram divididos em grupos (G1
e G3, sem experiéncia; G2 e G4, com experiéncia), que inicialmente estimaram a severidade da doenga sem auxilio da escala.
Posteriormente, G1 e G2 fizeram outra avaliagdo sem escala, € G3 e G4 realizaram a avaliagdo com a escala proposta. Aacuracia
e a precisdo das estimativas foram determinadas por regressao linear simples e pelo coeficiente de correlagéo de concordancia
de Lin. A escala diagramatica proposta permitiu quantificar a severidade da septoriose de forma acurada e precisa, aumentando
a concordancia entre os valores estimados e os reais. O aumento da acuracia e preciséo nos grupos que realizaram dupla
avaliagdo sem escala, quando ocorreu, foi mais discreto que os incrementos observados nos grupos que utilizaram a escala. A
analise de concordancia de Lin confirmou os incrementos da acuracia e precisdo detectados pela analise de regressao linear.

Palavras-chave: frutos; Passiflora edulis Sims; fitopatometria; Septoria passiflorae
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Introduction

Brazil is the world’s largest producer of passion fruit,
having a harvested production of 703,489 t over 49,889 ha
(IBGE, 2016). The sour passion fruit (Passiflora edulis Sims) is
the most cultivated and commercialized type in the country
(Faleiro et al., 2011). However, it also has a high susceptibility
to different diseases, such as the septoriosis (Septoria
passiflorae). In intense attacks, septoriosis promotes severe
defoliation, reducing the productive potential and slowing the
full development of the plant (Sussel, 2010).

The disease can affect fruit at any development stage,
causing them to display circular lesions with well-defined
edges, which are also capable of coalescing and spreading to
large extensions, affecting their maturation or development.
Those lesions on fruit peel affect the market quality of the
fruit and can still favor their infection by other pathogens.
In addition to that, at higher severity levels, the disease may
cause the fall of unripe fruit to the soil (Dias, 2000).

The septoriosis quantification in sour passion fruit has
been performed by descriptive scales (Kudo et al., 2012,
Vilela, 2013, Castro, 2015). These scales are subjective, not
permitting the visual acuity adjustment in assessing severity
levels (Campbell & Madden, 1990), impairing the accurate
quantification of the injured area (Santos et al., 2017). On the
other hand, diagrammatic scales or standard area diagram
sets (SADs) not only improve the accuracy and the precision
of disease evaluations, but also demonstrate significant
improvements in the visual estimates of severity (Damasceno
et al., 2014; De Paula et al., 2016; Santos et al., 2017). Thus,
they are valuable tools in breeding programs, whose success
is achieved depending on the exact and accurate use of
quantification methods of disease severity and selection of
resistant materials (Librelon et al., 2015).

Several studies show that the employment of SADs makes
it possible to study the genotype reaction to the different
diseases and the selection of resistance sources in the
development of new crops (Poltronieri et al., 2016; Aktar &
Shamsi, 2018). Attained estimates from the SADs also serve
as subside for the definition of pathogen inoculation methods
(Parreira et al., 2016) and to quantify the efficiency of disease
control methods (Marcuzzo et al., 2016).

When taking into account the lack of standardized methods
for quantifying septoriosis in this crop, this study aimed: (1) to
develop and validate a diagrammatic scale for assessing the
septoriosis severity in sour passion fruit; (2) to compare the
accuracy, precision and concordance of this disease severity
estimates, scale aided and non-aided; (3) to compare the
accuracy, precision and concordance between the estimates
from inexperienced and experienced raters.

Materials and Methods

Development of the SADs
In order to elaborate the SADs, 50 fruits of sour passion
fruit (BRS Gigante Amarelo and Yellow Master FB200
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commercial cultivars) showing symptoms of septoriosis were
collected at the Parana Farm commercial orchard, located in
Nucleo Rural Pipiripau, Planaltina, DF (lat. 47°29'56,92"” S;
long. 15°30°15,08” W, and alt. 955 m). The adaxial surface
of each fruit was photographed with a digital camera (Canon
Powershot SX40 HS, 12.1 megapixels; Canon Inc., Tokyo,
Japan), set up at the height of 45 cm from each fruit level. The
resulting images were transferred to a computer and analyzed
for the diseased area, using the image analysis software
IMAGE J (Schneider et al., 2012). Disease severity (% of lesion
area) was determined by dividing the lesion area by the total
fruit area.

The SADs’ upper and lower limits were based on the
minimum and maximum values of septoriosis severity found
in the image analysis of the 50 fruits. Intermediate levels
were established following logarithmic increments (Nutter &
Schultz, 1995). After establishing the disease percentages and
its corresponding levels represented in the scale, a standard
fruit was used as the template, and diagrams with different
severity levels were created using the IMAGE J software. The
patterns of lesion distribution detected on the actual fruits
were maintained.

Validation of the SADs

The SADs was validated using images of 50 fruits with
different intensities of symptoms. Twenty raters (ten with
previous experience and ten without previous experience in
disease quantification) were selected and divided into four
groups of five raters (G1 and G3, inexperienced; G2 and G4,
experienced). Initially, each group estimated the disease
severity, in percentage, for each of the 50 fruit images
randomly organized, without the aid of the SADs (non-aided
evaluation). Subsequently, the same images were presented
to G1 and G2 groups, who performed another non-aided
evaluation, and to G3 and G4 groups, who conducted the
evaluation using the proposed SADs (SADs-aided evaluation).

The accuracy and precision of the raters were determined
by linear regression between the actual severity (independent
variable) and the visually estimated severity (dependent
variable). The accuracy of estimates of each rater was
determined by the t-test applied to the intercept of linear
regression (a) to verify if it was significantly different from 0,
and to the slope of the line (b), to test if it was significantly
different from 1 (P < 0.05). Intercept values significantly
different from O indicate the presence of constant errors,
whereas values of the slope of the line different from 1
indicate the presence of systematic errors (Nutter & Schultz,
1995). Thereby, the most accurate raters were considered
those whose estimates provided linear regression equations
with values of “a” and “b” not significantly different from 0
and 1 by the t-test.

The precision of estimates of each rater was obtained by
the coefficient of determination of the regression analysis (R?)
and the variance of absolute errors (the difference between
estimated and actual severities) (Kranz, 1988). Absolute errors
were compared by the t-test (P < 0.05). Raters with higher
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values of R?were considered as of higher precision. Evaluations
of the absolute errors considered the criteria used in disease
quantification training programs [Distrain (Tomerlin & Howell,
1988) and Disease.Pro (Nutter & Worawitlikit, 1989)], which
classify raters as excellent (errors up to 5%) or good (errors up
to 10%). Moreover, the mean maximum error (absolute value)
was also recorded for each group, indicating, in absolute value,
the difference between the farthest estimate and the actual
severity value. The reproducibility or inter-rater reliability
was measured using the R? values for each pair of raters,
based on estimates of non-aided evaluations and SADs-aided
evaluations (Nutter & Schultz, 1995).

Accuracy and precision of the estimates of each rater, with
and without the use of the SADs, was also determined based
on the Lin’s concordance correlation coefficient (LCCC; p ). The
LCCC combines measures of accuracy and precision to assess
the fit of pairs of observations to the line of concordance (with
intercept = 0 and slope = 1), or line 1:1. LCCCis defined by p_=
C,.r, where C, is a coefficient calculated based on systematic
and constant errors, measures how far the best-fitting line
deviates from 45° and is thus a measure of accuracy; and r
is the correlation coefficient between estimated severity (Y)
and actual severity (X), which measures precision (variation).
When there is perfect concordance between estimated and
actual severity, the points fall on the concordance line. As a
result,r=1,C,=1,and p_=1 (Lin, 1989; Bock et al., 2010).

Linear regressions and absolute errors analyses were
performed using the Genes software (v. 1990.2017.37). The
LCCC was calculated using the MedCalc software (v. 17.9.7).

Results and Discussion

The SADs to quantify septoriosis in sour passion fruit was
elaborated with eight levels of severity (0.3; 0.5; 1; 2; 4; 10;
18 and 30%) (Figure 1). Septoriosis occurs in a large part of
passion fruit crops in Brazil, in addition to nurseries, but only
sporadically causes significant damage (Dias, 2000), since

0.3% 0.5% 1.0% 2.0%

4.0% 10.0%

18.0% 30.0%
Figure 1. Standard area diagram set for evaluation of

septoriosis (Septoria passiflorae) severity (%) in fruit of sour
passion fruit (Passiflora edulis Sims). Brasilia, DF, Brazil, 2018.
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chemical control has proven to be efficient so far. Probably,
due to this reason, values higher than 30% of disease severity
were not observed in the area where the fruit of this study
were collected.

The septoriosis severity was not very accurate in the first
evaluation, with no SADs aid. The raters presented constant
and/or systematic errors and overestimated the severities
(Table 1, Figures 2 to 5). There is a tendency to overestimate
disease severity due to the impression caused by the size and
number of lesions. As a direct consequence, higher values of
severity are assigned to smaller lesions when compared to
values attributed to larger lesions, which are in lower number
(Bock et al., 2008).

However, the use of SADs can reduce the tendentious
pattern of severity overestimation, as verified in this and other
studies (Valeriano et al.,, 2015, Ortega-Acosta et al., 2016;
Nufiez et al., 2017). Although the overestimation tendency

Table 1. Intercept (a), slope of the line (b) and determination
coefficient (R?) of linear regression equations calculated
between actual severity and estimated severity of septoriosis
(Septoria passiflorae) in fruit of sour passion fruit (Passiflora
edulis Sims). Brasilia, DF, Brazil, 2018.

1 7.87* 2.28* 0.89 6.24* 1.08 0.90
2 2.26* 1.23* 0.81 0.90* 0.60* 0.89
3 0.07 0.80* 0.94 1.08* 1.04 0.93
4 3.25% 1.44* 0.85 7.18% 1.01 0.56
5 9.83* 1.30* 0.74 5.24* 106 0.73
Mean 465 141 085 4.13 0.96 0.80

6 2.44* 0.91* 0.93 0.0007 0.89* 0.91
7 11.44* 1.42* 0.78 11.24* 098 0.78
8 2.24* 1.38* 092 1.61* 1.48* 0.93
9 8.06* 1.36* 0.84 4.63* 1.00 0.86
10 2.92* 1.24* 074 241* 113 0.86
Mean 542 127 0.84 3.98 1.10 0.87

11 253 2.11* 071 0.68 0.81* 0.87
12 5.57* 2.11* 0.84 0.22 1.48* 0.96
13 8.09* 1.93* 0.89 1.91* 1.09 0.82
14 9.02* 1.59* 0.85 0.84 1.21* 0.92
15 -0.04 1.52* 079 0.87 1.29* 0.86
Mean 5.04 185 0.82 0.90 1.18 0.89

16 7.21* 2.36* 0.82 3.41* 0.99 0.80
17 4.55% 0.71* 0.74 1.72* 1.08 0.90
18 1.84* 0.59* 096 1.07* 0.92* 0.96
19 8.11* 1.83* 0.84 031 1.11 0.85
20 12.69* 1.35*% 0.67 1.79* 1.04 0.90
Mean 6.88 137 081 1.66 1.03 0.88

E1 = evaluation 1; E2 = evaluation 2.
* Indicates that the null hypothesis (a = 0 or b = 1) was rejected by the t-test (P < 0.05).
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Figure 2. Septoriosis (Septoria passiflorae) severity in fruit
of sour passion fruit (Passiflora edulis Sims) estimated by
inexperienced raters, without the aid of the standard area
diagram set in the first (A-E) and second (F-J) evaluations. Solid
line = linear regression of actual severity x estimated severity.
Dashed line = perfect agreement (linear regression of actual
severity = estimated severity). Brasilia, DF, Brazil, 2018.

persisted in all groups in the second evaluation, the groups
that used the proposed SADs managed to reduce it (Table 2,
Figures 2 to 5). When aided by the SADs, 80% of the raters in
G3 presented intercept values equal to 0 (P < 0.05), indicating
absence of constant errors, and 20% presented absence of
systematic errors, with slope of the line values equal to 1 (P
< 0.05). In G4, 20% of the raters presented intercept values
equal to 0 (P < 0.05), while 80% presented slope of the line
values equal to 1 (P < 0.05) (Table 1).

Therefore, when the evaluation was held with the aid of
the SADs, there was an accuracy improvement of the raters,
since the means of estimated severity were closer to the actual
values obtained by the computerized analysis. As a result, an
approximation between the fitted regression line (generated
line between actual and estimated severity) and line 1:1
(actual severity equal to the estimated one) was detected
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Figure 3. Septoriosis (Septoria passiflorae) severity in fruit
of sour passion fruit (Passiflora edulis Sims) estimated by
experienced raters, without the aid of the standard area
diagram set in the first (A-E) and second (F-J) evaluations. Solid
line = linear regression of actual severity x estimated severity.
Dashed line = perfect agreement (linear regression of actual
severity = estimated severity). Brasilia, DF, Brazil, 2018.
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R*=0.86

(Figures 4 and 5). Although G1 and G2 showed an expressive
reduction in systematic errors during the second evaluation,
G3 and G4 generally presented intercept and slope of the line
values closer to 0 and 1, respectively (Table 1, Figures 4 to 5).
When non-aided by the SADs, the raters in G3 obtained
R? values of 0.71 to 0.89 (mean of 0.82) while values between
0.67 and 0.96 (0.81) were observed in G4. When SADs-aided,
R?values ranged from 0.82 to 0.96 (0.89) for the inexperienced
raters, and from 0.80 to 0.96 (0.88) for the experienced raters.
This result demonstrates a precision increase in G3 (8.5%) and
G4 (8.6%) higher than that observed in G2 (3.6%) (Table 1).
The reduction of the residual distribution, or absolute
errors, was verified in all groups, with differences being
identified among the evaluations (P < 0.05) (Table 2). However,
in SADs-aided evaluations the reductions in the absolute errors
were more expressive than the verified for groups whose
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Figure 4. Septoriosis (Septoria passiflorae) severity in fruit
of sour passion fruit (Passiflora edulis Sims) estimated by
inexperienced raters, without the aid of the standard area
diagram set (SADs) in the first evaluation (A-E) and with the aid
of the SADs in the second evaluation (F-J). Solid line = linear
regression of actual severity x estimated severity. Dashed line
= perfect agreement (linear regression of actual severity =
estimated severity). Brasilia, DF, Brazil, 2018.

second evaluation was non-aided by the SADs. While G1 and
G2 displayed reductions of 34.9 and 29.5%, respectively, G3
and G4 displayed reductions greater than 74% in the mean
absolute error (Table 2, Figure 6).

The mean maximum error of the actual severity, in absolute
value, decreased in 36.9 (G1) and 27.8% (G2) in the second
evaluation. In the SADs-aided groups, the mean maximum
errors were 59.7% lower in G3 and 62.2% lower in G4 (Table 3).
Thus, the error distribution of the non-aided evaluations ranged
from -5.8 to +52.6 in G3 (Figure 6C) and from -13.0 to +52.6
in G4 (Figure 6D). In SADs-aided evaluations, absolute errors
ranged from -11.6 to +20.0 for inexperienced raters (Figure 6G),
and from -5.0 to +19.1 for experienced raters (Figure 6H).

Moreover, with the use of the SADs, 96 and 98.4% of the
estimates presented absolute errors of less than 10% (-10 to
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Figure 5. Septoriosis (Septoria passiflorae) severity in fruit
of sour passion fruit (Passiflora edulis Sims) estimated by
experienced raters, without the aid of the standard area
diagram set (SADs) in the first evaluation (A-E) and with the aid
of the SADs in the second evaluation (F-J). Solid line = linear
regression of actual severity x estimated severity. Dashed line
= perfect agreement (linear regression of actual severity =
estimated severity). Brasilia, DF, Brazil, 2018.
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+10) in G3 and G4, respectively. These values show an increase of
52.9 (G3) and 47.3% (G4) in the number of estimates with errors
within the 10% range when compared to the first evaluation. In
addition, the SADs aided in reducing over 89% the number of
estimates outside this variation range. More than 86% estimates
in G3 and G4 presented errors within the 5% range (-5 to +5),
indicating that the raters’ estimates were closer to the actual
severity value when they were aided by the SADs (Table 3).

The increments and reductions in the values of the SADs
non-aided estimates were less expressive than those observed
in the SADs-aided estimates. According to Nutter & Schultz
(1995), values below 5% are considered excellent in SADs
evaluation, based on the absolute errors, while values up to
10% are considered good. The presence of absolute errors,
even minimal, are common in disease severity measurements
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Tabela 2. Absolute errors (estimated severity minus actual
severity) from the severity estimates of septoriosis (Septoria
passiflorae) in fruit of sour passion fruit (Passiflora edulis
Sims). Brasilia, DF, Brazil, 2018.

1 14.7 b 6.7a
2 3.9b 1.8a
3 1.3a 1.7 a
4 59a 83b
5 11.4b 5.7a
Mean 7.5b 49a

6 2.2b 1.3a
7 13.7b 11.1a
8 4.4a 42a
9 10.0b 4.8a
10 46a 3.2a
Mean 7.0b 49a

11 85b 1.6a
12 11.5b 29a
13 13.1b 2.8a
14 12.2b 24a
15 39a 29a
Mean 9.8b 25a

16 145b 3.6a
17 39b 24a
18 19a 1.2a
19 126 b 19a
20 14.6b 23a
Mean 9.6 b 2.3a

E1 = evaluation 1; E2 = evaluation 2.
Means followed by the same letter in the lines does not differ between themselves by
the Student t-test (P < 0.05).

but can be compensated by the rapidity and standardization
that the SADs aid provides (Stonehouse et al., 1994).

The reproducibility of the estimates among the raters
was also used as an indicator of the SADs precision analysis.
According to Nutter et al. (1993), different raters using the
same scale and evaluating the same material, should estimate
the same severity values, whose significance is verified by
linear regressions between the severities estimated by the
raters, in pairs. Without the aid of the SADs, the R? values of
determination of the estimates regressions between the pairs
of raters in G3 and G4 ranged from 0.57 to 0.83 (0.70 of mean)
and 0.62 to 0.81 (0.71), respectively. Using the SADs, R? values
ranged from 0.67 to 0.95 (0.78) in G3, and from 0.61 to 0.93
(0.81) in G4.

These results reinforce the precision increase in the
estimates with the aid of the SADs and show the variability
among the raters when using the same SADs, as reported by
other studies (Bardsley & Ngugi, 2013; Venturini et al., 2015;
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Figure 6. Distribution of the absolute errors (estimated severity
minus actual severity) of the septoriosis (Septoria passiflorae)
estimates in fruit of sour passion fruit (Passiflora edulis Sims)
in the first evaluation, without the aid of the standard area
diagram set (SADs) , in groups 1 (A), 2 (B), 3 (C) and 4 (D); and
in the second evaluation, without of the aid of the SADs, in
groups 1 (E) and 2 (F), and with the aid of the SADs, in groups
3 (G) and 4 (H). Brasilia, DF, Brazil, 2018.

Table 3. Mean maximum error (MEAV), in absolute value, at
the 10% (values = x + 10) and 5% (values = x £ 5) range of the
estimates in relation to the actual severity value of septoriosis
(Septoria passiflorae) in fruit of sour passion fruit (Passiflora
edulis Sims). Brasilia, DF, Brazil, 2018.

MEAV 23.0 22.0 37.9 28.2
1 % values =x+5 49.6 51.2 36.8 42.0
% values = x £ 10 724 73.6 62.8 66.8
EMVA 14.5 15.9 15.3 10.6
2 % values=x+5 58.8 63.6 86.4 86.8
% values = x + 10 87.2 84.0 96.0 98.4

Correia et al., 2017). This variability is due to the ability of
each rater to estimate the severity of the disease, and can
be influenced by several factors, such as training, experience,
disease complexity, different formats and distribution of the
lesions (Nutter & Schultz, 1995; Bock et al., 2016).

The LCCC (p, ) combines elements of accuracy and precision
in order to determine the agreement between estimated and
actual values (Lin, 1989) and has been used with great success
in recent studies of SADs validation (Schwanck & Del Ponte,
2014, Braido et al., 2015, Dolinski et al., 2017, Sachet et al.,
2017). The LCCC confirmed the previously presented results,
demonstrating that the accuracy and precision of the raters
were improved when aided by the SADs in comparison to the
non-aided evaluations (Table 4).
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Table 4. Correlation values between estimated severity
and actual severity (r), bias correction factor (C,) and Lin’s
concordance correlation coefficient (p) for septoriosis
(Septoria passiflorae) severity estimates in fruit of sour
passion fruit (Passiflora edulis Sims). Brasilia. DF. Brazil. 2018.

1 094 043 041 095 0.71 0.68
2 090 088 0.79 094 0289 0.84
3 0.97 097 094 097 098 0.95
4 092 077 0.71 0.75 0.70 0.52
5 086 051 044 086 0.79 0.67
Mean 092 071 066 0.89 081 0.73

6 096 096 092 095 099 0.95
7 0.88 044 039 0.88 047 042
8 096 084 080 096 0.83 0.80
9 092 057 052 093 083 0.77
10 086 084 0.72 093 091 0.84
Mean 092 0.73 0.67 0.93 0.81 0.76

11 085 057 049 093 099 0.92
12 092 052 047 098 0.88 0.86
13 094 048 045 091 094 0.85
14 0.92 050 046 096 0.94 0.90
15 089 084 075 093 091 0.84
Mean 090 058 052 094 093 0.88

16 091 043 039 090 050 0.81
17 086 089 0.76 0.95 095 0.91
18 098 088 0.8 098 099 0.97
19 092 049 045 092 098 0.90
20 082 041 034 095 096 0091
Mean 090 062 056 094 0.96 0.90

E1 = evaluation 1; E2 = evaluation 2.

The accuracy, measured by the bias correction factor (C,),
improved from 0.58 to 0.93 in G3 and from 0.62 to 0.96 in
G4 when the SADs was used. The precision, measured by the
correlation coefficient (r), increased from 0.90 to 0.94, with and
without use of the SADs, respectively, for the two groups. The
agreement (p ) increased in 100% of the raters who used the
SADs, with increases ranging from 0.52 to 0.88 (G3) and from
0.56 to 0.90 (G4) (Table 4). Such increments were significant in
the SADs-aided groups when compared to those who performed
the second non-aided evaluation, and can be confirmed by the
greater proximity between the generated lines between actual
and estimated severities, and the 1:1 line in G3 (Figure 4) and
G4 (Figure 5) in relation to the proximity degree between the
lines observed in G1 (Figure 2) and G2 (Figure 3).

SADs have improved the accuracy and precision of
estimates of septoriosis severity in some crops, including S.
glycines in soybean (Polizel & Juliatti, 2010), S. helianthi in
sunflower (Lenz et al., 2009) and S. apicola in mandioquinha-
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salsa (Mesquini et al., 2009). However, this study is the very
first record of a SADs used to estimate the septoriosis severity
in sour passion fruit. The results reported here showed that
the evaluations performed by all raters were closer to the
actual value when the proposed scale was used. Therefore,
this SADs may be applied in breeding programs for the study
of resistance among genotypes and selection of superior
materials, under field and protected cultivation.

Conclusions

The SADs elaborated and validated in this study increased
the accuracy, precision and agreement of the septoriosis severity
estimates in passion fruit, approaching the estimated values to
the actual severity values of the disease, also contributing to a
greater standardization of the estimates among raters.
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