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ABSTRACT: Bacterial spot (Xanthomonas axonopodis pv. passiflorae) significantly reduces yellow 

passion fruit (Passiflora edulis Sims) yield and longevity. A standard area diagram set (SADs) for severity 
assessment of bacterial spot on tri-lobed leaves of yellow passion was developed and validated in this study. 
The SADs consisted of eight severity levels (2; 4; 9; 18; 35; 58; 80; and 94%). For its validation, 20 raters, who 
initially estimated the disease severity without the aid of the SADs, were divided into four groups (G1 and G3, 
inexperienced; G2 and G4, experienced). Subsequently, G1 and G2 performed the second evaluation without 
the SADs, and G3 and G4 completed the second evaluation with the proposed SADs. The accuracy and 
precision of the assessments were determined by simple linear regression and by the Lin’s concordance 
correlation coefficient (LCCC). The proposed SADs allowed accurate and precise quantification of bacterial 
spot severity, increasing the agreement between estimated and actual values. Inexperienced raters benefited the 
most from the use of the SADs. 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. The LCCC confirmed the 
increases in accuracy and precision detected by the linear regression analysis.  
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INTRODUCTION 
 

Bacterial spot (Xanthomonas axonopodis 
pv. passiflorae) is a disease of difficult control and, 
as a consequence, is responsible for significant 
production losses in yellow passion fruit (Passiflora 
edulis Sims) (ISHIDA et al., 2017). The disease 
causes intense defoliation and terminal branch 
drought. These symptoms drastically reduce 
fruiting, cause plant death, and may ultimately result 
in total orchard loss (CARVALHO et al., 2015). 

Bacterial spot is commonly evaluated by 
visual estimates of disease severity and descriptive 
keys (VIANA et al., 2014; CASTRO, 2015; 
NOGUEIRA, 2016). Such keys are prone to various 
errors due to the inherent subjectivity of the method, 
which does not allow visual acuity adjustment in the 
evaluation of the severity levels (CAMPBELL; 
MADDEN, 1990), compromising accuracy and 
precision of the estimates. However, subjectivity 
and error in estimates can be minimized by standard 
area diagram sets (SADs).  

SADs consist of a set of illustrations of a 
diseased plant or plant organs with symptoms at 
different intensities (ALVES et al., 2015).  They are 
used in plant pathology to increase accuracy 
(estimates close actual value) and reliability 
(variation of the estimates among raters) of disease 
severity quantification (DEL PONTE et al., 2017). 
SADs-aided severity estimates could subsidize 
different studies, such as those of disease 
development under different management 
conditions (WAMSER et al., 2017), disease impact 
on plant physiology and yield (RIOS et al., 2017), 
and mapping of genes for resistance (BASTIANEL 
et al., 2009).  

Considering the economic, social, and 
alimentary importance of yellow passion fruit, the 
impact of bacterial spot on Brazilian passion fruit 
production, and the lack of standardized methods for 
disease severity quantification on tri-lobed leaves of 
the crop, this study aimed at: (1) developing and 
validating a SADs to evaluate the bacterial spot 
severity on tri-lobed leaves of yellow passion fruit; 
(2) comparing accuracy, precision, and agreement of 
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non-aided and SADs-aided disease severity 
estimates; (3) comparing accuracy, precision, and 
agreement of estimates from inexperienced and 
experienced raters. 
 
MATERIAL AND METHODS 
 
Development of the SADs 

Fifty tri-lobed leaves of yellow passion fruit 
(BRS Gigante Amarelo, Yellow Master FB200, and 
genotypes in breeding process) showing symptoms 
of bacterial spot were collected at Paraná Farm 
commercial orchard, located in Nucleo Rural 
Pipiripau, Planaltina, DF, Brazil (47°29’56,92’’ S 
and 15°30’15,08’’ W, 955 m). The adaxial surface 
of each leaf was photographed with a digital camera 
(Canon Powershot SX40 HS, 12.1 megapixels; 
Canon Inc., Tokyo, Japan), set at the height of 45 
cm from the leaf level. The resulting images were 
analyzed for the diseased area (necrotic + chlorotic) 
using the image analysis software IMAGE J 
(SCHNEIDER et al., 2012). The percent leaf area 
affected by the bacterial spot disease was calculated 
by the diseased area in relation to the total surface 
area of the leaf. The area measured using image 
analysis was considered the actual (true) disease 
severity and used as a reference for evaluating the 
accuracy and precision of rater estimates with and 
without the use of the SADs. 

The SADs’ upper and lower limits were 
based on the image analysis-measured minimum 
and maximum bacterial spot severity in the 50-leaf 
sample. Intermediate levels were established 
following logarithmic increments (NUTTER; 
SCHULTZ, 1995). A standard yellow passion fruit 
tri-lobed leaf was used as the template, and 
diagrams with different severity levels were created 
using the IMAGE J software. The patterns of lesion 
distribution observed on the actual leaves were 
maintained. 

 
Validation of the SADs 
 

The SADs validation was performed with 
images of 50 leaves with different intensities of 
symptoms. Twenty raters (10 with previous 
experience and 10 without previous experience in 
disease quantification) were selected and divided 
into four groups of five raters per group (G1 and 
G3, inexperienced; G2 and G4, experienced). 
Initially, each group estimated the severity of the 
disease as percentage, for each of the images from 
the 50 leaves randomly organized, without the aid of 
the SADs (non-aided evaluation). Subsequently, the 
same images were presented to G1 and G2, who 

performed another non-aided evaluation, and to G3 
and G4, who conducted the evaluation using the 
proposed SADs (SADs-aided evaluation).  

 
Data analysis 

The accuracy, precision, absolute errors, 
agreement, and inter-reliability of estimates were 
compared without and with the use of the SADs for 
both inexperienced and experienced raters. 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 a t-test applied to the intercept of 
linear regression (a) to verify the hypothesis Ho: a = 
0, and to the slope of the line (b) to test the 
hypothesis Ho: b = 1 (P ≤ 0.05). Intercept values 
significantly different from 0 indicate 
overestimation (> 0) or underestimation (< 0) of 
actual severity at low severity levels (constant 
error). Values of slope of the line that deviate 
significantly from 1 indicate systematic 
overestimation (> 1) or underestimation (< 1) of 
actual severity in all disease intensities (systematic 
error) (NUTTER; SCHULTZ, 1995). Consequently, 
the most accurate raters were 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 
regression analysis (R2) and the variance of absolute 
errors (the difference between estimated and actual 
severities) (KRANZ, 1988). Raters with greater 
precision were those with higher values of R2. 
Absolute errors were compared by the t-test (P ≤ 
0.05). Evaluations of the absolute errors considered 
the criteria used in disease quantification training 
programs, such as 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%). The mean maximum error (absolute value) 
was also recorded for each group, indicating the 
difference of the group’s farthest estimate to the 
actual severity value.  

The reproducibility or inter-rater reliability 
was measured using the R2 values for each pair of 
raters, based on estimates of non-aided evaluations 
and SADs-aided evaluations (NUTTER; 
SCHULTZ, 1995). 

Accuracy and precision (agreement) of the 
estimates of each rater, with and without the use of 
the SADs, was also determined based on the Lin's 
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concordance correlation coefficient (LCCC; ρc). 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. LCCC is defined by ρc = Cb . r, 
where Cb, 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) or the scattering of points around the 
best-fitting line. When there is perfect agreement 
between estimated and actual severity, the points 
fall on the concordance line. As a result, r = 1, Cb = 
1, and ρc = 1 (LIN, 1989; BOCK et al., 2010). 

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

RESULTS AND DISCUSSION 
 

The actual severity values of bacterial spot 
on tri-lobed leaves of yellow passion fruit ranged 
from 2 to 93.7%. The lesions exhibited typical 
symptomatic patterns of the disease, with initial 
small spots, usually initiated at the margins, which 
grow and coalesce and could ultimately cover the 
entire leaf area (JUNQUEIRA et al., 2016). These 
severity values are often observed in the field and 
under protected cultivation since bacterial spot is 
difficult to control, and no cultivar with satisfactory 
resistance level has been reported to date (ISHIDA 
& HALFELD-VIEIRA, 2009). Based on the 
severity levels observed, a black and white 8-
diagram SADs (2; 4; 9; 18; 35; 58; 80; and 94%) 
was proposed (Figure 1). The number of diagrams 
used to represent the extent of the disease severity 
was similar to the number used in SADs proposed 
for other pathosystems involving different 
Xanthomonas species (BELASQUE JR. et al., 2005; 
NASCIMENTO et al., 2005; LIMA et al., 2013). 

 
Figure 1. Standard area diagram set (SADs) for bacterial spot severity assessment on tri-lobed leaves of yellow 

passion fruit (Passiflora edulis Sims). The numbers in the diagrams represent the leaf area with necrotic 
symptoms of the disease (%). Brasilia, DF, Brazil, 2018. 
 
Accuracy is defined as the exactness of a 

systematic error-free measure and is measured by 
the intercept and slope coefficient of a linear 

regression between actual severity and estimated 
severity (BERGAMIN FILHO; AMORIM, 1996). 
Accurate assessments have intercept values equal to 
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0 and slope coefficient values equal to 1 (NUTTER; 
SCHULTZ, 1995). Considerable variation in the 
constant and systematic errors was verified in the 
first assessment among raters of all groups, with 
underestimated and overestimated severity values 
observed. The utilization of the SADs reduced both 
types of error in the second evaluation of G3. The 
estimated values tended to approach the reference 

values for the absence of constant (a = 0) and 
systematic errors (b = 1), in addition to reducing the 
amplitude of the underestimated and overestimated 
values in G3 and G4 (Table 1). Consequently, 
SADs-aided estimates were closer to the actual 
severity value (Figures 2-10). 

 

 
Table 1. Intercepts (a), slope coefficients (b), and coefficients of determination (R2) of linear regression for 

actual severity versus estimated severity of bacterial spot (Xanthomonas axonopodis pv. passiflorae) 
on tri-lobed leaves of yellow passion fruit (Passiflora edulis Sims). Brasilia, DF, Brazil, 2018. 

Group Rater 
 

Evaluation 1 
 

Evaluation 2 

1 

Inexperienced  
No SADs 

 
No SADs 

 
a b R2 

 
a b R2 

1 
 

-1.21 1.12* 0.91 
 

2.79* 0.93* 0.95 
2 

 
-3.38* 1.17* 0.98 

 
4.07* 0.97 0.96 

3 
 

-1.08 1.00 0.97 
 

-2.45* 1.06* 0.98 
4 

 
5.00* 0.90* 0.97 

 
6.58* 0.92* 0.98 

5 
 

-3.20* 1.06* 0.97 
 

2.30* 0.98 0.98 
Mean 

 
-0.77 1.05 0.96 

 
2.66 0.97 0.97 

2 

Experienced 
 

No SADs 
 

No SADs 
6 

 
-1.99* 0.99 0.98 

 
-1.52* 0.97 0.99 

7 
 

-0.65 0.98 0.97 
 

7.71* 0.91* 0.98 
8 

 
2.78* 0.94* 0.97 

 
1.84* 0.95* 0.98 

9 
 

3.21* 0.87* 0.95 
 

3.53* 0.92* 0.96 
10 

 
-0.60 0.96 0.98 

 
2.94* 0.94* 0.99 

Mean 
 

0.55 0.95 0.97 
 

2.90 0.94 0.98 

3 

Inexperienced 
 

No SADs 
 

With SADs  
11 

 
3.47* 0.87* 0.97 

 
1.93* 1.02 0.98 

12 
 

7.37* 0.84* 0.95 
 

4.19* 0.96 0.98 
13 

 
3.04* 1.02 0.96 

 
2.25* 1.01 0.96 

14 
 

5.33* 0.91 0.86 
 

1.50* 1.04 0.97 
15 

 
7.73* 0.97 0.94 

 
0.51 1.04 0.98 

Mean 
 

6.66 0.91 0.93 
 

2.10 1.02 0.98 

4 

Experienced 
 

No SADs 
 

With SADs  
16 

 
-1.54 1.05 0.97 

 
4.50* 0.99 0.95 

17 
 

-2.89* 1.08* 0.98 
 

-0.06 1.08* 0.98 
18 

 
1.02 1.06* 0.97 

 
2.65* 1.01 0.97 

19 
 

10.70* 0.87* 0.95 
 

2.28* 1.00 0.98 
20 

 
-3.24* 1.06* 0.97 

 
1.54 1.02 0.97 

Mean 
 

0.81 1.02 0.97 
 

2.18 1.02 0.97 
* indicate that the null hypothesis (a = 0 or b = 1) was rejected by t-test (P ≤ 0.05). 

 
The greatest increases in accuracy with the 

SADs were verified for the group of inexperienced 
raters. This improvement was notably influenced by 
the reduction of systematic errors in G3 and G4 
since 100% (G3) and 80% (G4) of the raters 
presented systematic error-free estimates while 20% 
(G3) and 40% (G4) exhibited estimates free of 
constant errors. The increase in accuracy was also 
influenced by the reduction of the mean intercept 
value in G3, which decreased from 6.66 in the first 

evaluation to 2.10 in the second evaluation, 
demonstrating attenuation in the overestimated 
values initially observed. Conversely, increases in 
constant and/or systematic errors were identified in 
the second non-aided evaluation in G1 and G2 
(Table 1). 

Disease severity assessments may vary 
considerably among individuals, since factors 
affecting accuracy and precision of estimates may 
depend on the rater (innate ability, experience, and 
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training) and plant lesions or organs characteristics 
(BOCK et al., 2016). For instance, small lesions 
occurring in a higher number usually lead to disease 
overestimation at low levels of disease severity (< 
10%) (BOCK et al., 2010; SCHWANCK; DEL 
PONTE, 2014), whereas large and fewer lesions 
tend to be underestimated (SPOLTI et al., 2011; 
GONZÁLEZ-DOMÍNGUEZ et al., 2014).  

The precision of the severity estimates was 
high in all groups, with or without the SADs aid 
(Table 1). Without using the SADs, G3 raters 
showed R2 values between 0.86 and 0.97 (mean 
0.93), and G4 raters exhibited R2 values between 
0.95 e 0.98 (0.97). When the SADs was used, R2 
values varied from 0.96 to 0.98 (0.98) in G3 and 
from 0.95 to 0.98 (0.97) in G4. As estimates were 
highly precise in all groups in the first assessment, 
little increase in R2 values was identified in the 
second evaluation, except for G3, with a 5.4% 
increment (Table 1). 

The absolute errors were significantly 
reduced in the inexperienced groups (Figures 2 to 9) 
in the second evaluation (Table 2), resulting in 
lower data dispersion in the regression analysis 
(Figures 3 and 7) and lower error distribution 
amplitude (Figure 10). Raters with previous 
experience in disease quantification have internally 
and, often, empirically developed their visual 
calibration process. Since experience and training 
reduce the subjectivity and errors of the estimates, 
experienced raters tend to be more precise than 
those with no previous experience, even if the 
experienced rater ability was subjectively developed 
(NUTTER; SCHULTZ, 1995; BOCK et al., 2010). 
As a consequence, inexperienced raters usually have 
superior increments on accuracy and precision when 
SADs are used as compared to the experienced 
raters (YADAV et al., 2013; VENTURINI et al., 
2015; NUÑEZ et al., 2017). 

 
Table 2. Absolute errors (estimated severity – actual severity) from bacterial spot (Xanthomonas axonopodis 

pv. passiflorae) severity estimates on tri-lobed leaves of yellow passion fruit (Passiflora edulis Sims). 
Brasilia, DF, Brazil, 2018. 

Group Rater  Evaluation 1 
 

Evaluation 2 
1 Inexperienced 

 
No SADs 

 
No SADs 

 1 
 

5.6 a 
 

3.7 a 
2 

 
4.3 a 

 
4.3 a 

3 
 

2.7 a 
 

2.9 a 
4 

 
4.5 a 

 
5.4 a 

5 
 

4.0 b 
 

2.9 a 
Mean 

 
4.2 a 

 
3.9 a 

2 

Experienced 
 

No SADs 
 

No SADs 
6 

 
3.0 a 

 
2.4 a 

7 
 

2.7 a 
 

6.3 b 
8 

 
3.6 a 

 
2.9 a 

9 
 

4.3 a 
 

4.1 a 
10 

 
2.4 a 

 
2.6 a 

Mean 
 

3.2 a 
 

3.6 a 

3 

Inexperienced 
 

No SADs 
 

With SADs 
11 

 
3.8 a 

 
3.0 a 

12 
 

5.9 b 
 

3.9 a 
13 

 
4.2 a 

 
3.5 a 

14 
 

5.5 b 
 

3.3 a 
15 

 
7.4 b 

 
2.7 a 

Mean 
 

5.4 b 
 

3.3 a 

4 

Experienced  No SADs 
 

With SADs 
16 

 
3.4 a 

 
5.3 b 

17 
 

3.2 a 
 

2.8 a 
18 

 
3.7 a 

 
3.6 a 

19 
 

8.7 b 
 

3.3 a 
20 

 
3.4 a 

 
3.3 a 

 Mean 
 

4.5 a 
 

3.7 a 
Different letters in the same row indicate significant differences (Student´s t-test, P ≤ 0.05). 
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Figure 2. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 1 (inexperienced raters), without the standard 
area diagram set (SADs) in the 1st evaluation. Solid line = linear regression of actual severity x 
estimated severity. Dotted line = perfect agreement (linear regression of actual severity = estimated 
severity). Brasilia, DF, Brazil, 2018. 
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Figure 3. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 1 (inexperienced raters), without the standard 
area diagram set (SADs) in the 2nd evaluation. Solid line = linear regression of actual severity x 
estimated severity. Dotted line = perfect agreement (linear regression of actual severity = estimated 
severity). Brasilia, DF, Brazil, 2018. 
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Figure 4. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 2 (experienced raters), without the standard 
area diagram set (SADs) in the 1st evaluation. Solid line = linear regression of actual severity x 
estimated severity. Dotted line = perfect agreement (linear regression of actual severity = estimated 
severity). Brasilia, DF, Brazil, 2018. 
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Figure 5. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 2 (experienced raters), without the standard 
area diagram set (SADs) in the 2nd evaluation. Solid line = linear regression of actual severity x 
estimated severity. Dotted line = perfect agreement (linear regression of actual severity = estimated 
severity). Brasilia, DF, Brazil, 2018 
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Figure 6. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 3 (inexperienced raters), without the standard 
area diagram set (SADs) in the 1st evaluation. Solid line = linear regression of actual severity x 
estimated severity. Dotted line = perfect agreement (linear regression of actual severity = estimated 
severity). Brasilia, DF, Brazil, 2018. 
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Figure 7. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 3 (inexperienced raters), with the standard area 
diagram set (SADs) in the 2nd evaluation. Solid line = linear regression of actual severity x estimated 
severity. Dotted line = perfect agreement (linear regression of actual severity = estimated severity). 
Brasilia, DF, Brazil, 2018. 
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Figure 8. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 4 (experienced raters), without the standard area 
diagram set (SADs) in the 1st evaluation. Solid line = linear regression of actual severity x estimated 
severity. Dotted line = perfect agreement (linear regression of actual severity = estimated severity). 
Brasilia, DF, Brazil, 2018. 
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Figure 9. Bacterial spot (Xanthomonas axonopodis pv. passiflorae) severity estimation on tri-lobed leaves of 

yellow passion fruit (Passiflora edulis Sims) by group 4 (experienced raters), with the standard area 
diagram set (SADs) in the 2nd evaluation. Solid line = linear regression of actual severity x estimated 
severity. Dotted line = perfect agreement (linear regression of actual severity = estimated severity). 
Brasilia, DF, Brazil, 2018. 
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Figure 10. Distribution of absolute errors (estimated severity – actual severity) of the bacterial spot 

(Xanthomonas axonopodis pv. passiflorae) estimates on tri-lobed leaves of yellow passion fruit 
(Passiflora edulis Sims) in the 1st evaluation, without the standard area diagram set (SADs), in groups 1 
(A), 2 (B), 3 (C), and 4 (D); and in the 2nd evaluation, without the aid of the SADs, in groups 1 (E) and 
2 (F), and with the SADs, in groups 3 (G) and 4 (H). Brasilia, DF, Brazil, 2018. 

 
G1 and G2 presented reductions of 9.6% 

and 5.3%, respectively, in the mean maximum error 
in the second non-aided evaluation. Conversely, 
reductions of 36.3% (G3) and 8.5% (G4) were 
observed for the SADs-aided groups (Table 3, 
Figure 10). Therefore, errors varied from -40.0 to 
+23.0 in G3 (Figure 10C) and from -18.0 to +17.8 in 
G4 (Figure 10D) in the non-aided evaluations. 
When the SADs was used, a marked reduction was 
verified in G3 (-8.0 to +21.0) (Figure 10E) while in 
G4, errors ranged from -12.0 to +16.4 (Figure 10F). 

Errors of greater magnitudes were identified 
in the second evaluation of G2, increasing the 
percentage of estimates with errors above 10% (-10 
to +10). In contrast, an increase in the number of 
estimates with errors up to 10% was recorded when 
the SADs was used. These findings represent an 
increase of 10.5 and 5.9% as compared to the values 

observed in the first disease assessment in G3 and 
G4, respectively (Table 3). Although a similar 
behavior was verified in G1, the increase in the 
number of estimates with errors up to 10% was less 
pronounced than those observed in the SADs-aided 
groups. The percentage of estimates with errors 
below 5% (-5 to +5) also increased by 34% (G3) 
and 14.3% (G4) as compared to the non-aided 
evaluation. Although G1 had a higher number of 
estimates with errors up to 5% in the second non-
aided evaluation, the recorded 2.8% increase was 
lower than the increments detected in G3 and G4 
(Table 3).  

The gains in inter-rater reliability, or 
reproducibility of the estimates, are critical to 
guarantee that multiple raters are more uniform 
when estimating disease severity in the same 
experiment (CORREIA et al., 2017).  



1742 
Development and validation...  COSTA, A. P. et al. 

Biosci. J., Uberlândia, v. 35, n. 6, p. 1728-1746, Nov./Dec. 2019 
http://dx.doi.org/10.14393/BJ-v35n6a2019-42435 

Reproducibility can be quantified by the R2 

of the regression line generated by the estimates of 
two raters. Values close to 1 indicate similar 
estimates (BELASQUE et al., 2005). The 
reproducibility of the estimates between raters was 
greater with the use of the SADs. Non-aided 
evaluations had R2 values lower than 0.90 in 60% 

(G3) and 10% (G4) of the comparisons between 
raters. When SADs were used, R2 values were 
higher than 0.90 for 100% of the estimates in both 
groups, with mean R2 values of 0.96 (G3) and 0.95 
(G4). These results indicate high reliability of the 
estimates. 

 
Table 3. Mean maximum error in absolute value (MEAV), 10% (x ± 10) and 5% (x ± 5) error range of the 

severity estimates as related to the actual severity of bacterial spot (Xanthomonas axonopodis pv. 
passiflorae) on tri-lobed leaves of yellow passion fruit (Passiflora edulis Sims). Brasília, DF, Brazil, 
2018. 

Evaluation Parameter 
Group 
1 2 3 4 

1 
MEAV 15.6 13.2 22.3 15.3 
% x ± 5 72.0 78.4 58.8 67.2 
% x ± 10 92.4 97.6 88.0 87.6 

      

2 
MEAV 14.1 12.5 14.2 14.0 
% x ± 5 74.0 74.4 78.8 76.8 
% x ± 10 96.4 97.2 97.2 92.8 

 
Our findings demonstrate that SADs-aided severity estimates were more accurate and precise for most 

raters as compared to non-aided estimates (Tables 1 and 4). The SADs also provided high reproducibility, 
especially for inexperienced raters. As a result, the proposed SADs was useful in reducing the variability of the 
estimates and amplitude of the variations, especially in the group of inexperienced raters. These findings 
corroborate other studies which investigated the effect of the evaluator's experience on both accuracy and 
precision, concluding that inexperienced raters tend to respond more efficiently to the use of SADs as 
compared to experienced raters (YADAV et al. 2013; GONZÁLEZ-DOMÍNGUEZ et al., 2014; SOUSA et al., 
2014).  

 
The LCCC provides an overall measure of 

agreement/concordance between estimated and 
actual values and has been used in plant disease 
assessments (GONZÁLEZ-DOMÍNGUEZ et al., 
2014; NICOLI et al., 2015; CORREIA et al., 2017). 
The LCCC analysis detected increments in accuracy 
and precision higher than those identified by linear 
regression analysis (Table 4). Non-aided estimates 
were highly accurate and precise in all groups, 
resulting in high agreement values. Therefore, only 
a slight increase in precision in G3 and accuracy in 
G3 and G4 were verified when the SADs was used. 
Little increase in precision (G1 and G2) and reduced 
accuracy (G2) were detected in the second non-
aided evaluation (Table 4). 

The use of SADs resulted in increased 
agreement (ρc) for 100% of the raters in G3 and 
80% in G4, as also verified by linear regression 
analysis. When SADs was not used, ρc varied from 
0.92 to 0.98 (G3) and from 0.90 to 0.98 (G4). 
However, a variation from 0.98 to 0.99 (G3) and 
from 0.95 to 0.98 (G4) was recorded when the 
SADs was used, corresponding to increments of 3.2 
and 2.1% in G3 and G4 agreement, respectively. 
These results indicate that SADs-aided estimates 
were closer to the concordance line when compared 
to the previous non-aided estimates (Table 4, 
Figures 6-9). No increase was verified in G1 or G2 
mean agreement values. 

 
Table 4. Correlation coefficient between estimated severity and actual severity (r), bias correction factor (Cb), 

and Lin’s concordance correlation coefficient (ρc) for bacterial spot (Xanthomonas axonopodis pv. 
passiflorae) severity estimates on tri-lobed leaves of yellow passion fruit (Passiflora edulis Sims). 
Brasilia, DF, Brazil, 2018. 

Group Rater 
 

Evaluation 1 
 

Evaluation 2 

1 Inexperienced  
No SADs 

 
No SADs 

 
r Cb ρc  

r Cb ρc 
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1 
 

0.96 0.99 0.94 
 

0.98 1.00 0.97 
2 

 
0.99 0.99 0.98 

 
0.98 0.99 0.97 

3 
 

0.99 1.00 0.99 
 

0.99 1.00 0.99 
4 

 
0.98 0.99 0.97 

 
0.99 0.97 0.96 

5 
 

0.98 0.99 0.98 
 

0.99 1.00 0.99 
Mean 

 
0.98 0.99 0.97 

 
0.99 0.99 0.97 

2 

Experienced 
 

No SADs 
 

No SADs 
6 

 
0.99 1.00 0.98 

 
0.99 1.00 0.99 

7 
 

0.99 1.00 0.98 
 

0.99 0.96 0.95 
8 

 
0.98 1.00 0.98 

 
0.99 1.00 0.99 

9 
 

0.97 0.99 0.97 
 

0.98 0.99 0.97 
10 

 
0.99 1.00 0.99 

 
0.99 1.00 0.99 

Mean 
 

0.98 1.00 0.98 
 

0.99 0.99 0.98 

3 

Inexperienced 
 

No SADs 
 

With SADs 
11 

 
0.98 0.99 0.98 

 
0.99 0.99 0.99 

12 
 

0.97 0.97 0.94 
 

0.99 0.99 0.98 
13 

 
0.98 0.99 0.97 

 
0.98 0.99 0.98 

14 
 

0.93 0.99 0.92 
 

0.99 0.99 0.98 
15 

 
0.97 0.95 0.92 

 
0.99 1.00 0.99 

Mean 
 

0.97 0.98 0.95 
 

0.99 0.99 0.98 

4 

Experienced 
 

No SADs 
 

With SADs 
16 

 
0.98 1.00 0.98 

 
0.97 0.98 0.95 

17 
 

0.99 0.99 0.98 
 

0.99 0.99 0.98 
18 

 
0.98 0.99 0.97 

 
0.99 0.99 0.98 

19 
 

0.97 0.93 0.90 
 

0.99 0.99 0.98 
20 

 
0.99 0.99 0.98 

 
0.98 1.00 0.98 

Mean 
 

0.98 0.98 0.96 
 

0.98 0.99 0.98 
 

The SADs developed and validated in this 
study will be useful for bacterial spot severity 
quantification on tri-lobed leaves of yellow passion 
fruit. The diagrams here proposed will be especially 
important in studies involving multiple raters since 
its use resulted in more accurate and precise 

estimates from experienced and, particularly, 
inexperienced raters. Consequently, the SADs may 
be used to aid genotype selection in breeding 
programs, during screening for disease resistance in 
both seedlings and adult plants, under field and 
protected cultivation conditions.  

 
 
RESUMO: A bacteriose (Xanthomonas axonopodis pv. passiflorae) reduz significativamente a 

produção e longevidade do maracujazeiro azedo (Passiflora edulis Sims). Uma escala diagramática para a 
avaliação da severidade da bacteriose em folhas trilobadas do maracujazeiro azedo foi desenvolvida e validada 
neste estudo. A escala diagramática apresentou oito níveis de severidade (2; 4; 9; 18; 35; 58; 80 e 94%). Para a 
sua validação, os 20 avaliadores foram divididos em quatro grupos (G1 e G3, sem experiência; G2 e G4, com 
experiência), que inicialmente estimaram a severidade da doença sem auxílio da escala. Posteriormente, G1 e 
G2 fizeram outra avaliação sem escala, e G3 e G4 realizaram a avaliação com a escala proposta. A acurácia e a 
precisão das estimativas foram determinadas por regressão linear simples e pelo coeficiente de correlação de 
concordância de Lin (LCCC). A escala diagramática proposta permitiu quantificar a severidade da bacteriose 
de forma acurada e precisa, aumentando a concordância entre os valores estimados e os reais. Os avaliadores 
inexperientes foram os mais beneficiados pelo uso da escala. O aumento da acurácia e precisão nos grupos que 
realizaram dupla avaliação sem escala, quando ocorreu, foi mais discreto que os incrementos observados nos 
grupos que utilizaram a escala. O LCCC confirmou os incrementos da acurácia e precisão detectados pela 
análise de regressão linear.  

 
PALAVRAS-CHAVE: Passiflora edulis Sims. Xanthomonas axonopodis pv. Passiflorae. 

Fitopatometria 
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