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ABSTRACT. Black spot (Asperisporium caricae) is one of the main foliar fungal diseases of papaya crops. 

This disease acts directly on leaves and fruits causing leaf area reduction and fruit deterioration. The 

quantification of diseases is a fundamental part of the disease management and control process; therefore, 

a scale is required to help quantify black spot disease. The objective of this work was to propose a 

standardized methodology to quantify black spot severity in papaya leaves. A scale was developed 

considering the maximum and minimum values of the disease in the field that included eight levels of 

severity: 0.1, 0.3, 0.6, 1.0, 2.3, 5.0, 10.0, and 20.0%. Without the aid of a scale the disease is often 

overestimated, with absolute errors of approximately 75%. When the scale was used, 100% of the evaluators 

showed improved accuracy and precision, and absolute error was reduced to the 10% range. The scale also 

provided good repeatability and high reproducibility. The use of the scale provided an improvement in the 

R2 values, with mean values of 93 and 92 in the second and third evaluations, respectively, demonstrating 

that the scale is useful for different aspects of the pathosystem of A. caricae, such as for determining the 

efficiency of fungicides, characterization of varietal resistance, construction of the disease progression 

curve, and estimation of damage. 
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Introduction 

Phytosanitary problems are responsible for considerable losses in crops of economic interest worldwide. 

Black spot caused by the fungus Asperisporium caricae (Speg.) Maubl is considered the main foliar fungal 

disease in the cultivation of papaya (Carica papaya L.), with reports of losses of up to 30% of production 

(Santos & Barreto, 2003; Amorim, Rezende, & Bergamin Filho, 2018). Black spot symptoms manifest in both 

leaves and fruits. On the leaves, the symptoms are characterized by the initial appearance of small rounded 

black spots located on the lower part of older leaves. As the disease progresses, the leaves are induced to 

senescence, which causes the plant to wither (Oliveira, Santos Filho, Andrade, & Meissner Filho, 2011; Santos 

Filho, Oliveira, & Haddad, 2016). In contrast, small, circular, waterlogged lesions occur initially in the fruits, 

which evolve into larger pustules with prominent brown to black hues that reach up to 5 mm in diameter 

(Santos Filho et al., 2016; Amorim et al., 2018). In addition to compromising the fruits appearance, the lesions 

also serve as gateways for other diseases. 

Currently, the control of foliar diseases in papaya production, especially that of black spot, is hindered by 

the lack of resistant genotypes (Vivas et al., 2015; Poltronieri et al., 2020) and/or sustainable methods for 

disease control, such as resistance inducers (Santos, Silveira, Vivas, Carvalho, & Pereira, 2017) and biological 

controls (Vivas, Silveira, Santos, Pinho, & Pereira, 2017; Vivas et al., 2018; Vivas et al., 2020). Therefore, 

fungicide is the only control measure currently used, which incurs production costs and can cause severe 

consequences to the environment and human health (Vivas et al., 2015). 

The quantification of diseases is considered an important step toward control and the advancement of 

epidemiological and genetic resistance studies. A methodology that precisely and efficiently quantifies a 

https://orcid.org/0000-0003-0783-5345


Page 2 of 7 Francelino et al. 

Acta Scientiarum. Agronomy, v. 45, e60970, 2023 

disease using a standardized approach is necessary for all pathosystems. The quantification of papaya black spot 

is currently performed by a diagrammatic scale proposed for fruits; however, the leaves should be prioritized, since 

the diseased leaves are considered the sources of the inoculum that contaminates the fruits. Therefore, a method 

is required to quantify black spot on the leaves at the onset of the disease, to aid with decision-making and enable 

more efficient control. The objective of this study was to propose a standardized methodology for quantifying black 

spot severity in papaya leaves that will provide accurate, precise, and repeatable estimates. 

Material and methods 

Elaboration of the diagrammatic scale 

For the diagrammatic scale, 100 papaya leaves of different varieties and different black spot severity levels 

were collected, ranging from healthy leaves to those severely affected. The leaves with an excess of lost 

necrotic area and/or tissue removal due to pest incidence were excluded, leaving 87 leaves. Due to the large 

size of the papaya leaves, only the midrib limb portions were used, as described by Santos, Vivas, Silveira, 

Silva, and Terra (2011) for powdery mildew. Images were captured with the aid of a digital camera, at a 

distance of approximately 40 cm between the camera and the leaves. 

After digitizing, each image was calibrated to 300 dpi, and using QUANT® software, the total area and the 

injured area of the leaf were determined (Vale, Fernandes Filho, & Liberato, 2003). Based on the Weber-

Fechner law of visual acuity (Horsfall & Cowling, 1978) and the shape, distribution, and frequency of the 

lesions, a diagrammatic scale with eight levels of severity was developed. 

Validation of the diagrammatic scale 

To validate the diagrammatic scale, images of 40 leaves with black spot symptoms of different levels of severity 

were randomly inserted into individual slides for viewing with Microsoft PowerPoint® (Vivas, Terra, Silveira, 

Fontes, & Pereira, 2010; Santos et al., 2011; 2017). Eleven evaluators estimated the severity, the majority of whom 

had no experience quantifying diseases or affinity with the pathosystem under study. Initially, the severity was 

assessed without using the diagrammatic scale, and after seven days, the scale was employed. Seven days after the 

first scale evaluation, another sequence of the same leaves was organized, and the same evaluators visually 

estimated the severity using the scale to assess the repeatability of the diagrammatic scale. 

The accuracy and precision of each evaluator were determined with simple linear regression, with the 

actual severity estimated by the Quant® software as the independent variable and that assessed by the 

evaluator as the dependent variable. The accuracy of the estimates was determined using the t-test applied 

to the linear regression intercept (a), to determine whether it was significantly different from 0, and to the 

slope of the straight line (b), to assess if it was significantly different from 1. A 5% probability level was used, 

since slopes closer to 1 and intersections near zero provide more accurate results. 

The precision of the estimates was obtained by the regression determination coefficient (R2), absolute error 

variance (estimated severity less actual), and repeatability estimates, determined by the regression of the second 

evaluation compared to the first for the same sampling unit (set of leaf images), where R2 values closer to 1 denote 

more accurate evaluations. Regression analyses were performed using Microsoft Excel® software. 

Results and discussion 

The maximum severity limit found in the samples was 20%, and higher limits than this are rarely found in 

commercial orchards, as they cause senescence and leaf fall. The elaborated scale included values of 0.1, 0.3, 

0.6, 1.0, 2.3, 5.0, 10.0, and 20.0% of the injured area, considering the values obtained and the format and 

disposition of the lesions (Figure 1). Severity levels similar to those found in this study have been previously 

established for fruit black spot severity (Vivas et al., 2010). 

In the diagrammatic scale validation process for the first evaluation, 82% of the evaluators presented 

intercept values significantly different from zero (p = 0.05) without the use of the diagrammatic scale, with 

an average value of 4.97. It was also observed that 100% of deviations were consistently positive, indicating 

that all evaluators overestimated the disease at the initial levels (Table 1). When the scale was used, 25% of 

the raters (C, E, and G) had intercept values different from zero (p = 0.05) in the first evaluation, while 46% 

(A, G, H, J, and K) showed differing values in the second (Table 1), most of which were accompanied by 

constant positive deviations indicating overestimation. 
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Figure 1. Diagrammatic scale for assessing the severity of black spot on papaya leaves at levels of 0.1, 0.3, 0.6, 1.0, 2.3, 5.0, 10.0, and 

20.0% of injured leaf surface. 

The tendency of the evaluators to overestimate the severity of black spot in papaya leaves when using the 

scale was similar to that observed with the validation of the scales for spotted pepper (Michereff et al., 2006), 

Phoma spot in coffee (Salgado, Pozza, Lima, Pereira, & Pfenning, 2009) and common helminthsporiosis in 

corn (Lazaroto, Santos, Konflanz, Malagi, & Camochena, 2012). However, this result was in contrast with the 

verifications of other scales (Gomes, Michereff, & Mariano, 2004; Vivas et al., 2010; Santos et al., 2011). 

Although some evaluators have presented intercept values significantly different from zero (p = 0.05), the 

scale provided a reduction in the mean values of the intercept, which was 4.97 in the evaluation without the 

scale and 0.03 and 0.23 with the scale, in the first and second scaled assessments, respectively, which shows 

improved accuracy with the use of the scale. 

Overestimation or underestimation of disease in diagrammatic scale validation processes has been 

observed with some pathosystems (Michereff et al., 2006; Salgado et al., 2009; Vivas et al., 2010; Lazaroto 

et al., 2012; Damasceno, Michereff, & Mariano, 2014); however, the scale quality in these cases was not 

compromised, since the errors could be remedied with the training of evaluators (Nutter Junior & Schultz, 

1995). Since the evaluators generally do not have experience evaluating diseases, their accuracy can be 

improved with specific training. 

Table 1. Estimates of the intercept (a), the slope of the straight line (b), and the coefficient of determination (R2) of simple linear 

regression equations in evaluations without and with using the diagrammatic scale. 

Evaluator  Without Scale  With Scale 

 a b R2  a b R2  a b R2 

Evaluator A  3.63* 2.38* 0.72  0.56 0.67* 0.92  0.86* 0.52* 0.90 

Evaluator B  2.47* 0.83 0.58  0.39 0.77* 0.96  0.16 0.53* 0.96 

Evaluator C  8.54* 3.15* 0.36  -3.09* 2.27* 0.91  -1.76 1.87* 0.87 

Evaluator D  12.43* 5.14* 0.69  -0.09 1.01 0.95  0.06 0.97 0.96 

Evaluator E  5.24* 2.50* 0.88  1.15* 0.77* 0.92  0.25 0.74* 0.96 

Evaluator F  1.70 1.33 0.55  0.35 0.52* 0.90  -0.32 0.71* 0.94 

Evaluator G  1.41* 0.17* 0.22  0.52* 0.20* 0.81  0.56* 0.16* 0.85 

Evaluator H  1.17* 0.44* 0.69  0.07 0.55* 0.97  0.35* 0.38* 0.95 

 Evaluator I  10.47* 3.06* 0.46  -0.16 0.85* 0.98  0.48 0.69* 0.95 

Evaluator J  3.62* 2.98* 0.82  0.32 0.72* 0.96  0.74* 0.60* 0.92 

Evaluator K  3.99 3.99* 0.66  0.27 0.74* 0.93  1.10* 0.73* 0.89 

Average  4.97 2.36 0.60  0.03 0.82 0.93  0.23 0.72 0.92 

*Asterisk indicates that the null hypothesis (a = 0 or b = 1) was rejected by the t-test (p = 0.05). 

Regarding the values of the angular coefficient of the straight line (b), in the evaluation without the aid of 

the scale, all the evaluators except for B and F, presented values significantly different from 1 (p = 0.05), with 

an average value of 2.36, indicating the presence of systematic deviations (Table 1). With the use of the scale, 

only Evaluator D presented a result significantly equal to 1 (p = 0.05). However, the average values in both the 

first (0.82) and the second evaluation (0.72) were considerably closer to 1 (Table 1). 

For the precision analysis, the visual severity estimates without using the scale explained from 22 to 88% 

of the variation (R2) in the electronic measurement of the disease, with an average of 60% (Table 1). In the 
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first assessment with the scale, the visual estimates explained from 81 to 98% of the variation, with an average 

of 93% (Table 1). The second assessment using the scale returned, visual estimates explaining 85 to 96% of 

the variation, with an average of 92% (Table 1). The accuracy levels using the scale were similar to those found 

by other validation studies of scales for disease assessment (Vivas et al., 2010; Capucho, Zambolim, Duarte, 

& Vaz, 2011; Nunes & Alves, 2012; Juliatti, Crato, Juliatti, Couto, & Juliatti, 2013; Lima et al., 2013). 

Effectively, the R2 values verified that the scale provided greater precision for the evaluators, with a mean of 93 

and 92%, respectively, in the first and second evaluation with the help of the scale; therefore, a satisfactory level 

of precision (R2 close to 1) was achieved for this type of evaluation (Capucho, Zambolim, Duarte, & Vaz, 2011). 

Regarding the absolute error (difference between the estimated and actual severity), the distribution of 

deviations in the evaluation without the aid of the diagrammatic scale presented a dispersion of -10% to +75% 

(Figure 2A), showing that there was no precision in the estimates. In contrast, when the scale was employed 

the distribution of deviations was approximately -7% to +5% in both the first and second assessments (Figure 

2B and C). The results presented here show that the use of the scale and the consequent reduction of the 

dispersion of residues could promote an approximation of the results among the evaluators. The scale also 

reduced the actual values of the estimates, thereby decreasing the degree of overestimation. The distribution 

of deviations supports some variation. Studies performed with different software used for disease 

quantification training showed that evaluators with a variation between -10% and 10% are considered good 

(Tomerlin & Howell, 1988; Nutter Junior & Worawitlikit, 1989). For scale validation studies in which the 

majority of the evaluators do not have experience in quantifying disease, a contrast in the distribution of 

residues between the evaluations with and without the aid of the scale is expected, because an accurate 

estimate will provide evaluators with a greater precision, which is corroborated by a more homogeneous 

distribution of residues, as verified in the results of the present work (Figure 2B and C). 

 

Figure 2. Residue distribution in the three evaluations of the diagrammatic scale validation process: (A) without the aid of the scale, 

(B) first evaluation with the aid of the scale, and (C) second evaluation with the aid of the scale. 
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The scale provided the evaluators with good repeatability in the estimates, as the average amount of 

variation in the first evaluation that was explained by the second evaluation was 91% (Table 2). When relating 

the two assessments conducted with the aid of the diagrammatic scale, the intercept values for 36% of the 

evaluators differed significantly from zero (p = 0.05), with a mean of 0.36. In contrast, approximately 91% of 

the evaluators had an angular coefficient substantially different from 1 (p = 0.05), with an average of 0.84 

(Table 2). Values similar to these have been obtained in other diagrammatic scale assessment studies 

(Nascimento, Michereff, Mariano, & Gomes, 2005; Vivas et al., 2010; Damasceno et al., 2014). 

Table 2. Value of intercept (a), angular coefficient of the straight line (b), and coefficient of determination (R2) of simple linear 

regression equations relating the second estimate to the first for the severity of black spot on leaves by the same evaluator, with the aid 

of the diagrammatic scale. 

Evaluator  a b R2 

Evaluator A  0.65 0.73* 0.86 

Evaluator B  -0.05 0.68* 0.96 

Evaluator C  1.12 0.80* 0.89 

Evaluator D  0.36 0.92* 0.94 

Evaluator E  -0.57 0.92* 0.94 

Evaluator F  -0.41 1.27* 0.88 

Evaluator G  0.31* 0.71* 0.80 

Evaluator H  0.35* 0.68* 0.94 

Evaluator I  0.68* 0.80* 0.94 

Evaluator J  0.93* 0.97 0.92 

Evaluator K  0.93* 0.97 0.92 

Average  0.36 0.84 0.91 

*Asterisk indicates that the null hypothesis (a = 0 or b = 1) was rejected by the t-test (p = 0.05). 

Conclusion 

The proposed diagrammatic scale for the quantification of black spot severity in papaya leaves provided 

accurate and precise results and was straightforward to apply. The scale will aid in the conduction of other 

studies related to papaya black spot, such as the effectiveness of fungicides, characterization of varietal 

resistance, construction of disease progression curves, and estimation of damage. 
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