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Summary. Standardized methods for quantifying rust severity (Cerotelium fici) on fig 
leaves (Ficus carica L.) are required, so this study aimed to develop and validate a dia-
grammatic scale to assessment the severity of this disease. Fig leaves that exhibited var-
ying severities of rust symptoms were collected in the field. The actual severity, maxi-
mum and minimum limits, and intermediate levels of the scale were determined based 
on the frequency distribution of the severity values found in the field. In validation of 
the scale, eight evaluators estimated the severity in 50 leaves with different levels of 
symptoms with and without the use of the diagrammatic scale. Accuracy and precision 
of the data were evaluated, and linear regression was used to assess the repeatability and 
reproducibility of the estimates. The use of the diagrammatic scale provided adequate 
results for the parameters analysed when compared assessments made without use of 
the scale, confirming reliability of the estimates to evaluate rust severity on fig leaves.

Keywords. Ficus carica, Cerotelium fici, Lin’s method.

INTRODUCTION

Fig (Ficus carica L.) is among the most important cultivated world fruit 
species. The use of fig fruit as food, and of fig plants for ornamental purpos-
es, have been recorded for thousands of years including in the Bible (Eisen, 
1901). Turkey is the largest producer of figs in the world, producing 305,450 
tonnes per year, followed by Egypt, Morocco, Algeria and Iran (FAO, 2018). 
European countries, including Portugal, Spain and Italy, are also major 
producers and exporters of figs (Khemira and Mars, 2017). In subtropical 
regions, fig crops are grown to produce ripe figs to supply fresh fruit mar-
kets, or unripe fruit for the production of sweets, compotes and crystallized 
figs (Dalastra et al., 2009).

Although fig originated in temperate regions (Pio et al., 2019), it can 
adapt to different climates and soil conditions, which has boosted expansion 
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of fig production to Brazilian tropical and subtropical 
regions (Chalfun et al., 2012). In the last 10 years, Bra-
zil’s cultivated fig area has remained steady at approx. 
2,591 ha (IBGE. 2019). The primary fig-producing states 
in Brazil include Rio Grande do Sul (11,918 tonnes), São 
Paulo (10,903 tonnes) and Minas Gerais (1,698 tonnes). 
Recent decades have seen increased exploitation of fig 
crops in Brazil and Chile, the produce from which is 
destined for export to North African and European 
countries during the production off-season in those 
regions (Pio et al., 2017). However, when grown in sub-
tropical regions, some diseases affect fig crops.

Fig rust (Cerotelium fici (Cast.) Arth.) is the princi-
pal disease that affects fig crops (Galleti and Rezende, 
2005). Symptoms of the disease on adaxial surfaces of fig 
leaves appear as angular yellow-green spots that progress 
to brown. On abaxial leaf surfaces orange-red pustules 
develop that contain powdery masses of spores. In severe 
infections, the leaves fall, and growth and ripening of the 
figs are halted. With the premature fall of leaves, there is 
a reduction in the accumulation of carbohydrates, which 
compromises the next fruit production cycle (Galleti and 
Rezende, 2005; Solano-Báez et al., 2017).

Due to the losses associated with fig rust, appropri-
ate disease management methods are required. These 
include development of resistant cultivars, fungicide 
applications, development of biological control agents, 
resistance inducers, appropriate pruning techniques or 
crop management. However, to measure the effectiveness 
of these techniques and to identify which can be inte-
grated into crop management, it is necessary to quantify 
the disease (Gomes et al., 2004).

Quantifying disease enables control measures to be 
evaluated for whether they will be effective and there-
fore recommended for application in the field. For pro-
ducers, the benefits of disease quantification include the 
assistance for efficient crop management decisions and 
prioritization of resources to enable low environmental 
impacts in sustainable disease management (Bergamin 
Filho and Amorim, 1996).

Among the methods for assessment of plant diseas-
es, the most commonly implemented are those that are 
visual. These are simple because they do not require the 
use of sophisticated equipment, and they are accurate 
and precise (Campbell and Madden. 1990). Key tools 
for employing these techniques are diagrammatic dis-
ease severity scales. This method helps to define disease 
severity using photographs or diagrams of symptomatic 
plants or their organs. However, although this approach 
is simple, development must meet criteria to ensure the 
correct quantification of disease severity (Bergamin Fil-
ho and Amorim, 1996).

The primary aspects to be evaluated in the devel-
opment of a diagrammatic disease severity scale are 
the minimum and maximum limits of the scale cor-
responding to the disease levels found in the field, and 
use of images that display a pattern compatible with the 
symptoms representing the levels of disease. A further 
important consideration is the limits of visual acuity 
of the human eye, according to Weber-Fechner’s Law, 
assigning scores with respective severity intervals, as the 
human eye has difficulty seeing points or precise per-
centage values (Horsfall and Barratt, 1945; Nutter and 
Schultz. 1995).

The present study aimed to develop and validate a 
diagrammatic scale for accurate and precise assessment 
of fig rust, because no standardized methods were avail-
able for quantifying severity of the disease, which is the 
most important disease affecting fig orchards in subtrop-
ical conditions.

MATERIALS AND METHODS

Diagrammatic scale development

To develop the diagrammatic scale, 190 fig leaves 
from the field were randomly collected, that displayed 
different levels of disease severity. The leaves, naturally 
infected, were from several fig trees in an experimental 
orchard at the Federal University of Lavras, Brazil. The 
municipality is located at 21° 13’ 40” south latitude and 
44° 57’ 42” west longitude, at an average altitude of 970 
m above sea level. According to the Köppen climate clas-
sification, Lavras has a tropical climate of the Cwa type, 
characterized by dry winters and hot, humid summers 
(Alvares et al., 2014). To confirm the causal agent of the 
disease on the leaves, anatomical sections were prepared 
from a diseased leaf and analysed for the pathogen mor-
phology.

All plant material was photographed on a white 
background, using a Nikon d3100 digital camera, in 
automatic mode, with 18–55 mm lens focal length. Sub-
sequently, the diseased and total leaf area were deter-
mined for each leaf using the Assess® software (Ameri-
can Phytopathological Society). Pustules and the areas 
with necrotic and chlorotic tissue caused by the disease 
were considered as diseased areas.

According to the minimum and maximum levels 
found, a frequency plot was constructed, plotting the 
percentage of damaged leaf area (x-axis), in severity 
intervals of 5% (y-axis). These values were then fitted 
to a simple linear model and to non-linear exponential 
and logarithmic models (Campbell and Madden. 1990). 
The model that best fitted the frequency plot was chosen 
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as indicated from the largest R2 and the significance of 
the parameters of the equations in the t-test. The disease 
severity scale was created according to the intervals with 
the greatest concentration of leaves having the same per-
centage of damaged area. The severity intervals for each 
score were established according to Weber-Fechner’s 
visual acuity law (Horsfall and Barrat, 1945; Nutter and 
Schultz, 1995) and according to the shape and distribu-
tion of the lesions. Photographs of leaves with disease 
lesions were then used to develop the scale.

Diagrammatic scale validation

To validate the diagrammatic scale, 50 leaves of fig 
showing symptoms of rust were used, representing all 
variation levels of dis‐ease severity. In three evalua-
tions, 8 evaluators without experience in quantification 
of plant disease observed images of diseased leaves using 
Microsoft PowerPoint 2010. The first evaluation was per-
formed without using the scale. After an interval of 7 
days, a second evaluation was performed aided by the 
diagrammatic scale. To assess the repeatability of the 
observed values, a third evaluation was performed after 
7 days, also using the proposed scale.

Based on the data obtained from each evaluator the 
accuracy and precision the developed scale were deter-
mined using Lin’s method. Lin’s concordance correla-
tion coefficient (Pc) (Lin. 1989), to assess agreement 
between pairs of observations, was used to measure 
adjustment between the actual values and estimated 
disease severities. The method also includes other vari-
ables to aid in validation. The scale shift factor, where 1 
= perfect agreement between x and y, measures the dif-
ference between actual and estimated values, and is cal-
culated as the difference between the slope of the fitted 
regression lines and the concordant line. The location 
shift factor, where 0 = perfect agreement between x and 
y, estimates the change of the fitted regression line rela-
tive to the concordant line, by measuring the difference 
in height between the two lines. The BIAS correction 
factor, which measures how far the fitted line deviates 
from the concordant line, was calculated from the loca-
tion shift factor and the scale shift factor, derived from 
the means and standard deviations of x and y. In addi-
tion to these factors, Pearson’s correlation was used to 
evaluate the precision of the assessments. The confidence 
interval (CI) (P < 0.05) between the groups of evaluators, 
with and without the use of the scale, was calculated to 
determine if there were significant differences between 
the evaluations.

The repeatability of the estimates from each evalua-
tor was determined by R² values of the linear regression 

between two assessments using the scale (Nutter et al., 
1993). The reproducibility of the estimates was evaluated 
by R² values obtained from linear regressions between 
the estimated severities of the same sample unit using 
different evaluators in pairs (Kranz. 1988; Campbell and 
Madden. 1990; Nutter and Schultz. 1995).

The data were tabulated and the statistical analyses 
performed using the RStudio software (R Core Team, 
2018), and the epi.ccc function of the epiR package (Ste-
venson et al., 2018) to determine the Lin’s concordance 
correlation coefficient.

RESULTS

Scale development

The minimum and maximum severity of fig rust was 
0% and the maximum severity was 89.3%. A high pro-
portion (43%) of leaves were in the frequency intervals 
up to 5% severity (Table 1). Based on the disease severity 
found in natural infections, the scale had a maximum 
level of 89.3%, with clorotic and necrotic areas.

The best model adjusted for the frequency values in 
the severity intervals was logarithmic, in this case in 
according of Weber-Fechner’s law, with the greatest R² 
(87%) and significance of the parameters of the equa-
tions in the t-test (Table 2).

The severity scale was developed using six scores or 
percentage intervals (Figure 1), three of which were dis-
tributed into intervals ranging up to 15.0% of diseased 
leaf area. The interval up to 1% included 11.6% of the 
total leaves, constituting the greatest frequency unit 
interval. The six percentage severity intervals of the scale 
were 0, 0.1–5.0%, 5.1–15.0%, 15.1–25%, 25.1–50.0% and 
>50%.

Scale validation

According to Lin’s method, estimates of disease 
severity assessments improved with the use of the pro-
posed scale (Table 3). According to the concordance 
coefficient and correlations between the actual and esti-
mated values, greater estimation efficiency was obtained 
with use of the scale (a = 0.80) compared to evaluations 
without use of the scale (a = 0.71). The evaluators over-
estimated disease severity when not using the scale (c = 
0.33), and underestimated severity when they used the 
scale (c = -0.28). The confidence interval between the 
two evaluations did not differ significantly, however, 
proving that there was no significant improvement in 
the variable under analysis. The Pearson’s correlation 
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coefficient indicated increased precision of the evaluators 
when using the scale (e = 0.86), compared to the evalua-
tions without the scale (e = 0.76). However, the value of 
the BIAS correction factor without the use of the scale (d 
= 0.94) was greater than that of the estimates obtained 
using the scale (d = 0.93). This indicated that there was 
no increase in the accuracy of the evaluators. Consider-

ing the confidence intervals, the assessments for fig rust 
with and without the use of the diagrammatic scale dif-
fered significantly at the 95% confidence interval, except 
for the location shift factor.

For reproducibility, without using the diagrammatic 
scale the value of the determination coefficient (R²) ranged 
from 64 to 88%, with a mean of 81.1% (Table 4). With use 
of the scale, R² values ranged from 71 to 91% (mean = 
80.7%) for the first evaluation, and from 61 to 81% (mean 
= 72.2%) in the second evaluation, with R² ≥ 70% in 
approximately 82% of the combinations of evaluators.

There was good repeatability between the estimates 
of the same evaluator (Table 5). Between the two evalu-
ations with the use of the scale, only one evaluator (A) 
exhibited a slope significantly different from 1, with 
good precision of the estimates of 87.5% of the evalua-
tors. The evaluators all presented good repeatability in 
the estimates of leaf rust severity, as the mean variation 
between the first evaluation and the second evaluation 
was approx. 70%.

Table 1. Frequency distribution, in unit intervals, of disease severity values (%) of rust on fig leaves.

Interval
(Severity %) Frequency Percentage 

(%)
Cumulative 
frequency 

Cumulative 
Percentage  

(%)

0-1 22 11.6 22 11.6
1-2 2 1.1 24 12.6
2-3 7 3.7 31 16.3
3-4 5 2.6 36 19.0
4-5 7 3.7 43 22.7
5-6 2 1.1 45 23.7
6-7 4 2.1 49 25.8
7-8 4 2.1 53 27.9
8-9 4 2.1 57 30.0
9-10 3 1.6 60 31.6
10-11 1 0.5 61 32.1
11-12 1 0.5 62 32.6
12-13 2 1.1 64 33.7
13-14 3 1.56 67 35.3
14-15 4 2.1 71 37.4
15-16 6 3.2 77 40.5
16-17 2 1.1 79 41.6
17-18 5 2.6 84 44.2
18-19 3 1.6 87 45.8
19-20 1 0.5 88 46.3
20-21 4 2.1 92 48.4
21-22 5 2.6 97 51.0
22-23 3 1.6 100 52.6
23-24 1 0.5 101 53.3
24-25 5 2.6 106 55.8
25-26 2 1.1 108 56.8

Interval
(Severity %) Frequency Percentage 

(%)
Cumulative 
frequency 

Cumulative 
Percentage  

(%)

26-27 0 0.0 108 56.8
27-28 3 1.6 111 58.4
28-29 2 1.1 113 59.5
29-30 1 0.5 114 60.0
30-31 1 0.5 115 60.5
31-32 4 2.1 119 62.6
32-33 1 0.5 120 63.1
33-34 1 0.5 121 63.7
34-35 4 2.1 125 65.8
35-36 1 0.5 126 66.3
36-37 2 1.1 128 67.4
37-38 1 0.5 129 67.9
38-39 1 0.5 130 68.4
39-40 0 0.0 130 68.4
40-41 3 1.6 133 70.0
41-42 2 1.1 135 71.0
42-43 3 1.6 138 72.6
43-44 3 1.6 141 74.2
44-45 0 0.0 141 74.2
45-46 0 0.0 141 74.2
46-47 2 1.1 143 75.3
47-48 1 0.5 144 75.8
48-49 0 0.0 144 75.8
49-50 1 0.5 145 76.3
>50 45 23.7 190 100.00

Table 2. Parameters of the linear and non-linear models for the fre-
quency of severity of fig rust, in severity intervals.

Model R² a r b  y0
c

Exponential 0.75 0.04*** 39.42***
Logarithmic 0.87 -0.0004*** 0.02***
Linear 0.57 -0.28*** 22.95***

a Coefficient of determination (R2).
b Progress rate (r).
c Initial inoculum (y0).
*** Significant according to the t-tests (P = 0.001).
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Figure 1. Diagrammatic scale for assessment of rust severity on fig leaves. The numbers represent percentages of leaf area diseased. leaf area.
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Most evaluators presented good precision, regardless 
of whether the scale was used. Sixty-three percent of the 
participants presented R² values in the second evaluation 
that were greater or equal to those for the first evalua-
tion, suggesting equal or greater precision with the sec-
ond evaluation. Absolute errors were reduced when the 
scale was used, decreasing the range of values between 
the first and second evaluations (Figure 2). However, 
in the second evaluation, using the scale, the mini-
mum and maximum values observed for the residuals 
of all the evaluators were, respectively, -49.67 and 70.90, 
increasing the range of the determined values.

DISCUSSION

The diagrammatic scale developed in here allowed 
the evaluators to obtain accurate and precise estimates 
of fig rust severity, according to the validation analyses.

Linear and non-linear models were fitted to the data 
to determine if the scale levels should increase logarith-
mically or linearly. The particulars of each pathosys-
tem are considered for determination of scale intervals, 
and this fitting is required to assess the accuracy of  the 
assessments. The model with the best fit was the loga-
rithmic model, and with this the intermediate levels of 
the scale were determined based on the highest frequen-
cy intervals of disease levels on the leaves, combined 
with the logarithmic increase in severity, in accordance 
with Weber Fechner law (Campbell and Madden, 1990).

Each level of the scale was defined according to the 
frequency distribution of the number of leaves with a 

Table 4. Coefficients of determination (R²) of the linear regression 
equation between pairs of different evaluators, with or without the 
use of the disease severity assessment scale in two evaluations, esti-
mating rust severity on fig leaves.

Evaluator
Without scale

B C D E F G H

A 0.73 0.76 0.75 0.68 0.64 0.77 0.73
B 0.83 0.78 0.88 0.75 0.85 0.71
C 0.82 0.80 0.81 0.86 0.77
D 0.80 0.74 0.81 0.74
E 0.82 0.83 0.66
F 0.87 0.84
G 0.84

With scale – 1st assesment

B C D E F G H

A 0.74 0.79 0.71 0.86 0.87 0.78 0.81
B 0.78 0.79 0.82 0.79 0.75 0.76
C 0.91 0.78 0.85 0.80 0.82
D 0.79 0.79 0.77 0.78
E 0.83 0.81 0.85
F 0.86 0.89
G 0.83

With scale – 2nd assesment

B C D E F G H

A 0.70 0.72 0.65 0.79 0.74 0.65 0.78
B 0.61 0.63 0.80 0.81 0.77 0.72
C 0.69 0.64 0.74 0.65 0.72
D 0.78 0.73 0.75 0.69
E 0.75 0.79 0.68
F 0.78 0.77
G 0.69

Table 3. Lin’s concordance correlation coefficients for eight evalu-
ators without or with the diagrammatic disease severity scale, used 
to estimate rust severity on fig leaves.

Lin´s statistic Without 
scale With scale 95% CIf

Lin’s concordance 
correlation coefficient a 0.71 0.80 0.6872*; 0.8123*

Scale shift factor b 1.16 0.76 0.8738*; 1.4020*
Location shift factor c 0.33 -0.28 -0.1705; 0.3112
Bias correction factor d 0.94 0.93 0.7948*; 0.9328*
Pearson’s correlation e 0.76 0.86 0.8603*; 0.8837*

a Lin’s concordance correlation coefficient.
b Scale shift factor relative to perfect agreement.
c Location shift factor relative to perfect agreement.
d Bias correction factor.
e Pearson’s correlation.
f Upper and lower limits of the 95% confidence intervals.
Bold* represents a significant difference (P ≤ 0.05) between the two 
evaluations, according to the t-tests.

Table 5. Intercept (β0), slope (β1) and coefficient of determination 
(R2) of the linear regression equations relating the first to second 
estimates of rust severity on fig leaves, for estimates performed by 
eight evaluators using the disease severity scale.

Evaluator
Coefficients

β0 β1 R²

A 10.55* 0.80 ns 0.62
B 8.67 ns 0.69 ns 0.64
C 2.63 ns 0.71 ns 0.51
D 0.56 ns 1.04 ns 0.73
E 2.82 ns 0.90 ns 0.80
F 1.47 ns 0.85 ns 0.79
G 2.61 ns 0.80 ns 0.74
H 6.22 ns 0.83 ns 0.75

* ns represent situations where the null hypothesis (β0 = 0 or β1 = 1) was, 
respectively, rejected and not rejected according to t-tests (P = 0.05).
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specific disease leaf area found in the field. Although the 
greatest unit interval of diseased leaves was between 0 
and 1%, this interval was not used in the scale due to the 
difficulty in visually locating a lesion of that size on a fig 
leaf. Lorenzetti (2008) proposed a diagrammatic scale to 
quantify the severity of the same rust disease. However, 
their scale was expressed in percentages, with no values 
less than 4% of disease severity, and with large intervals 
between the percentages, factors that increase the subjec-
tivity of the estimates of actual disease severity.

Based on the severity of fig rust found in natural 
infections, the scale had a maximum level of 89.3%, with 
chlorotic and necrotic areas. The absence of leaves with 
severities greater than 89% in the current study could be 
characteristic of the pathogen–host interaction of this 
disease. At greater disease intensities, leaf tissue necrosis 
was present that led to early leaf abscission.

Severity values greater than 50% were combined in 
the proposed scale because the human eye has difficulty 
distinguishing disease severity greater than this percent-
age (Campbell and Madden. 1990), and few leaves have 
been found in the unit intervals above this value due to 
defoliation caused by the disease (Pastore et al. 2016). 
The scale developed by Angeloti et al. (2011) for assess-
ment of grapevine rust found a maximum level of sever-
ity in leaves of 75% for a similar reason. Dolinski et al. 
(2017), when developing a scale to quantify severity of 
peach rust severity, defined a maximum level of 30%. 
Although these authors found leaves with greater sever-
ity levels, as the variation in the disease severity can be 
due to cultivar susceptibility differences, cultivation 
practices and climate variations.

For the construction of the fig rust scale, photo-
graphs were used instead of graphical representations, 
which is a common practice. Belan et al. (2014) noted 
that this method increases the precision and accuracy 

of disease assessments. Using the real images or photo-
graphs, rather than black and white or colour diagrams, 
draws evaluators to the reality, facilitating the disease 
assessments.

In most studies involving validation of diagram-
matic scales to determine disease severity in plant 
leaves, evaluators have exhibited tendency to overes-
timate the severity of particular diseases (Capucho et 
al., 2011; Belan et al., 2014; Freitas et al., 2015). In some 
cases, such as early blight in potato, leaf disease sever-
ity was underestimated (Michereff et al., 2000; Gomes et 
al., 2004). In the present study, it is not possible to make 
such an inference because there was no significant dif-
ference between the evaluations.

In the validation of other rust severity evaluation 
scales, increased accuracy and precision by evaluators 
has been observed with their use. Capucho et al. (2011), 
using a diagrammatic scale for coffee leaf rust, validated 
the results using Lin’s method, and the mean Pearson’s 
correlation coefficient increased from 0.77 to 0.87 when 
using the proposed scale. In a study of diagrammatic 
scale validation for sugarcane orange rust, Klosowski et 
al. (2013) determined the indices by simple linear regres-
sion and obtained satisfactory results, with 100% of the 
evaluators obtaining intercepts statistically equivalent to 
zero and slope values equal to 1, indicating the absence 
of systematic deviations.

Although it is the most commonly used method for 
validating scales, linear regression does not detect the 
values of intercept 0 (β0) and slope (β1), when the data 
are scattered (Bock et al., 2010), and this may lead to 
erroneous conclusions. Lin’s method provides a single 
index (“Lin’s concordance correlation coefficient”), and 
the accuracy and precision of severity estimates. This 
method has been used to analyse how disease severity 
data behave, and how they relate to actual estimates and 

Figure 2. Distributions of residuals (estimated severity – actual severity) of estimates of rust severity on fig leaves, with or without the use 
of the disease severity scale, in two assessments by eight evaluators.
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with evaluations of the repeatability of estimates (Nita et 
al., 2003; Bock et al., 2008).

The reproducibility of the disease severity estimates 
among the evaluators was analysed using paired linear 
regression (Nutter and Schultz, 1995), and greater stand-
ardization was observed in the estimations with the use 
of the described here. However, in some pairs the coef-
ficient of determination reached values between 61 and 
69% in the second assessment using the scale. It is pos-
sible that these results were due to inexperience among 
some evaluators with disease quantification.

More than 75% of the evaluator pairs presented R² 
values greater than 70% using the diagrammatic scale, 
similar to that found in the validation of scales for oth-
er pathosystems, such as rust (Capucho et al., 2011) and 
bacterial blight (Belan et al., 2014) of coffee leaves, with 
mean values, respectively, of 87% and 99%.

The range of the residuals in the assessments using 
the scale described here were -57.50 to 72.03 for the first 
evaluation, and -49.67 to 70.90 for the second. The high 
values are explained by the difficulty in evaluating the 
disease. Due to the characteristics of the lesions, which 
are individual and small, and scattered on fig leaf surfac-
es, this causes evaluators to underestimate or overesti-
mate the diseased leaf areas. This can influence the qual-
ity of disease estimation through psychological stimuli 
and responses, including the complexity of the sample 
units, size and shape of the lesions, colour and number 
of lesions, evaluator fatigue or difficulty to concentrate 
on the task (Sherwood et al., 1983; Kranz, 1988).

Disease severity evaluation results are considered 
satisfactory when the means of the absolute errors are 
between 10 and 15%. This was described by De Paula et 
al. (2016), proposing and validating diagrammatic scales 
to assess brown eye spot in red and yellow coffee cher-
ries, and also by Godoy et al. (2006) validating a scale for 
quantification of soybean rust. Belan et al. (2014) report-
ed mean absolute errors between -20.95 and 20.01 in two 
evaluations, with a scale for assessment of bacterial blight 
in coffee leaves, especially at high severity levels, which is 
contrary to the observations in the present study.

In conclusion, we have developed and validated a 
diagrammatic scale for assessment of rust severity on fig 
leaves. The disease severity scale outlined here provides 
good accuracy, precision, repeatability and reproducibil-
ity, for evaluation of this disease.
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