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Abstract

Alternaria on sweet granadilla is a foliar disease caused by a saprophytic fungus that poses a
significant threat as it reduces the photosynthetic area and consequently affects the quality of the
fruit. Nevertheless, there is no instrument available to facilitate the estimation of leaf severity in
the field. In view of this, the objective of this research was to design and validate a diagrammatic
scale that allows assessing the severity of Alternaria sp. on sweet granadilla (Passiflora ligularis
Juss.) leaves. A diagrammatic scale was developed based on an inspection of 124 leaves. The
proposal included seven levels of foliar severity (0%, 1%, 2%, 4%, 8%, 16% and 28%), established
according to the Weber-Fechner Law. For validation, ten evaluators recorded the severity on 60
leaves first without using the scale, and then seven days later, using it. The results projected an
average coefficient of determination (R? of 0.639 in the first evaluation and 0.88 when applying
the proposed scale. In addition, absolute errors decreased. In conclusion, this tool proved to be
accurate and reproducible for quantifying the severity of Alternaria sp. on sweet granadilla leaves.
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Introduction

Sweet granadilla is the fruit of Passiflora ligularis (Juss.), which is consumed nationally (Peru). In
fact, the cultivation of sweet granadilla is a key activity for the economic development of the districts
of Oxapampa, Huancabamba, and Chontabamba, in the department of Pasco, Peru (Romero et
al., 2020). However, its production can be severely limited due to the emergence of fungal pests
(Sampaio et al., 2002). The main ones associated with its cultivation are: Alternaria, Cladosporium,
Anthracnose, Botrytis and Fusarium (Acosta-Trinidad et al., 2021). Of these, the incidence of
Alternaria on the leaves stood out because it reduces photosynthetic area, which negatively affects
fruit development. Its symptoms begin with circular spots with a brown center, and as the disease
progresses, they sink and acquire a light brown hue (Chen et al., 2023).

Foliar lesions affect yield and leaf health (Garcia-Lozano et al.,, 2007). In addition, this
type of condition causes significant losses in fruit quality and foliar vigor (Tamayo et al.,
2000). Estimating the severity of Alternaria in sweet granadilla plantations is usually important
for planning management strategies but is imprecise due to the lack of tools to guide
evaluators during assessment.

In this context, a scale is a valuable, adequate, and reliable tool to visually estimate the severity of
a leaf fungus (Rojas-Chacén et al., 2024). Likewise, users can accurately approximate the actual
severity (Figueiredo et al., 2022). In short, a scale used to estimate foliar damage is accurate and
precise and presents reproducible results (Patricio-Hernandez et al., 2022). Nonetheless, no scales
have been published to estimate the severity of Alternaria on sweet granadilla leaves. Given the
identified problem, this research aimed to design and validate a diagrammatic scale that allows
evaluating the severity of Alternaria sp. on sweet granadilla (P. ligularis) leaves, thereby making
visual lesion estimation more accurate and optimizing phytosanitary monitoring processes.

Materials and methods

Study location

The morphological characterization of Alternaria was carried out at the Phytopathology
Laboratory of the Daniel Alcides Carrién National University, Oxapampa campus; likewise, at that
headquarters (Oxapampa, Pasco, Peru) in 2025, the Alternaria severity diagrammatic scale was
developed and evaluated.

Alternaria

The morphological characterization was conducted based on Colombian sweet granadilla leaves
with symptoms of Alternaria (leaves with irregularly shaped brown spots with yellowish halos); these
samples were incubated in a wet chamber for two days to induce the sporulation of the fungus;
then, the rapid mounting technique was used to observe conidia and conidiophores on slides
with a Helmut Hund GmbH binocular microscope, and microphotographs of both structures were
obtained,; finally, the images and characteristics observed were contrasted with those described by
Woudenberg et al. (2014) to confirm the presence of Alternaria.

Development of the Alternaria severity diagrammatic scale

One hundred twenty-four leaves of sweet granadilla (P. ligularis) with different degrees of spot by
Alternaria were collected (May 2025) from a plot and scanned to quantify the leaf area and the
affected area using the ImageJ software, which allowed us to estimate the percentage of severity
by leaf; based on the minimum and maximum values observed and applying the Weber-Fechner
Law of Visual Acuity, seven perceptible levels of severity were defined (Ruiz et al., 2021), for which
a representative diagrammatic scale was developed in Microsoft Publisher 2019.
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Diagrammatic scale validation

Ten evaluators (agronomy students of the 1X semester) estimated the severity of Alternaria in 60
images of sweet granadilla leaves (0.1% to 27.9% of affected area) randomly projected for 30 s in
PowerPoint 2019 (Lavilla et al., 2021), after an initial session without diagrammatic scale support
and after seven days (Belan et al., 2014, Freitas et al., 2015), the evaluation was repeated using
the printed scale, recording in both cases their estimates in a standardized format and comparing
the results with the actual values using linear regression (Acosta and Acosta, 2025) and Student’'s
t-test (p < 0.05) to validate the accuracy and benefit of the scale.

Statistical analysis

To statistically validate the diagrammatic scale of Alternaria severity on sweet granadilla leaves,
the evaluators’ visual estimates were compared with the actual values of affected area by linear
regression, considering the actual severity as an independent variable and the estimate as
dependent variable; accuracy was evaluated by testing whether the angular coefficient (B1) differed
significantly from 1 and the intercept (BO) from 0 using Student’s t-test (HO: B1= 1, BO= 0 vs H1:
Bl #1, BO # 0; a= 0.05) (Acosta and Acosta, 2025). For its part, precision was quantified by the
coefficient of determination (R?) of each regression and by the variance of absolute errors (estimate-
actual) (Belan et al., 2014; Freitas et al., 2015); all analyses were performed in Jamovi 2.6.23 to
determine the improvement in accuracy and precision provided by the diagrammatic scale.

Results and discussion

Alternaria

The results of the microscopic observations of the fungus revealed the presence of elongated,
unbranched conidiophores and septate conidia; consequently, the observed foliar symptomatology
was consistent with infections caused by the fungus of the genus Alternaria (Figure 1).

Figure 1. Alternaria on sweet granadilla leaves. Symptoms of the disease in P. ligularis (A) y Alternaria sp. (B),
structures observed under a microscope at 40X. Co= conidia; Cf= conidiophore.

The results are similar to those reported by Woudenberg et al. (2014), who also report that the
morphology of Alternaria conidia is a key morphological structure for identifying this genus. Similarly,
Hoyos and Castillo (2015) identified conidia with similar characteristics in sweet grenadilla leaves
with brown spots and they attributed them to the genus Alternaria.
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Diagrammatic scale to assess Alternaria on sweet granadilla leaves

The natural severity, evaluated on 124 adult leaves, ranged from 0% to 28.3%. Based on the Weber-
Fechner Law of Visual Acuity, seven levels of severity were defined: 0%, 1%, 2%, 4%, 8%, 16%
and 28% (Figure 2).

Figure 2. Diagrammatic scale to evaluate the severity of Alternaria sp. on sweet granadilla leaves. The severity levels
were 0%, 1%, 2%, 4%, 8%, 16%, and 28%.

The accuracy of the assessments changed markedly when comparing results without and with
the use of the designed scale. Without the scale, the R® values ranged from 0.4 to 0.844, with an
average of 0.639; nevertheless, with the scale, these values increased to 0.836 to 0.923, with a
mean of 0.88, reflecting clearly more accurate estimates (Table 1).
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Table 1. Linear regression coefficients of the estimated severity of Alternaria sp. on sweet granadilla leaves
evaluated by 10 evaluators without and with the proposed diagrammatic scale.
Evaluator Without the scale With the scale
BO B1 R? BO B1 R’

| 7.47%* 1.13* 0.4 0.909ns 0.963** 0.885

Il 6.19** 1.05** 0.576 1.585* 0.926** 0.852

1 1.89ns 1.7%* 0.844 0.51ns 0.992** 0.918
v 3.28ns 1.63** 0.545 1.36* 0.885** 0.838
\% 8.42%* 1.34** 0.784 1.059ns 0.918** 0.836
\Y -0.304ns 1.146** 0.709 1.77* 1.02%* 0.875
VI 5.61%* 0.756** 0.437 0.673ns 1.004** 0.887
WY1 0.834ns 0.899** 0.747 0.082ns 0.854** 0.891
IX 0.718ns 1.026** 0.69 0.421ns 0.916** 0.891

X 2.158** 0.581** 0.66 0.332ns 0.924** 0.923

A similar result was reported by Freitas et al. (2015), who mentioned that using a scale to evaluate
a disease yields more precise and accurate results than not using it. Salgado et al. (2009) showed
that using a scale allowed evaluators to significantly improve their accuracy, with coefficients of
determination ranging from 0.85 to 0.9.

In short, the scale steadily increases the precision of the estimates, which confirms its effectiveness
in standardizing and reinforcing visual reliability. In the linear regression analysis, the intercept of
50% of the evaluators (I, Il, V, VII and X) differed significantly from zero without the use of the scale;
in contrast, when using it, only 30% (ll, IV and VI) showed this difference; in all cases, they were
overestimates (Table 1).

Regarding the angular coefficient of the line, 100% of the evaluators presented values other
than 1, both without and with the diagrammatic scale; however, the proportion of evaluators who
overestimated their results decreased from 70% (I, Il, lll, IV, V, VI and IX) without the scale to
20% (VI and VII) when using it (Table 1). Fragoso-Benhumea et al. (2022) reported that, without
a scale, 5% differed significantly in intercept (0.254) and angular coefficient (0.94); with a scale,
100% overestimated the intercept (mean 0.112) and underestimated the coefficient (mean 0.96).

In addition, Lopez-Reyes et al. (2024) found that, when not using a scale, 25% of the evaluators
presented an intercept significantly different from zero (mean of 0.855), and when using it, 100%
showed overestimations (mean of 0.354); similarly, without a scale, 25% differed in the angular
coefficient (mean of 0.924), whereas with a scale, 100% showed underestimates (mean < 0.0001).
In this same context, Klosowski et al. (2013) recorded significantly nonzero intercept values (p-
value < 0.05) in 50% of evaluators when no scale was used and in 38% when a scale was used.

Likewise, Perina et al. (2019) reported that, by using linear regression analysis, a diagrammatic
scale yielded estimates with greater accuracy, precision, repeatability and reproducibility. The
results suggest that the scale standardizes responses, thereby reducing variability and attenuating
the bias of estimation errors. Pairwise comparisons of the evaluators’ estimates, without a
diagrammatic scale, resulted in R? values ranging from 0.178 to 0.777, with an average of 0.511
(Table 2). Using the proposed diagrammatic scale, the range of R” increased to 0.739-0.932, with
a mean of 0.858 (Table 2).

elocation-id: e4000 5



https://doi.org/10.29312/remexca.v17i3.4000

- TR

DOI: https://doi.org/10.29312/remexca.v17i3.4000

Table 2. Coefficient of determination (R?) of the linear regression equation related to the estimates of Alternaria sp.
on sweet granadilla leaves among evaluators in pairs, without and with a diagrammatic scale.
Evaluators I Il n Y v Vi Vil I IX
Without the scale
Il 0.391
1 0.404 0.602
Y 0.341 0.63 0.658
v 0.426 0.586 0.707 0.439
VI 0.338 0.495 0.688 0.549 0.604
VI 0.178 0.487 0.44 0.477 0.374 0.317
VIl 0.337 0.385 0.685 0.391 0.622 0.653 0.267
IX 0.276 0.59 0.777 0.616 0.61 0.555 0.472 0.589
X 0.234 0.617 0.728 0.639 0.473 0.608 0.563 0.496 0.68
With the scale
Il 0.923
1 0.91 0.905
Y 0.858 0.767 0.813
v 0.857 0.871 0.854 0.739
VI 0.884 0.854 0.888 0.837 0.792
VI 0.888 0.866 0.891 0.835 0.803 0.875
VIl 0.888 0.866 0.872 0.831 0.849 0.803 0.865
IX 0.885 0.862 0.864 0.797 0.828 0.852 0.89 0.892
X 0.897 0.845 0.899 0.879 0.78 0.879 0.932 0.88 0.873

For the latter, 88.88% of cross-correlations between evaluators exceeded an R® of 0.8,
which confirms the high reproducibility of the estimates when using the seven-level severity
diagrammatic scale. These results are consistent with those reported by Braga et al. (2020),
who assessed inter-evaluator reliability using pairwise correlations: without a scale, the
coefficients of determination were 0.43 and 0.97; with a scale, they increased to 0.84 and
0.99, reflecting a notably stronger relationship.

Likewise, Ortega-Acosta et al. (2016) reported that, without a scale, the values of the coefficient
of determination (R varied between 0.39 and 0.86, with an average of 0.69; when using a
scale, the values increased to a range of 0.81 to 0.95, with a mean of 0.87, and in 100% of the
combinations between evaluators, R values greater than 0.8 were obtained. In summary, the use
of a diagrammatic scale significantly improves reliability among evaluators, raising R? values above
0.7 in most comparisons, as confirmed by both the results obtained and the previous findings.

In addition, the accuracy of the proposed diagrammatic scale was assessed by calculating absolute
errors (the difference between the visual estimate of damage and the actual damage); as a result,
the random distribution of residual errors around the prediction line reflects an improved fit of the
model (Figure 3). When not using the scale, residuals ranged from -16.7% to 52.8%; when using
it, this range was reduced to -13.9% and 16% in the average estimate (Figure 3).
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Figure 3. Residual distribution (actual severity versus absolute error) of the estimates of Alternaria
sp. on sweet granadilla leaves. A) estimation without a diagrammatic scale; and B) estimation with the
proposed diagrammatic scale.

Similarly, Dolinski et al. (2017) reported that using a scale reduces absolute error in most estimates
within £10% compared to errors of +54% and -16% without a scale. A similar result was reported
by de Farias et al. (2025). Vieira et al. (2014) demonstrated that employing a diagrammatic scale
improves model fit by promoting a random distribution of residual errors around the prediction line.

In summary, the use of a diagrammatic scale improves the fit of the model and significantly reduces
absolute errors in visual estimates of leaf damage (substantially narrowing its range of variation).

Conclusions

The seven-level diagrammatic scale designed to estimate the severity of Alternaria sp. on sweet
granadilla leaves was shown to significantly increase the accuracy and reproducibility of the
assessments. Its application increases R’ values, reduces both the inter-evaluator variability and the
magnitude of residual errors, and decreases overestimation tendencies. These results confirm that
the methodology offers accurate and consistent estimates among different evaluators. Therefore,
the proposed scale is an effective and reliable tool for efficiently monitoring this disease.
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