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ABSTRACT: Gray mould, caused by the fungus Botrytis cinerea Pers., is a disease that largely affects the crops of Rubus glaucus Benth.
(Castilla blackberry) in Colombia. In spite of the economic losses that it causes in the production of Castilla blackberry at national
level, a standardized method to quantify the disease severity caused by this fungus in the fruits has not yet been reported. In the present
work, a diagrammatic scale was prepared to assess gray mould severity in thornless fruits of R. glaucus. The proposed scale showed the
levels of 5, 10, 20, 40, 60, 80, and 100%. Photographic images were obtained for each of these levels, which were processed using the ImageJ
software. The scale was validated by 13 evaluators who assessed affected fruits with and without the scale. The precision and accuracy of
each evaluator was determined by simple linear regression between actual and estimated severity. The evaluators showed better precision,
accuracy, and reproducibility in the assessments performed with the scale. The proposed scale is appropriate to estimate the severity of gray
mould in R. glaucus fruits.

Key words: Botrytis cinerea Pers., measuring disease, pathometry, Rubus glaucus Benth.

Escala diagramatica para medir a severidade do mofo cinzento em amora
de Castilla (Rubus glaucus Benth) sem espinhos

RESUMO: O mofo cinzento, causado pelo fungo Botrytis cinerea Pers., é uma doenga que afeta amplamente as culturas de Rubus glaucus
Benth. (Amora preta) na Colémbia. Apesar das perdas econémicas causadas na produgdo de amora preta em nivel nacional, ainda
ndo foi relatado um método padronizado para quantificar a severidade da doenc¢a causada por esse fungo nos frutos. No presente
trabalho, uma escala diagramdtica foi preparada para avaliar a severidade do mofo cinza em frutos sem espinho de R. glaucus. A escala
proposta apresentou os niveis de 5, 10, 20, 40, 60, 80 e 100%. Imagens fotogradficas foram obtidas para cada um desses niveis, processadas
com o software ImageJ. A escala foi validada por 13 avaliadores que analisaram os frutos afetados com e sem a escala. A precisdo
e exatiddo de cada avaliador foram determinadas por regressdo linear simples entre a severidade real e a estimada. Os avaliadores
mostraram melhor precisdo, exatiddo e reprodutibilidade nas avalia¢ées realizadas com a escala. A escala proposta é apropriada para estimar
a severidade do mofo cinza em frutos de R. glaucus.

Palavras-chave: Botrytis cinerea Pers., medi¢do de doenga, patometria, Rubus glaucus Benth.

INTRODUCTION

Rubus glaucus Benth. (Andean or
Castilla blackberry) is a plant of wild origin that
grows in cold and moderate climates in countries
of the Andean region. The fruits are consumed
fresh or processed being desired because of their
appearance, taste and aroma, as well as to their
bioactive compounds and nutritional attributes
(HORVITZ et al., 2017). Castilla blackberry is
considered the most important crop in different
areas of Colombia (CARVALHO & BETANCUR,

2015), in 2017 the national production was of
130,672 tons from a total cultivated area of 16,581 ha
(ASOHOFRUCOL, 2019).

It is a fruit of great economic and social
impact, suitable for the national market and exports
in the international market. However, one of the
great limitations is phytosanitary problems, being
affected by several diseases, amongst them gray
mould, caused by Botrytis cinerea (BARRERO,
2009; HERNANDEZ et al, 2018; ACOSTA-
RUALES et al., 2020). It is a frequent disease
in wet and rainy periods, has affected the crops
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of several regions and has been considered one of
the most limiting diseases in Castilla blackberry
crops (JUNQUEIRA-GONCALVES et al., 2016;
VILLARES et al., 2016).

Botrytis cinerea can growth in areas
ranging from tropical to cold climates, affecting
R. glaucus crops in countries such as Ecuador,
Mexico, and Chile, among others (JUNQUEIRA-
GONCALVES et al., 2016; VILLARES et al., 2016).
This fungus infects from the first reproductive stages
of the plant or after harvest. In some cases, it remains
latent, until the fruit is mature, at which stage the
disease develops aggressively, causing the complete
loss of the fruit in a short period of time (BARRERO,
2009). This infection causes the necrosis of the
reeds, momifies immature fruits, and mature fruits
rot and decompose (TAMAYO, 2001; VILLARES
etal., 2016).

Knowing and quantifying diseases in fruits
is very useful for their evaluation and/or control
(NICOLI et al., 2015). Visual methods have been
widely used for such quantification, due to their
simplicity and low cost, in addition to reproducible,
precise, and exact results (TOVAR et al., 2002). An
example are diagrammatic scales, which can reduce
the subjectivity of severity estimates, improving the
accuracy and precision of evaluations (BUFFARA
et al., 2014; DEL PONTE et al., 2017), being a
practical and easy-to-use tool (TOVAR et al., 2002).
These scales include a photographic representation
for each measurement category, and the disease
is quantify as percentage (NICOLI et al., 2015;
ORTEGA et al., 2016).

Currently, there is not a standardized
method to assess the severity of B. cinerea in fruits
of R. glaucus despite the importance of this disease.
Therefore, the goal of the present study was to prepare
and validate a diagrammatic scale for assessing the
severity of B. cinerea in R. glaucus.

MATERIALS AND METHODS

Vegetal material

Fruits of the thornless variety of R. glaucus
were collected on La Magdalena Farm, located in
Vereda La Maria (5°17°44” N - 75°52°57” W,
altitude of 1637 m asl), Municipality of Mistrato,
Colombia. Symptomatic fruits that exhibited signs
of infection caused by B. cinerea as well as healthy
fruits with degree 4 of maturity according to the
Colombian technical standard NTC 4106 (ICONTEC,
1997) were selected. The fruits were transported and
then refrigerated in the laboratory at 4 °C.

Inoculation of fruits

Selected fruits were washed with a 2%
sodium hypochlorite solution for 30 s. Subsequently,
two more washes were performed with sterile
distilled water for one minute. The disinfected fruits
were arranged into six moist chambers, with 24
fruits in each. Three of the chambers were preserved
with non-inoculated fruits as control, and the fruits
of the remaining chambers were inoculated by
puncture as described by GIRBAU et al. (2004)
with a culture of B. cinerea previously isolated
from the symptomatic fruits. Moist chambers were
maintained at a temperature of 23 = 2 °C, with a
relative humidity > 90%.

Development of diagrammatic scale

Daily follow-up of the disease was
performed by taking photographs of the fruits, with
a Nikon D610 digital camera. The ImagelJ software
was used to measure the total area of each fruit,
as well as the area affected by the fungus. From
these results, the percentage of actual severity of
the disease was obtained. They were defined eight
classes for the diagrammatic scale, then photographs
that match each severity level were chosen and the
graph was prepared.

Validation of the scale

The validation was performed based on
photographs of blackberries affected by the fungus
B. cinerea in different severity levels, assessed by 13
evaluators whom conducted two evaluations, and 4 of
them a third one. The first evaluation was made without
the help or prior knowledge of the scale, the second
evaluation using the scale, and after 8 days the third also
using the scale. With the data obtained the accuracy and
precision of the assessments was determined through
simple linear regression, considering actual severity
as an independent variable and estimated severity as a
dependent variable. The accuracy of the estimates was
evaluated using the #-test applied to the intercept
of the linear regression to determine whether it was
significantly different from zero, and to the slope to
determine whether it was significantly different from 1
(BUFFARA et al., 2014), with 5% significance level.
The precision was estimated through the coefficient
of determination (R?) of the regression line and by the
variance of the absolute errors, and reproducibility
was determined using the coefficient of determination
(R?») of the linear regression among the severities
estimated by the evaluators, combined in pairs
(NUTTER JR. & SCHULTZ, 1995). The Infostat
software was used for the statistical analysis.
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RESULTS

A diagrammatic scale having eight
severity levels were proposed, which included the
following percentages: 0; 5; 10; 20; 40; 60; 80; and
100% (Figure 1).

The accuracy (proximity of estimate
severity to the actual severity) and precision (variation
of the estimates) of the assessments of each evaluator
were determined. In order to achieve the above, linear
regressions between estimate and actual severity were
made, for the data obtained without the scale and with
the scale. The values of the slope (b) of all evaluators
were not significantly different from 1, both for the
evaluations made without the scale and for those
performed using the scale (Table 1). However, the
values of the intercept (a) were significantly different

from 0 in three evaluators (23%) when the scale was
not used, and in one evaluator (7.7%) when the scale
was used (Table 1); the assessments of the evaluators
4, 7 and 12 improved with the use of the scale.
Regarding precision, without the use of the scale,
R?values ranged from 0.88 to 0.98 with an average
of 0.95, and when the evaluators use the scale, the
variation of R? was between 0.95 and 0.99, with an
average of 0.98. This results indicate that, in general,
the accuracy and precision were high with or without
the use of the scale, but there was a clear improvement
when the scale was used.

The variance of absolute errors, with and
without aid of the scales, is shown in figure 2. The
highest absolute errors were obtained without the use
of the scale, with values in a range of -30 to 30, while
in the evaluation with the scale values were between

Figure 1 - Diagrammatic scale for measuring the severity of Botrytis cinerea
Pers. in fruits of Rubus glaucus Benth.
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Table 1 - Intercept (a), slope (b), and coefficient of determination (R?) obtained by linear regression between actual severity and
estimated severity without and with the diagrammatic scale.

........................ Without the scale

With the scalg-------------=-=-m-mem-

Evaluator a b

1 1.50 0.96
2 -8.46 1.04
3 -0.13 1.06
4 -15.19 1.15
5 -5.23 1.09
6 -7.99 1.02
7 -12.43" 1.11
8 5.47 091
9 -8.94 1.04
10 -4.09 1.03
11 0.84 0.97
12 -14.05 1.11
13 -6.28 1.06
media -5.77 1.04

RZ
0.97
0.92
0.88
0.96
0.98
0.96
0.96
0.93
0.95
0.97
0.96
0.96
0.98
0.95

a b R2
1.99 0.98 0.98
-0.89 1.02 0.98
0.65 1.03 0.98
1.52 1.00 0.97
-5.03 1.06 0.97

-12.83" 1.10 0.95
1.76 0.97 0.98
-0.52 0.98 0.99
-1.14 1.05 0.99
0.08 0.99 0.99
3.89 0.96 0.95
4.12 1.08 0.98
-1.14 1.05 0.99
-1.21 1.02 0.98

“Situations in which the null hypotheses (intercept = 0; slope = 1) were rejected by the #-test with 5% significance level.

-20 and 20. Reproducibility was determined with the
R? value of the linear regression between evaluators
combined in pairs, for the assessments made using
the scale (Table 2). The R? values were between 0.89
and 1.00, with an average of 0.96, showing that the
scale was reproducible.

DISCUSSION

Diagrammatic scales of severity can be
logarithmic (ORTEGA et al., 2016), approximately
linear (NICOLI et al.,, 2015) or totally arbitrary
(HOCK et al., 1992). There is no consensus as to the
superiority between a measurement system based on
non-logarithmic intervals (linear or arbitrary) and one
based on logarithmic intervals (TOVAR et al., 2002;
GONZALEZ et al., 2019). For this scale the levels
were selected in logarithmic intervals, but considering
the development of the disease, two more levels were
added between the intervals (60 and 100%) (BELAN
et al., 2014; DEL PONTE et al., 2017).

With the use of the proposed scale
better accuracy and precision were observed; this
improvement has been shown in other studies
(BUFFARA et al., 2014; NICOLI et al., 2015;
ORTEGA et al., 2016; GONZALEZ et al., 2019).
Regarding the #-test for the values of the intercept (a),
the null hypothesis was rejected in more cases when

the scale was not used, with the scale accepted values
increased in a 20%. R*values improved when the scale
was used, the R*average showed an increase of 3.16%
compared with the value obtained without the scale,
in both cases the evaluation of severity showed good
precision, the values of R? were >0.85, considered
high for this type of estimate (LIMA et al., 2013;
TROJAN et al., 2018; LORENZETTI et al., 2019).

A tendency to underestimate the actual
severity of the disease was observed in the evaluations
without the scale, 55.38% of the estimates were
underrated and 21.54% were overrated. When the
scale was used underestimated values decreased
to 15.38% and overestimated remained the same,
SANTOS et al. (2017), LORENZETTI et al. (2019)
and PEREIRA DE MELO et al. (2020) obtained
similar results.

Precision was corroborated with the
variance of absolute errors. According to ORTEGA
et al. (2016) values of absolute errors below 5% are
considered excellent, while up to 10% are acceptable.
In this study, without the scale 82.31% of the data
were in the range of -10 to 10 and 58.46% were
between -5 and 5, when the scale was used these
values increase to 94.62% and 76.92%, respectively.
Without scale ten evaluators presented absolute errors
outside the range of -10 to 10, seven of them (53.85%
of the total evaluators) with errors between 20 and
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Figure 2 - Absolute errors (actual severity — estimated severity) for assessments
of Botrytis cinerea severity in fruits of Rubus glaucus Benth. A:
without scale; B: with scale. Each symbol represents an evaluator.

30%. With the scale five evaluators were outside the
range of -10 to 10, two of them (15.38% of the total
evaluators) with errors between 15 and 20%, similar
results were found in previous studies (SANTOS et
al., 2017, TROJAN et al., 2018; LORENZETTI et al.,
2019). Therefore, eight evaluators can be considered
good in the assessment of the disease when using
the scale (LIMA et al., 2013; NUNEZ et al., 2017).
These results showed a decrease of absolute errors,
indicating high precision.

Four of the evaluators repeated the
assessments with scale. The variation of the R? was
between 0.97 and 1, 0.99 average, and none of the
values were rejected by the #-test. More precise and

accurate estimates were obtained in this evaluation,
which may have resulted from prior knowledge
and use of the scale (TOVAR et al., 2002; NUNEZ
et al., 2017). It can be concluded that the method
had good repeatability. Regarding reproducibility,
values of correlation were close to one, with 0.96
average, indicating that the estimates obtained with
the scale were reproducible, similar to that reported
by BELAN et al. (2014), ORTEGA et al. (2016) and
GONZALEZ et al. (2019). This result can also be
used as a method to confirm precision (NUTTER JR.
& SCHULTZ, 1995; BUFFARA et al., 2014).

The proposed diagrammatic scale for
measuring severity of Botrytis cinerea in Rubus

Ciéncia Rural, v.50, n.11, 2020.
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Table 2 - Correlation between the coefficients of determination (R?) in the linear regressions for the estimates obtained with the scale and

the evaluators combined in pairs.

Evaluator 2 3 4 5 6

1 0.96 0.97 0.95 0.98 0.93
2 0.98 1.00 0.97 0.97
3 0.98 0.98 0.93
4 0.96 0.97
5 0.95
6

7

8

9

10

11

12

glaucus Benth is quick and easy to use. It provides
good levels of precision and accuracy, as well as good
repeatability and reproducibility values.
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