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ABSTRACT

Disease severity evaluation is an important decision support for adoption of strategies and tactics for disease control. The most
commonly used method to assess disease severity is visual, but the problem is repeatability, due to subjectivity and imprecision of
estimates. For Puccinia sorghi, a threshold of action of 1% severity was determined, so high precision is required in disease quantification.
The aim of this study was to compare different assessment methods and analyze their association. Two diagrammatic scales were used
to estimate severity, the Peterson and Amorim scales. Pustules were counted with the naked eye and with a 20x magnification hand lens.
Software for disease quantification, Assess 2.0, was used to determine actual percentage area and lesion count. No significant differences
were found between naked-eyed count and with magnifier. Lesion count with Assess 2.0 gave an imprecise result. Significant differences
were found between diagrammatic scales. Compared with Assess 2.0, severity using Peterson was 2% higher, showing widely scattered
differences (R?=0.48). Overestimation with visual scales was suggested, especially at low severity levels. Counting pustules was more
objective, precise and reproducible. Thus, a calibration curve was constructed (R?>=0.79), which will allow calculation of severity from
counting pustules.
Key words: Zea mays, disease assessment methods, phytopathometry.

Common rust, caused by Puccinia sorghi, occurs in
all areas of the world where maize is grown. In Argentina
it is an important and endemic disease in the central region
(Carmona et al., 2009). Evaluation of disease severity is an
important decision support for adoption of strategies and
tactics for disease control. The most commonly used method
worldwide to assess disease severity is visual (Pataky &
Eastburn, 1993), generally assisted by diagrams such as the
scale of Peterson etal. (1948). Diagrammatic scales are based
on logarithmic grades, a concept developed by Horsfall &
Barrat (1945) based on Weber-Fechner’s law, which says
that visual acuity is proportional to the logarithm of the
intensity of the stimulus. The problem of visual methods
is repeatability, due to the subjectivity and imprecision of
measures. Although numerous disease assessment keys,
scales, computer training programs and rating systems have
been developed to improve visual estimates, the accuracy
and precision of these methodologies have rarely been
evaluated and compared (Nutter & Esker, 2006). Counting
pustules would be more objective, but there are no studies
that show a correlation between number of pustules and
severity percentage in common maize rust that would allow
both methods to be associated. There is only a study that
showed correlation between foliar incidence and severity
(Pataky & Headrick, 1988). The objective of the present
research was to compare different disease assessment
methods in order to study their association.
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Leaf samples of 60 plants of two commercial hybrids
of Monsanto (DK670 and DK747) were collected at the end
of March 2009, from a trial at the Faculty of Agronomy
(UBA), which were at physiological maturity and naturally
infected with P. sorghi. Three leaves were extracted per plant,
the ear-1 leaf and the leaves immediately above and below
it. Each leaf was cut in three and severity assessed for each
third, using the scales of Peterson et al. (1948) and Amorim
et al. (1987). Average per leaf was calculated. On the same
samples, pustules were counted with the naked eye and with
a 20x magnification hand lens, obtaining total pustules per
leaf. Samples were scanned with a 75 dpi resolution and
images analyzed with Assess 2.0, determining leaf lesion
area percentage and lesion count. Methods were compared
by pairs using regression analysis, complemented with
Bland-Altman methodology (1986).

No significant differences were found between
counting with the naked eye and with a magnifying glass.
A linear relationship was obtained with R?=0.99, slope
coefficient » was 1.065 (P<0.0001) and the intercept a 1.26
(P=0.4783). Objectivity of the methods explains this result,
as it reduces variability to counting errors, which were few
even if the number of pustules was high.

Lesion count with Assess 2.0 was imprecise. A
potential relationship between Assess 2.0 and naked-eyed
count was obtained, with low correlation (R?>=0.49) and
increasing differences as number of pustules rose. Except
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with low pustule number (0-50), the software usually
underestimated lesion count. In common rust, pustules are
heterogeneously distributed and usually concentrated in
groups. The software counted groups of pustules as one
lesion and often did not recognize them when they were
isolated and small. Image analysis is based on color selection
according to defined thresholds. Assess 2.0 frequently
selected areas not corresponding to lesions, as shadows,
ligula or parts of the midrib. Threshold levels were modified
case by case to reduce these effects, but a subjectivity factor
was introduced in this way. Image analysis with Assess has
been successfully used in other diseases and other crops.
Bock et al (2008) found that Assess was more precise than
visual raters in citrus canker on grapefruit leaves. Angelotti
et al. (2008) also used Assess to evaluate grapevine rust
severity.

Severity assessed with both diagrammatic scales
showed a linear relationship, with R*=0.87 (Figure 1). Less
subjectivity in measures could explain the high coefficient of
determination (R?). Godoy et al. (2006) found that precision
was higher in soybean rust if severity was assessed with
the aid of diagrammatic scales. Estimations with Peterson’s
scale were higher than with Amorim’s (P<0.0001). Average
difference between both methods was 0.72%. Differences
could be related to the nature of the scales. Peterson’s
diagram was created to assess rust severity in wheat and
barley, while Amorim’s is used to evaluate rust in sugarcane.
Shape and relative size of pustules are different and could
have led to higher estimations with Peterson’s diagram.
Although Peterson’s scale is of common use worldwide to
assess P, sorghi in maize (Pataky & Headrick, 1988; Dillard
& Seem, 1990; Pataky & Eastburn, 1993) while Amorim’s
is not, comparing both methods proved that not only
subjectivity influences estimation but also the scale used as
reference. The homogeneous distribution of lesions on the
diagrams added difficulty to the assessment, as P. sorghi has
a very heterogeneous distribution on leaves. Considering a
threshold of action of around 1% severity (Carmona et al.,
2009), high precision and accuracy is required in disease
quantification, which is difficult to reach using diagrams.

Measuring with Assess 2.0 aimed to determine
actual severity to be used as reference method. A potential
curve fitted best between severity assessed with Peterson’s
diagram and with Assess 2.0 (y=0.4406x°%""), Estimates
with Peterson’s scale were on average 2% higher than with
Assess 2.0 (P<0.0001) showing widely scattered differences
(R=0.48) and increasing discrepancy as severity rose.
Differences of this magnitude are very high and could
lead to wrong conclusions. But the software was imprecise
in selecting damaged area, so real severity could not be
determined. Although resolution of images was low, Nutter
et al. (1993) already stated that image analysis to determine
true levels of disease may not always be as objective as was
once thought.

Indeed, overestimation using visual scales is
also possible. Forbes and Jeger (1987) found that worst

Tropical Plant Pathology 36 (4) July - August 2011

overestimation errors with visual scales occurred when
severity was under 25%. Parker et al. (1995) compared
estimated and actual severity in Blumeria graminis and
Septoria tritici in wheat and concluded that estimations were
imprecise and overestimations occurred mainly under 10%
severity. As most of the estimations in this trial were under
10%, overestimation with diagrams is probable. On the other
hand, several authors have concluded that percentage arca
estimations do not obey Weber-Fechner’s law, as supposed
by Horsfall and Barrat (Philip 1947; Stevens & Galanter
1957; Baird & Noma 1978; Hebert, 1982). Baird & Noma
(1978) proposed four different stimulus-response curves:
linear, logarithmic (Weber-Fechner’s law, with frequent
deviations on extreme portions of the curve), exponential
and potential (also called Steven’s law and verified in many
experiments, including visual area estimations). In this
study, severity seemed to be a power function of number of
pustules, confirming Steven’s law (Figure 2).
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FIGURE 1 - Linear relationship between severity percentage of
Puccinia sorghi per leaf estimated visually in maize with the aid
of two diagrammatic scales, Peterson et al. (1948) and Amorim et
al. (1987).
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FIGURE 2 - Power function associating number of pustules of
Puccinia sorghi per leaf counted with the naked eye and severity
percentage assessed with Peterson’s diagram in maize.
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Regression between severity percentage estimated
with Peterson’s scale and number of pustules counted with
the naked eye showed a potential relationship with R?>=0.79
(Figure 2). Causes of variability include subjectivity of the
rater, difficulties mentioned when using diagrams, different
sizes of leaves and pustules and type of hybrid.

Concluding, pustule count is a more objective,
precise and reproducible method than visual estimations.
A calibration curve was determined between number of
pustules and severity, with significant adjustment. For
people not trained in disease quantification it will be easier
and more accurate to count pustules and calculate severity
using the model. A threshold of action of around 1%
severity corresponds, according to the model, to 45 pustules
on average per leaf. This magnitude can be easily counted.
However, leaves with 100 pustules can show 1 — 6% disease
severity (Figure 2). Considering a threshold of 1%, it was
proved that it is difficult to have that precision in a visual
estimation. It would be more accurate to find the threshold
of action in number of pustules instead of severity in the
future.
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