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Abstract: Brown leaf spot disease, caused by the fungus Ragnhildiana diffusa, is 
responsible for losses in pecan orchards and quantifi cation is essential in order to conduct 
epidemiological studies to establish levels of productivity losses, and assess control 
strategies. Therefore, the aim of this study was to develop and validate a diagrammatic 
scale for assessing the severity of brown leaf spot in pecan. 240 symptomatic leafl ets 
were collected from adult trees in Anta Gorda, in the Brazilian state of Rio Grande do Sul, 
and used to assess the current percentage severity of the disease. The scale was based 
on the minimum and maximum observed severity of the disease, with six graduations 
defi ned according to the Weber-Fechner Visual Stimulus Law. The scale therefore 
consisted of eight levels (1.5, 4.6, 10.6, 17.3, 39.5, 65.1, 77.5, and 98%). The estimates of eight 
evaluators provided a basis for validating the scale. They made estimates of disease 
severity on 40 symptomatic digitalized pecan leafl ets fi rst, without using the scale and 
then referring to it. The scale provided greater precision, accuracy, and reproducibility of 
estimates and should result in more reliable epidemiological studies.
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INTRODUCTION

Pecan cultivation [Carya illinoinensis (Wangenh.) 
K. Koch], family Juglandaceae (Xu et al. 2016), is 
one of the oldest and most important forest 
exotic systems in Southern Brazil, especially in 
the state of Rio Grande do Sul. In recent years, 
pecan cultivation has increased considerably 
(Poletto et al. 2015). High market demand 
combined with high prices mean that the pecan 
is a highly profi table investment (Poletto et al. 
2015).

One of the main diseases affecting pecan 
is brown leaf spot, caused by Ragnhildiana 
diffusa, reported in Brazilian plantations for the 
fi rst time in 2017 (Poletto et al. 2017, Videira et al. 
2017). This disease impairs the development of 

plants at the nursery stage and causes intense 
defoliation and delayed growth in seedlings. In 
addition, intense defoliation in adult orchards 
impairs yield and fruit quality (Chupp 1953, 
Johnson & Black 2012, Poletto et al. 2017, 2018).

Therefore, correctly quantifying disease 
sever i ty  is  essent ial  for  conduct ing 
epidemiological studies, estimating the loss 
in yield and assessing control strategies. The 
severity evaluation using subjective criteria may 
induce errors in estimates. Therefore, the use 
of precise criteria, as the diagrammatic scales, 
in diseases quantifi cation is important (Mazaro 
et al. 2006). The diagrammatic scales have the 
function of guiding the evaluators in the visual 
estimates for more precision and accuracy in 
the disease severity, since it allows obtaining 
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estimates within a smaller interval (Amorim 
1995, Spósito et al. 2004, Sussel et al. 2009).

MATERIALS AND METHODS

There are innumerous studies involving the 
use of  diagrammatic scales to evaluate the 
severity of diseases, such as teratosphaeria 
spot (Teratosphaeria nubilosa) in Eucalyptus 
globulus Labill (Passador et al. 2013), scab in 
pecan fruits (Carya illinoinensis) caused by 
Venturia effusa (Yadav et al. 2013), anthracnose 
in Annona squamosa L. caused by Colletotrichum 
gloeosporioides (Correia et al. 2011). However, 
despite the importance of brown leaf spot in 
pecan, no diagrammatic scales have been 
proposed to quantify this disease, imposing 
limitations on epidemiological studies and 
hampering the implementation of control 
measures. Therefore, the aim of this study was 
to develop and validate a diagrammatic scale 
for assessing the severity of brown leaf spot on 
C. illinoinensis leaflets.

To produce the diagrammatic scale, 240 
leaflets with symptoms of brown leaf spot, 
from 20-year-old trees were initially collected 
on commercial plantations at the municipality 
of Anta Gorda - Rio Grande do Sul (W 52° 02’ 
04’’, S 28° 53’ 41’’). Each leaflet was individually 
scanned on an HP Deskjet 2050 and the 
percentage of lesion area quantified to estimate 
the true severity of the disease using Compu Eye 
Leaf and Symptom Area software (Bakr 2005). 

The maximum and minimum lesioned leaf 
area values were treated as the limit values   of 
the diagrammatic scale. The six intermediate 
levels were defined according to the acuity of 
human vision according to Weber-Fechner’s 
Law of Visual Stimulation (Horsfall & Cowling 
1978). The diagrammatic scale consisted of eight 
severity levels: 1.5%, 4.6%, 10.6%, 17.3%, 39.5%, 
65.1%, 77.5% and 98% foliar lesion area (Figure 1). 

Once the severity levels of the scale were 
established, digitized images of leaflets with 
respective severity percentages were selected to 
represent each level on the diagrammatic scale. 
To validate the diagrammatic scale, 40 digitized 
images of symptomatic leaflets with varying 
percentages of area affected by brown leaf spot 
were selected and printed on photographic 
paper. Severity was estimated by eight evaluators 
(A to H) experienced in disease assessment. The 
evaluators first estimated severity without the 
aid of the diagrammatic scale and then used the 
scale to produce their assessments.

The accuracy and precision of the visual 
estimates of each assessor were evaluated through 
linear regression analysis. Regression coefficient 
(R2) and absolute error values (estimated severity 
minus real severity) were used to evaluate the 
precision of the estimates (Michereff et al. 2006a, 
Passador et al. 2013). The t-test was applied to the 
intercept (a) and angular coefficient (b) of each 
linear regression to test hypotheses H0: a = 0 
and H1: b = 1, at 5% probability of error, in order 
to determine the accuracy of each assessor’s 
estimates (Michereff et al. 2006a, b, Barguil et al. 
2008, Teramoto et al. 2011).

The reproducibility of severity estimates 
by the different evaluators using the same 
scale was obtained using the linear regression 
determination coefficient (R2) between the 
severities estimated by the different evaluators 
combined in pairs, according to Nutter Jr. 
& Schultz (1995). Regression analysis was 
performed using R (R Core Team 2014) and 
Microsoft Excel 2007® software.

RESULTS AND DISCUSSION

The maximum severity value for brown leaf spot 
on pecan leaflets was 98% and the minimum 1.5%, 
with an average of 29.8%. The highest frequency 
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of disease severity was found at low levels (0 to 
10%), totalizing 24% of analyzed leaflets. On this 
scale, levels above 39.5% presented areas of leaf 
tissue with coalesced lesions characteristic of 
this disease. Teramoto et al. (2011) also showed 
that in Cucumis sativus L., lesion coalescence at 
higher levels of severity makes visual estimation 
difficult, resulting in greater errors.

The diagrammatic scale improved the 
accuracy of the evaluators disease severity 
estimates (Table I). The values   of linear (a) and 
angular (b) coefficients were not significant, 

indicating that the estimates did not present 
constant deviations and/or systematic errors. 
The scale was efficient to guide the evaluators 
visual estimates, since the values   approximated 
the real ones (Figure 2a: A - H).

However, the disease severity estimates 
without using the diagrammatic scale were 
not accurate for the eight evaluators (Table I). 
The values   of intercept (a) were statistically 
different from zero (ideal value) ranging from 
-9.31 to 8.44. Most evaluators, except D and F, 
had values   above zero overestimating brown 

Figure 1. Proposed diagrammatic scale to evaluate the severity of brown leaf spot on leaflets of Carya illinoinensis. 
Percentage values of symptomatic leaf area. 

Table I. Linear (a), angular (b), and determination coefficients (R2) and absolute error (AE) in modulus obtained 
in regressions between true and estimated disease severity on leaflets of Carya illinoinensis showing brown leaf 
spot symptoms, with and without the use of the diagrammatic scale. 

Evaluator
with scale without scale

a b R2 AE a b R2 AE

A  0.44 ns 0.97 ns 0.96 4.1  6.63*  0.99 ns 0.92 8.2

B  1.02 ns 0.99 ns 0.98 3.4  8.44* 0.78* 0.95 6.7

C  1.44 ns 0.94 ns 0.98 2.9  7.21*  0.86 ns 0.95 5.3

D -1.86 ns 0.94 ns 0.95 5.5 -2.67*  0.85 ns 0.91 9.4

E  1.54 ns 0.99 ns 0.97 3.3  6.43*  0.84 ns 0.89 7.3

F -1.32 ns 0.98 ns 0.95 4.1 -9.31*  0.97 ns 0.93 10.3

G -2.67 ns 0.95 ns 0.96 5.0   5.52* 0.81* 0.96 6.5

H  0.44 ns 0.97 ns 0.97 3.3   6.57*  0.86 ns 0.95 5.5

Average -0.12 0.97 0.97 3.9 3.6 0.87 0.93 7.4
* - situations in which the null hypothesis (a = 0 or b = 1) was rejected in the t-test at a significance level of 5%. ns – no significant 
difference.
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Figure 2. a Estimated severity (unbroken lines) and true severity (dotted lines) for brown leaf spot on leaflets of Carya 
illinoinensis. A-H: evaluators using the scale. I-Q: evaluators not using scale; b Absolute error (estimated minus true 
severity) for brown leaf spot on leaflets of Carya illinoinensis. A-H: evaluators using the scale. I-Q: evaluators not 
using scale.
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leaf spot severity, indicating the presence of 
constant and positive deviations (Figure 2a: I 
-Q). The values   of coefficient (b), also without 
using the scale, were statistically different from 
1.0 for two evaluators (B and G), indicating that 
their estimates contained systematic errors 
(Table I). In other studies, aimed at validating 
diagrammatic scales for assessing disease 
severity, some evaluators overestimated 
cercosporiosis in pepper (Capsicum annuun 
L.) (Michereff et al. 2006a) and anthracnose 
in Etlingera elatior (Jack) Smith (Barguil et al. 
2008) when the disease severity scale was not 
used. The estimates precision increased for all 
evaluators with the use of the scale. Moreover, 
the scale provided a better adjustment of the 
estimates to the real severity shown by the 
increase of the determination coefficient mean 
value from 0.93 without the use to 0.97 with the 
use of the scale. 

Absolute error when the scale was not used 
ranged from -28.7 to 27.1, and was not evenly 
distributed, with a higher concentration towards 
the bottom of the zero line (no error) (Figure 
2b: I-Q). However, with the aid of the scale the 
range of absolute error narrowed (-15.1 to 15.4) 
and most of the errors were within 10% of the 
true severity. Moreover, the errors were more 
evenly distributed above and below the zero 
residue line (Figure 2a: A-H).  This magnitude 
of error (10%) is considered acceptable based 
on the criteria proposed in other diagrammatic 
scale assessment studies (Michereff et al. 2006a, 
Teramoto et al. 2011, Lucas et al. 2012). The scale 
therefore helped evaluators to avoid over- or 
underestimating disease severity.

Using the diagrammatic scale, the 
reproducibility of the estimates, calculated 
based on the coefficient of determination (R2) 
of combined linear regressions between pairs 
of evaluators, was satisfactory and coefficient 
values ranged from 0.86 to 0.98. On the other 

hand, when the evaluators did not use the 
scale, the determination coefficients of their 
estimates were lower, ranging from 0.72 to 
0.91. A diagrammatic scale that enhances 
reproducibility can be used by any disease 
severity evaluator to produce similar results and 
introduce a degree of standardization into the 
assessments (Spósito et al. 2004).

The results obtained in this study lead us 
to infer that the diagrammatic scale enhances 
the accuracy, precision and reproducibility of 
estimates of brown leaf spot severity in pecan 
leaflets. Therefore, the scale can be applied to 
epidemiological studies, reduce subjectivity and 
help standardize disease severity assessments, 
facilitating the comparison of results produced 
by different researchers.

The diagrammatic scale proposed for 
assessing the severity of brown leaf spot in 
Carya illinoinensis is easy to use and provides 
good accuracy, precision and reproducibility 
for the purpose of conducting epidemiological 
studies of the disease.
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