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Abstract

Argentina is the second largest peanut (Arachis hypogaea L.) exporter in the world. The 
main peanut pest in our country is the two-spotted spider mite (Tetranychus urticae Koch 
1836). To date, there is no validated method to quantify this pest. The aim of this work was to 
develop and validate a logarithmic diagrammatic scale to assess damage by the two-spotted 
spider mite in peanut. In 2015-16, 200 leaflets were collected from a plot infested with the 
pest. Damaged leaf area (DLA) was calculated using SisCob software. Six-, seven-, eight- and 
nine-class scales were proposed. Mean values for each class and scale were obtained with 
2-LOG. Leaflets were analyzed by 13 raters who used the four proposed scales. Precision 
and accuracy were determined by simple linear regression between the DLA and estimated 
damaged leaf area. Reproducibility was determined by linear regression between estimates 
of raters combined in pairs. The seven-class scale was the best validated one for all the 
parameters. Most raters showed constant deviations and overestimated DLA, whereas only 
one rater presented systematic deviations. This seven-class scale is the first developed and 
validated one to evaluate two-spotted spider mite damage to peanut in Argentina.
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Resumen

Argentina es el segundo exportador mundial de maní (Arachis hypogaea L.). La principal 
plaga del cultivo en nuestro país es la arañuela roja (Tetranychus urticae Koch 1836) no exis-
tiendo un método validado para su cuantificación, planteándose como objetivo desarrollar 
y validar una escala logarítmica diagramática de daño para T. urticae en maní.  En 2015/16, 
en un lote con presencia de la plaga, se colectaron 200 folíolos, a los que se les calculó el área 
foliar dañada (AFD) a través del software SisCob. Se plantearon escalas de seis, siete, ocho 
y nueve clases obteniendo el valor medio de cada clase con el programa 2-LOG. Los folíolos 
fueron analizados por 13 evaluadores con el uso de las cuatro escalas. La validación por 
precisión y exactitud se realizó por regresión lineal entre el AFD y la estimada, y la repro-
ducibilidad por regresión lineal entre las estimaciones de los evaluadores combinados de a 
pares. La escala de siete clases fue la mejor validada por todos los parámetros. La mayoría de 
los evaluadores presentaron desvíos constantes; mientras que solo un evaluador presentó 
desvíos sistemáticos. Esta escala de siete clases es la primera desarrollada y validada para 
evaluar el daño por arañuela roja en maní en Argentina.

Palabras clave
escala diagramática • Tetranychus urticae • maní

Introduction

World production of peanut (Arachis hypogaea L.) is expanding, with more than 40 
million t of in-shell peanut and 6 million tons of oil having been produced in the last decade. 
Argentina is one of the main peanut exporter countries worldwide; more than 90% of the 
area of Córdoba province is cultivated with peanut, and almost all the processing industry 
is concentrated in that province (1). 

In Argentina, peanut crop is affected by a low number of arthropod pests; however, 
under certain climatic conditions, especially in years of low precipitations, the two-spotted 
spider mite Tetranychus urticae Koch 1836 becomes an important concern in several peanut 
plots (6). Under prolonged dry and hot weather, this pest exhibits fast development and 
overlapping generations, reaching important infestation levels over a short period (23).

The two-spotted spider mite causes damage directly and indirectly to peanut: by 
ingesting leaf cell contents with needle-like mouthparts, producing white or yellow specks 
called stipples, and through the weaving of webs, which contribute to the reduction of the 
crop photosynthetic process, respectively (6, 35).

In decision-making in pest control, it is necessary to generate an economic injury level (EIL). 
Although some EIL has been calculated based on the number of individuals per leaf or leaflet 
(32), it is important to have an objective tool for the quantification of the damage caused by it. 
One of the best ways to evaluate injury by a pest or disease affecting the leaf area is using a scale 
that represents the damage that has being caused by that pest or disease (29, 33).

Diagrammatic scales are useful for monitoring pests and diseases, supporting decision 
making about chemical control, assessing cultivar behavior, developing disease progress 
curves, and evaluating management practices (3, 4, 8, 38).

In Argentina, scales have been developed to quantify foliar diseases in peanut (19, 31), 
but only one scale quantifies damage caused by insect pests in this crop (10). Scales that 
evaluate the spider mite in other crops have been reported (13, 36), but none evaluates 
damage caused by two-spotted spider mite to peanut, the main pest damaging this crop in 
Argentina. For this reason, the aim of this work was to develop and validate a logarithmic 
diagrammatic scale of damage by the two-spotted spider mite in peanut.
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Materials and methods

The study was conducted in a plot heavily infested with the two-spotted spider mite, 
located in Río Cuarto department, south of Córdoba province, Argentina, (33º 02´ 32.33” S, 
63º 30´ 14,02”W), during the 2015-2016 crop season. Two hundred leaflets were collected 
with the aim of having a representative sample of the different degrees of damage. Each 
leaflet was photographed; photographs were processed using the software SisCob v1.0 (18), 
which measures the healthy leaf area (HLA) and the damaged leaf area (DLA). Percentage 
of damage of each leaflet was calculated based on those measurements. In addition, images 
with a schematic representation of each leaflet were generated. 

Scales of different numbers of damage classes (six, seven, eight and nine) were proposed, 
considering that these numbers of classes were suitable for estimating disease damage and 
consequent losses (2, 15, 37, 38, 39). Considering the maximum real value of DLA obtained 
by the software and the number of classes selected to develop the scales, the intervals of 
each class were defined using the program 2-LOG v1.0 for Windows® (30). This program 
calculates the values for the upper limit (UL), lower limit (LL) and the midpoint (MP) of 
each class of the proposed scales. 

Diagrammatic scales were performed using the images generated with the software 
SisCob v1.0, selecting the leaflet that represented the average DLA value for each of the 
classes. Image digitalization allows a rapid sample processing and enhances the capacity to 
discriminate between healthy and damaged area (4, 37).  

Scales were validated using the field-collected leaflets, which were analyzed by 13 
raters. Each leaflet was evaluated using the four scales and was assigned to a class, then 
the midpoint value corresponding to that class was assigned to each leaflet. Besides being 
of easy and rapid application, a scale needs to be validated in terms of precision, accuracy 
and reproducibility (8, 20, 25, 38). Accuracy and precision of visual estimation of each rater, 
for the different scales proposed, were determined via a linear regression analysis consid-
ering the actual damage data as independent variable and the estimated damage data as 
dependent variable, using InfoStat statistical software (12).  

The accuracy of each rater’s estimates was determined via the “t” test applied to the 
intercept of the regression line a, to confirm the hypothesis H0: a=0, and to the slope of the 
regression line b, to confirm the hypothesis H0: b=1, at 5% probability. Values of a different 
from 0 indicate constant deviations, and b values different from 1 indicate systematic errors 
in the evaluations. The precision of evaluations was estimated using the R2 coefficient of deter-
mination and absolute error distribution (estimated damage minus actual damage) (24, 37). 
Reproducibility, which indicates if the scale can be efficiently applied by other raters, was 
determined using the R2 coefficient of determination obtained from the linear regressions 
between damage values estimated by the different raters combined in pairs (9, 13, 28).

Results and discussion

The sampled leaflets exhibited between 0 and 96.1% of leaf area damaged by the 
two-spotted spider mite; the proposed scales (six-, seven-, eight- and nine-class scales) 
(table 1, page 257) were developed based on those values. The maximum DLA value 
recorded is usually found in the field (7, 21).

Precision was high for all the scales with R2 values ranging between 0.78 and 0.96 
(table 2, page 257). A value above 0.75 is considered appropriate for validation in terms 
of precision (15, 25, 26, 28). In the seven-class scale, the R2 value ranged between 0.82 
and 0.90; this value was higher than 0.80 for all the raters, which confers high precision to 
leaf damage estimation. Values higher than 80% are indicated in scales considered of high 
precision (9, 16, 22). Accuracy, determined by the proximity between a mean estimate and 
the actual value, was higher for the seven-class scale, considering both a and b parameters 
(table 2, page 257). 
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The analysis of the value a for the six-, seven-, eight- and nine-class scales showed that 
12, 10, 11, and 9 raters, respectively, obtained values different from 0. Regarding the b value, 
only one of the 13 raters obtained a value significantly different from 1 for the six-, seven-, 
and eight-class scales. By contrast, for the nine-class scale, seven raters found a value of b 
significantly different from 1 (table 2). 

 Values of a obtained by the linear regression between the actual damage and the damage 
estimated using the seven-class scale varied from -1.01 to 10.39; in turn, 12 of the 13 raters 
had constant deviations and tendency to overestimate, which agrees with previous works 
that validated severity scales for leaf diseases (2, 9, 14, 15, 22).

Table 1. Upper limit (UL), lower limit (LL) and midpoint (MP) of each class of the six-, 
seven-, eight- and nine-class scales.

Tabla 1. Límite superior (LS), inferior (LI) y punto medio (PM) de cada clase, para las 
escalas de seis, siete, ocho y nueve clases.

Table 2. Intercept a, slope b and determination coefficient R2 of linear regression between 
actual and estimated values of damage caused by the two-spotted spider mite to peanut 

crop, for 13 raters with the use of six-, seven-, eight- and nine-class scales.
Tabla 2. Ordenada al origen a, pendiente b y coeficientes de determinación R2 de la regresión 
lineal entre valores de daño real y valores de daño estimado de arañuela roja en el cultivo de 
maní, para 13 evaluadores con la utilización de las escalas de seis, siete, ocho y nueve clases.

Scale Class
Lower 
limit 
(%)

Midpoint 
(%)

Upper 
limit 
(%)

Scale Class
Lower 
limit 
(%)

Midpoint 
(%)

Upper 
limit 
(%)

Six-

Class 

1 0 0 0

Seven-

Class

1 0 0 0
2 0 3.64 6.95 2 0 2.94 5.03
3 6.95 13.27 25.32 3 5.03 8.62 14.78
4 25.32 48.32 72.89 4 14.78 25.32 43.39
5 72.89 85.80 92.56 5 43.39 66.37 80.38
6 92.56 96.10 6 80.38 88.55 93.32

7 93.32 96.10

Eight-

Class

1 0 0 0

Nine-

Class

1 0 0 0
2 0 2.52 3.99 2 0 2.24 3.36
3 3.99 6.34 10.06 3 3.36 5.03 7.54
4 10.06 15.96 25.32 4 7.54 11.29 16.90
5 25.32 40.17 60.78 5 16.90 25.32 37.92
6 60.78 75.28 84.42 6 37.92 55.98 70.61
7 84.42 90.18 93.81 7 70.61 80.38 86.90
8 93.81 96.10 8 86.90 91.25 94.16

9 94.16 96.10

Class 6 7 8 9
Rater a b R2 a b R2 a b R2 a b R2

1 3.17* 1.04 0.87 3.48* 1.01 0.88 2.74* 1.01 0.90 1.90* 1.03* 0.94
2 7.45* 0.96 0.83 8.97* 0.91* 0.83 6.55* 0.96 0.86 8.01* 0.98* 0.90
3 3.24* 1.06* 0.87 2.74* 1.04 0.88 2.21* 1.02 0.89 1.37 1.07* 0.93
4 9.43* 1.00 0.78 10.39* 0.98 0.82 7.77* 1.01 0.84 9.45* 1.05 0.88
5 3.62* 1.00 0.88 0.40 0.98 0.90 1.59* 0.96 0.90 0.56 0.98 0.85
6 8.02* 0.99 0.85 4.11* 0.95 0.89 4.04* 0.94* 0.89 2.14* 0.96 0.88
7 6.67* 1.01 0.85 3.89* 0.97 0.89 5.33* 0.95 0.88 4.07* 1.02 0.94
8 4.50* 1.05 0.87 1.15 1.03 0.89 2.26* 1.02 0.90 1.62* 1.05* 0.94
9 7.55* 0.99 0.82 5.47* 0.95 0.82 3.00* 0.98 0.86 0.80 1.01* 0.95

10 -0.39 1.05 0.88 -1.01 1.03 0.90 -1.28 1.04 0.90 -2.06* 1.05* 0.96
11 2.61* 1.04 0.88 4.30* 1.02 0.88 3.50* 1.03 0.88 3.18* 1.06* 0.95
12 5.42* 0.99 0.84 7.26* 0.96 0.84 4.72* 0.99 0.87 4.57* 1.01 0.94
13 3.82* 1.03 0.86 1.75* 1.02 0.90 1.51 1.02 0.89 0.06 1.05* 0.96

* Indicates that the null 
hypotheses (H0: a = 0 - 

H0: b = 1) were rejected 
by the T test: p≤0.05.

* Representa situaciones 
donde la hipótesis nula 

(H0: a=0 – H0: b=1) 
fueron rechazadas por 

el test T: p≤0,05.
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In the seven-class scale, the value of b ranged between 0.91 and 1.04, with a mean of 
0.99, and only one rater showed a tendency to make systematic errors. The narrow range of 
b and its mean value similar to 1 indicate that the seven-class scale is highly accurate, with 
similar values to those reported in the validation of other scales (5, 10, 13, 17, 38).

According to Sherwood et al. (1983) and Godoy et al. (2006), leaves with similar severity 
but different number of lesions generate a tendency to overestimate the disease, mainly when 
the number of lesions is very high and leaf size is small. This tendency was not observed in the 
validation of the present scale, despite the damage caused by the two-spotted spider mites (35).

The number of classes of the best validated scale (seven classes) is appropriate, consid-
ering that the number should not be too small, since it would have low resolution power, or 
too high, since it would be difficult to decide on the most appropriate class, as indicated by 
Campbell and Madden (1990). Overall, most diagrammatic scales range between five and 
eight classes (15, 37, 38, 39).

Figure 1 shows the seven-class diagrammatic scale generated from the leaflet images, 
indicating the upper and lower limits and the midpoint values for each class. 

Figure 1. Seven-class diagrammatic scale of damage by two-spotted spider mite to peanut 
elaborated with software images indicating the lower limit, middle point and upper limit 

for each class.
Figura 1. Escala diagramática de siete clases de daño por arañuela roja en maní 

confeccionada con las imágenes generadas por el programa, detallando para cada clase el 
límite inferior, punto medio y límite superior.

Absolute errors or residuals, determined as the difference between visually estimated 
damage and actual damage, for the 13 raters are presented in figure 2 (page 259). Residuals 
are randomly dispersed around the prediction line, indicating an appropriate fit of the 
model (8). Most of the absolute errors of the 13 raters were about 10%, a value considered 
adequate for validation of diagrammatic scales for pests and diseases by several authors (2, 
5, 9, 14, 27).

The comparison of the estimations of damage among rater pairs, using the seven-class 
scale, showed R2 values ranging between 0.78 and 0.96 (table 3, page 259). Of all the crossed 
correlations among raters, 100% yielded R2 values higher than 75%, which confirms 
reproducibility of evaluations using this scale. Similar reproducibility percentages were 
repeatedly reported with the use of diagrammatic scales (2, 5, 9, 11, 22, 26).
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Figure 2. Residues distribution (estimated damage-actual damage) based on actual 
damage, for the 13 raters, obtained with the use of the seven-class scale of damage by the 

two-spotted spider mite to peanut.
Figura 2. Distribución de los residuos (daño estimado-daño real) en función del daño real, de 

los 13 evaluadores, obtenidos con el uso de la escala de siete clases para arañuela roja en maní.

Table 3. R2 determination coefficients obtained from linear regression analyses between 
estimated damage values by 13 raters, combined in pairs.

Tabla 3. Coeficientes de determinación R2 obtenidos de los análisis de regresión lineal 
entre los valores de daño estimados por los 13 evaluadores, combinados de a pares.

Rater 2 3 4 5 6 7 8 9 10 11 12 13
1 0.86 0.91 0.87 0.88 0.90 0.90 0.91 0.84 0.91 0.92 0.88 0.90
2  0.83 0.86 0.82 0.85 0.83 0.84 0.78 0.85 0.87 0.87 0.84
3   0.88 0.90 0.88 0.91 0.90 0.83 0.90 0.89 0.84 0.92
4    0.85 0.85 0.84 0.87 0.82 0.86 0.85 0.84 0.85
5     0.90 0.92 0.94 0.84 0.95 0.89 0.84 0.92
6      0.90 0.91 0.84 0.90 0.91 0.87 0.90
7       0.92 0.82 0.92 0.93 0.85 0.96
8        0.82 0.93 0.90 0.86 0.93
9         0.84 0.85 0.79 0.82

10          0.92 0.87 0.93
11           0.87 0.93
12            0.86
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Conclusions

According to the validation results, the seven-class diagrammatic scale was the best one 
in terms of accuracy, precision and reproducibility with values above 0.80, 0.75 and 0.75 
respectively. 

This is the first scale developed and validated for evaluating damage by the two-spotted 
spider mite in peanut crop in Argentina. With this scale a loss function will be calculate 
which will allow the estimation of the EIL of this pest, fundamental parameters for inte-
grated pest management. 
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