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Potato (Solanum tuberosum) is 
one of the most consumed foods 

globally, with a global production of 
approximately 370 million tons per year 
(Fao, 2020). In Brazil, the crop cycle is 
around 100 days and, although it may 
vary according to regions, cultivars and 
climate, this is the period in which tubers 
remain exposed to rhizophagous insect 
damage, which reduces the quality 
and commercial value of the products 
(Brasil, 2017; Dray Junior & Goldstein, 

2020). 
One of the main limiting factors 

to potato crop yield is insects’ 
susceptibility, which results in high 
amounts of pesticide used throughout 
the crop cycle, increasing production 
costs and drastically affecting the 
environment and human health (Lara 
et al., 2004; Trecha et al., 2016). 
Diabrotica speciosa (Coleoptera, 
Chrysomelidae), popularly known as 
“vaquinha” or “brasileirinho”, is one of 

the most important herbivorous insects 
of the potato crop in Brazil, occurring 
in all South American countries except 
Chile (Ávila & Santana, 2016; Cabrera 
Walsh et al., 2020). The larvae of this 
insect are subterranean and hatch from 
eggs laid by females near the plants. In 
potato, the larvae perforate the tubers 
causing dark circular holes, besides 
making holes in the shape of galleries 
(tunnel-shaped), which can house 
excrement and favor the establishment 

ABSTRACT
The marketable value of potato tubers is affected by damage 

caused by Diabrotica speciosa, whose larvae create holes on the 
tubers’ skin and internal feeding tunnels. The estimation of potato 
tuber damage is usually performed by assessing the external damage 
to the detriment of feeding tunnels caused by larvae. Thus, we 
propose a method to estimate the damage caused by D. speciosa 
larvae, considering the external and internal aspects of the tubers 
separately. For that, potato plants cv. Agata were grown under 
different infestations of larvae, measuring the area occupied by the 
holes and the volume of internal feeding tunnels, relating these data 
to the total area and volume of the tuber. The methodology used 
allowed us to characterize an increase in damage in tubers with the 
highest infestation of larvae. The correlation between internal and 
external damage caused by D. speciosa larvae was not significant, 
indicating that external damage alone is not an adequate parameter 
for the diagnosis of overall tuber quality. However, the method 
proposed here provides information regarding the volume of pulp 
consumed by the larvae, the extent of the galleries formed, and the 
relative volume of damage concerning the total tuber. Moreover, the 
method proposed here contemplates a more precise analysis of the 
external area damaged by herbivory relative to the total area of the 
tuber, which is not commonly considered in studies of underground 
plant structures.
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RESUMO
Método para estimar o dano de larvas de Diabrotica speciosa 

em tubérculos de batata

O valor comercial dos tubérculos de batata é afetado pelos danos 
causados por Diabrotica speciosa, cujas larvas fazem orifícios na 
casca dos tubérculos e túneis internos. A estimativa dos danos aos 
tubérculos de batata é geralmente realizada avaliando os danos 
externos, em detrimento dos túneis de alimentação causados por 
larvas. Assim, propomos um método para estimar os danos de 
D. speciosa, considerando os aspectos externos e internos dos 
tubérculos separadamente. Para tanto, plantas de batata cv. Ágata 
foram cultivadas sob diferentes infestações de larvas, medindo-se 
a área ocupada pelos buracos e o volume dos túneis de alimentação 
internamente, relacionando esses dados com a área total e o volume 
do tubérculo. A metodologia utilizada permitiu caracterizar o aumento 
dos danos nos tubérculos com maior infestação de larvas. A correlação 
entre os danos internos e externos causados por larvas de D. speciosa 
não foi significativa, indicando que o dano externo por si só não é 
um parâmetro adequado para o diagnóstico da qualidade geral do 
tubérculo. No entanto, o método aqui proposto fornece informações 
sobre o volume de polpa consumido pelas larvas, a extensão das 
galerias formadas e o volume relativo de danos em relação ao 
tubérculo total. Além disso, o método aqui proposto contempla uma 
análise mais precisa da área externa danificada pela herbivoria em 
relação à área total do tubérculo, o que não é comumente considerado 
em estudos de estruturas de plantas subterrâneas.

Palavras-chave: Solanum tuberosum, estimativa de danos, manejo 
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of microorganisms inside the tuber (Lara 
et al., 2004).

The damage caused by D. speciosa in 
potato tubers is exceptionally detrimental 
to commercialization (Brasil, 2017). 
Despite the insects’ importance as a 
pest in the crop, predefined scales to 
evaluate damage are not available, 
which generates inaccurate results 
and is often difficult to replicate. Most 
commonly, mechanical damage to 
potato tubers, including that caused by 
D. speciosa, is assessed from a visual 
estimate by the proportion occupied by 
the holes in relation to the surface part 
of the structure (Brasil, 2017). There 
are also studies in which the intensity 
of damage is estimated by counting the 
number of holes formed by the larvae 
in the tubers (Salles, 2000; Lara et al., 
2004; Tobih et al., 2007) that disregards 
the size and proportion of the tuber 
targeted by the injury. Another possible 
method would be biomass assessment, 
estimating the loss after plant exposure 
to the insect (Okoroafor et al., 2014), 
which does not apply to D. speciosa 
herbivory in potato since biomass loss 
is minimal and hardly detectable.

Currently,  the most  sui table 
methods for assessing insect damage to 
underground plant structures are those 
that use volume and area as the basis 
for accurate and replicable calculations 
(Dray Junior & Goldstein, 2020); 
Following what occurs with foliar pests, 
on roots and tubers, images can also be 
obtained to perform the estimates on 
flat, uniform plant structures. However, 
since the holes and galleries formed by 
D. speciosa larvae in potatoes occur at 
different sizes and depths in the tuber, 
the use of images would be hampered.

Within this context, we propose a 
method to estimate D. speciosa damage 
in potato tubers that considers the 
external and internal aspects separately, 
in order to provide subsidies for a more 
precise estimate of larval damage.

MATERIAL AND METHODS

Adults of D. speciosa were fed on 
bean (Phaseolus vulgaris) leaves and 
kept in plastic cages, which contained 
oviposition substrate (Ávila et al., 

2000). The obtained eggs were kept 
in Petri dishes with moistened filter 
paper until the larvae hatched. Newly 
hatched larvae were inoculated in plastic 
containers (300 mL) and fed on radicles 
of popcorn seedlings (Zea mays var. 
Everta) with expanded vermiculite as 
substrate. For the experiments, larvae 
8-10 days old after hatching were used. 
During the entire rearing process, the 
insects were kept in a climate-controlled 
room at 25±2°C temperature and 12 h 
photophase.

Potato tuber (Solanum tuberosum 
cv. Agata) was planted in pots (20 L) 
filled with soil added with 38 g of NPK 
fertilizer (4-14-8). The plants were kept 
in the greenhouse during the entire 
cycle and subjected to daily irrigation 
and disease control as recommended 
for the crop. Second and third instar 
larvae (8-10 days old) of D. speciosa 
were inoculated in the soil near the roots 
of the plants at 15, 30, 45 and 60 days 
after plant emergence to induce damage. 
The treatments consisted of different 
numbers of larvae per inoculation 
(0, 20, 40 and 80 larvae), with four 
replicates per treatment in a completely 
randomized design.

Five tubers were randomly obtained 
from each plant, totaling 20 per 
treatment, to quantify the damage 
caused by larvae. The tubers were 
washed in tap water, measured in length 
and diameter and evaluated for external 
and internal damage. For external 
damage evaluation, the holes caused 
by D. speciosa were measured and 
quantified. All circular holes containing 
a dark spot in the center were considered 
characteristic of D. speciosa injury 
(Figure 1A). For internal damage 
evaluation, the tubers were sectioned in 
0.5-1.0 cm slices to assess the number, 
length and diameter of galleries formed 
due to larval feeding (Figure 1B). The 
galleries formed by D. speciosa were 
considered to be tunnel-shaped openings 
with necrotic sides (Figure 1C). Each 
gallery was measured with a caliper in 
its length and width (Figure 1D), and 
the proportion of the total volume of the 
galleries in relation to the total volume 
of each tuber was calculated.

Although there are cultivars with 
spherical-shaped tubers, most cultivars 

used for fresh consumption have 
elliptically shaped tubers. Thus, to 
calculate the volume and area, each 
tuber was considered an ellipsoid of 
revolution obtained by rotating an 
ellipse, with a center at (0,0), around 
the x-axis. For the calculation, the 
major axis of the ellipse was always 
considered to be on the x-axis. Thus, 
the volume of each tuber was given by 
equation 1 and the area by equation 2. 
The volume of the galleries, considered 
as cylinders, formed in each tuber is 
given by equation 3.

Equation 1

Equation 2

Where:

was isolated from ellipse

a is the minor axis of the ellipse, and  b 
is the major axis.

Equation 3

Where: r is the radius of the gallery 
(the average radius of 0.1 cm was used 
to calculate the volume of all tunnels) 
and hi is the length of gallery i. 
i=1,2,3,n, where n is the umpteenth 
gallery.

After calculating the area and 
volume of tubers and galleries, the 
percentages of internal and external 
damage were calculated for each tuber. 
The percent internal damage (ID) was 
calculated by equation 4, and the percent 
external damage (ED) was calculated by 
equation 5.

Equation 4
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 Equation 5

Where: Vg is the volume of the 
galleries in each tuber, Vt is the volume 
of the tuber, n is the number of tunnels 
in the evaluated tuber, r = 0.1 cm and At 
the area of the ellipsoid.

Data regarding internal and external 
damage were subjected to ANOVA-
Kruskal-Wallis Median Test and to 
multiple comparisons by Kruskal-
Wallis test (p<0.05). For comparisons 
between tubers separated by size, 
data were subjected to comparisons 
between two independent samples by 
the Mann-Whitney test (p<0.05). The 
number of holes and galleries and the 
percentage of ED and ID verified at 
different infestations were subjected to 
regression analysis (p<0.05; R2≥0.80). 
Spearman’s correlation test was used for 
the ID and ED in each treatment and to 
analyze the correlation of each of the 
variables analyzed. The analyses were 
performed using Statistica 7.0 software 
(StatSoft Inc, 2004).

RESULTS AND DISCUSSION

Internal (ID) and external damage 
(ED) of D. speciosa was evident at 
all levels of infestation. The greater 
the number of inoculated larvae, the 
higher the level of tuber’s damage, 
with a significant correlation between 
infestation level and ED (Figure 2A, 2B) 
(R²= 0.9839), and between infestation 
level and internal damage (Figure 2C, 
2D) (R²= 0.9724).

In the skin of the evaluated tubers, 
we recorded an average of 12 holes 
per tuber with an area of 0.015 cm2 
per hole, which caused average ED of 
0.42% (Table 1). The average number 
of holes per tuber was proportional to 
the percentage of ED calculated but 
with a positive correlation of less than 
90% (Spearman, p<0.05, R2= 0.79). 
However, when separating tubers by 
size (diameter ≥3.3 cm and diameter 
<3.3 cm), the same number of holes 
caused a higher damage percentage in 
tubers with smaller surface area (Mann 
Whitney U-test, p= 0.014) (Table 2).

Inside the tubers, the number of 

galleries formed in the pulp varied from 
1 to 50, with an average of 11.96 (Table 
1). There was a positive and significant 
correlation between the number of 
internal galleries and the number of 
external holes (Spearman, p<0.05, R2= 
0.99). However, the number of external 
holes was not related to the percentage 
of ID (Spearman, p<0.05, R2= 0.33) 
or the volume of galleries (Spearman, 
p<0.05, R2= 0.46) with correlation 
values less than 50% (Table 3).

Although there is a posit ive 
correlation between the number of holes 

and the percentage of ED, estimating 
damage by the number of holes alone 
is flawed because it does not consider 
tuber size. In this study, by separating 
small (<3.3 cm) and large (≥3.3 cm) 
tubers with the same number of holes, 
it was shown that the level of ED varies 
as a function of tuber surface area. In 
general, a quantitative study of the 
attacked area to highlight resistance 
levels of cultivars is abundant and used 
for numerous plant species, especially 
when it comes to leaves or above 
ground plant structures (Imura & 

Table 1. Data used to estimate the external (ED) and internal damage (ID) of Diabrotica 
speciosa larvae in potato tubers (Solanum tuberosum cv. Ágata). Guarapuava, Unicentro, 
2019.

External damage Mean Minimum Maximum Standard 
deviation

Number of holes 12.0 1 54 11.7
Area of one hole (cm2) 0.015 0.002 0.088 0.014
Area of all holes (cm2)  0.210 0.002 1.418 0.279
Surface area of tubers (cm2) 73.930 13.290 206.180 36.290
ED (%) 0.420 0.002 6.660 0.900
Internal damage 
Number of tunnels 11.96 1 50 10.91
Diameter of tunnels 0.126 0.050 0.335 0.050
Volume of the tunnels (cm3) 0.011 0.004 0.375 0.040
Total volume of tubers (cm3) 80.520 5.900 232.720 54.520
ID (%) 0.032 0.001 1.477 0.160

Figure 1. Potato tubers (Solanum tuberosum cv. Ágata) damaged by Diabrotica speciosa 
larvae: A. External holes made by the larval feeding; B. Internal feeding tunnels; C. Detail 
showing the feeding tunnels; D. Measuring procedure to estimate the internal damage with 
a caliper.  Guarapuava, Unicentro, 2019.
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Ninomiya, 1998; Teodoro et al., 2014; 
Cutti et al., 2019). However, when it 
comes to spherical or ellipsoid-shaped 
structures such as the potato tuber, the 
method needs adjustments to estimate 
the total area and the area damaged by 
herbivores. In this sense, the calculation 
of the area considering the rotation of 
the ellipsoid in potatoes favors greater 

accuracy in measuring the ED caused 
by D. speciosa larvae.

The methodology proposed here 
hypothesized that the number of holes 
is not representative of the percentage 
of ID since not all holes give rise to 
galleries. Furthermore, the galleries 
formed after the hole drilling may have 
different extensions and diameters. 

Our work found that although there 
is a positive correlation between the 
number of galleries and external holes, 
the correlation is not significant between 
ID and ED caused by D. speciosa 
larvae. This result shows that ED alone 
is often not an adequate parameter 
for diagnosing overall tuber quality, 
mainly when different cultivars or plant 
resistance mechanisms are evaluated. 
Thus, evaluating resistant cultivars, 
for example, one should consider that 
although external holes may appear, 
characteristics of the flesh may imply 
that the insect did not feed.

Furthermore, in studies on plant 
resistance mechanisms to insects, it is 
essential to characterize the effective 
consumption of the herbivore in order 
to estimate the intensity of damage 
caused, as well as the effect of feeding 
on the biology and behavior of the insect 
(Baisden et al., 2018). In this sense, by 
estimating only the ED, one would not 
have a satisfactory conclusion about 
the effective resistance of a cultivar. 
The consumption of D. speciosa larvae 
in potato tubers is more precisely 
measured by evaluating ID. So, 
volumetric characterization of ID can 
provide subsidies to breeding programs 
for genetic improvement of cultivars’ 
resistance to herbivorous insects and 
help validate or characterize the results 
of possible resistance mechanisms 
existing in the plant (Dray Junior & 
Goldstein, 2020).

Methodologies for evaluating 
damage to underground plant parts 
are less frequent than those available 
for measuring damage to aboveground 
organs. This difference reveals the 
importance and the need for studies 
to develop methods for this, aiming to 
expand accuracy and standardization 
in measuring damage to roots, tubers, 
and other underground plant structures 
(Souza et al., 2008; Dray Junior & 
Goldstein, 2020; Rondon, 2020). For 
D. speciosa, whose larvae can damage 
several commercial crops, the best-
established methodology is adopted in 
maize, based on an adaptation to assess 
the extent of galleries in roots caused 
by D. virgifera virgifera (Oleson et 
al., 2005; Dun et al., 2010). However, 
for potato tubers and tuberous roots 

Figure 2. External (A, B) and internal (C, D) damage in potato tubers (Solanum tuberosum 
cv. Ágata) due to different infestations of Diabrotica speciosa larvae in a greenhouse bioassay. 
Guarapuava, Unicentro, 2019.

Table 2. The average area of small (diameter<3.3 cm) and big (diameter≥3.3 cm) potato 
tubers and the external damage (ED) caused to these tubers (Solanum tuberosum cv. Ágata) 
by larvae of Diabrotica speciosa under artificial infestation in a greenhouse (N= 11). 
Guarapuava, Unicentro, 2019.

Analyzed variables
Size of tubers

Small 
(diameter <3.3 cm)

Large 
(diameter ≥3.3 cm)

Average area of tubers (cm2) 22.4 ± 7.5 63.7 ± 23.5
Number of holes 20 20 
Area of all holes (cm2) 0.35 ± 0.53 a 0.32 ± 0.12 a
ED (%) 1.59 ± 1.6 a 0.62 ± 0.44 b

Table 3. R values estimated by Spearman’s linear correlation (p<0.05) between the number of 
external holes and the external (ED) and internal damage (ID) caused by Diabrotica speciosa 
larvae in potato tubers (Solanum tuberosum cv. Ágata). Guarapuava, Unicentro, 2019.

Analyzed variables Number of holes
ED (%) 0.796
Number of tunnels 0.991
Volume of tunnels 0.461
ID (%) 0.332

MR Barboza et al.
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of sweet potato (Ipomea batatas), for 
example, damage characterization has 
been carried out based on the number 
of holes caused by the insects, without 
considering the relative area they 
occupy, nor the extent of galleries 
formed internally by the larvae (Salles, 
2000; Blank et al., 2001; França & 
Ritschel, 2002; Tobih et al., 2007).

For other subterranean insects, 
methodologies have recently been 
proposed to achieve greater accuracy 
in estimating damage, similar to what 
occurs for insects of aerial plant parts. 
Volumetric analysis to estimate ID is 
pointed out as one of the most feasible 
methods, as it accurately considers the 
volume consumed by the insect relative 
to the total volume of the structure 
(Dray Junior & Goldstein, 2020). These 
methods can vary in how to access the 
volumetric data, which can be based 
on diameter measurements as proposed 
in the present study or by adding 
liquids into the holes generated by the 
insects. Dray Junior & Goldstein (2020) 
injected water and resin into the galleries 
formed by Lilioceris cheni and L. egena 
(Coleoptera: Chrysomelidae), and the 
amounts of liquids injected indicated the 
extent of damage from feeding by the 
insects. Thus, the authors demonstrated 
the advantages of volumetric analysis 
over other methods of estimating tuber 
damage.

However, the methodology proposed 
here provides information on the volume 
of pulp consumed by the larvae and the 
extent of the galleries formed and the 
relative volume of damage in relation 
to the total tuber. Moreover, the method 
proposed here provides a more precise 
analysis of the external area damaged 
by herbivores relative to the total area 
of the tuber, which is not commonly 
considered in studies of underground 
plant structures.
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