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Introduction

The potato (Solanum tuberosum L.) is an important food 
source worldwide. However, this cultivated Solanaceae spe-
cies is one of the crops that suffer the most from feeding by 
insect herbivores. The beetle Diabrotica speciosa (Germar, 
1824) (Coleoptera: Chrysomelidae) is commonly found in 
South America, where it feeds on plant species such as soy, 
beans, corn, and potatoes (Ávila and Parra 2002; Lara et al. 
2004). The damage caused by D. speciosa varies depending 
on the developmental stage of the insect. The larvae, which 
are subterranean, damage the plant roots or create holes in the 
potato tubers, whereas the adults consume the leaves (Ávila 
and Parra 2003; Azeredo et al. 2004).
 Insecticides from the carbamates, organophosphates, py-
rethroids and, more recently, neonicotinoids are used to con-
trol D. speciosa. However, chemical control may raise the 
cost of crop production in addition to harming the environ-
ment and non target organisms. Consequently, the adoption 
of nonpolluting methods such as biological control is neces-
sary even for the conservation of beneficial insects in crops 
(Hagen 1962).
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 Several natural enemies of D. speciosa are found in Bra-
zil. These include Lebia concinna (Brullé, 1837) (Coleoptera: 
Carabidae); Doru lineare (Eschsholtz, 1822) (Dermaptera: 
Forficulidae); Nabis sp. (Heteroptera: Nabidae); Cycloneda 
sanguinea (Linnaeus, 1763); Scymnus sp. (Coleoptera: Coc-
cinelidae) and the braconid Centistes gasseni (Shaw, 1995) 
(Hymenoptera: Braconidae) (Walsh et al. 2003). The heter-
opteran Cosmoclopius nigroannulatus (Stål, 1860) (Hemip-
tera: Reduviidae) may also control D. speciosa and Epitrix 
sp. (Coleoptera: Chrysomelidae) (Azevedo and Nascimento 
2009; Jahnke et al. 2002). In addition to biological control, 
the use of induced resistance in plants can help control in-
sect pests with low environmental impact. Induced resistance 
increases plant resistance by using external agents requiring 
changes in the plant genomes (Van Loon et al. 1998).
 Prior research has proven the efficiency of silicates as a 
plant resistance inducer against sucking insects (Pereira et 
al. 2010; Costa et al. 2011) and chewing insects (Keeping 
and Meyer 2006; Kvedaras et al. 2007). Although the ben-
eficial use of acibenzolar-S-methyl (ASM) against fungal 
plant pathogens (Duarte et al. 2009; Cabral et al. 2010) has 
been shown. Little is known about the effectiveness of ASM 
against insect pests (Moraes et al. 2009; Alcantra et al. 2010).
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 There have been few field and laboratory studies on the 
use of diatomaceous earth (DE) against folivorous beetles 
(Assis et al. 2011), however, the use of DE has been success-
ful in controlling beetles in stored grains (Mvumi et al. 2006; 
Ziaee and Khashaveh 2007; Wakil et al. 2010).
 The aim of this study was to evaluate the effects of chemi-
cal inducers of plant resistance on folivorous beetles and 
predatory insects in Solanum tuberosum. The effects of these 
chemical inducers on crop development and yield were also 
determined.

Materials and Methods

Study Area. The study was conducted during the dry season 
in a non-irrigated area at the Universidade Federal de Lavras 
(UFLA) in Lavras, MG (21°45’S 45°00’W and 918 masl), 
Brazil, between February and June 2009.
 The soil was prepared by disking, and the planting was 
done in rows with 0.8 to 0.25 m between plants. Each plot 
was composed of four 4-m-long rows; only the two central 
rows were used, leaving 0.5 m unplanted at the borders. The 
combined plots comprised a total area of 115.2 m2. The plots 
were fertilised with the organic product Geneplus® (Genfér-
til, Mogi Mirim, Brazil) (1% total N, 15% C and pH 6.0) at 
a dosage rate of 15 t/ha (modified from Gomes et al. 2009), 
and it was seeded with tubers (cultivar Emeraude). The first 
weeding and piling were performed 30 days post-seeding. 

Experimental design. We used a randomised complete-
block formation with four treatments and six replications, 
comprising a total of 24 experimental plots: T1 – control; T2 
– 1% silicic acid (SiO2.XH2O) (Vetec Química Fina, Duque 
de Caxias, Brazil); T3 – 0.02% ASM (S−methyl benzo[1,2,3]
thiadiazole-7-carbothioic) (Bion 500 WG®, Syngenta Crop 
Protection, São Paulo, Brazil); and T4 – 1.15% diatomaceous 
earth (SiO2) (Insecto®, Bequisa, São Vicente, Brazil). Treat-
ments T2, T3 and T4 were applied to the foliage every 10 
days as an aqueous solution for a total of five sprayings, us-
ing a 1.5-L hand-pressure sprayer with a cone-spray nozzle 
(Assis et al. 2011).
 
Insect monitoring and plant evaluation. Monitoring of fo-
livorous and predatory beetles was performed every ten days, 
one day before each treatment application. Beetles were col-
lected and counted by beating the apical leaflets of five plants 
per plot, over a white plastic tray (35 × 29 × 5 cm). In addi-
tion, we placed two pitfall traps, each made of 9-cm-high × 
14-cm-wide plastic containers buried to the rim, at the ends 
of each row. The traps contained a solution of 300 mL water, 
90 g NaCl, and a few drops of liquid neutral detergent. The 

salt solution was replaced every ten days, and the captured in-
sects were identified in the laboratory. Five evaluations were 
performed for each collection method.
 The height and diameter of the plants were recorded 60 
days after planting. Assessments of insect feeding damage 
were made every 10 days from five random plants per plot. 
The number of leaflets with holes and the number of holes on 
the third and fourth leaflets from the apex were counted.
 After harvesting, the tubers were weighed and the pro-
ductivity in kg/plot was determined. The damage caused by 
insect larvae was classified by the number of holes in 20 me-
dium tubers (diameter measure in average 50 mm) randomly 
selected from each plot; three damage categories were used 
to classify the tubers: 1 = 0 to 20 holes; 2 = 21 to 40 holes; 
and 3 = more than 40 holes (adapted from Salles and Grutzm-
acher 1999).

Statistical analysis. The data were subjected to analysis of 
variance, using the System for Statistical Analysis and Genet-
ics (SAEG) (Ribeiro Júnior 2001) and the means were com-
pared using the Scott-Knott test (P ≤ 0.05) (Scott and Knott 
1974), with the count data transformed into         and the 
percentage data into arcsin            prior to analysis. 

Results

There were no significant differences (P > 0.05) among the 
treatments regarding the number of folivorous and predatory 
beetles present on the aerial plant parts or in the root mass 
(Table 1). Folivorous insects (Chrysomelidae [D. speciosa, 
D. bivittula (Kirsch, 1883), Epitrix spp., and Maecolaspis 
spp.], Melyridae [Astylus variegatus (Germar, 1824)], and 
Meloidae [Epicauta atomaria (Germar, 1821)] were collect-
ed from the plant shoots, and 77 beetles of the family Scara-
baeidae, from the soil were collected.
 Predatory insects of the families Carabidae (Lebia spp.) 
and Coccinellidae (Stethorus sp. and Cycloneda sanguinea 
(Linnaeus, 1763) were found in both the aerial plant parts and 
the soil (Table 2).
 Control plants and the plants treated with ASM were 
preferred by adult folivorous beetles as they had the highest 
number of leaflets with holes (5.8 ± 0.31 and 5.4 ± 0.42) and 
the highest number of holes (18.4 ± 1.85 and 15.7 ± 1.89), 
respectively (Table 3). Sprays containing either silicic acid or 
DE had significantly reduced (P ≤ 0.05) leaf damage (Table 
3), specifically Diabrotica spp. and Epitrix spp.
 Applications of silicic acid, ASM and DE generally pro-
vided protection to the tubers (Table 4). We observed sig-
nificant differences ( P ≤ 0.05) in damage categories one and 
three, with a high percentage of tubers from the plants treated 

Treatment Aerial plant mass Soil

Folivores* Predatory* Folivores* Predatory*

Control 24.2 ± 4.31 1.3 ± 0.49 8.8 ± 2.01 1.3 ± 0.80

Silicic acid 17.8 ± 5.59 0.8 ± 0.48 6.2 ± 1.92 1.2 ± 0.31

Acibenzolar-S-methyl 28.2 ± 9.14 1.3 ± 0.49 8.2 ± 2.18 0.7 ± 0.42

Diatomaceous earth 15.0 ± 1.71 2.0 ± 0.63 6.5 ± 0.76 0.3 ± 0.21

CV (%) 54.07 94.13 30.22 44.91

Table 1. Number of folivorous and predatory beetles (AVE ± SE) collected from the aerial plant parts (five plants/plot) of 
potatoes and the surrounding soil (two traps/plot).
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with ASM (33.3 ± 9.54%) and DE (47.5 ± 10.06%) present-
ing between 0 and 20 holes, whereas a low percentage of 
tubers had over 40 holes (27.5 ± 7.83% and 17.5 ± 7.93%, 
respectively) (Table 4).
 In terms of plant development, there were significant 
increases in the heights and diameters of all the plants in 
treatments groups compared to the control plants (P ≤ 0.05); 
however, tuber productivity was not affected by treatment 
(Table 5).

Discussion

The foliar applications of silicic acid, ASM, and DE did not 
have a repellent effect on insect pests in the potato crops as 
there was no change in host selection (Table 1). Thus, the 
number of folivorous beetles in the aerial parts of the plants 
and in the soil did not differ among treatments. These results 
are consistent with those of Silva et al. (2010) who also found 
no effect of silicic acid on the intensity of infestation of adult 
D. speciosa. However, populations of Chlosyne lacinia saun-
dersii (Doubleday and Hewitson, 1849) (Lepidoptera: Nym-
phalidae) were reduced fourfold or more in plants treated 
with silicic acid compared to the untreated plants (Antunes 
et al. 2010). On the other hand, applications of DE on onions 
did not significantly affect the population of Thrips tabaci 
(Lindeman, 1888) (Thysanoptera: Thripidae) (Gonçalves 
2007).

Species/family Total numbers

Folivores Aerial Soil

Diabrotica speciosa (Chrysomelidae) 254 29

Diabrotica bivittula (Chrysomelidae) 10 2

Epitrix spp. (Chrysomelidae) 79 39

Maecolaspis spp. (Chrysomelidae) 30  2

Astylus variegatus (Melyridae) 4 11

Epicauta atomaria (Meloidae) 138 4

Predators Aerial Soil

Lebia spp. (Carabidae) 1  4

Stethorus sp. (Coccinellidae) 34 10

Cycloneda sanguinea (Coccinellidae) 1 3

Table 2. Relative number of folivorous and predatory beetles in pota-
toes.

Treatments Number of Leaflets 
with Holes * Number of Holes*

Control 5.8 ± 0.31 a 18.4 ± 1.85 a

Silicic acid 4.2 ± 0.35 b 10.1 ± 1.10 b

Acibenzolar-S-methyl 5.4 ± 0.42 a 15.7 ± 1.89 a

Diatomaceous earth 4.9 ± 0.28 b 13.0 ± 1.25 b

CV (%) 12.96 20.47

* Means followed by the same letter in the column did not differ significantly by the 
Scott-Knott test (P ≤ 0.05). CV: Coefficient of variation.

Table 3. Number of leaflets with holes and number of holes per plant 
(AVE ± SE) in potatoes.

 Here, the species D. speciosa stood out among the foli-
vorous beetles, similarly to the results reported by Grutzm-
acher and Link (2000) in a dry-season potato culture. The 
inducers of resistance did not influence the occurrence of 
predatory beetles found on the potato crops. In other words, 
these substances did not attract natural enemies. Antunes et 
al. (2010) observed similar results for C. sanguinea on corn 
sprayed with silicic acid. However, Kvedaras et al. (2010) 
found that in cucumber (Cucumis sativus L.) plants treated 
with potassium silicate and attacked by larvae of Helicov-
erpa armigera (Hubner, 1805) (Lepidoptera: Noctuidae) 
had higher populations of the predator Dicranolaius bellulus 
(Guérin-Mèneville, 1830) (Coleoptera: Melyridae) compared 
to plants treated with silicate but not attacked by insect pests. 
This suggests that the use of silicate to plants with herbivore 
pre-infestations increases the attractiveness of these plants to 
natural enemies, thus increasing biological control.
 The applications of silicic acid and DE to the potato 
plants increased resistance to damage by adults folivorous 
insects. These results agree with those obtained by Gomes 
et al. (2009) showing that D. speciosa caused twice as many 
lesions in control plants than in those treated with silicic acid. 
This result may be explained by the deposition of silicic acid 
in the form of amorphous hydrated silica (SiO2.nH2O) on the 
cell wall. The deposition provokes the formation of a double 
layer of cuticle silicates, making it harder for the insect her-
bivores to penetrate and masticate due to the hardening of 
the plant cell walls (Yoshida et al. 1962; Datnoff et al. 1991). 
The formation of a mechanical barrier observed particularly 
in silicon-accumulating plants, especially in Poaceae (Ma 
and Takahashi 2002). The action of silicic acid is not restrict-
ed to mechanical resistance, constitutive or induced, and may 

Treatments Number of Holes* Damage Category1

1* 2** 3*

Control 57.1 ± 3.07 a 4.2 ± 3.27  b 20.0 ± 3.65 75.8 ± 6.38 a

Silicic acid 45.7 ± 3.70 b 11.7 ± 3.07 b 35.0 ± 7.85 53.3 ± 9.89 a

Acibenzolar-S-methyl 32.4 ± 4.90 c 33.3 ± 9.54 a 39.2 ± 6.51 27.5 ± 7.83 b

Diatomaceous earth 25.4 ± 3.74 c 47.5 ± 10.06 a 35.0 ± 5.32 17.5 ± 7.93 b

CV (%) 22.22 49.64 25.48 33.69

Table 4. Number of holes and percentage of tubers per damage category (AVE ± SE) in potatoes.

1 1 = 0 to 20 holes; 2 = 21 to 40 holes; 3 = more than 40 holes.
* Means followed by the same letter in the column did not differ significantly by the Scott-Knott test (P ≤ 0.05). ** Not significant by the F test
(P > 0.05). CV: Coefficient of variation.
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be associated with secondary compounds in plant defense 
(Pereira et al. 2010; Costa et al. 2011).
 The feeding behaviour of the larvae was affected by the 
use of inducers of plant resistance, as evidenced by the lower 
number of tuber holes in treated plants (Table 4). ASM and 
DE treatments yielded a higher percentage of tubers classi-
fied in the lowest damage category. This reduction in tuber 
attack by insect pests correlates with the reduced leaf damage 
in the plants treated with silicic acid or DE. ASM possibly 
negatively affected the oviposition of the pest insects, based 
on the small amount of damage to the tuber for the same pop-
ulation as compared to control.
 The use of ASM on cotton (Gossypium hirsutum L.) 
yielded greater protection to plants against aphids and white-
flies. The protection may be due to deterrent substances pro-
duced by the action of this compound in the plant (Inbar et al. 
2001; Alcantra et al. 2010).
 Although the present study focused on a different species 
of beetle in a different environment, the results of the appli-
cation of DE are consistent with those found by Bavaresco 
(2007); no damage was found by Acanthoscelides obtectus 
(Say, 1831) (Coleoptera: Bruchidae) in stored beans treated 
with DE.
 The use of silicic acid and ASM resulted in increases in 
the heights and diameters of the potato plants. However, the 
plant productivity did not increase, which may have been due 
to the occurrence of a prolonged drought during the period of 
tuber production.
 The height and diameter results found in this study differ 
from those found by Gomes et al. (2009), who grew pota-
toes during the rainy season and did not observe any ef-
fects of silicic acid application on plants. It is possible that 
the silicic acid is utilised more efficiently in plants during 
stressful conditions (Korndörfer et al. 2004; Kvedaras et al. 
2007). However, the positive effects of silicic acid support 
observations by Neri et al. (2009) in corn, which accumu-
lates this mineral. 
 The use of ASM on tomatoes and melons has not proven 
the beneficial effects of this inducer on the height and dry-
shoot mass of these plants (Araújo and Menezes 2009; Cabral 
et al. 2010). This effect can be attributed to the transfer cost 
of metabolic processes involved in growth for the synthesis 
of plant-defence compounds. For productivity, the results of 
the ASM application were unsatisfactory, as the activation of 
resistance by the use of inducers results in a higher energy 
cost for the plant, which does not always result in increased 
production (Dietrich et al. 2005; Duarte et al. 2009). Howe-
ver, based on the results, we can conclude that the application 

of silicic acid, ASM or DE generally increased the protection 
of potatoes and reduced tuber damage.
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