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Abstract

The beetle M. frryanus causes serious damage to cassava in Brazil. However, due to the subterranean behavior of
the larvae and the recent appearance of this pest in cassava, little is known about the main behavioral
characteristics and damage caused to this crop. The main aim of this study is to demonstrate the variation of
starch production in the roots of M. esculenta as a result of the intensity of damage caused by M. fryanus. The
study was carried out in a commercial cassava farm in Parana, Brazil. The proposed scale for damage was: (1)
No apparent root damage; (2) roots with scrapings; (3) roots with scraping across the cortex; (4) damaged roots
and galleries; (5) roots with galleries and presentation of rot. The parameters evaluated were the damage caused
by M. fryanus in roots and starch content, estimated by using a hydrostatic scale, starch extracted by cassava
processing, and the starch reduction percentage in damaged roots, assessed by using the hydrostatic scale (SC)
and processing methods (SCP). It was observed that there was manifestation of damage in approximately 60% of
the roots collected directly from the ground, with levels representing loss of starch produced by the plant.
Decreases in the productive parameters, such as starch content, were measured according to the increase of the
proposed damage levels in the two cassava cultivation cycles, with a starch reduction rate higher than 20% when
the roots suffered the most severe damage.

Keywords: root-feeding beetle, drill roots, cassava, soil-borne pest, long-horned beetle
1. Introduction

Manihot esculenta Crantz (Malpighiales: Euphorbiaceae) is an important source of calories in the Neotropical
region, and because it is rich in carbohydrates, this plant is used for human and animal consumption through “in
natura” consumption or through industrial processing. The main products of this plant are flour and starch (FAO,
2008). It is a perennial plant, but its roots can be marketed from six- to twenty-four months after planting. The
high amplitude in the harvest period evidences positive aspects, such as, the possibility of market evaluation
before harvest, and negative, such as, greater period of plant exposure to pests and diseases (Sagrilo et al., 2006).

Among the pests damaging the cassava crop, the following stand out: Erinnyis ello (L.) (Lepidoptera:
Sphingidae), Bemisia tuberculata (Bondar) ¢ Aleurothrixus aepim (Goeldi) (Hemiptera: Aleyrodidae),
Phenacoccus herreni Cox & Williams e Pseudococcus mandio Williams (Hemiptera: Pseudococcidae), Vatiga
spp. (Hemiptera: Tingidae), and recently Migdolus fryanus Westwood (Coleoptera: Vesperidae) (Bellotti, Smith,
& Lapointe, 1999; Bellotti, Campo, & Hyman 2012).
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Larvae of M. fryanus compromise the root system of Eucalyptus, Pinus, grapevine, mulberry, cotton, beans,
coffee, pasturage, sugarcane, and cassava plants. However, the main studies and quantification of damage was
performed only for sugarcane, with observed reduction in production, of up to 25% (Machado, Habib, Leite, &
Mendes, 2006; Machado, Habib, Leite, & Carregari, 2006; Wilcken, Orlato, & Ottati, 2005; Ugwu & Ojo, 2015).

M. fryanus is native to South America, with prominent occurrence seen in the sandy soil regions. The larval
period of this beetle is extended with subterranean habitat, so studies on the behavior and determination of
damage to host cultures are incipient (Bellotti, Campo, & Hyman 2012; Nakayama et al., 2017).

The M. fryanus beetle has caused serious damage to the cultivation of cassava in the Northwest of the State of
Parana, a region that is part of the Arenito Caiua formation, which has basic sandy soils with an advanced degree
of physical and chemical degradation and critical levels of organic matter, especially in pastures and areas of
sugarcane reforestation (Machado, Habib, Leite, & Mendes, 2006; Machado & Habib, 2006; Pietrowski et al.,
2010).

In the cassava, M. fryanus larvae can cause failure in the development of the plant by feeding on its stem cuttings.
They can cause loss of starch during production due to damage that may be caused early in the cortex sweeps to
the opening in the gallery roots, causing soil deposition and allowing entry of the opportunistic pathogens that
predispose it to the occurrence of rot (Machado, Habib, Leite, & Carregari, 2006; Bellotti, Campo, & Hyman
2012).

Faced with increased attacks on plants by M. fryanus and lack of information about the damage and loss it causes
in cassava plants, conducting a research to elucidate its consumption habits and the injuries it causes in this
culture is essential (Bellotti, Campo, & Hyman, 2012; Pietrowski et al., 2010).

The aim of this study is to demonstrate the variation in starch production in M. esculenta roots due to the
intensity of damage caused by M. fryanus.

2. Method
2.1 Place of Study

The study was conducted in Cascata Farm in a commercial plantation of cassava M. esculenta, variety IAC-90,
located in the northwest region of Parana in Perobal, PR, Brazil (23°51'17.57" South Latitude, 53°20'40.39"
West Longitude, and 425 m average altitude).

Planting was carried out in 2014 and evaluations were conducted during the first and second crop cycles, 12 and
18 months after planting. A conventional planting system was used, with spacing of 1.00 % 0.60 m, the fertilizer
used was 1000 kg ha™ of simple superphosphate, covered with 80 kg ha™ of potassium chloride.

Under the conditions of the first crop cycle, for the identification of the insects (adult males) and to evaluate the
damage caused by the larvae in cassava roots, pitfall traps were installed containing Migdo® pheromone, in 78
evaluation points, with a spacing of 70 x 30 m between plants, located along the trajectory of the spatial points,
delimited by the software Google Earth® and Quantum GIS 2.8.3®.

A Global Positioning System (GPS) receiver (Datum WGS 84) and Universal Transverse Mercator (UTM)
projection system, zone 22 S, were used according to the categorization of the sample grids. Furthermore, at each
evaluated point, three random plants were selected and removed from the soil to distinguish the damages caused
by the feeding of M. fryanus. The collected insects, M. fryanus adults and larvae, were sent to the Laboratory of
Chemical Ecology and Insect Behavior, Department of Entomology and Acarology, “Luiz de Queiroz” School of
Agriculture - University of Sdo Paulo.

2.2 Proposed Visual Scale for Scores to Quantify Damage by M. fryanus

Based on field observations, the scale of notes with damage intensity caused by M. frryanus on cassava roots and
its influence on the production of starch in the culture was elaborated using a visual scale (Pietrowski et al.,
2010). The notes were established as follows: Note 1: No apparent damage (scraping) at the root; Note 2:
Scraping at the root without overcoming the cortex; Note 3: Scraping at the root overlying the cortex, but
without galleries; Note 4: Root with galleries; Note 5: Root with galleries and presence of rot (Figures 1 and 2).
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Figura 1. Notes to define scale of M. fryanus damage in M. esculenta. Umuarama, Parand, 2015 and 2016

2.3 Starch Production and Influence of M. fryanus Damage

For the evaluation of starch production of cassava roots in the first and second cropping cycles (harvest at 12 and
18 months after planting), samples of roots that were already extracted from the soil and ready to be sent to the
industry were collected. The samples were collected in a targeted manner, according to the damage intensity
proposed in this study. The productive parameters of the roots were analyzed in the Laboratory of Entomology of
the State University of Maringa, Campus of Umuarama, Parana.

Figura 2. Detail of roots of M. esculenta damaged by larvae of M. fiyanus according to proposed damage scale.
Umuarama, Parana, 2015 ¢ 2016

2.4 Starch Content in the Tuberous Roots Using a Hydrostatic Scale

With the separation of root groups (according to the damage intensity proposed) yield analysis was performed
(specific mass of starch) using a hydrostatic scale (SC). To this aim 3-kg root samples were weighed, initially on
the upper plate of the scale (mass in the air) and then in a wire basket coupled to the lower part of the same scale,
immersed in a water tank (mass in water). This kind of evaluation is standardized by the industry to estimate the
starch in cassava roots (Juste Junior et al., 1983; Maeda & Dip, 2000).

The estimation of the dry matter and starch content found in the roots was determined after drying at 105 °C. It
showed that the dry matter content in the roots increased by an order of 0.0564% for each unit increase of the
sample weight in water. Thus, the following equation was obtained by Sagrilo et al. (2006):

Y = 15.75 + 0.0564x (1)

”»

Where, “Y” is the dry matter content and “x” is the specific starch mass of 3-kg roots in water, determined on a
hydrostatic scale. The starch content (SC) in the tuberous roots was calculated by subtracting the constant 4.65
dry matter content (Y) (Maeda & Dip, 2000; Oliveira et al., 2011).

SC = Y — 465 @)

The variation of the starch percentage content in the tuberous roots using a hydrostatic scale (SC), according to
the proposed damage scale, was evaluated using a completely randomized design, with 15 replications. The
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scores referent to damage by M. fiyanus were considered for treatment purposes and evaluated in the first and
second crop cycle, totaling to 75 root samples in each harvest cycle.

2.5 Starch Content Obtained With Cassava Root Processing (SCP)

Samples (1 kg) of cassava were processed and separated according to the proposed damage scale. The woody
parts at the end, near the stem of the plant, film, and cortex of each sample were removed. Smaller pieces were
cut and using an industrial blender with 1000 mL drinking water, a grinding process was performed (Oliveira et
al. 2011). The mixture was filtered through cotton cloth and the crushed mass washed to remove the starch until
the liquid showed no whitish color. The liquid obtained from the washing (starch milk) was left in pots protected
with a plastic bag for 24 hours, to decant the starch. The supernatant was rejected and the rest of the material
submitted to the drying process in a controlled environment until reaching a constant mass. The starch was
measured using a semi-analytical scale.

The starch content obtained with cassava root processing (SCP) according to the proposed damage scale was
evaluated using a completely randomized design, with 15 replications. The scores referent to damage by M.
fryanus were considered for treatment and evaluated in the first and second crop cycle, totaling 75 root samples
in each harvest cycle.

2.6 Data Analysis

Data analysis of damage caused by M. fryanus larvae on cassava roots, and the influence of larvae consumption
in the estimation of starch content using the hydrostatic scale (SC) and estimation of starch content using the root
and residue extraction method (SCP) were performed with normality tests (Shapiro-Wilk) and homogeneity
(Levene) and analysis of variance. After verifying the significance, the Tukey test was performed for the
quantitative parameters evaluated. The starch reduction percentage was calculated by comparing the starch
content in undamaged roots with that in damaged roots. By using the hydrostatic scale (SC) and processing
methods (SCP), linear regression analysis for starch content in the root was obtained. Statistical tests were
performed with the Agroestat” software (Barbosa & Maldonado Junior, 2015).

3. Results

Collection of cassava plant roots of the variety IAC 90, directly from the ground was carried out under the
conditions of the first cycle (harvest at 12 months after planting). It was possible to confirm the presence of M.
frvanus and to observe the damage intensities, proposed in this study. In this evaluation we also found larvae of
M. fryanus feeding inside the deeper roots containing galleries, as shown in Figure 3.

Figure 3. Galleries and Larva of Migdolus fryanus (Coleoptera: Vesperidae) in roots of Manihot esculenta
(Euphorbiaceae) variety IAC-90. Umuarama, Parana, 2016

It was possible to evaluate the occurrence of more than one damaged root in the same plant, with different
injuries observed (Figure 4). The total amount of root means observed in each plant (4.32), about 60% had at
least one M. fiyanus damage symptom. In addition, in most of the plants, more than 20% of the roots showed
symptoms of damage with a proposed grade above note 4. This represented the highest losses in starch, roots
with galleries, and presence of rot (Tables 1 annd 2, Figures 5 and 6).
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Figure 4. Boxplot showing median, mean, range and interquatile of roots average per plants with their proposed
visual scale for scores to quantify damage by M. esculenta. Umuarama, Parana, 2015 and 2016

The occurrence of roots with symptoms of different damage in the same plant indicates that larvae are walking
between the roots and consumption in different roots in the same plant may occur, and in some cases it indicates
the presence of more than one insect around the attacked plant.

In the evaluation of productive characteristics directed only to the roots with symptoms of damage, it was noted
that the roots collected under the conditions of the first cycle (agricultural year 2015) with damages seen on two,
three, four and five levels, had a decrease in starch content when determined on a hydrostatic balance (SC), with
a percentage of starch reduction (RSC) alternating from 5.37% to 21.72%. The roots collected in the second crop
cycle (agricultural year of 2016) had a decrease in the starch content that varied from 6.81% to 23.90%, for
damages three, four, and five, when compared with the roots that were not damaged (Table 1).

Table 1. Starch contents obtained with hydrostatic balance (SC %), percentage of starch reduction with
hydrostatic balance (RSC %). Umuarama, Parana, 2015 and 2016

Cultivation cycles (Year)

Damage notes 1(2015) 2 (2016)
(SO) RSC % (SC) RSC %
1 30.15a - 30.71a -
2 28.53b 5.37 30.02a 2.25
3 27.59b 8.49 28.62b 6.81
4 25.82¢ 14.36 26.77 ¢ 12.83
5 23.60d 21.72 23.37d 23.90
covw 488 480

Note. The averages followed by the same lowercase letter in the column do not differ from each other by the
Tukey test applied at the 5% probability level; CV: coefficient of variation.

The decrease in starch content seen when the evaluation method for extraction processing of cassava (SCP) was
used, proved the relation obtained for hydrostatic balance (Tables 1 and 2). The reduction of starch seen by using
this method was higher than 20% in the first cycle of cultivation for the roots that had damage scores 4 and 5,
when compared with those not attacked. In the second crop cycle, the decrease in starch content was less
pronounced, with the highest number of roots classified being with damage scores 5, with a reduction of 28.16%
for this factor.
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Table 2. Starch contents obtained with extraction method with cassava processing (SCP %), and percentage of

starch reduction with cassava processing (RSCP %) in roots with respective damage notes. Umuarama, Parana,
2015 and 2016

Cultivation cycles (Year)

Damage notes 1(2015) 2 (2016)
(SCP) RSCP % (SCP) RSCP %
1 17.86 a - 18.54 a -
2 16.48 a 7.73 18.08 a 2.48
3 15.90 a 10.97 17.34 ab 6.47
4 13.82b 22.62 16.42b 9.82
5 12.51b 29.96 13.32¢ 28.16
cv% 1256 041

Note. The averages followed by the same lowercase letter in the column do not differ from each other by the
Tukey test applied at the 5% probability level; CV: coefficient of variation.

The reduction in the starch content of the manioc roots estimated by the hydrostatic balance (SC) was confirmed
by regression analyses between this factor and the scores attributed to M. fryanus larvae, with a linear and
significant adjustment, indicating the starch content reduction for the first and second crop cycles, respectively
(Figure 5).

For the evaluation of the starch content obtained by the extraction method with cassava processing (SCP%),
values of significant determination coefficients of 0.8939 and 0.8499, respectively, were also observed for the
first and second crop cycle, with better adjustment for the linear condition (Figure 6).
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Figure 5. Effect of damage intensity of M. fivanus (Coleoptera: Vesperidae) larvae on the starch content of the
IAC-90 variety in the first and second cropping cycles cropping cycles, estimated by the hydrostatic balance
method, using samples with 3 kg of manioc. Umuarama, Parana 2016

102



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 15;2019

21

y=-1,2716x+ 19,144
# First Cycle R? = 0,8939**

m Second Cycle Y =-1,2089x+20,37
R?=0,8499**

STARCH CONTENTS OBTAINED WITH EXTRACTION

1 2 3 4 5
DAMAGE NOTES
Figure 6. Effect of damage intensity of M. fryanus (Coleoptera: Vesperidae) larvae on the starch content of the
IAC-90 variety in the first and second cropping cycles, obtained by the root processing method using samples of
1 kg of processed cassava. Umuarama, Parana 2016

It is possible to affirm that the starch content estimated by the hydrostatic balance method (which determines the
specific mass) and the extraction by processing of cassava, could show a decrease in cassava starch production
when submitted to the stress caused by M. fryanus larvae. In addition, a complete relationship between the
increase in the level of damage and the decrease of this evaluated factor has been observed.

4. Discussion

The damages caused by larvae of M. fryanus in cassava roots observed in the present study are expressive and
provide a decrease in the productive values of this crop. It was possible to observe the beetle feeding on the roots
and completely damage them, in all evaluations, in places where the sugar cane crop was previously cultivated.
The complex of insects that occur in cassava and that live part of their life in the soil, particularly the
Scarabaeidae and Vesperidae families, have increased their importance as agents causing primary damage in the
tuberous roots. The record of M. fryanus damage in cassava is recent, and the actual damage caused by this pest
in the roots and its effect on other parts of the plants until the present time is little known, as noted by Pietrowski
et al. (2010) and Bellotti et al. (1999).

It is important to note that the M. fiyanus species is considered a polyphagous pest, and the polyphagia
characteristic observed for this insect can be explained by the presence of proteins from the cysteine and serine
peptidase group present in the digestive tract, which leads to a more diverse feeding behavior (Nakayama et al.,
2017).

However, the highest occurrence of M. fryanus in cassava crops in the northwest of the State of Parana, is related
to the planting sites that previously adopted crops considered preferential to this pest, such as sugarcane and the
use of pasturage (Machado & Habib, 2006).

Migdolus fryanus has a habit of living underground, and root damage is due to larval feeding. In the same plant
there may be gradations of different root damage, and the more severe damage represented by perforations and
the presence of microorganisms may result in a considerable drop in productivity. Similar damages were
observed for crops such as sugarcane, pasturage, and pine (Wilcken et al., 2015; Machado et al., 2006b;
Machado & Habib, 2006).

The observation of the symptoms of damage in different roots, in the same plant, and with different degrees of
severity can be explained by the habit of feeding and walking of the larvae in the soil, which at this stage of the
life of the insect occurs both vertically and horizontally. It is dependent on climatic factors characterizing the
higher feeding periods in dry seasons of the year, periods coinciding with the presence of more advanced instars
near the cassava plants (Machado et al., 2006a; Machado & Habib, 2006).

The behavior of this pest can be explained by the presence in the fatty tissues of the protein larvae of the
Otopetrins group, which present a sensorial function in these more advanced insects, which are present near the
cassava plants (Nakayama et al., 2017). Thus the management of M. fiyanus depends on the knowledge of the
behavior of all stages of life of the insect, and its relationship with the cultivated plants (Bento et al., 1992; Bento
etal., 1993).
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The starch content estimated by the hydrostatic balance method and that obtained by the cassava processing
method in roots that did not present with M. fiyanus damage, under the conditions of this study, are within the
recommended values for industrial use (Oliveira et al., 2011). However, from the moment of occurrence of
symptoms of M. fryanus damage in the roots, the decrease in starch content was verified.

Besides water, starch is the most abundant constituent of cassava roots, and its decrease due to damage caused by
M. fryanus, is because of root rot (Herren, 1994). The greatest drop in the productive parameters, such as starch
content, can be caused by the formation of galleries and consequent soil deposition and onset of rot caused by
opportunistic microorganisms and M. fryanus larvae, which penetrate into the roots and begin their colonization.
This causes the most severe damage, such as rotting, and consequent fall in productive factors as noted for
cassava and sugarcane (Machado et al., 2006a; Bellotti et al., 2012).

The decrease in starch content evaluated in cassava plants as a function of M. fryanus damage was less
pronounced in roots that did not suffer severe damage (damage scores 2 and 3), indicating possible recovery of
plants in the conditions of the second crop cycle, even with a longer period in contact with the soil conditions,
which could lead to greater plant exposure to the larvae of the beetle and the occurrence of opportunistic
microorganisms that penetrate the lesions caused by the larvae of M. fryanus, according to Camargo (2009).

5. Conclusions

The proposed notes on the scale of damage, allowed for estimating the losses caused by M. firyanus, in relation to
starch in cassava. Notes four and five were related to the largest falls in starch content. Larger damages by M.
fryvanus larvae were verified under the conditions of the first crop cycle.

The decrease in terms of the amount of starch produced may lead to intensified losses to suppliers and the
industry.
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