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Occurrence and distribution of lace bug, whitefly, and
shoot fly pest species on cassava (Manihot esculenta)
crops according to region in Parana State, Brazil
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Highlights

Cassava crop was sampled throughout Parana territory for pest characterization.
Geographic distributions of important cassava pests were characterized.

Two lace bug, two whitefly, and one shoot fly species were often found.

All the insect species were found at least in one Parana State region.

These damaging species occur where cassava crops have high socioeconomic importance.

Abstract

The cassava (Manihot esculenta Crantz) crop is relevant for human livelihoods, particularly in poorer
regions. It is consumed fresh or as industrialized flour, and the roots and aerial parts are also used to feed
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livestock. Pests may limit cassava production, which may endanger food security due to the socioeconomic
importance of the crop. Reports of the occurrence of three insect guilds, lace bugs, shoot flies, and whiteflies
have been recorded in Parana State, Brazil, but the distinct species and their distribution are yet to be
determined. This lack of information limits the development of strategies to mitigate pest damage. Surveys
were conducted in 39 counties (four farms per county) distributed throughout the state that encompass
the various socioeconomic regions. The collected material was properly packed and sent to the laboratory
for identification, and the following species were identified: lace bugs Vatiga illudens Drake, 1922 and
Vatiga manihotae Drake, 1922 (both Hemiptera: Tingidae); whiteflies Bemisia tuberculata (Bondar, 1923) and
Aleurothrixus aepim (Goeldi, 1886) (both Hemiptera: Aleyrodidae), and the cassava shoot fly Neosilba perezi
Romero & Ruppel, 1973 (Diptera: Lonchaeidae) in Parana State. Lace bugs were not found in the samples
in the eastern and southern portions of the state. V. illudens was more widespread than V. manihotae. The
whitefly A. aepim was not observed in three counties (eastern, southern, and central regions), whereas B.
tuberculata and the cassava shoot fly were found in all regions sampled in Parana State. Suggestions for
future investigations of pest management are proposed.

Key words: Aleurothrixus aepim. Bemisia tuberculata. Cassava pests. Neosilba perezi. Vatiga spp.

Resumo

A cultura da mandioca é relevante para o sustento humano principalmente para regides pobres, seu
consumo ocorre na forma in natura ou como farinha industrializada. Raizes e parte aérea sdo também
utilizadas para criacdo animal. As pragas podem limitar a producdo de mandioca, o que pode ameacar a
seguranca alimentar pela importéncia sécio-econdmica da cultura. Registros da ocorréncia de trés guildas
deinsetos: percevejos-de-renda, moscas-do-broto e moscas-brancas sdo recorrentes no Estado do Parana,
mas quais espécies e a sua distribuicdo ainda ndo foram amplamente determinadas. A falta de informacéao
limita o desenvolvimento de estratégias para mitigar eventuais danos ocasionados pelas pragas. Assim,
levantamentos foram feitos em 39 cidades (quatro campos por cidade) distribuidas por todo o estado
englobando as regides socio-econémicas. O material coletado foi devidamente acondicionado e enviado
ao laboratério para identificacdo, determinando-se as seguintes espécies: 0s percevejos-de-renda Vatiga
illudens Drake, 1922 e Vatiga manihotae Drake, 1922 (ambos Hemiptera: Tingidae), as moscas-brancas
Bemisia tuberculata (Bondar, 1923) e Aleurothrixus aepim (Goeldi, 1886) (ambos Hemiptera: Aleyrodidae) e
a mosca-do-broto da mandioca Neosilba perezi Romero & Ruppel, 1973 (Diptera: Lonchaeidae) no Parana.
Os percevejos-de-renda ndo foram encontrados nas amostras das regides leste e sul do Estado. A maior
distribuicdo espacial ocorre para-V. illudens em relacdo a V. manihotae. A mosca-branca A. aepim nao foi
encontrada em trés municipios do estado (leste, sul e regido central), enquanto B. tuberculata e a mosca-
do-broto foram encontradas em todas as regides amostradas no Parana. Sugestbes para futuras pesquisas
sao apresentadas.

Palavras-chave: Aleurothrixus aepim. Bemisia tuberculate. Pragas da mandioca. Neosilba perezi. Vatiga spp.
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Introduction

Cassava (Manihot esculenta Crantz)
is a semi-perennial heliophilic shrub of the
Euphorbiaceae family (Lorenzi, Otsubo,
Monteiro, & Valle, 2002) that originated in
South America and is grown in several regions
worldwide between 30° N and 30° S (Otsubo
& Lorenzi, 2004). Cassava crops are one
of the principal carbohydrate sources and
constitute the food base for many populations,
particularly in Africa and Brazil (Latif & Mller,
2015). Due to its adaptability under low fertility
soils, drought, and heat, cassava can be
cultivated in agricultural environments where
other crops do not thrive (Burns, Gleadow,
Cliff, Zacarias, & Cavagnaro, 2010; Rosenthal
et al., 2012). Hence, cassava crops occupy an
increasing portion of croplands globally and
may expand further under climate change
scenarios. Biotic and abiotic factors may limit
cassava yields, and insect pests can damage
leaves and stems (EI-Sharkawy, 2004; Bellotti,
Campo, & Hyman, 2012).

Parana state is the second largest
national cassava producer, and harvests
approximately 3 million tons of roots (Instituto
Brasileiro de Geografia Estatistica [IBGE],
2018). Three insect pest guilds have been
reported that concern farmers and agricultural
extension officers in the state: lace wings,
whiteflies, and cassava shoot flies. In addition,
farmers alter their propagative material
(cutting stems), which can increase pest
spread throughout different regions.

In Brazil, five lace bug species
(Hemiptera: Tingidae) have been reported in
cassava plants: Vatiga varianta Drake, 1930, V.
cassiae Drake & Hambleton, 1934, V. illudens
Drake, 1922, V. manihotae Drake, 1922, and
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Gargaphia opimaDrake, 1931 (Bellotti, Smith, &
Lapointe, 1999; Bellotti, 2002; Santos, Coelho,
& Wengrat, 2019). The whiteflies (Hemiptera:
Aleyrodidae) Aleurotrachelus socialis Bondar,
1923, Trialeurodes variabilis Quaintance,
1900, Bemisia tuberculata Bondar, 1923, and
Aleurothrixus aepim (Goeldi, 1886) have also
been frequently reported (M. R. V. Oliveira,
Moretzshon, Queiroz, Lago, & Lima, 2001;
Bellotti, 2002; Rheinheimer et al, 2009;
Pietrowski, Rheinheimer, Miranda, Wengrat,
& Barilli, 2014). The shoot fly Neosilba perezi
Romero & Ruppel, 1973 (Diptera: Lonchaeidae)
has also been commonly observed in cassava
plantations, with the majority in Neotropical
regions (Bellotti et al., 1999). Data on the
biology of cassava pests are relatively scarce.
In general, cassava pests prefer the same
conditions as the affected plant. N. perezi
shows improved development under warming
temperatures (Waddill, 1977) and has a life
cycle of approximately 40 days (Gisloti & Prado,
2013). V. illudens populations are affected
by temperature, but not by precipitation and
relative humidity (Bellon et al., 2017). The
biological life cycle of V. manihotae occurs
over approximately 22 days (25 + 2 [I) (Miranda,
Rheinheimer, Bellon, Gazola, & Pietrowski,
2009). At 26 + 4 [ B. tuberculata survives
for approximately 26 days (Andrade, Roel,
Penteado-Dias, & Costa, 2012) and, for A.
aepim, at similar temperatures, but reared on
different cassava cultivars, the lifecycle varies
from 26.8 to 30.5 days (Lima, Ringenberg,
Fancelli, & Ledo, 2018).

These pests may damage cassava
crop Yyields, thereby compromising food
security due to the importance of the crop
for the livelihood and income of farmers with
small cultivations. The prevalent species and
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their distribution in Parana State territory are
currently unknown; therefore, we sampled
four cassava fields in each of the 39
counties throughout Parana State, thereby
encompassing all socioeconomic regions, to
collect and identify lace bugs, whiteflies, and
shoot flies. Specimens were identified and the
occurrence of the species was recorded and
geographically characterized.

Material and Methods

The occurrence of lace bugs,
whiteflies, and shoot flies was studied in
Parana State, Brazil, from 2015 to 2018.
Surveys were conducted in 39 counties
distributed throughout the state to represent
the various  socioeconomic regions.
Collections were obtained from four cassava
fields on distinct farms per county. Plants were
randomly sampled (30 per farm) in the field,
and specimens were sent to the Laboratory
of Entomology [Instituto de Desenvolvimento
Rural do Parana - IAPAR-EMATER (IDR-Parand)]
in Londrina County for identification.

Collection and identification of lace bug
species

Lace bugs were collected manually
from the abaxial surface of cassava leaves.
The specimens were placed in pots containing
an ethanol solution (70 %). Taxonomic
identification was achieved using stereoscopic
microscopy to observe morphological head
traits, number of thorns and tubercles, and
the color of the tissue and reticular aspects
according to the identification key proposed
by Froeschener (1993).
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Collection and
species

identification of whitefly

Plants were sampled to examine
for whitefly nymphs in cassava leaves.
Species identification was achieved using
morphological characters of 4" instar nymphs.
Nymphs were removed from the leaves using
a pin and placed on slides for microscopy
(Motic BA 300). Morphological descriptions
from Bondar (1923) and Quaintance and Baker
(1914) were used to identify the species.

Collection and identification of the shoot fly
species

The observation of a brown exudate
in holes of plant parts was an indication of
pest attack, and these were collected for
examination. Apical stems were sectioned (30
cm length), placed in Styrofoam boxes, and
sent to the laboratory. Two injured stems were
placed in each plastic bottle (2 L) filled with fine
vermiculite to a level 10 cm from the bottom.
The bottles were then closed using a voile
cloth (mesh lower than 0.5 mm) (40 x 20 cm)
fixed with rubber bands and placed on plastic
trays containing water to retain the moisture.
Trays were then transferred to environmental
chambers (T 253 °C, 70+10 % RH,
photoperiod 14:10 L:D). Emerged adults were
collected, placed in a 70 % ethanol solution,
and sent to the Entomology and Biodiversity
Conservation Department at Universidade
Federal da Grande Dourados, Dourados, MS,
Brazil, where they were identified using the
identification keys proposed by Zucchi (2000).
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Creation of the geographic distribution maps

The ArcGis 10.3 software was used to
compose the geographic distribution maps of
the principal pests of cassava crop in Parana
State.

Results and Discussion

The surveys conducted confirmed that
the cassava fields hosted three pest insect
guilds in Parana State: lace bugs V. illudens
and V. manihotae (Figure 1), whiteflies B.
tuberculata (Figure 2) and A. aepim (Figure 3),
and the shoot fly N. perezi (Figure 4).

V.illudens and V. manihotae were found
in the northwest region (Campo Mourao and
Paranavai), western region (Palotina, Marechal
Céndido Rondon, Cascavel, and Realeza), and
in Londrina County in the north (Figure 5). V.
illudens was the only lace bug species found
in the mid-south and coastal regions. The
absence of these two species in the southern
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portion of the state suggests that they may be
affected by lower temperatures. In previous
studies, V. illudens was were predominant in
Brazil territory (Bellotti et al., 1999); however,
Pietrowski et al. (2010) reported V. manihotae
as the principal species in western Parana.

In general, the lace bugs V. illudens and
V. manihotae did not damage cassava fields;
however, an apparent population increase,
favored by specific climatic and soil fertility
conditions, mainly in the Parand and Mato
Grosso States, has suggested that these
insects are potential cassava pests (Fialho
et al., 2001; Bellotti, 2002; Farias & Alves
2004; Bellon, Wengrat, Kassab, Pietrowski, &
Louriero, 2012). Nymphs and adult lace bugs
injure plants by feeding on cell protoplasts,
leading to chlorotic white spots on the adaxial
leaf surface, which evolve to a brown-red, and
may defoliate the plant completely in high
abundance (Bellotti, 2002). Field populations
vary according to the period of the year and
specific cultivar (Martinazzo et al., 2007).
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Figure 1. Nymphs of Vatiga sp. in the abaxial surface of the cassava leaf (A); detail of the 4™ instar
nymph (B); adult of Vatiga illudens Drake, 1922 (C); adult of de Vatiga manihotae Drake, 1922 (D);
detail of thorns in the anterior portion of the head (yellow arrows), a single one for V. illudens (E) and
two for V. manihotae (F).
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Figure 2. Aleurothrixus aepim (Goeldi, 1886): abaxial surface of cassava leaf hosting nymphs (A
and B); eggs (C), detail of the nymphs of 2"¥ and 3 instars (D); nymphs of 4" instar (E); exuvia of 4t
instar indicated by red arrow (F).
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Figure 3. Bemisia tuberculata (Bondar, 1923): egg (A); nymphs of 1stinstar (B); nymphs of 2" (C), 3"
(D) and 4t (E) instars; exuvia of 4" instar (F).
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Figure 4. Neosilba perezi Romero & Ruppel, 1973: shoot (A) and leaf petiole (B) injuries in cassava
plants; details of the larva (C) and pupa (D); lateral view of adult male (E) and female (F).

Reduction of cassava root and leaf
yields was reported in studies over four years
on field plots with or without chemical controls,
and damage was characterized as reaching
55 % (Fialho, Vieira, Paula-Moraes, Silva, &
Junqueira, 2009). Another study found that
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39 % of root yields were decreased by pest
damage (Bellotti et al., 1999). Recent studies
have identified a negative correlation between
the population of adult insects and root yield
(Bellon et al., 2017).
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Marechal
Céndido Rondon | -

[ | No information

I:l Undetected
- Vatiga illudens

_/_ 77; V. illudens and V. manihotae

Figure 5. Occurrence of Vatiga illudens and Vatiga manihotae in Parana State, Brazil.

Whiteflies were observed throughout
the Parana state (Figure 6), and B. tuberculata
was found in all the sample sites and was the
only species in Sengés, Ivai, and Sdo Mateus
do Sul counties. In the western region, A.
aepim and B. tuberculata were observed,
which confirms previous reports indicating
the introduction of A. aepim (Pietrowski et al.,
2014).According tothose authors, this species
was not previously detected in the other parts
of the state and its presence throughout the
state (Figure 2) suggests its rapid spread.
This B. tuberculata distribution indicates a
possible concern for cassava production,
considering previous reports of productivity
reduction caused by outbreaks of this species
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in Southern Brazil (M. R. V. Oliveira et al., 2001;
Bellotti, 2002; Bellotti et al., 2012).

Eleven species belonging to nine
genera of whitefly were recorded in cassava
plants in the Neotropical region (Vasquez-
Ordénez, Hazzi, Escobar-Prieto, Paz-Jojoa,
& Parsa, 2015). A. socialis, A. aepim, and B.
tuberculata have been reported as having
high damage potential in Brazil (Pietrowski et
al., 2014). A. aepim was observed to occur in
dense populations, causing a decrease inyield
in the northeastern regions (M. R. V. Oliveira et
al., 2001). In the midwest, B. tuberculata and T.
variabilis were reported (M. R. V. Oliveira et al.,
2001).
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Whiteflies feed on plant sap and
directly damage apical leaves. Consequently,
leaf curling, chlorosis, withering, necrosis, and
leaf fall occur. During feeding, whiteflies also
produce honeydew (M. R. V. Oliveira & Lima,
2006) which is a suitable substrate for sooty
mold fungi (Capnodium spp.), which produces
a barrier that impairs photosynthesis (Moreira,

Farias, Alves, & Carvalho, 2006). Indirect
damage also occurs by virus transmission,
which includes "Cassava frogskin-associated
virus" (CsFSaV), which leads to more fibrous
and bitter roots. Infested plants also become
more aqueous, and crop productivity can
decrease up to 79 % (Bellotti, 2002; Schimitt,
2002).

Palotina | 7 4
Marechal N -
Candido Rondon | s

No information
Z/) Only Bemisia tuberculata
I Areurothrixus aepim and Bemisia tuberculata

ruz Machado

A Cornélio Procépio

Congonhinhas

P, Py
{Campo do ‘Guaratuba
Tenente

Antonio™.., |
oI
Olinto

aula Freitas
Sao Mateus

do Sul
Uni&o da Vitéria

Figure 6. Occurrence of the whitefly species Aleurothrixus aepim and Bemisia tuberculata in

Parand State, Brazil.

In the present study, the cassava
shoots fly N. perezi occurred throughout
Parana State (Figure 7). Previous studies have
characterized the damage caused by shoot
flies in the western region of Parana (Marechal
Céndido Rondon County) (Weber et al., 2015).
Although information on N. perezi bioecology

remains scarce, damage is characterized by
larva that feed by penetrating the plant stems,
causing exudation of a yellowish secretion,
which subsequently becomes brown. This
damage can favor the infection process by
phytopathogenic microorganisms (Lozano,
Bellotti, & Vargas, 1983; Bellotti, 2002; L. S.
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Souza & Fialho, 2003; De Lorenzi & Nora, 2016).
Infested shoots can die and result in excessive
sprouting of lateral gems due to loss of apical
dominance of the plant, resulting in delayed
plant development (Lozano et al., 1983; L. S.
Souza & Fialho, 2003; Gisloti & Prado, 2013).

In general, flies of the Tephritoidea
superfamily and Lonchaeidae family, which

include Neosilba, are polyphagous and the
larvae are associated with organic matter
(Gisloti, Uchoa, & Prado, 2017). Originating
fromthe Neotropical region, N. perezihas been
reported in South (Bellotti et al., 1999), Central
(Saunders, Coto, & King, 1998; Bellotti, 2008;
De Lorenzi & Nora, 2016), and North America
(Pefia & Waddill, 1982).

Paranavai

Marechal
Candido Rondon

| No information
Undetected
I neosilba perezi

i Y

i ]
Antomo‘m%}- Campo do
Olinto Tenente

Guaratuba

'Uni&o da Vitéria

ruz Machado

Figure 7. Occurrence of the shoot fly Neosilba perezi in Parana State, Brazil.

In Brazil, the shoot fly was first reported
in 1940 (Graner, 1942; Zikan, 1944), with
LonchaeapendulaBezzi,1919.Thisspecieshas
been documented in all geopolitical regions of
the country, including the states of Amazonas
(Silva, Magalhaes, & Costa, 1981), Paraiba (S. D.
Souza, Matias, & Lopes, 1982), Minas Gerais (J.
C. Souza & Reis, 1986; Strikis, Marsaro, Adaime,
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&Lima, 2012), Rondbnia (F. N. S. Oliveira, 1987),
Bahia (Gisloti & Prado, 2011; Farias, Mattos, &
Ferreira, 2007; A. M. G. Oliveira et al., 2007),
Santa Catarina (De Lorenzi & Nora, 2016), and
Séo Paulo coastal and inland regions (Graner,
1942; Lourencdo, Lorenzi, & Ambrosano, 1996;
Gisloti & Prado, 2011). Results of simulated
damage on different cassava cultivars showed
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that root yields may reach 30 % in late cultivars
and from 51 to 71 % in cassava stem cuttings
(Bellotti, 2002).

The findings reported here have
implications for future investigations. Plant
resistance is a preferred choice for pest
management, particularly for cassava crops,
which are utilized in low-income and familiar
agriculture (Barilli et al., 2019). Cassava plant
breeding programs, including insect pest
resistance assessments, could be successful
if field experiments occurred in regions where
all pest species occur, as this would establish
a complete characterization of the responses

of the cultivars to all species.

The common use of chemical pest
controlisimpractical for cassava crops, except
in regions where larger areas are cultivated,
such as Parana State Northwest (Figure 8).
The limitations include low availability of
commercial insecticides officially allowed for
cassava fields, the lack of suitable equipment
and safety clothing in small farms, and the
insufficient information available on selectivity
to natural enemies, costs, etc. Consequently,
chemical control is not economically viable
for small cassava plantations (Pinto-Zevallos,
Pareja, & Ambrogi, 2016).

Value of Cassava
production in agriculture
[ ] until5%

[ 5% to 15%

I 15% to 30%

B 0% to 50%

I 0% to 97.4%

Figure 8. Percentage of cassava production in relation to other agricultural crops according to

county in Parana State, Brazil.
Source: IBGE (2018).
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The biological control of cassava crops
remains poorly studied. Knowledge of the sites
of these pests may allow further investigations
to determine the populations of natural
enemies under different cultivation systems.

Another challenge is that all pest
species were observed in the Northwest
region, which is the principal cassava producer
in the state, and since it is one of the main
cash crops, it has great economic importance
for regional agriculture (Figure 8). With the
exception of V. manihotae, all other species
sampled were recorded in the coastal region,
in which cassava also has great economic
and social relevance because it is sold as
a fresh tuber and carbohydrate source for
consumers, and as a supply for small cassava
flour factories. These crops could be a unique
income source for resource-poor families. In
general, cassava pests develop properly in
environmental conditions that are suitable for
the related plants, particularly under higher
temperatures (Waddill, 1977; Gisloti & Prado,
2013; Bellon et al., 2017; Miranda et al., 2009;
Andrade et al., 2012), which generally occur in
the Parana regions in spring and summer.

Cassava is frequently cultivated in
marginal lands (Pushpalatha & Gangadharan,
2020), such as the Parana regions, where the
crophasarelativelygreateconomicimportance.
The northwest has sandy soils and crops
are found on hillsides through to the coastal
region. Cassava crops may succeed even in
resource-poor soils and environments. These
land traits combined with crop characteristics
such as erect architecture, poor canopy cover
in the early growing season, a harvest scheme
of soil-disturbing tillage, and production
continuation despite the soil degradation
(Delaquis, Haan, & Wyckhuys, 2018) foster the

324

objective conditions for high erosion levels.
Environmental services such as biodiversity
improvement, soil conservation, and pest
and disease population reductions can be
enhanced by intercropping and agroforestry
(Delaquis et al., 2018). Hence, considering the
presence of pest species in these regions
and the previous reports of damage, it is of
particular importance to include the effects
of these multifunctional strategies on insect
pest population dynamics in multidisciplinary
studies. Inthisregard, cassava plantgenotypes
may secrete excess floral nectar (Burns et al.,
2010) which may contribute to the increase
of parasitoid and predator populations, not
only for the specific crop, but eventually for
entire polyculture production systems. In
general, cassava plants are considered to have
relatively high defensive strategies against
pests and diseases (Pinto-Zevallos et al., 2016;
Barilli et al., 2021). Designing an approach
using cassava as a “suitable neighboring plant”
could also contribute to chemically-mediated
associational resistance (Barbosa et al., 2009).

Conclusion

In summary, the lace bugs V. manihotae
and V. illudens, whiteflies A. aepim and B.
tuberculata,and the shootfly N. perezioccurred
in cassava crops in Parana State. Lace bugs
were not found in the southern portions of the
state. V. illudens was more widespread than V.
manihotae. Whiteflies were located in almost
the entire Parana State, except for A. aepim,
which was not found in the eastern, southern,
and central regions. The cassava shoot fly
was observed in all regions sampled in Parana
State.
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