Spatial-temporal distribution of phytophagous and
predatory mites in the canopy of Jatropha curcas L.*

Althieris de Souza Saraiva', Renato de Almeida Sarmento?**

, Marcal Pedro-Neto?,

Eduardo Andrea Lemus Erasmo?, Adenir Vieira Teodoro?

ABSTRACT: The aim of the present study was to evaluate
the spatial-temporal distribution of phytophagous and
predatory mites in the canopy of jatropha curcas L. Mite
richness, diversity, and abundance were determined, and
higher values were observed primarily in the top stratum.
Mite population in /. curcas was higher during the rainy
season. Phytophagous mites were mostly concentrated in
the top stratum, and Brevipalpus sp. was the most abundant.
Predatory mites from the family Phytoseiidae presented the
highest richness and diversity, and Amblydromalus zannoui
was the most abundant species. The present results indicate
seasonal population dynamics for both predatory and
phytophagous mites on /. curcas.
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monitoring; Amblydromalus zannoui.

RESUMO: O presente estudo teve por objetivo avaliar a distribui¢io
espago-temporal de 4caros fitéfagos e predadores no dossel de plantas
de pinhdo-manso. Pardmetros de riqueza, diversidade e abundancia
de dcaros foram determinados. Os resultados deste estudo demons-
tram que maiores valores de riqueza, diversidade e abundancia de 4ca-
ros foram observados principalmente no estrato apical e que os niveis
populacionais desses artrépodes em plantas de pinhdo-manso sio mais
expressivos na estagio chuvosa. Os 4dcaros fitéfagos concentram-se
distribuidos principalmente no estrato apical, sendo Brevipalpus sp.
a espécie mais abundante. Acaros predadores da familia Phytoseiidae
foram aqueles de maior riqueza e diversidade, sendo o 4caro preda-
dor Amblydromalus zannoui o mais abundante. Os resultados obtidos
neste trabalho sugerem uma dinimica sazonal tanto para populagoes
de 4caros predadores quanto para dcaros fitéfagos em pinhao-manso.

PALAVRAS-CHAVE: Jatropha curcas L.; manejo integrado de

4caros; monitoramento; Amblydromalus zannoui.
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INTRODUCTION

Considering the potential use of Jatropha curcas L. for bio-
fuel production (ALONSO; LEZCANO, 2014), integrated
management studies of pest arthropods associated with this
crop are necessary for optimizing its production. For exam-
ple, phytophagous mites are usually reported to be potential
pests of /. curcas SARMENTO et al.,, 2011; CRUZ et al,,
2013a; LOFEGO et al., 2013; PEDRO-NETO et al., 2013;
ROSADO et al., 2015a; 2015b; SARAIVA et al., 2015).
Predatory mites, especially those in the family Phytoseiidae,
also colonize /. curcas plants and play a key role in limiting phy-
tophage population (SARMENTO etal., 2011). These mites
may therefore provide natural biological control of phytopha-
gous mites in J. curcas.

Seasonality may affect arthropod distribution and popula-
tion density in the field (ZUNDEL et al., 2009), and climatic
factors such as rainfall and temperature affect the population
dynamics of phytophagous and predatory mites present in
agricultural crops (PEDRO-NETO etal., 2010; CRUZ et al.,
2013b; ROSADO et al., 2015a). Rainfall, relative humid-
ity, and temperature are important explanatory mechanisms
for abundance of the mite community colonizing /. curcas
(CRUZ et al., 2013b).

Occurrence of the mite community may vary with plant
size and between different plant parts due to differing levels
of solar incidence, wind, humidity, and other abiotic fac-
tors, which directly affect the acarofauna present on the crop
(FERES et al., 2010). For example, mites from the family
Tarsonemidae prefer the younger leaves at the top of the plant,
whereas mites from the family Zezranychidae are found more
commonly on the lower side of fully developed /. curcas leaves
than on younger leaves (MORAES; FLECHTMANN, 2008;
SARMENTO et al.,, 2011; ROSADO et al., 2014).

The aim of the present study was to evaluate the spatial and
temporal distribution of acarofauna associated with /. curcas.

MATERIALS AND METHODS

The study was conducted between December 2011 and
November 2012 in an experimental plantation of /. curcas
(spacing 2 x 3 m) at the Federal University of Tocantins
(Universidade Federal do Tocantins — UFT), University
Campus of Gurupi, located in the southern portion of the
state of Tocantins, Brazil, at the altitude of 280 m, latitude
11°43’S and longitude 49°04’W. Based on rainfall, the rainy
season was considered from December 2011 (beginning of
evaluations) to April 2012, as well as the month of November
2012, while May to October 2012 was considered the dry
season (Fig. 1); rainfall was lower than the historical average
for the municipality of Gurupi, Tocantins, Brazil.

From /. curcas within the plantation, 120 plants were ran-
domly selected for sampling. The selected plants were standard-
ized by pruning at 80 cm from the ground, followed by top-
dressing and fertilization every 30 days with 200 g/plant of NPK
10-10-10. The first evaluations of mite population variations
were performed when branches were 30 days old. Populations
were evaluated within the top, medium, and bottom strata (treat-
ments) of the /. curcas plants, and three leaves per stratum were
collected from each plant. Leaves were collected from the upper
quarter of the branch (fourth to eighth fully expanded leaf).

Leaf collections were performed on a monthly basis for
one year, always during the morning. After collection, leaves
were identified and placed in transparent plastic bags, and
then transported to the laboratory, where they were washed in
a 325-mesh sieve (SPONGOSKI et al., 2005). When leaves
could not be washed on the day of collection, they were stored
at 4°C until the following day. The residues were stored in
microtubes (Eppendorf, Hamburg, Germany) containing 70%
alcohol, and mite abundance was evaluated.

Specimens were mounted on slides using Hoyer’s medium
and evaluated using a stereo microscope. Specimen identifica-
tion was performed using the dichotomous keys by CHANT;
MCMURTRY (1994), LOFEGO (1998), and MORAES etal.
(2004) for mites from the family Phytoseiidae; PRITCHARD;
BAKER (1995) and BOLLAND et al. (1998) for mites from
the family Zerranychidae; WELBOURN et al. (2003) for
mites from the family Zenuipalpidae; GERSON et al. (1999)
for mites from the family Cheyletidae; and HALLIDAY et al.
(1998) for mites from the families Ascidae and Blattisocidae.
Slides were deposited in the collection of the laboratory of
Functional and Applied Ecology of UFT.

Species accumulation curves were generated using the Mao

Tau estimator, obtained using the software EstimateS version
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Source: National Institute of Meteorology (Instituto Nacional de
Meteorologia - INMET)/Federal University of Tocantins (Universidade
Federal do Tocantins — UFT).

Figure 1. Average temperature and rainfall in Gurupi, Tocantins,
Brazil, from November 2011 to November 2012.
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7.52. The Shannon-Wiener diversity index (H) (SHANNON,
1948) was calculated separately for total (phytophagous +
predatory), phytophagous, and predatory mite species, using
the Equation 1:

H =-Zpe (Inp) (1)

In which:
p, = the proportion of each species in the community.

Evenness ('), which is the distribution pattern of indi-
viduals between species, was calculated to determine the
homogeneity and uniformity of species distribution within
the mite community.

Mite abundance (total, predatory, and phytophagous
mites) in the different strata of /. curcas plants was analyzed
using the non-parametric Kruskal-Wallis test. Mite abun-
dances in the different strata of /. curcas plants during the
dry and rainy season were compared using repeated measures
ANOVA. Data was log (x + 1) transformed. All analyses were
performed using the Statistica 8.0 software.

RESULTS AND DISCUSSION

Collected mites were grouped into families and identified accord-
ing to feeding habit as either phytophagous (Tarsonemidae,
Tenuipalpidae, and Tetranychidae) or predatory (Ascidae,
Blattisociidae, Cheyletidae, and Phytoseiidae) (Table 1).
Phytoseiidae was the most diverse family, with 10 species, and
Brevipalpus sp. (Acari: Tenuipalpidae) had the highest occurrence
among phytophagous species, especially in the top stratum.

The number of mites was relatively low when compared
to other studies performed in the state of Tocantins (Table 1)
(SARMENTO etal., 2011; CRUZ etal., 2012; 2013a; 2013b;
ROSADO et al., 2014; ROSADO et al., 2015a). However, a
study performed during the same agricultural year (2011/2012)
as the present study (SARAIVA et al., 2015) also observed a
low occurrence of phytophagous and predatory mites associ-
ated with J. curcas. This indicates seasonal dynamics for both
predatory and phytophagous mite populations of /. curcas
(ROSADO et al., 2015a).

Phytophagous mites of Brevipalpus sp. may affect their host
plants directly or indirectly, namely by transmitting diseases

Table 1. Richness of phytophagous and predatory mites in the top, medium, and bottom canopy strata of Jatropha curcas plants in

the dry and rainy season. Gurupi, Tocantins, Brazil, 2011/2012.

Rainy season

Species Family
Top

Phytophagous
Brevipalpus sp. Tenuipalpidae 4
Tetranychus sp. Tetranichydae (0]
Tarsonemus sp. Tarsonemidae 1

Predators
Amblydromalus zannoui Phytoseiidae 2
Amblydromalus limonicus Phytoseiidae 1
Cheletogenes ornatus Cheyletidae (0]
Asca sp. Ascidae 1
Asca germani Ascidae o
Amblyseius sp. Phytoseiidae 2
Amblyseius compositus Phytoseiidae 1
Amblyseius neochiapensis Phytoseiidae (0]
Amblyseius acalyphus Phytoseiidae (0]
Euseius citrifolius Phytoseiidae o
Neoseiulus sp. Phytoseiidae (0]
Z‘;‘; :;(:Jsiiip sis Phytoseiidae (0]
Nao identificado Phytoseiidae 1
Aceodromus sp. Blattisociidae 1
Aceodromus convolvuli Blattisociidae (0]

Dry season

Canopy strata of physic nut plants

Medium Bottom Top Medium Bottom
1 2 13 6 2
(0] (0] 1
(0] 1
3 2 5 1 1
(0] (0] (0] (0] (0]
1 o o o (0]
2 4 (0] 1 (0]
o 1 (o] (o] (0]
(0] (0] (0] (0] (0]
(0] 1 (0] (0] (0]
(0] (0] 1 (0] 1
(0] (0] (0] 0] 1
1 1 (0] 0] o
(0] (0] (0] 1 (0]
(0] (0] 1 o 1
(0] (0] 1 1 (0]
(0] (0] (0] (0]

1 (0] (0] (0]
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to crops such as citrus trees and coffee plants (MORAES;
FLECHTMANN, 2008). The higher occurrence of Brevipalpus
sp. in /. curcas may be related, at least partly, to the spontane-
ous presence within the plantation of plants which may act as
hosts for this mite (CRUZ et al., 2013a). It should be high-
lighted that, despite this high occurrence, there are no reports
of diseases transmitted by this mite to this crop.

Mites from the family Phytoseiidae (67% of the spe-
cies found) were the predatory mites with highest richness
(Table 1) and abundance (Figs. 2A, 2B and 2C) in all strata
of the J. curcas plants. A new species of predatory mite belong-
ing to this family was identified and subsequently described
as Amblydromalus zannoui SOURASSOU etal., 2017). This
species stood out as the most abundant species within the top
stratum of /. curcas plants. Amblydromalus zannoui is closely
related to A. maniboti and A. limonicus (Acari: Phytoseiidae),
which have been successfully used in biological control programs

worldwide. Therefore, the association of A. zannoui with
phytophagous mites in /. curcas (CRUZ et al., 2012; 2013a;
2013b; SARAIVA et al., 2015) justifies future study of the
potential practical use of this new predatory mite species in
biological control of pest-mites in J. curcas.

Based on their feeding behavior (with regard to their
prey), predatory mites in the family Phyroseiidae benefit
from increased numbers of phytophagous mites on the crop.
For example, phytoseiid mites such as Iphiseiodes zuluagai
Denmark & Muma and Euseius concordis (Chant) are usually
associated with Zetranychus bastosi (Tuttle, Baker & Sales) in
J. curcas plantations in the southern state of Tocantins, Brazil
(SARMENTO etal., 2011). The observed higher richness and
abundance of predatory mites from the family Phyroseiidae
may also relate to the diversity of spontaneous plants inside
the plantation, as they provide alternative sources of food and
shelter for these mites (FERLA et al., 2007).

Wealth of mites in physic nut plants [top 1
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Figure 2. Species accumulation curves standardized by: (A) the total number of mites (predator + phytophagous); (B) the number
of predatory mites; (C) the number of phytophagous mites. Evaluations performed in the top, medium, and bottom canopy strata of
Jatropha curcas plants.
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The higher richness and abundance of phytophagous mites
in the top stratum of /. curcas plants indicates a level of speci-
ficity, or feeding preference for younger leaves, and resulted in
an available food source (phytophagous mites) for predatory
mites, which was surely a factor in their higher occurrence
within the top stratum of /. curcas plants.

Mite diversity in the different strata of /. curcas plants,
measured using the Shannon-Wiener index (H’), was the
highest (total — predatory and phytophagous) in the top
stratum (H’ = 2.058; e = 7.840), followed by the medium
(H” = 1.908; e’ = 6.748) and bottom stratum (H’ = 1.778;
"= 5.925). Predatory mite species diversity was higher in the
bottom stratum (H’ = 2.008; ™ = 7.458), followed by the top
(H = 1.615; e’ = 5.033) and medium stratum (H’ = 1.380;
e = 3.978). Phytophagous mite diversity was the highest in

the top stratum (H’ = 0.518; e = 1.679), followed by the
medium stracum (H” = 0.377; €' = 1.458), with no species
diversity in the bottom stratum (H” = 0; €™ = 1.0).

Total, predatory, and phytophagous mite abundances were
not affected by canopy stratum (p > 0.05; Figs. 3A, 3B and
3C). No significant differences in total mite abundance were
observed between the different canopy strata (Fig. 4A), or in the
interaction between season (rainy or dry) and canopy stratum
(p > 0.05). However, the total abundance of mite species was
significantly affected by the rainy season (p < 0.01; Fig. 4A),
which was related to the higher rainfall during this period.

Predatory mite abundance (Fig. 4B) was not affected by
canopy stratum or season, or by interaction between these two
factors (p > 0.05; Fig. 4B). In contrast, phytophagous mite
abundance was significantly higher during the rainy season
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Figure 3. Total mite abundance (A) (X? = 3.47, Df = 2, p = 0.17); predatory mite abundance (B) (X = 1.857773,Df = 2,p = 0.39);
and phytophagous mite abundance (C) (X2 = 1.25, Df = 2, p = 0.53). Evaluations performed in the top, medium, and bottom canopy

strata of Jatropha curcas plants.
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(p < 0.01), although it was not affected by canopy stratum or
by interaction between stratum and season (p > 0.05; Fig. 4C).
J. curcas is a deciduous plant. In the state of Tocantins, it is
known to sprout during the rainy season, or when planta-
tions are irrigated. Between May and October, when there is
little or no rainfall in this region and temperatures are high
(Fig. 1), the plants lose part of their leaves and enter dor-
mancy (SARAIVA et al., 2013). Nonetheless, mite richness,
diversity, and abundance were the highest in the top stratum.

High rainfall may decrease the population density of phy-
tophagous mites, possibly due to contact of raindrops with
the colonies (REGO et al., 2013). However, in our study,
higher mite abundance was observed during the rainy season,
which may have relation to the higher number of leaves on
J. curcas plants. The active vegetative stage of /. curcas plants
is related closely to the rainy season (SARAIVA et al., 2013).
This therefore suggests that rainfall, together with the pres-
ence of leaves, could be the determining factor for mite occur-

rence on /. curcas plants.

In the present study, phytophagous and predatory mite occur-
rences on /. curcas plantations were influenced by seasonality and
followed the same distribution trend, with higher populations
being observed during the rainy season. Our results are consistent
with previous studies that evaluated phytophagous and predatory
mite occurrence in the state of Tocantins (CRUZ et al., 2012;
2013b; ROSADO et al., 2015b). In addition, our results can
provide a basis for the development of new sampling procedures
for phytophagous and predatory mites in /. curcas plantations.

Finally, our data show that phytophagous and predatory
mites colonizing /. curcas are especially concentrated in the
top canopy stratum.
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