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ABSTRACT

Some insecticides can be used jointly with entomopathogenic fungi, and therefore the combi-
nation of chemical and biological control measures can be a safe and effective method to con-
trol insect pests. The aim of this study was to evaluate the costs and efficacy of combinations of
Metarhizium anisopliae (Metschnikoff) Sorokin (Hypocreales: Clavicipitaceae) with thiameth-
oxam and imidacloprid on spittlebug (Mahanarva fimbriolata (Stal); Hemiptera: Cercopidae)
control on sugarcane. The experiment was conducted as a randomized block design (RBD)
with 10 treatments and 4 replications. The treatments included a control (untreated), thia-
methoxam (250 g ha™), imidacloprid (700 g ha™), M. anisopliae (M. a.) (3 x 10" conidia ha™),
A1 (3 x 10”°M. a. conidia ha™ + 65 g ha™ of thiamethoxam), A2 (3 x 10" M. a. conidia ha™ + 125
g ha™ of thiamethoxam), A3 (3 x 10”M. a. conidia ha™ + 187.5 g ha™ of thiamethoxam), A4 (3 x
10”M. a. conidia ha™ + 175 g ha™ of imidacloprid), A5 (3 x 10”M. a. conidia ha™ + 350 g ha™'of
imidacloprid), and A6 (3 x 10 M. a. conidia ha™ + 525g ha™ of imidacloprid). The reductions
in the numbers of M. fimbriolata nymphs per treatment compared to the control were similar
at 15 DAT (days after treatment) in all treatments except combination A5 (M. anisopliae
and thiamethoxam). At 30 DAT, the numbers of nymphs were significantly reduced in all
treatments except A3, and their effectiveness ranged from 14.28% to 92.85%. At 45 DAT the
numbers of M. fimbriolata nymphs per treatment were significantly reduced in the following
treatments: imidacloprid alone at 700g ha’, A1, A2, A3, A4 and A6; and the combinations Al
and A2 caused the lowest M. fimbriolata nymph infestations and effectiveness rates of 77.41
and 87.09 %, respectively. At 75 DAT the 2 best control efficacies occurred in treatments Al (3
x 10" M. a. conidia ha™ of + 65g ha™ of thiamethoxam) (82.1%) and A5 (78.6%) (3 x 10 M. a.
conidia ha™ + 850 g ha™'of imidacloprid). At 90 DAT the number of nymphs in the control had
increased 2.8 fold over the number at 75 DAT. Very good control efficacies at 90 DAT occurred
in all treatments with the combination of the fungus with an insecticide. At 105 DAT the
numbers of nymphs had surged in all treatments, and no treatment provided effective control.
The treatments with the highest earnings per hectare were Al (3 x 10”M. a. conidia ha” + 65
g thiamethoxam) and M. anisopliae alone at the recommended dose of 3 x 10” M. a. conidia
ha'. Our findings demonstrate the effectiveness of using either thiamethoxam or imidacloprid
in combination with M. anisopliae to control M. fimbriolata nymphs on sugarcane, but greater
net earnings per hectare occurred with the lowest rate of the thiamethoxam combination than
with any of the imidacloprid combinations.

Key Words: biological control, entomopathogenic fungi, imidacloprid, sugarcane, thia-
methoxan.

RESUMEN

Algunos insecticidas se puede utilizar con hongos entomopatégenos y por lo tanto, la aso-
ciacién de los controles quimico y biolégico puede ser una estrategia segura y eficaz para
el control de insectos-plaga. El objetivo de este estudio fue evaluar los costos y eficacia
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de combinaciones de Metarhizium anisopliae (Metschnikoff) Sorokin (Hypocreales: Clavi-
cipitaceae) con insecticidas thiamethoxam e imidacloprid para el control de la chicharrita
(Mahanarva fimbriolata (Stal); Hemiptera: Cercopidae) en cana de azdcar . El experimento
fue conducido en un delineamiento en bloques casualizados (DBC), con 10 tratamientos y
4 repeticiones. Los tratamientos que incluidos el control (sin tratamiento), thiamethoxam
(250 g ha™), imidacloprido (700 g ha™), M. anisopliae (M.a.) (3x10* conidios ha™), A1 (3x10"
conidios ha™'de M. a. + 65 g ha™ de thiamethoxam), A2 (3x10"conidios ha™ de M. a. + 125g
ha™' de thiamethoxam), A3 (3x10"”conidios hade M. a. + 187.5 g ha' de thiamethoxam), A4
(3%10" conidios ha™'de M.a + 175 g ha™' de imidacloprido), A5 (3x10" conidios ha™'de M. a. +
350 g ha™'de imidacloprido) y A6 (3x10" conidios ha™'de M. a. + 525g ha™ de imidacloprido).
Las reducciones en el namero de ninfas M. fimbriolata por tratamiento en comparacién con
el control fueron similares a los 15 DAT (dias pos tratamiento) en todos los tratamientos
excepto A5 combinacién (M. anisopliae y thiamethoxam). A los 30 DAT, el nimero de ninfas
se redujeron significativamente en todos los tratamientos, excepto A3, y su eficacia varié de
14,28% para 92,85%. A los 45 DAT, los nameros de ninfas M. fimbriolata por tratamiento se
redujeron significativamente en los siguientes tratamientos: imidacloprido solo en 700 g ha™,
A1, A2, A3, A4 y A6; y las combinaciones de Al y A2 causaron la méas bajo infestaciones de
ninfas M. fimbriolata y sus tasas de eficacia fueron de 77,41 y 87,09%, respectivamente. A los
75 DAT, los 2 mejores eficacias de control se produjeron en tratamientos Al (3x10" conidios
ha”de M. a. + 65 g ha™' de thiamethoxam) y A5 (78.6%) (3x10" conidios ha™de M. a.+ 350
g ha™ de imidacloprido). A los 90 DAT, el niimero de ninfas en el control habia aumentado
2,8 veces mas el numero a 75 DAT. Muy buenas eficacias de control en 90 DAT, se produjo
en todos los tratamientos con la combinacion del hongo con un insecticida. A los 105 DAT, el
ndmero de ninfas habian aumentado en todos los tratamientos, y ningtn tratamiento habia
proporcionado un control efectivo. Los tratamientos con los mayores rendimientos hectarea
fueron A1 (3x10*conidios ha™de M. a.+ 65 g de thiamethoxam) y M. anisopliae solo a la dosis
recomendada de 3x10" conidios ha™ de M. a. Nuestros resultados demuestran la eficacia de
thiamethoxam y imidacloprido en combinacién con M. anisopliae para el control de ninfas M.
fimbriolata en cana de azudcar, pero mayores beneficio neto por hectarea se produjeron con la
tasa maés baja de la combinacién de thiamethoxam que con cualquiera de las combinaciones
de imidacloprid.

Palabras clave: cafia de azucar, control biolégico, hongos entomopatégenos, imicacloprido,
thiamethoxam.

Brazil produces the most sugarcane (Ravaneli
et al. 2011; Vacari et al. 2012; Simoes et al. 2012;
Rossato et al. 2013), and Mahanarva fimbriolata
(Stal) (Hemiptera: Cercopidae) is one of the ma-
jor pests of this crop (Garcia et al. 2006; James
et al. 2011; Garcia et al. 2011; Volpe et al. 2012).
Nymphs and adults of M. fimbriolata can cause
injuries and reduce of sugarcane productivity by
20 to 40 tonnes per hectare (Mendonga 2005).
Furthermore, attacked sugarcane stalks lose
quality, reducing sugar and alcohol production ca-
pacity (Dinardo-Miranda et al. 2002; Madaleno et
al. 2008; Garcia et al. 2010; Carvalho et al. 2011;
Korndorfer et al. 2011).

Chemical insecticides and the entomo-
pathogenic fungus, Metarhizium anisopliae
(Metschnikoff) Sorokin (Hypocreales: Clavicipita-
ceae), are used to control M. fimbriolata nymphs
and adults on sugarcane (Dinardo-Miranda et al.
2004 a, 2004 b; Loureiro et al. 2005; Li et al. 2010;
Cuaran et al. 2012). Some chemical insecticides
that are compatible with entomopathogenic fungi
and other biological control agents may be used in
various combinations to provide safe and efficient
control of insect pests (Asi et al. 2010; Russell et
al. 2010; Bitsadze et al. 2013).

The insecticides, imidacloprid and thiameth-
oxam, do not reduce the viability, vegetative

growth, conidial production, and germination of
M. anisopliae and this demonstrates the compati-
bility of these insecticides with this entomopatho-
gen (Botelho & Monteiro 2011; Akbar et al. 2012;
Silva et al. 2013).

Thus, the combination of chemical insecticides
and M. anisopliae can used for the management
of M. fimbriolata. The insecticide causes insect
death in less time, and colonization of individuals
killed by the entomopathogenic fungus increases
the residual pest control effect (Dinardo-Miranda
et al. 2008; Jin et al. 2011). This demonstrates the
importance of understanding the combination of
entomopathogenic fungi with insecticides in sug-
arcane fields.

The aim of this study was to evaluate the costs
and efficacies of combinations of M. anisopliae
with imidacloprid and thiamethoxam in M. fim-
briolata control on sugarcane.

MATERIALS AND METHODS

The pest control materials used in this study
were as follows: Metarhizium anisopliae (Meité®)
procured from Ballagro Agro Tecnologia, Bom
Jesus dos Perdoes city, Sdo Paulo state, Brazil;
thiamethoxam (Actara 250 WG®) obtained from
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Syngenta Protecdo de Cultivos Ltda, Paulinia
city, Sdo Paulo state, Brazil; and imidacloprid
(Evidence 700 WG®) obtained from Bayer Crop
Science, Sao Paulo city, Sdo Paulo state, Brazil.

The experiment was conducted in a sugarcane
field of the company “Energética Santa Helena
Ltda” in Nova Andradina, Mato Grosso do Sul
State, from Nov 2012 to Apr 2013. The experi-
mental area (S 22° 16' 73" W 53° 18' 23", and 380
m) was planted with sugarcane (variety ‘SP81-
3250’) with no flaws in the sprouting plants.

The plots included 10 rows of sugarcane
spaced 1.4 m apart and 10 m long, totaling an
areas of 140 m’. The experiment was a random-
ized block design (RBD) with 10 treatments and 4
replications. The treatments included the control
(untreated), thiamethoxam (250 g ha™), imidaclo-
prid (700 g ha™), M. anisopliae (M. a.) (3 x 10"
conidia ha™), Al (3 x 10”M. a. conidiaha™+ 65 g
ha™ of thiamethoxam), A2 (3 x 10”M. a. conidia
ha™+ 125 g ha™ of thiamethoxam), A3 (3 x 10 M.
a. conidia ha™ + 187.5 g ha™' of thiamethoxam), A4
(3 x 10”M. a. conidia ha™ + 175 g ha™ of imidaclo-
prid), A5 (3 x 10” M. a. conidia ha™+ 350 g ha™of
imidacloprid), and A6 (3 x 10”M. a. conidia ha™ +
525 g ha™ of imidacloprid).

The experiment was started on 23 Nov 2012,
when the level of infestation of M. fimbriolata in
the experimental area reached on averaged 3.82 +
0.23 nymphs (average + standard error) per linear
foot (30.4 cm) of furrow of sugarcane (Mendonca
2005; Dinardo-Miranda et al. 2008; Table 1). Since
the application of mixtures of insecticides is pro-
hibited in Brazil, each product was applied with a
separate Jacto® sprayer (Pompéia city, Sdo Paulo
State, Brazil) that was calibrated to apply 150 L
ha™ (Mendonga 2005). The spray was directed at
the base of the stumps such that 30% of the spray
volume reached the stems and 70% reached the
sugarcane plant roots (Loureiro et al. 2005). The
surfactant Tween® (0.01% polysorbate 80) was
used in the treatments of fungal suspensions.

Florida Entomologist 97(1)

March 2014

Nymphs of M. fimbriolata were sampled every
2 weeks, up to 105 days after treatment (DAT)
(Mendonga 2005) in 2 linear feet (60.8 cm) of
furrow planting of sugarcane in each plot. The
nymphs of M. fimbriolata on the basal internodes
of plants were counted after removal of the re-
sidual straw.

Climate data (average temperature, relative
humidity, and rainfall) were obtained from Inmet
(Instituto Nacional de Meteorologia) (Fig. 1) to es-
tablish the relationship between the infestation
of M. fimbriolata and abiotic factors. The value of
total recoverable sugar (TRS) (Landell et al. 1999)
was obtained from 20 sugarcane stalks removed
randomly per treatment on 15 Apr 2013.

UDOP (2013) provided the value of a tonne of
sugar per ha, the estimated yield (total recover-
able sugar, TRS) per ha of 68 tonnes, which is the
average yield of Mato Grosso do Sul, State (Unica
2013) x value of a tonne per ha], maintenance
cost of sugarcane (MCS) excluding the costs of
pest control materials and their application for
the control of M. fimbriolata (Udop 2013), costs of
pest control materials and their application and
earnings per ha [(the estimated value of the TRS
produced per ha) — MCS — control cost)], were cal-
culated in dollars (US$). The values of outsourced
services and purchased products to manage the
sugarcane field and to control M. fimbriolata were
obtained from consulting firms and agricultural
database of Udop (2013) (Table 2).

The population data for nymphs of M. fim-
briolata were subjected to analysis of variance,
and the significant means were compared by the
Scott—Knott test at 5% probability. The efficacy
of these treatments was calculated using Abbott’s
formula (Abbott 1925).

RESULTS

Table 3 shows that at 15 DAT the number of
nymphs were significantly reduced compared to

TABLE 1. PRETREATMENT INFESTATION BY THE SPITTLE BUG MAHANARVA FIMBRIOLATA (HEMIPTERA: CERCOPIDAE) ON

SUGARCANE IN THE EXPERIMENTAL AREA.

Treatments

Nymphs (average + standard error)

Control (untreated)

Thiamethoxam (250 g ha™)

Imidacloprid (700 g ha™)

Metarhizium anisopliae (M.a) (3 x 10 con ha™)
Al (Rec. Dose of M. a. + 65 g ha of Thia.)

A2 (Rec. Dose of M. a. + 125 g ha™ of Thia.)

A3 (Rec. Dose of M. a. + 187.5 g ha™ of Thia.)
A4 (Rec. Dose of M. a. + 175 g ha” of Imida.)
A5 (Rec. Dose of M. a. + 350 g ha of Imida.)

a
a
a
A6 (Rec. Dose of M. a. + 525 g ha™ of Imida.)

4.50 = 0.88
3.75 +1.19
3.00 = 0.95
3.25+0.18
4.75 = 0.62
4.00 = 1.28
3.50 £ 0.75
3.75 +1.12
3.50 = 0.68
4.25 +0.94

Rec. Dose of M. a. - Recommended dose of M. anisopliae for the control of M. fimbriolata (3 x 10 M. a. conidia ha™); Thia. insec-

ticide thiamethoxam; Imida. insecticide imidacloprid.
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Fig. 1. Cumulative precipitation (mm), average temperature (°C), relative humidity (%) and number of Mah-
anarva fimbriolata (Hemiptera: Cercopidae) nymphs in the experimental area at 15 to 105 days after application

(DAT) of insect control treatments.

the control in all treatments except A5 (3 x 10%
M. a. conidia ha™ of + 350 g ha™ of imidacloprid).

At 30 DAT, the numbers of nymphs were sig-
nificantly reduced compared to the control in all
treatments except A3 (M. anisopliae plus the high
rate of thiamethoxam) (Table 3). The efficacies of
the treatments ranged from 14.28% to 92.85%
(Table 4).

At 45 DAT the numbers of M. fimbriolata
nymphs per treatment were significantly reduced
compared to the control in the following treat-
ments: imidacloprid alone at 700g ha™, A1, A2,
A3, A4 and A6 (Table 3). Again the performance
of A5 was anomalous.

At 60 DAT, the numbers of nymphs were sig-
nificantly reduced compared to the control in all
treatments. The best efficacies occurred in A1 (3 x
10" M. a. conidia ha” + 65g ha™ of thiamethoxam)
and A2 (3 x 10” M. a. conidia ha™ + 125 g ha™ of
thiamethoxam), which 77.4% and 87.1%, respec-
tively (Table 4).

TABLE 2. MAINTENANCE COSTS PER HA OF SUGARCANE
(MCS) AT NOVA ANDRADINA, MATO GROSSO DO
SUL STATE IN 2012 AND 2013.

MCS Value (US$)
Agricultural inputs for cultivation 548.50
Mechanized operations (applications) 59.78
Manpower 16.01
Administrative expenses 21.30
Total 645.59

At 75 DAT, the numbers of nymphs were sig-
nificantly reduced to the greatest extent in the
following 3 treatments: Al (3 x 10" M. a. conidia
ha™ + 65g ha of thiamethoxam), A3 (3 x 10” M.
a. conidia ha™+ 187.5 g ha™ of thiamethoxam),
and A5 (3 x 10®M. a. conidia ha™ + 350 g ha of
imidacloprid). Also the numbers of nymphs were
significantly reduced compared to the control in
all of the remaining treatments except A2 and A6,
yet the numbers of nymphs in the latter 2 treat-
ments were numerically less than in the control.
The 2 best control efficacies relative to the con-
trol at 75 DAT occurred in treatments A1 (3 x 10"
M. a. conidia ha” of + 65g ha” of thiamethoxam)
(82.1%) and A5 (78.6%) (3 x 10” M. a. conidia ha™
+ 350 g ha™ of imidacloprid).

At 90 DAT the number of nymphs in the control
had increased 2.8 fold over the number at 75 DAT.
However, the numbers of nymphs were significant-
ly reduced compared to the control in the following
treatments: thiamethoxam (250 g ha™), A1, A2, A3,
A4, and A5. The 2 best control efficacies a 90 DAT
occurred in treatments Al (3 x 10" M. a. conidia
ha™ + 65g ha™ of thiamethoxam) (85.9%), thiameth-
oxam (250 g ha") (83.3%) and A2 (3 x 10" conidia
haof M. a. + 125 g ha™ of thiamethoxam) (82.1%).

At 105 DAT the number of nymphs in the con-
trol had increased 2 fold over the number at 90
DAT. Also at 105 DAT, the number of nymphs
were significantly reduced compared to the con-
trol in all treatments. However the numbers of
nymphs in all treatments were equal or greater
than the number in the control , which indicated
that none of the treatments could still provide an
economically useful level of control.
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6.25+1.18b 8.00+1.08b

1.75£2.08 ¢
3.25+1.25Db

1.50+1.29¢

250+1.73b
3.25+1.75b
2.25+125b

2.50 £2.58b
3.00+1.24b

450+225a

0.75+097b 3.00+x2.16a

0.00 = 0.00 b

A3 (Rec. Dose of M. a. + 187.5 g ha™ of Thia.)

7.00+1.36b 18.00+1.83Db
6.00+196b 16.00+2.11b
10.75+1.25a 13.50 +2.09 b

1.25+0.50 b

A4 (Rec. Dose of M. a. + 175 g ha” of Imida.)

1.75+0.93a 0.50+0.67b

0.50+0.58b 2.00+141b

A5 (Rec. Dose of M. a. + 350 g ha of Imida.)
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250+184b 425+175a

2.25+210b

A6 (Rec. Dose of M. a. + 525 g ha” of Imida.)

38.60

64.59

77.24

75.75

90.32

67.58

61.92

>
o

Means followed by the same letter in a column do not differ by the Scott-Knott test at 5% probability; CV- coefficient of variation, DAT- days after treatment; Dose Rec. of M. a. - Recom-

mended dose of M. anisopliae (3 x 10”M. a. conidia ha") for the control of M. fimbriolata; Thia. insecticide thiamethoxam; Imida. insecticide imidacloprid.

March 2014

The high rainfall, average temperature,
and relative humidity increased the efficiency
of the combinations and the fungus M. aniso-
pliae alone (Fig. 1 and Table 3). However, the
greatest rainfall, mainly at 75 DAT, increased
the population of nymphs of M. fimbriolata on
the plots treated with insecticides (Fig. 1 and
Table 3).

The values of TRS were higher with the com-
bination Al (3 x 10” M. a. conidia ha” + 65 g ha™
of thiamethoxam), M. anisopliae (3 x 10” conidia
ha™), thiamethoxam (250 g ha™), and imidaclo-
prid (700 g ha™) and, consequently, the amount
paid per tonne, and earnings per ha (Table 5). The
costs of acquisition and application of the prod-
uct in the following treatments: M. anisopliae,
combination Al and thiamethoxan (250 g ha™)
were US$ 29.27, US$ 41.02, and US$ 64.31, re-
spectively. In other treatments, the cost of M. fim-
briolata nymph control ranged from US$ 38.46 to
US$ 56.84. The treatments with the highest net
earnings per hectare were in treatments Al (3 x
10¥ M. a. conidia ha' + 65 g thiamethoxam) and
M. anisopliae (3 x 10” M. a. conidia ha™) alone
at the recommended dose. Lower earning per ha
were obtained the combinations A4 (3 x 10" M.
a. conidia ha™ + 175 g ha™ de imidacloprid ), A2
(3 x 10¥ M. a. conidia ha' + 125 g ha" of thia-
methoxam), A5 (3 x 10”M. a. conidia ha” + 350 g
ha™ of imidacloprid), and A3 (3 x 10” M. a. conidia
ha' + 187.5 g ha" of thiamethoxam), respectively
(Table 5).

DISCUSSION

Almost all treatments had lower numbers of
spittlebugs than the control at 15 and 30 DAT,
which confirms the susceptibility of M. fimbri-
olata nymphs to the 2 insecticides, M. anisopliae,
and combinations of the insecticides plus the fun-
gus. However some anomalies occurred. For ex-
ample treatment A5 appeared to be infective at
15 DAT and 45 DAT, but this treatment was quite
effective at the other times. Likewise treatment
A3 appeared to be ineffective at 30 DAT, but this
treatment was effective at all other times. These
anomalies in the data probably are the result of
the highly aggregated distribution of the spittle-
bugs.

Furthermore, an additive interaction between
each of the chemical insecticides and the fungus
was observed in this experiment like that observed
for Tibraca limbativentris Stal (Hemiptera: Pen-
tatomidae) (Quintela et al. 2013). However, this
should not be generalized because the control effi-
cacy depends on the weather, the mode of action of
the chemical, and the M. anisopliae isolate used
to control M. fimbriolata (Dinardo-Miranda et al.
2004a; Loureiro et al. 2005; James et al. 2011).
On the other hand, the genetic constitution of the
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TABLE 4. PERCENT CONTROL (ABBOTT - %) OF MAHANARVA FIMBRIOLATA (HEMIPTERA: CERCOPIDAE) BY OF THIAMETH-
OXAM, IMIDACLOPRID, METARHIZIUM ANISOPLIAE AND THE COMBINATION OF EACH INSECTICIDE WITH THE

FUNGUS AT 15 DAY INTERVALS POST APPLICATION.

Days After Treatment

Treatments 15 30 45 60 75 90 105

Thiamethoxam (250 g ha™) 75 57.14 25.00 51.61 46.42 83.33 59.74
Imidacloprid (700 g ha™) 62.50 7857 60.71 54.83 64.29 32.05 50.64
Metarhizium anisopliae (M.a) (3 x 10”con ha™) 50 64.28 42.85 64.51 67.86 46.15 54.54
A1l (Rec. Dose of M. a. + 65 g ha' of Thia.) 62.50 7142 7142 7741 8214 85.89 81.81
A2 (Rec. Dose of M. a. + 125 g ha™ of Thia.) 100 92.85 85.71  87.09 28,57 82.05 55.19
A3 (Rec. Dose of M. a. + 187.5 g ha™ of Thia.) 62.50 14.28 6428 67.74 7500 67.95 79.22
A4 (Rec. Dose of M. a. + 175 g ha” of Imida.) 100 64.28 57.14 58.06 53.37 64.10 53.24
A5 (Rec. Dose of M. a. + 350 g ha™ of Imida.) 12.50 85.71 3571 7096 7857 69.23 5844
A6 (Rec. Dose of M. a. + 525 g ha™ of Imida.) 75 4285 67.85 67.74 39.29 44.87 64.93

Rec. Dose of M. a. - Recommended dose of M. anisopliae (3 x 10" M. a. conidia ha™) for the control of M. fimbriolata (3 x 10*; Thia.

Insecticide, thiamethoxam; Imida. Insecticide, imidacloprid.

pest population (Quinelato et al. 2012), adapta-
tions, and mechanisms of insecticide resistance
(Dubovskiy et al. 2013) may affect the efficacy of
control methods.

Higher numbers of M. fimbriolata nymphs
with thiamethoxam (60 DAT) and imidacloprid
(75, 90, and 105 DAT) show that the time of ap-
plication time affect the efficiency of the chemi-
cals (Dinardo-Miranda et al. 2004a; George et al.
2007), because high rainfall can decrease their
residual effects (Carvalho et al. 2011). In addi-
tion, the insecticides imidacloprid and thiameth-
oxam, at recommended doses, are not selective
for some non-target insects (Zhao et al. 2012;
Funderburk et al. 2013), which may explain the
higher incidence of M. fimbriolata in the plots
treated with these products. Imidacloprid can
cause negative impacts on insects of the family
Syrphidae (Easton & Goulson 2013) and can’t be
selective against the predator of M. fimbriolata
nymphs, Salpingogaster nigra Schiner (Diptera:
Syrphidae). On the other hand, low doses of thia-
methoxam are selective against Apis melifera L.
(Hymenoptera: Apidae) (E1 Hassani et al. 2007).
This favors the maintenance of certain beneficial
insects in the crop and can explain the efficacy of
some combinations of M. anisopliae with this in-
secticide. In addition, low doses of thiamethoxam
increased the susceptibility of 7. limbativentris to
M. anisopliae (Quintela et al. 2013).

The highest efficacy of controlling M. fimbri-
olata with the combinations Al, A2, and A3 at
30, 60, 75, and 90 DAT can suggest that the thia-
methoxam is more suitable than imidacloprid for
use with M. anisopliae. Contact of M. anisopliae
with thiamethoxam did not affect the biologi-
cal characteristics of the fungus, demonstrating
compatibility between these two control agents
(Botelho & Monteiro 2011; Akbar et al. 2012; Sil-

va et al. 2013). Furthermore, this insecticide and
the fungus M. anisopliae are most often used to
control M. fimbriolata in sugarcane fields (Dinar-
do-Miranda et al. 2004 a, 2004 b).

The TRS was higher in group Al (3 x 10” M.
a. conidia ha™ + 65 g ha™ of thiamethoxam) with
96.19. The price per tonne of sugarcane is based
on the TRS value, i.e., the higher the value ob-
tained, the higher the price per tonne. The combi-
nation of 3 x 10” M. a. conidia ha™ + 65 g ha™ of
thiamethoxam was found to be the most effective
in increasing the price per tonne per ha. Similar
values of TRS in the other treatments may be due
to the combination M. anisopliae with the insecti-
cides. The 2 chemical products kill insects faster
than M. anisopliae (Dinardo-Miranda et al. 2002;
Carvalho et al. 2011), and dead individuals are
colonized by this fungus (Dinardo-Miranda et al.
2008; Jin et al. 2011). Thus, entomopathogenic
fungi can increase their density in the crop by
infecting healthy individuals with inoculum from
carcasses (Bruck 2005). In addition, M. anisopliae
has a high ability to persist in the field (Bruck &
Donahue 2007; James et al. 2012), which decreas-
es the probability of resurgence of pest (Guerrero-
Guerra et al. 2013).

The price of the combinations ranged only
from US$ 38.46 to US$ 64.31, indicating that
it is affordable to control M. fimbriolata with
a combination of M. anisopliae and a chemical
insecticide. However, use of the combination of
3 x 10” M. a. conidia ha™ + 65 g ha™ of thia-
methoxam produced lower costs, more tonnes
of sugarcane ha’, the greatest estimated gross
income per ha of US$ 1242.77 and the great-
est net earnings per ha of US$ 556.16 (Table
5). On the other hand, the plant age can also
influence the productivity of the sugarcane (Di-
nardo-Miranda et al. 2008), so that plants in a
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more advanced developmental stage may have
a higher yield of TRS. The value of the TRS was
obtained with 8-month-old plants, but TRS of
older plants may be higher.

Thus, the combination of the entomopatho-
genic fungus, M. anisopliae, with thiamethoxan
or imidacloprid can reduce infestations of M. fim-
briolata to sufficiently low levels to protect the
sugarcane. Nevertheless, factor influencing the
effectiveness of combinations of M. anisopliae
with either thiamethoxan or imidacloprid need to
be better understood, and further relevant stud-
ies should be conducted.

ACKNOWLEDGMENTS

To “Conselho Nacional de Desenvolvimento Cienti-
fico e Tecnolégico (CNPq)”, “Coordenacéo de Aperfeicoa-
mento de Pessoal de Nivel Superior (CAPES)” and
“Fundacédo de Amparo a Pesquisa do Estado de Minas
Gerais (FAPEMIG)” for financial support. We thank
undergraduate student Gabriela Pifieyro for translat-
ing the abstract to spanish. Global Edico Services edited
and rewrote this manuscript.

REFERENCES CITED

ABBOTT, W. S. 1925. A method of computing the effec-
tiveness of an insecticide. J. Econ. Entomol. 18: 265-
266.

AKBAR, S., FREED, S., HAMEED, A., GUL, H. T., AKMAL,
M., MALIK, M. N., NAEEM, M., AND KHAN, M. B.
2012. Compatibility of Metarhizium anisopliae with
different insecticides and fungicides. African J. Mi-
crobiol. Res. 6: 3956-3962.

AsI, M. R., BASHIR, M. H., AFZAL, M., ASHFAQ, M., AND
SaHI, S. T. 2010. Compatibility of entomopathogenic
fungi Metarhizium anisopliae and Paecilomyces fu-
mosoroseus with selective insecticides. Pakistan J.
Bot. 42: 4207-4214.

BITSADZE, N., JARONSKI, S., KHASDAN, V., ABASHIDZE,
E., ABASHIDZE, M., LATCHININSKY, A., SAMADASH-
VILI, D., SOKHADZE, 1., RIPPA, M., ISHAAYA, 1., AND
HoROWITZ, A. R. 2013. Joint action of Beauveria
bassiana and the insect growth regulators difluben-
zuron and novaluron, on the migratory locust, Lo-
custa migratoria. J. Pest. Sci. 86: 293-300.

BOTELHO, A. A. A., AND MONTEIRO, A. C. 2011. Sensibi-
lidade de fungos entomopatogénicos a agroquimicos
usados no manejo da cana-de-acicar. Bragantia 70:
361-369.

BRUCK, D. J. 2005. Ecology of Metarhizium anisopliae
in soilless potting media and the rhizosphere: im-
plications for pest management. Biol. Control. 32:
155-163.

BRUCK, D. J. AND DONAHU, K. M. 2007. Persistence of
Metarhizium anisopliae incorporated into soilless
potting media for control of the black vine weevil,
Otiorhynchus sulcatus in container-grown ornamen-
tals. J. Invert. Pathol. 95: 146-150.

CARVALHO, L. W. T., BROGLIO-MICHELETTI, S. M. F.,
CARVALHO, L. H. T., Dias, N. S., AND GIRON-PEREZ,
K. 2011. Incidéncia de Mahanarva fimbriolata
después de aplicaciones de Metarhizium anisopliae e
imidacloprid en cafia de azicar. Caatinga 24: 20-26.

153

CUARAN, V. L., VALDERRAMA, U. C., PARDEY, A. E. B,,
CoBo, N. C. M., SANCHEZ, G. D. R, GIL, C. A. M.,
AND LAVERDE, L. A. G. 2012. Método para evaluar
el dano de los salivazos (Hemiptera: Cercopidae) so-
bre cana de azucar Saccharum spp. Rev. Colombiana
Entomol. 38: 171-176.

DINARDO-MIRANDA, L. L., GARCIA, V., AND PARAZZI, V.
J. 2002. Efeito de inseticidas no controle de Mah-
anarva fimbriolata (Stal) (Hemiptera: Cercopidae) e
de nematéides fitoparasitos na qualidade tecnol6gi-
ca e na produtividade da cana-de-agucar. Neotrop.
Entomol. 31: 609-614.

DINARDO-MIRANDA, L. L., COELHO, A. L., AND FER-
REIRA, J. M. G. 2004a. Influéncia da época de aplica-
¢ao de inseticidas no controle de Mahanarva fimbri-
olata (Stal) (Hemiptera: Cercopidae) na qualidade e
produtividade da cana-de-ag¢ucar. Neotrop. Entomol.
33:91-98.

DINARDO-MIRANDA, L. L., VASCONCELOS, A. C. M.,
FERREIRA, J. M. G., GARCIA, C. A., COELHO, A. L.,
AND GIL, M. A. 2004b. Eficiéncia de Metarhizium
anisopliae (Metsch.) no controle de Mahanarva fim-
briolata (Stal) (Hemiptera: Cercopidae) em cana-de-
acucar. Neotrop. Entomol. 33: 743-749.

DINARDO-MIRANDA, L. L., PIVETTA, J. P., AND FRACAS-
S0, J. V. 2008. Economic injury level for sugarcane
caused by the spittlebug. Sci. Agric. 65: 16-24.

DUBOVSKIY, I. M., WHITTEN, M. M. A., YAROSLAVTSEVA,
0. N., GREIG, C., KRYUKOV, V. Y., GRIZANOVA, E. V.,
MUKHERJEE, K., VILCINSKAS, A., GLUPOV, V. V., AND
BurT, T. M. 2013. Can insects develop resistance to
insect pathogenic fungi? PLoS ONE. 8: 1-8 (e60248).

EL HASSANI, A. K., DACHER, M., GARY, V., LAMBIN, M.,
GAUTHIER, M., AND ARMENGAUD, C. 2007. Effects of
sublethal doses of acetamiprid and thiamethoxam
on the behavior of honey bees (Apis mellifera). Arch.
Environ. Contam. Toxicol. 54: 653-61.

EASTON, A. H., AND GOULSON, D. 2013. The neonicoti-
noid insecticide imidacloprid repels pollinating flies
and beetles at field realistic concentrations. PLoS
ONE. 8: 1-4 (e54819).

FUNDERBURK, J., SRIVASTAVA, M., FUNDERBURK, C.,
AND MCMANUS, S. 2013. Evaluation of imidacloprid
and cyantraniliprole for suitability in conservation
biological control program for Orius insidiosus (He-
miptera: Anthocoridae) in field pepper. Fla. Entomol.
96: 229-231.

GARCIA, J. F., GRIsoTO, E., VENDRAMIM, J. D., AND
BOTELHO, P. S. M. 2006. Bioactivity of neem, Aza-
dirachta indica, against spittlebug Mahanarva fim-
briolata (Hemiptera: Cercopidae) on sugarcane. J.
Econ. Entomol. 99: 2010-2014.

GARCIA, D. B., RAVANELI, G. C., MADALENO, L. L., MUT-
TON, M. A., AND MUTTON, M. J. R. 2010. Damages
of spittlebug on sugarcane quality and fermentation
process. Sci. Agric. 67: 555-561.

GARCIA, J. F., PRADO, S. S., VENDRAMIM, J. D., AND
BoOTELHO, P. S. M. 2011. Effect of sugarcane vari-
eties on the development of Mahanarva fimbriolata
(Hemiptera: Cercopidae). Rev. Colombiana Entomol.
37:16-20.

GEORGE, J., REDMOND, C. T., ROYALTY, R. N., AND POT-
TER, D. A. 2007. Residual effects of imidacloprid on
Japanese beetle (Coleoptera: Scarabaeidae) oviposi-
tion, egg hatch, and larval viability in turfgrass. J.
Econ. Entomol. 100: 431-439.

GUERRERO-GUERRA, C., REYES-MONTES, M. D., TORI-
ELLO, C., HERNANDEZ-VELAZQUEZ, V., SANTIAGO-

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 04 May 2024
Terms of Use: https://bioone.org/terms-of-use



154

LOPEZ, 1., MORA-PALOMINO, L., CALDERON-SEGURA,
M. E., FERNANDEZ, S. D., AND CALDERON-EZQUERRO,
C. 2013. Study of the persistence and viability of
Metarhizium acridum in agriculture Mexico. Aero-
biologia 29: 249-261.

INMET (INSTITUTO NACIONAL DE METEOROLO-
GIA). 2013. http://www.inmet.gov.br/portal/index.
php?r=estacoes/estacoesautomaticas. Accessed 28
Jul 2013.

JIN, S. F., FENG, M. G., YING, S. H., MU, W. J. AND CHEN,
J. Q. 2011. Evaluation of alternative rice planthop-
per control by the combined action of oil-formulated
Metarhizium anisopliae with low rate buprofezin.
Pest. Mgt. Sci. 67: 36-43.

KORNDORFER, A. P., GRISOTO, E., AND VENDRAMIM,
J. 2011. Induction of insect plant resistance to the
spittlebug Mahanarva fimbriolata Stal (Hemiptera:
Cercopidae) in sugarcane by silicon application. Neo-
trop. Entomol. 40: 387-392.

LANDELL, M. G. A., VASCONCELOS, A. C. M., SILVA, M.
A., PERECIN, D., CARVALHO, R. S. R., BARBOSA, V.,
AND PENNA, M. J. 1999. Validacdo de métodos de
amostragem para estimativa de producdo de cana-
de-aciicar, em dreas de colheita mecanizada. Stab.
Actcar. Alcool. Sub. 18: 48-51.

L1, Z., ALVES, S. B., ROBERTS, D. W., FAN, M. Z., DELA-
LIBERA, 1., TANG, J., LOPES, R. B., FARIA, M., AND
RANGEL, D. E. N. 2010. Biological control of insects
in Brazil and China: History, current programs and
reasons for their successes using entomopathogenic
fungi. Bio. Sci. Technol. 20: 117-136.

LOUREIRO, E. S., BATISTA FILHO A., ALMEIDA, J. E. M.,
AND PESsoA, L. G. A. 2005. Selecao de isolados de
Metarhizium anisopliae (Metch.) Sorok. contra a
cigarrinha da raiz da cana-de-agicar Mahanarva
fimbriolata (Stal) (Hemiptera: Cercopidae) em labo-
ratorio. Neotrop. Entomol. 34: 791-798.

MADALENO, L. L., RAVANELI, G. C., PREsoTTI, L. E.,
MUTTON, M. A., FERNANDES, O. A., AND MUTTON, M.
JR. 2008. Influence of Mahanarva fimbriolata (Stal)
(Hemiptera: Cercopidae) injury on the quality of
cane juice. Neotrop. Entomol. 37: 68-73.

MENDONCA, A. F. 2005. Cigarrinhas da cana-de-ac¢ucar:
Controle biolégico. Maceié: Insecta, Brasil. 317 pp.

QUINELATO, S., GOLO, P. S., PERINOTTO, W. M. S., SA,
F. A., CAMARGO, M. G., ANGELO, I. C., MORAES, A.
M. L., AND BITTENCOURT, V. R. E. P. 2012. Virulence
potential of Metarhizium anisopliae s.l. isolates on
Rhipicephalus (Boophilus) microplus larvae. Vet.
Parasitol. 190: 556-565.

QUINTELA, E. D., MASCARINA, G. M., SILVA, R. A., BAR-
RIGOSSI, J. A. F., AND MARTINS, J. F. S. 2013. En-
hanced susceptibility of Tibraca limbativentris (Het-
eroptera: Pentatomidae) to Metarhizium anisopliae
with sublethal doses of chemical insecticides. Biol.
Control. 66: 56-64.

Florida Entomologist 97(1)

March 2014

RAVANELI, G. C., GARCIA, D. B., MADALENO, L. L., MUT-
TON, M. A., STUPIELLO, J. P., AND MUTTON, M. J. R.
2011. Spittlebug impacts on sugarcane quality and
ethanol production. Pesqui. Agropecu. Brasileira 46:
120-129.

RossSATO, J. A. S., CosTA, G. H. G., MADALENO, L. L.,
MUTTON, M. J. R., HIGLEY, L. G., AND FERNANDES,
0. A. 2013. Characterization and impact of the sug-
arcane borer on sugarcane yield and quality. Agron.
J. 105: 643-648.

RUsSELL, C. W., UGINE, T. A., AND HAJEK, A. E. 2010.
Interactions between imidacloprid and Metarhizium
brunneum on adult Asian longhorned beetles (Ano-
plophora glabripennis (Motschulsky) (Coleoptera:
Cerambycidae)). J. Invert. Pathol. 105: 305-311.

SIMOES, R. A., LETiCIA, R. G., BENTO, J. M. S., SOLTER,
L. F., AND DELALIBERA JR., I. 2012. Biological and
behavioral parameters of the parasitoid Cotesia
flavipes(Hymenoptera: Braconidae) are altered by
the pathogen Nosema sp. (Microsporidia: Nosemati-
dae). Biol. Control. 63: 164-171.

SILVA, R. A., QUINTELA, E. D., MASCARINA, G. M., BAR-
RIGOSSI, J. A. F., AND L1Ao, L. M. 2013. Compatibil-
ity of conventional agrochemicals used in rice crops
with the entomopathogenic fungus Metarhizium an-
isopliae. Sci. Agric. 70:152-160.

TIAGO, P. V., SOouzA, H. M. L., MOYSES, J. B., OLIVEIRA,
N.T., AND LIMA, E. A. L. A. 2011. Differential patho-
genicity of Metarhizium anisopliae and the control
of the sugarcane root spittlebug Mahanarva fimbri-
olata. Brazilian Arch. Biol. Technol. 54: 435-440.

TiaGO, P. V., CARNEIRO-LEAO, M. P., MALOSSoO, E.,
OLIVEIRA, N. T., AND LiMA, E. A. L. A. 2012. Per-
sistence and effect of Metarhizium anisopliae in the
fungal community of sugarcane soil. Biol. Control.
57: 653-661.

UDOP (UN1AO DOS PRODUTORES DE BIOENERGIA). 2013.
http://www.udop.com.br/index.php?item=boletins.
Accessed 31 Jul 2013.

UNIAO DA INDUSTRIA DA CANA-DE-ACUCAR (UNICA).
2013. http://www.unicadata.com.br. Accessed 31 Jul
2013.

VACARI, A. M., BORTOLI, S. A. DE., BORBA, D. F., AND
MARTINS, M. I. E. G. 2012. Quality of Cotesia flavipes
(Hymenoptera: Braconidae) reared at different host
densities and the estimated cost of its commercial
production. Biol. Control. 63: 102-106.

VOLPE, H. X. L., DUARTE, R. T., SILVA, A. G., JUNIOR, E.
B., LEITE, G. J., AND FERREIRA, M. C. 2012. Distri-
buicdo volumétrica de calda contendo Metarhizium
anisopliae. Cienc. Rural 42: 1909-1915.

7ZHAO, X., WU, C., WANG, Y., CANG, T., CHEN, L., YU, P,
AND WANG, Q. 2012. Assessment of toxicity risk of
insecticides used in rice ecosystem on Trichogramma

Japonicum an egg parasitoid of rice lepidopterans. J.
Econ. Entomol. 105: 92-101.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 04 May 2024
Terms of Use: https://bioone.org/terms-of-use



