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Abstract

The objective of this stfudy was to evaluate the effect of entomopathogenic fungi on adults of Rhynchophorus
palmarum (Coleoptera: Curculionidae). The experimental design was completely randomized in a factorial
design (5x3) + conftrol, composed of five treatments (isolated IBCB 66, CPATC 032, CPATC 057 and T9, and the
commercial product Boveril®) and three concentrations of each fungus (107, 108 and 10° conidia.mL"). The data
of confirmed mortality were submitted to analysis of variance (ANOVA) using the Proc ANOVA of SAS, and the
means compared by Tukey test at 5% probability. To determine percentage survival, confirmed mortality data
were subjected to Log-Rank fest using the Kaplan-Meyer method. Subsequently the values of LC, and LT, were
estimated submitting mortality confirmed the Probit analysis. For the concentration 108 conidia.mL, the isolates
CPATC 032 and CPATC 057 caused confirmed mortality of 52 and 44% of the adults of R. palmarum, respectively.
At the concentration 107 conidia.mL, the isolates CPATC 032 and CPATC 057 caused mortality of 64 and 52%
of the insects, respectively. For the CPATC 032 isolate, in the three concentrations tested, the insects had an
average survival of 11 to 12 days. The TL,, of isolate CPATC 032 at concentrations 108 and 107 conidia.mL" was

approximately 17 days. All isolates tested and the Boveril® product are pathogenic to R. palmarum.
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Infroduction

The coconut beetle Rhynchophorus palmarum
(Linnaeus, 1758) (Coleoptera: Curculionidae), known in
Brazil as coconut eye borer, is a hey-pest of the coconut
crop (Cocos nucifera L.) in the Ocidental Indian and in
South America (Takada et al., 2014).

The coconut eye borer is responsible to cause
direct damage in function of larva feed, and indirect
damage, specially by the adult insects, being the
principal vectors of the nematode Bursaphelenchus
cocophilus (Cobb, 1919) 1989 (Nematoda:
Aphelenchoididae), which can cause the death of the
plant (Cysne et al., 2013).

Knowing that the adult insects of R. palmarum
are not permanent in the plants,
oviposites inside the coconut stipe, the application of

Baujard,

only feed and

entomopatogenic fungi directly on the insects is non
efficient.

Thus, an viable alternative in field is to inocule
the fungi in food aftractants and make it disponible to
the insectos by the pitfalls of autoinoculation, where the
insect may come in and out freelly of the putfalls, causing
direct mortality inside the pitfalls or spreading the disease
in the field.

Considering that there
variability in the species of fungi, the selection of isolates
is essential in studies of biological control of pests with
entomopathogens, in order to establish a natural tool

is a great genetic

and an ecological and viable alternative to overcome
the problems caused by pest insects.
The enfomopathogenic
bassiana (Balsamo) Vuillemin presents a development
process
adhesion and germination of the conidia to the host
infegument, in which it involves enzyme production and
cell differentiation to ensure colonization and dispersal

fungus Beauveria

in the environment that begins with the
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effective (Safavi, 2012; Coutinho-Rodrigues et al., 2016).

The use of fungi of the Trichoderma genre to
biological confrol of pests and diseases is based on the
degradation by hydrolytic enzimes. Generally, differents
strains of Trichoderma spp. shows differents levels of
expression of these enzimes, which leads to differences
in the performance where used as agentes of biological
control (Gonzdlez et al., 2012).

In acdording to Shakeri & Foster (2007), chitinase
and protease are two of these enzimes responsible to
degradation of cellular cell of the phytopathogenic
fungi and the cuticle of insects and nematodes, which is
composed especially of chitine.

The aim of this study was to evaluate the different
concenfration of the strains IBCé6, CPATC032 and
CPATCO057 of B. bassiana, T9 (Trichoderma harzianum) and
the commercial strain Boveril® on adults of R. palmarum.

Material and Methods
Place and Instalation

Work was
Laboratory of the Brazlian Agricultural

carried out at the Enfomology
Research

Corporation (EMBRAPA) of the Rio Largo Research
Execution Unit (REU), located at the Center for Agricultural
Sciences (CECA), Federal University of Alagoas (UFAL),
Brazil (9°27'S, 35°27'W and altitude 127 m), between
January and August 2014, the temperature of 26+1°C,
relative humidity of 60£10% and photophase of 12 h.

Adult collect of R. palmarum

The insects used in the experiment were collected
in coconut orchards located in the municipality of
Coqueiro Seco, in the Zona da Mata of Alagoas State,
Brazil (09°38'S and 35°48'W). To capture the adult insects,
milkan fraps contfaining sections of sugarcane stalks
(Saccharum officinarum L.)
commercial pheromone capsule (Rincoforol®) were used.

(food aftractant) plus a

Origin of entomopatogenic fungi

The isolates of B. bassiana and T. harzianum used
in the study originated from different hosts and locations.
The commercial product Boveril®, based on the fungus B.
bassiana, and four fungal isolates were used, three from
B. bassiana and one from T. harzianum (Table 1).

Table 1. Origin of the isolates B. bassiana and T. harzianum and the commercial product Boveril® used in the assays with R.

palmarum.
Fungi Isolate Host Location
B. bassiana IBCB 66 Hypothenemus hampei(Ferrari, 1867) (Coleoptera: Curculionidae)  Sdo José do Rio Pardo-SP
CPATC 032 R. palmarum Aracaju-SE
CPATC 057 Homalinotus coriaceus (Gyllenhal, 1836) (Coleoptera: Curculionidae) Aracaju-SE
Boveril® Solenopsis sp. (Westwood, 1840) (Hymenoptera: Formicidae) Piracicaba-SP
T. harzianum T9 Solo Jaguariuna-SP

'Commercial formulation Boveril® PM PL63/Koppert Biological Systems, from the fungus B. bassiana.

Entomopatogenic fungi viability assay

The viability of the conidia of all isolates and the
commercial product was determined by the germination
method, by inoculating 0.1mL of suspension of each
isolate info two Peftri dishes containing agar-agar and
spread with the aid of a Drigalsky handle. Then, Petri dishes
were incubated in BOD chambers at 25+1°C for 24h, and
light optical microscope readings were performed to find
the conidia viability, which was determined by direct
counting on the plates. Petri dishes of the germinated
and non-germinated conidia (Alves & Moraes, 1998).
For this purpose, the Petri dishes were divided into four
quadrants, on which coverslips were placed for reading
under a microscope.

Preparation of entomopathogenic fungal suspensions
Sugarcane stalks were plunged into the standard

spore suspensions of isolates IBCB 66, CPATC 032, CPATC

057 and T19, and the Boveril® (commercial product) at

concentrations 107, 108 and 107 conidia.mL" suspension +
Will Fix® adhesive spreader (0.1%) for 30 min. In the control
freatment, the stems were immersed only in distilled water
+ Will Fix® adhesive spreader (0.1%), during the same
period of the other treatments. The adults of R. palmarum
were separated intfo a group of 25 insects, transferring
them to sealed containers and perforated lids containing
the sugarcane stalks previously freated by the fungus,
where they remained in contact with the inoculum for 3 h,
according to the methodology described by Mendonca
(2007).

Fungus inoculation bioassays

Insects were individualized in plastic containers,
and the food (sugarcane stalks), not treated by fungi,
replaced every three days. Mortality was evaluated daily
for a period of 20 days.

Dead
Hypochlorite (2%) and subsequently with distiled water to

insects were washed with Sodium
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clean the surface of the insects and then individualized in
plastic containers containing sterile cotfon and moistened
with sterile distilled water. BOD incubator (temperature
25+2°C, relative humidity 70£10% and photophase of 12
h), aiming to confirm the mortality through sporulation of
the fungi.

Statistical Analysis

The experimental analysis completelly
randomized in factorial scheme (5x3) and the control
freatment, composed by five tfreatments (strais IBCB 66,
CPATC 032, CPATC 057, T9, and the comercia formulation
Boveril®), and three concentrations to each fungi (107, 108
e 107 conidia.mL”). The treatments were constituted of
five replications composed by five insects each, totalizing
25 insects/fungi concetfration and 25 insects used in
control treatment.

war

Data of confirmed mortality was transformed in
arcoseno Y&/100), and the data from conidia viability of B.
Bassiana and T. harzianum and the Boveril® were subject
to analisys of variance (ANOVA), by the use of Proc
ANOVA of SAS 9.0. The means were compared by the
Tukey test (p<0.05).

Upon confirmed mortality data of adults from R.
palmarum, determined the mean live percentage being
the data subjected to Log-Rank test by the method of
Kaplan-Meyer by pairs of isolates, usein the Proc Lifetest.
In determination of the Letal time (LT,,) the isolates IBCB
66, CPATC 032, CPATC 057 and T9 and Boveril, subjected
the confirmed mortality of aduts from R. palmarum to
Probit analysis. To all analysis were used the software SAS
9.0 (SAS Institute, 2002).

Results and Discussion

The conidia viability of the isolates IBCB 66,
CPATC 032, CPATC 057, and T9, and the commercial
product Boveril® showed up suitable, being that the
siolates CPATC 057 and IBCB 66 showed, respectivelly,
higher and lowerm viability porcentage, do not differing
from the other tfreatments (F=3.026; df=4; P=0.051) (Table 2).

Table 2. Mean * EP' of viability (%) of conidia from Beauveria
bassiana and Trichoderma harzianum and the commercial
formulation Boveril®.

Treatment Viability (%)
IBCB 66 97.00 £ 0.82b
CPATC 032 98.00 * 0.82ab
CPATC 057 99.25 £ 0.94a
Boveril®? 98.75+ 1.26ab
19 98.25 + 0.96ab
CV (%) 0.99

'Means followed by the same letter do not differ statistically each othe by Tukey test (p<0.05).
2Commercial formulation Boveril® PM PL63/Koppert Biological Systems, from the fungus B.
bassiana.

All the isolates, in three concentrations tested
(107, 108, and 107 conidia.mL"), showed pathogenic to
adults of R. palmarum (Table 3). Despite the isolate T9
(T. harzicnum) have been pathogenic to adults of R.
palmarum, penetrating your cuticle, wich is composed
principally of chitin (Shakeri & Foster, 2007), the used
concentrations of the fungus do not influence in mortality
porcentage.

In concenfration 107 conidia.mL’, the mortality
porcentage confirmed of Boveril® and the isolates T9,
IBCB 66, CPATC 032, and CPATC 057 do not differ each
other (F=4.16; df=5; P=0.007) (Table 3). Meanwhile Pires et
al. (2010) found confirmed mortality of 13% of caterpillar
Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae)
when feeding them with fomato leaflets sprayed with the
suspension of the isolate CPATC 057 in concentration of
107 conidia.mL.

Rondelli et al. (2012) founf that the commercial
formulation Boveril®, in concentration of 107 conidia.mL",
was responsible by the confirmed mortality of 86.4% of
caterpillars from traca-das-cruciferas Plutella xylostella
(Linnaeus, 1758) (Lepidoptera: Plutellidae), showing
higher results in comparation fo found in the present
study. This high difference in the percentage of mortality
probably occurred due to the strong sclerosis of the
exoskeleton and the elites of insects belonging to the
order Coleoptera (Silva, 2011), making it difficult for the
fungus to penetrate, which does not occur in the order
Lepidoptera.

For the concenftration 108 conidia.mL”, the isolate
CPATC 032 caused high mortality, but did not differ
significantly from the isolate CPATC 057. The confirmed
mortality by Boveril® and the isolates T? and IBCB 66 also
did not differ from each other (F=5.02; df=5; P=0.003) (Table
3). In contrast, Giometti et al. (2010) found confirmed
mortality of 70% freating adults of bicudo-do-algodoeiro
Anthonomus grandis (Boheman, 1843) (Coleoptera:
Curculionidae) with the isolate IBCB 66 in concentration
of 10® conidia.mL'. Perhaps, this difference may be
associated with the method of application of the fungus
directly inside, with a higher mortality rate applicable.

Differences found in confirmed mortality rates
may be related to the virulence of the isolates of B.
bassiana or even by the method of application of
the fungus. Lo Verde et al. (2015), treating adults of
Rhynchophorus ferrugineus (Olivier, 1790) (Coeloptera:
Curculionidae) with isolate L1 of B. bassiana by 30 s in
concentration of 108 conidia.mL”, verify 20% of confirmed
mortality. On the orher hand, Nussenbaum & Lecuona
(2012) verify that B. bassiana Bb 23, Bb 286, Bb 301, and
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Bb 302 occasioned mortality of 90-92% under adults of A.
grandis, when tfreated by 15 seconds with concentration
of 5x10° conidia.mL".

In concentration of 10° conidia.mL', do not

occour significative statistics of Boveril® and the isolates
IBCB 66, CPATC 032, and CPATC 057 (F =6.83; df=5;
P=0.004) (Table 3). The isolates T9 from T. harzianum
occasioned lower mortality in adults of R. palmarum.

Table 3. Mean = EP' of confirmed mortality (%) of adults from Rhynchophorus palmarum fed with sugarcane
freated with entomopathogenic fungi in concentration of 107, 108, and 10 conidia.mL.

Concentration (conidia.mL")

Treatments 0 107 108 107
IBCB 66 8.00 + 4.29 aB 4,00 +2.86 aB 16.00 £ 5.72 bcAB 36.00 £ 6.44 abA
CPATC 032 8.00 + 4.29 aC 32.00 £ 5.72 aBC 52.00 £ 7.87 aAB 64.00 £ 6.44 aA
CPATC 057 8.00+4.29 aC 24.00 £ 5.72 aBC 44.00 £ 9.30 abAB 52.00+£5.72 aA
Boveril®? 8.00 + 4.29 aB 8.00 £ 4.29 aB 20.00 + 3.57 bcAB 40.00 £7.15 abA
T9 8.00 + 4.29 aA 4,00 +2.86 aA 8.00 £ 4.29 cA 12.00 + 6.44 bA

'Means followed in collums by the same lowercase letter do not differ each other and capital letters in line by the Tukey test (p<0.05%). CV = 23.49%. 2Commercial

formulation Boveril® PM PL63/Koppert Biological Systems, from the fungus B. bassiana.

Although the isolate CPATC 032 differed
stafistically only from the isolate 79, itis likely that the highest
mortalityp ercentage of R. palmarum caused by this
freatment is related to the fact that it is a fungus isolated
from the insect under study, providing greater virulence.
A similar fact, but with greater efficiency, occurred with
Yasin et al. (2019) treating adults of R. Ferrugineus with teh
isolate WG 41 of B. bassiana from the same specie by 90
seconds in concentrations 107 and 108 conidia.mL?', causing
mortality of 41.90% e 75.95%, respectivelly, in adults.

Still in relation to isolate CPATC 032, a close value
was found by Mendonca (2007) that, when studying the
efficiency of this isolate on adults of R. palmarum, fed with
sugarcane orevious treated by the fungiin concentration
of 107 conidia.mL' during 3h, found 61.4% of insect
mortality.

Close result was verified by Nowakonski (2019),
who analyzed the pathogenicity of the IBCB 66 isolate

from B. bassiana on citrus black fly nymphs Aleurocanthus
woglum (Ashby, 1915) (Hemiptera: Aleyrodidae) in the
laboratory at concentration 108 conidia.mL?', showing
virulent, presenfing a mortality of 60.58% on nymphs on
the 4th day of evaluation.

In all treatments, except for the isolated T9, the
percentage of mortality observed when the insects were
subjected to the concentration 107 conidia.mL" differed
significantly only in relation to the confirmed mortality
caused in the confrol and in the concenfration of 107
conidia.mL! (F=1.68; df=19; P=0.001) (Table 3).

Regarding the average survival, that is, the
lifetime of adults from R. palmarum after being fed with
sugarcane treated with enfomopathogenic fungi, in the
concentration 107 conidios.mL" was possible to verify that
has significative difference between the isolates CPATC
032, T9, Boveril® and the control (x2 =11.50; df=5; P=0.042)
(Table 4).

Table 4. Means + EP! of survivor (days) in adults of Rhynchophorus palmarum fed sugarcane
treated with entomopathogenic fungiin in concentrations of 107, 108, and 107 conidia.mL.

Concentration (conidia.mL")

Treatments 107 108 107
Confrol 19.50+0.50 a 19.50+0.50 a 19.50+0.50 a
IBCB 66 13.00 £ 0.00 abc 17.75+0.95a 14.78 £ 1.62 bc

CPATC 032 1225+181c 11.77x1.14c 12.87 £1.25cd

CPATC 057 13.33+0.56 abc 1591+ 1.25ab 1585+ 1.18 abc
Boveril®? 14.50 £ 0.50 ab 13.60 £0.51 abc 12.70 £2.07 cd

19 16.00 £0.00 16.00 £ 4.00 a 17.00 £ 2.52 ab
x?=11.50" x2=17.60" x?=14.83"

"Means followed by the same letter in collums do not differ each other by Log-Rank test by pair of isolates after survivor analysis by method of Kaplan-
Meyer. 2commercial formulation Boveril® PM PL63/Koppert Biological Systems, from the fungus Beauveria bassiana. ‘Significave to 5% of probability.

It can be seen that insects fed with sugarcane
treated with isolate CPATC 032, in the concentration 108
conidia.mL" not only differed from the product Boveril®
(x>=17.60; df=5; P=0.001) (Table 4). These values differ
from the results found by other authors, possibly due to
the insects not being in direct contact with the fungal
solution. For example, Nussenbaum & Lecuona (2012)

verify that adults of A. grandis treated during 15 s with the
isolates of B. bassiana Bb 23, Bb 286, Bb 301, and Bb 302,
showed middle survivor of 7 to 9 days.

On the other hand, Lo Verde et al. (2015) when
freating adults of R. ferrugineus with the isolate L1 of B.
bassiana for 30 s at the concentration 108 conidia.mL,
found an approximate survival of 23 days.

Comunicata Scientiae, v.11: 3300, 2020
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The average survival of adults of R. palmarum
adults exposed to the food treated with the concentration
107 conidia.mL" of the product Boveril® and of the isolates
IBCB 66, CPATC 032 and CPATC 057 did not differ among
themselves (x?=14.83; df=5; P=0.011) (Table 4). The results
of this study proved to be more efficient than those found
by Dembilio et al. (2010), who found that the average
survival of adults of R. ferrugineus immersed in the fungal

suspension of isolate EABb 07/06-Rf from B. bassiana, for
90 s, was 16 days.

By the Probit analysis it was verified that in the
concentration 108 the isolates CPATC 032 and CPATC 057
showed the best performance during the 20 days of the
assay evaluation (17.61 days, 23.11 days, respectivelly)
(Table 5).

Table 5. Lethal Time Estimation (LT ) for the entomopathogenic fungus in concentration 108 conidia.mL' under adults

of Rhynchophorus palmarum.

Isolate TL,, (days) (IC 95%)? X2 Value P B
IBCB 66 24.86 (21.66 — 42.67) 1.53 1.00 9.61
CPATC 032 17.61 (15.89 —20.31) 4.99 0.99 3.53
CPATC 057 23.11 (20.28 - 29.29) 5.24 0.99 4.70
Boveril® 25.61 (21.84-36.37) 6.96 0.99 5.11
19 55.79 (30.83 - 13.94) 2.97 1.00 3.25

'Commercial formulation Boveril® PM PL63/Koppert Biological Systems, from the fungi Beauveria bassiana. ?(Cl 95%) = Confidence Interval (5% of significance). 3?= Chi-square test. ‘P value

= Probability (5% of significance). *8 = Slope of the line.

Francardi et al. (2012), when testing the efficiency
of B. bassiana Bba 01/702 and Bba 09/101 isolates in the
concenfration of 7x10¢ conidia.mL" under adults of R.
ferrugineus, could not determine the LT . Although the
concenfration used by the authors is higher than in the
present study, the efficiency of the fungal concentrations

used in the control of insect pests is related to the
variability that exists between the isolates of B. bassiana.

In concentration 10%, the isolates CPATC 032 e
CPATC 057 also presented the best results for the period
evaluated (17.25 days, and 21.92 days, respectivelly)
(Table 6).

Table 6. Lethal Time Estimation (LT, ) for the enfomopathogenic fungus in concentration 107 conidios.mL" under adults

of Rhynchophorus palmarum.

Isolate LT, (dias)(Cl 95%)? x2e) P value® pe
IBCB 66 32.31 (24.89 - 54.15) 9.81 0.94 2.69
CPATC 032 17.25(15.40-20.13) 7.91 0.98 3.07
CPATC 057 21.92 (19.44 - 26.84) 5.81 0.99 4.49
Boveril® 38.51 (26.77 — 80.16) 4.44 0.99 1.67
T9 42.19 (27.67 — 46.05) 2.93 1.00 3.98

'Commercial formulation Boveril® PM PL63/Koppert Biological Systems, from the fungi Beauveria bassiana. 2(Cl 95%) = Confidence Interval (5% of significance). *x2= Chi-square test. ‘P value

= Probability (5% of significance). ¢ = Slope of the line.

Pinto et al. (2012) studying the pathogenicity
of isolate IBCB 66, in some application method, in
concenfration 10° conidia.mL' under adults of psilidio
Diaphorina citri (Kuwayama, 1908) (Psyllidae: Hemiptera),
found that the LT,, was 5.7 days. Such results do not
corroborate with those found in the present study,
possibly because they belong to different insect orders
and/or due to the direct contact of these insects with the
fungal suspension through spraying.

Conclusions

The commercial product Boveril® and the isolates
IBCB 66, CPATC 032 and CPATC 057 from B. bassiana, and
T9 from T. harzianum, are pathogenic to R. palmarum.
However, based on the LT, values, only the use of isolate
CPATC 032 is economically viable in the confrol of R.
palmarum under laboratory conditions.
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