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ABSTRACT
Entomopathogenic fungi are key components of biological pest control programs. Among these, Metarhizium
anisopliae is one of the best-studied and has been demonstrated to be particularly effective against
coleopterans. The native M. anisopliae CPMa1502, previously selected for its insecticidal activity against
Demotispa neivai (oil palm fruit scraper), was studied to establish its growth parameters under several
culture conditions and its virulence on different stages of D. neivai. Considerable conidia production of
CPMa1502 on MAYP (Maltose Agar Yeast with Potato Extract) and SMAYR (Sabouraud Maltose Agar
with yeast extract and rice extract) agar was observed (1x10° conidia cm™ at 14 days). The isolate was
highly tolerant to a wide range of pH (5-9; germination >90%; radial growth rate: 0.95-1.02 mm day™)
but moderately tolerant to high temperatures (>35°C). Additionally, the adhesion capacity to D. neivai
cuticle and conidial hydrophobicity was strong (114 conidia mm™:72%). Finally, the insecticidal activity of
.,) of 1.8x10" conidia
mL™ and a mean lethal time (LT,) of 4.3 days, than on adults. These findings show that CPMa1502 is a

CPMa1502 was greater on larvae than on adults, with a mean lethal concentration (LC

promising candidate for further development as a biopesticide against D. neivai.

Keywords: biocontrol activity, conidia production, Elaeis guineensis, fruit scraper, growth parameters.

Received: 11 May 2022; Accepted: 11 October 2022; Published online: 9 December 2022.

INTRODUCTION

Entomopathogenic fungi have been well studied
and developed into biopesticides, due to their
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high virulence towards a wide range of insect
pests, their ability to form resistant structures
and persist in the environment, and their
innocuity to the environment and human health
(Zimmermann, 2007). The most studied
entomopathogenic fungi belong to the genus
Metarhizium (Meyling and Eilenberg, 2007;
Zimmermann, 2007). Metarhizium anisopliae has
been isolated from insect cadavers, soil, and
roots. It synthesises various compounds (lipases,
adhesives, proteases, and chitinases) to degrade
insect cuticle (Schrank and Vainstein, 2010),
allowing it to grow hyphae that colonise
the hemolymph, leading to insect death and
sporulation (Gul et al., 2014; Zimmermann, 2007).
Metarhizium anisopliae has been shown to be
particularly active against Coleoptera, making it
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a prime candidate to control various pest beetles
(Batta, 2004; Erler and Ates, 2015; Hajek et al.,
2007).

Oil palm (Elaeis gquineensis or the hybrid
E. oleifera x E. gquineensis) is one of the most
important oleaginous agricultural crops in the
world. In Colombia, there are currently more than
559 000 cultivated hectares of this crop, making it
the fourth-largest producer in the world. Like other
agricultural crops, oil palm is seriously affected
by various insect pests and entomopathogenic
fungi have been used effectively in their control.
For instance, entomopathogenic fungi have been
shown to have high efficacy for the control of
palm pests such as Metisa plana (Walker) (mortality
of more than 95.0% with Beauveria bassiana),
Oryctes rhinoceros (Scarabaeidae) (mortality of
100% with M. anisopliae), Pteroma pendula (mortality
of 93.8% with Paecilomyces carneus), Stenoma
impressella (mortality from 61.0% to 96.0% with
Cordyceps cateniannulata), Coptotermes curvignathus
(mortality from 71.0% to 84.0% with M. anisopliae),
and Demotispa neivai (mortality from 68.0% to
95.0% with M. anisopline) (Bakeri et al., 2009;
Kin et al., 2017; Montes-Bazurto et al., 2020a; 2020b;
Ramle et al., 2006; Ramle and Basri, 2004).

The oil palm fruit scraper, D. neivai Bondar
(Coleoptera: Chrysomelidae), is an economically
impactful emerging pest in oil palm plantations
in Colombia. Both larvae and adults feed on
the epidermis of fruits causing superficial
damage and changing fruit colour. Insect feeding
affects fruit development resulting in losses of
approximately 7% in oil extraction. Furthermore,
the superficial damage on the bunches makes it
difficult to determine fruit maturity in the field,
causing an additional 8% fruit loss (Aldana ef
al., 2004; Valencia et al., 2007). A recent study
demonstrated that a native isolate of M. anisopliae
(CPMal502) caused up to 95% mortality in
D. mneivai larvae and adults under laboratory
conditions (Montes-Bazurto et al., 2020b) and
62% larval mortality under field conditions
(Montes-Bazurto et al.,, 2019). These findings
demonstrated a marked biocontrol potential
of CPMal502 for further development
as the first biological pesticide against
D. mneivai in Colombia. Fungal biopesticides
require that their active ingredients fulfil
minimal requirements for production and
commercialisation from early research stages,
such as conidia yield, growth parameters,
and virulence. Therefore, the aim of this study
was to assess desirable attributes such as growth

conditions  (production media, temperature,
and pH), virulence factors (adherence and
hydrophobicity), —and insecticidal  activity

(lethal concentrations and mean lethal time) of
M. anisopline CPMa1502.
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MATERIALS AND METHODS
Fungal Isolate and Reactivation

Metarhizium  anisoplize  isolate ~ CPMal502
(MH673410, MH698453 - GenBank), was obtained
from the Entomopathogen Collection of Cenipalma
(Montes-Bazurto et al., 2020b). The fungus was
originally isolated from D. neivai larvae, collected
from oil palm plantations in San Vicente de Chucuri,
Santander, Colombia (Montes-Bazurto et al., 2019).
It was reactivated on D. neivai adults and then
grown on Maltose Agar Yeast with 0.5% v/v
Potato Extract (MAYP) (Edelstein et al., 2004),
supplemented with 0.1% w/v chloramphenicol
(Colmed® International, Colombia), and incubated at
25°C + 2°C for 14 days in total darkness. Conidia
were harvested from Petri plates by carefully
scraping the surface with a sterile scalpel.

Growth Parameters

Conidia production. CPMal502 conidia obtained
in MAYP agar were suspended in a 0.1% Tween® 80
solution (Merck, Germany), and the concentration
was adjusted to 1x10° conidia mL™ using a
hemocytometer. Subsequently, eight agar media
reported for M. anisopliae conidia production were
inoculated with 0.1 mL of the conidial suspension:
1. Potato Dextrose Agar (PDA) (Gandarilla-Pacheco
et al., 2012); 2. PDA with 0.5% peptone (PDAP)
(Gandarilla-Pacheco et al., 2012); 3. PDA with
0.5% yeast extract (PDAE) (Gandarilla-Pacheco
et al., 2012); 4. Yeast Malt Agar (YM); 5. MAYP
(Edelstein et al., 2004); 6. Sabouraud Dextrose Agar
(SDA); 7. Sabouraud Maltose Agar with 1% yeast
extract (SMAY) (Edelstein et al., 2004); and 8. SMAY
supplemented with 13% rice extract (SMAYR)
(Edelstein et al., 2004). The culture media were then
incubated at 25°C + 0.5°C (Memmert, Germany)
for 10, 12 and 14 days. At each time, the growing
biomass was harvested and suspended in 10 mL
0.1% Tween® 80 solution. The conidia concentration
of each suspension was assessed to determine
sporulation or conidia yield per unit area (conidia
cm™?). The conidia production test was carried out
in triplicate for each treatment (growth media*
incubation time), and the whole experiment was
replicated three times.

Growth temperature. CPMal502 conidia were
suspended in a 0.10000% Tween® 80 solution,
and the concentration was adjusted to 1x10°
conidia mL™ using a hemocytometer. Germination
was assessed by transferring 100 pL of dilution 107
of the conidial suspension to Petri plates with YM
agar with 0.00004% benomyl (Benlate, DuPont,
Spain). Plates were incubated at six temperatures for
16 and 24 hr (Faria et al., 2015): 20°C + 0.5°C (Binder,
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Germany); 25°C + 0.5°C (Memmert, Germany);
30°C + 1°C (Sheldon Manufacturing, Inc.,, USA);
35°C £ 1°C (Binder, Germany); 40°C + 2°C (Memmert,
Germany); and 45°C + 2°C (Memmert, Germany).
An agar square of 1 cm” was removed and then
a drop of lactophenol blue solution was added
(Merck, Germany). Germinated and non-germinated
conidia were determined using an optical
microscope (Olympus®, Japan), and 100 conidia
were scored per replicate. A germinated conidium
must have a germ tube length of at least twice the
conidia diameter (Ekesi et al., 1999).

The radial growth rate was determined by
measuring colony radius daily in a Petri plate
with MAYP agar with 0.1% w/v chloramphenicol,
inoculated with 10 pL of a conidial suspension
in the middle of the plate at the six temperatures
mentioned above for 14 days and reported as
mm day . The growth temperature test was carried
out in triplicate with three replicates per repetition.

Effect of pH. A conidial suspension at 1x10° conidia
mL™" was prepared to inoculate 15 mL glass flasks
with phosphate buffer adjusted to pH 5, 6, 7, 8
and 9 [1:9/conidia: buffer (Merck, Germany)], as
liquid culture media. Sterile distilled water was
used as a control (pH=5.88 + 0.45). The flasks were
incubated on a heated orbital shaker at 150 rpm,
25°C + 1°C for 24 hr (Heidolph, Germany).
Subsequently, germination and radial growth were
measured, as described above, at a single incubation
temperature of 25°C + 0.5°C. The test was repeated
three times and replicated three times.

Conidial Adherence and Relative Hydrophobicity

Conidial adherence was determined based
on the methodology developed by Boucias et al.
(1988). Cuticle ghosts were prepared from
D. neivai adults by dipping them in 15% KOH
(Merck, Germany), and boiling until the fragments
became translucent. Cuticle ghosts were then
mixed in a conidial suspension of M. anisopliae
CPMa1502, adjusted to 1x10” conidia mL™" and
maintained at 200 rpm for 1 hr at room temperature
(ThermoFisher Scientific, USA). Subsequently, the
mixture was filtered with a non-woven fabric to
recover the cuticles which were then cleaned with
sterile distilled water. The conidia attached to
the cuticle (1 mm?) were revealed with lactophenol
blue (Merck, Germany) and counted using a
hemocytometer. The results were reported as
conidia per unit area of the D. neivai cuticle.

Hydrophobicity assays were carried out
according to the phase exclusion methodology
described by Boucias et al. (1988) and Shah et al.
(2007). Briefly, 10 mg of dry conidia were suspended
in a 0.1M KNO, solution (aqueous phase; Merck,
Germany) and absorbance was read at 600 nm
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(Mecasys, Korea). A volume of 3 mL of the aqueous
phase was then mixed with 1 mL of toluene (organic
phase; Merck, Germany), gently vortexed for
20 s, and left to rest for 30 min. The aqueous phase
was extracted and absorbance was assessed at
600 nm. Relative hydrophobicity percentage (H)
was calculated using the following Equation (1):

Ay— A

H (%)= %100 1)

where H is the relative hydrophobicity, A, is the
initial absorbance of the aqueous phase, and A, is the
absorbance of the aqueous phase after mixing with
toluene.

Conidial adherence and relative hydrophobicity
were assessed three times, with nine measurements
carried out for adherence and three for
hydrophobicity.

Insecticidal Activity

Insects. Demotispa neivai adults and larvae used to
establish the rearing or for bioassays were obtained
from oil palm fruit bunches, collected on a naturally
infested oil palm plot, located near Cenipalma’s
Palmar de la Vizcaina research station, Santander,
Colombia. Collected individuals were subjected
to a 10 day quarantine to avoid contamination by
naturally occurring pathogens or parasitoids. Adults
and larvae were placed in 8 x 5 cm PVC tubes,
closed at both ends with muslin and allowed to feed
and oviposit on ripe fruits. The eggs found on fruits
were individualised and monitored until hatching.
Ripe palm fruits were replaced as necessary. Insects
were kept at 27°C £ 1°C, 90% + 5% relative humidity
(RH), and a photoperiod of 12:12 hr (light: dark),
until they were needed for bioassays.

Concentration-mortality and time-mortality tests.
The lethal concentrations for CPMal502 conidia,
grown on MAYP agar, were determined on adults
and larvae of D. neivai, using laboratory bioassays
(Montes-Bazurto et al., 2020b). For the adult bioassay,
adults of D. neivai were immersed for 1 min in an
aqueous suspension of M. anisopline CPMal502
conidia, adjusted to five different concentrations
(1x10% 1x10° 1x10° 1x107, and 1x10® conidia mL™),
in 0.1% Tween® 80 solution. For control treatments, a
solution of 0.1% v /v Tween® 80 was used, whereas,
for absolute controls, insects were untreated.
Larvae were inoculated by placing a 15 pL drop
of conidial suspension on the thorax, adjusted to
the same concentrations as those used in the adult
bioassay. After inoculation, insects were maintained
individually in 8 cm diameter x 5 cm PVC tubes
covered with muslin on both ends at 27°C + 1°C and
90% + 5% RH, under a natural photoperiod on oil
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palm fruits. Insect mortality was recorded every
day for 15 days. Mortality data for treatments was
corrected with mortality data from the control, to
determine the mean lethal concentrations LC,; and
lethal concentration ninety LC, were determined
using Probit analysis (Finney, 1952). The lethal
time (LT,,) was calculated using the mortality data
of the pathogenicity bioassays for the treatment
corresponding to a fungal concentration of 1x10°
conidia mL™ for both adults and larvae.

A completely randomised design was used with
five replicates per treatment (conidia concentration)
for adult bioassay (n=5) and three per treatment
for larvae bioassay (n=3). Each replicate consisted
of 10 individual insects (experimental units) for a
total of 50 adults, and 30 larvae used per treatment.
Different methods were used for larval and
adult bioassays since larvae drowned when the
immersion method was used and drops rolled off
adult elytra.

Statistical Analysis

For statistical purposes, germination was
arcsine or square-root transformed. Statistical
significance of treatments was determined using
one-way analysis of variance (ANOVA), and mean
separations were compared using Tukey HSDs test
with a confidence level of 95%. Analysis was carried
out using Statistix® version 8.1 (Analytical Software

(a)
1.E+08

1.E+06
1.E+04

1.E+02

Concentration (conidia cm)

1.E+00
PDA

(b)

PDAP PDAE

2003). Probit analysis (Finney, 1952) was used to
determine the lethal concentrations using POLO-
PLUS 1.0 (LeOra Software 2006) and lethal time
data were subjected to Weibull survival analysis
using the Generalised Linear Interactive Modeling
Program (Crawley, 1993).

RESULTS AND DISCUSSION
Growth Parameters

Conidia production. All the media assessed
allowed the growth and sporulation of CPMa1502.
The fermentation started with the colonisation of
white mycelium and the production of dark green
aerial conidia after 6-7 days of incubation. The
conidia yields at 10, 12 and 14 days are presented
in Figure la. Sparse sporulation was observed in
PDAP, PDAE, YM, and SDA agar, followed by PDA
and SMAY media (Figure 1b). MAYP and SMAYR
reached the highest conidia yields at all three times
evaluated. Significant differences were found
between the eight culture media on the 10" and 12*
day of growth (10" day: F, ,,=4.93, p=0.0039; 12" day:
F, =4.32, p=0.0073); while no statistical differences
were observed on the 14" day (F, = 2.11; p= 0.1023).
The largest yield was reached on the 14" day using
MAYP and SMAYR (MAYP: 1.1 + 0.4x10° conidia
cm? SMAYR: 1.1 + 0.3x10° conidia cm™).

YM MAYP
Treatments

SDA  SMAY SMMAYR

Figure 1. Conidia production of M. anisopliae CPMa1502 on different agar media. (a) Conidia concentration (conidia cm™) at 10(m), 12(M), and 14(w)
days incubation; (b) In vitro growth at 14 days. Values with different lowercase letters show statistical differences according to Tukey HDS Test (p<0.05).
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CPMa1502 achieved the highest yield on MAYP
and SMAYR agar, and which could be attributed to
the sources of carbon, nitrogen, proteins, vitamins,
and amino acids favoring the conidiogenesis
process. Yeast extract has been identified as a
sporulation inductor, and enables increased biomass
production due to its vitamin B content (Patil et
al., 2014). Also, the starches used in these media
can also induce the enzymatic capacity for the
degradation of polysaccharides, similar to insect
cuticles, and activate several virulence mechanisms
(Clarkson and Charnley, 1996; Permadi et al., 2020).
The yields achieved were 10 times higher than the
values reported for Metarhizium sp., using YM agar
(7.7x10° conidia cm™) (Aguirre et al., 2009). MAYP
has also been found to favour biomass production
and increase the growth rate for other species of
Metarhizium (Edelstein et al., 2004).

Growth temperature. Germination after 16 and 24
hr was greater than 85% for temperatures between
20°C-35°C, and was no different (16 hr: F,, =149,
p<0.0001; 24 hr: F,,=101, p<0.0001) (Table 1).
There was a 3%-24% decrease in germination
after 16 hr of incubation, and 9%-18% at 24 hr at
40°C + 2°C of incubation, compared with the values
found at 20°C-35°C (16 hr: F,,=11.6, p<0.0001;
24 hr: F,,,=6.06, p=0.0007). Furthermore, at 45°C
+ 2°C, the reduction at both times ranged between
85% and 98% (16 hr: F,,,=165, p<0.0001; 24 hr:
F,,,=115, p<0.0001). Radial growth was not affected
by the temperature range between 20°C to 35°C.
The growth rates at 40°C + 2°C and 45°C + 2°C were

significantly lower than the findings at 20°C-35°C,
and no growth was observed at 45°C (F, =352,
p<0.0001).

The high-temperature tolerance of M. anisopliae
CPMal502 conidia will enable its persistence in the
environment, despite daily thermal fluctuations
in tropical regions for longer periods, ensuring its
effectiveness in pest control. Thermotolerant conidia
will also be able to resist formulation processes,
such as drying and storage at high temperatures
(30°C-40°C) (Alves et al., 2017; Athanassiou et
al., 2017; Oliveira et al., 2016; Rangel et al., 2005).
Metarhizium anisopline CPMa1502 showed optimal
growth at a temperature range between 20°C and
35°C, and no appreciable decrease in germination
was observed up to 40°C after 24 hr (>80%). High
viability at temperatures above 25°C could be due to
the geographical region where this microorganism
was isolated, which has a maximum temperature
of 40°C (IDEAM, 2018; 2019). Other Metarhizium
sp. isolated in tropical regions showed a similar
response, suggesting a direct relationship between
the isolates’ geographical area and their tolerance
to temperature (Fargues ef al., 1997; Fernandes et al.,
2010; Hallsworth and Magan, 1996; 1999; Rangel et
al., 2005).
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Effect of pH. CPMa1502 germination (16 and 24 hr)
was above 95% for the range of pH evaluated and no
differences were observed (16 hr: F, ,=0.94; p=0.4660;
24 hr: F, ,s=0.68; p=0.6421) (Table 2). Similarly, pH did
not affect the radial growth rate as shown in Figure 2
(F,,,=0.39, p=0.8451).

TABLE 1. EFFECT OF GROWTH TEMPERATURE ON CONIDIAL GERMINATION AT 16 hr AND 24 hr,
AND RADIAL GROWTH RATE (mean + SD)

Temperature (°C) Germination at 16 hr

Germination at 24 hr Radial growth rate

(%) (%) (mm day™)
20+0.5 89.5+1.5° 954+1.1° 1.14 + 0.08*
25+0.5 89.5+3.5° 93.1+£0.9° 1.07 £ 0.17¢
30£1.0 89.6 +2.5° 926 £1.8° 1.13+0.15°
35+£1.0 89.3+1.2° 93.5+0.6 1.16 £ 0.10*
40+2.0 785+ 1.8° 82.7 +1.4° 0.12+0.01°
45+2.0 3.94+0.3¢ 59+ 1.6 0.00 £ 0.00°

Note: Values with different lowercase letters show statistical differences according to Tukey HDS Test (p<0.05).

TABLE 2. EFFECT OF pH ON CONIDIAL GERMINATION AT 16 hr AND 24 hr, AND RADIAL GROWTH
RATE (mean + SD)

Germination at 16 hr
pH

Germination at 24 hr Radial growth rate

(%) (%) (mm day™)
Control 98.2 +1.4° 99.1+1.3° 0.97 +0.04*
5 96.2 +4.3° 98.5+2.2° 0.95+0.07*
6 97.6+1.7° 98.9 +1.6° 0.99 + 0.06*
7 96.7 +2.7° 98.1+1.8° 1.02 £0.11*
8 95.3 +4.4° 97.4 +3.5° 1.00 £+ 0.09*
9 96.4 +3.8° 97.1+3.2° 0.99 +0.07°

Note: Values with different lowercase letter show statistical differences according to Tukey HDS Test (p<0.05).
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Figure 2. Effect of pH on the radial growth rate of M. anisopliae
CPMa1502.

Tolerance to varying pH is also relevant since
it facilitates the mass production of the fungi and
subsequent formulation processes. Moreover, in-
field applications are more reliable in pH-tolerant
strains since the pH of water used in the field
varies. This could reduce the efficacy of pH-sensitve
isolates by altering cell structures and modifying
micronutrient assimilation, resulting in changes to
cell morphology and duplication (Glazebrook et al.,
1992; Liu et al., 2007; Tamerler et al., 1998). Previous
studies have shown that M. anisopliae can grow in pH
range between 2.5 to 10.5 (Hallsworth and Magan,
1996; St Leger et al., 1999). Its ability to grow in
acidic and basic environments is due to its ability to
modulate the cytosolic production of organic acids
to maintain pH homeostasis (St Leger et al., 1999).

Conidial Adherence and Relative Hydrophobicity

Groups of more than 10 conidia were observed
in some areas of the host cuticle without showing a
specific distribution pattern, affecting the CV>20%.
Despite this, the mean conidial adherence was 114
+ 36 conidia mm™ without significant differences
among repetitions (F,,=0.68, p=0.5172). Mean
relative hydrophobicity was near 72%, with a
CV<10% (F,,=2.38, p=0.1735).

Conidial adherence and hydrophobicity are
critical factors that determine the interaction
between fungal propagules and their host insects,
and fungal dispersion (Jeffs et al, 1999; Sevim
et al, 2012). Fungal propagules have different
adhesion properties as a response to adaptation
to environmental conditions. Aerial conidia tend
to adhere strongly to hydrophobic surfaces, while
submerged conidia can adhere to both hydrophilic
and hydrophobic surfaces (Holder and Keyhani,
2005). Additionally, the high adherence to the fungal
conidia allows for the induction of a continuous
infection (Staples and Milner, 2000). The adherence
of M. anisopliae CPMa1502 conidia to D. neivai cuticle
represented 11% of the initial conidia concentration
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(1x10” conidia mL™). The conidia adhered irregularly
to the insect, and preferred areas of the host cuticle
with tiny spines or other irregularities, leading to
high variability in adherence (Boucias et al., 1988).
Fernandezetal. (2001) assessed the number of conidia
adhered to different parts of the insect body with
diverse inoculation methods, and found a higher
conidia density on the dorsal surface compared to
other parts of insects, regardless of the inoculation
method. Villamizar and Cotes (2003) reported
similar findings using M. anisopliae conidia obtained
from submerged fermentation; when the authors
assessed the adherence with conidia from solid-state
fermentation, the values increased between three
and six fold. Therefore, each type of propagule has
different adhesion and hydrophobicity properties
as a response to adaptation to environmental and
nutritional conditions.

High hydrophobicity is also a helpful
characteristic due to the interaction between
amphipathic proteins (hydrophobins) involved in
conidia host and fruits interactions since both the
waxy surface of oil palm fruits and the lipid layer of
the insect cuticle is hydrophobic (Dubey et al., 2014).
Similar to adherence, conidia hydrophobicity can
be influenced by the nutritional composition of the
media (Holder and Keyhani, 2005; Rosenberg et al.,
1980). A comparable hydrophobicity of M. anisopliae
CPMal502 was reported by Jeffs et al. (1999) using
M. anisopliae isolates, showing hydrophobicities
between 65%-69% using a salt-mediated aggregation
and sedimentation assay (SAS). Luke et al. (2014)
observed a relative hydrophobicity between 62%-
71% with the SAS assay, and 95%-98% with the
phase exclusion method for four Metarhizum species.
Villamizar and Cotes (2003) achieved comparable
values of relative hydrophobic with conidia
recovered from solid-state fermentation. Boucias et
al. (1988) found a relative hydrophobicity of 100% in
M. anisopliae conidia grown on a synthetic medium.

Insecticidal Activity

Concentration-mortality test. Mortality of adults
and larvae of D. neivai was demonstrated at
different fungal concentrations and oscillated
between 4.0% and 78.0% in D. neivai adults and
between 51.9% and 100% in larvae (Figure 3). There
were significant differences between the different
concentrations evaluated in the mortality of both
adults (F;,,=13.90, p<0.0001) and larvae (F,,,=5.12,
p=0.0018). Mortality in the absolute controls was 2%
for adults (Standard error of the mean, SEM=0.63),
and 14.8% for larvae (SEM=2.47), values acceptable
for this type of assay. The beetles, killed by the action
of the fungus, showed progressive stiffness until
complete mummification, with cadavers covered
with white mycelia that later sporulated with
powdery green conidia (Figure 4). Mortality data
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was corrected, and the dose-mortality relationships
were calculated (Table 3). A linear relationship
between dose and mortality for both larvae and
adults was found (p>0.05). Mortality increased
comparably with increased concentrations for both
larvae and adults (Figure 3 and Table 3).

The LC,, was 9.4x10° and 1.8x10* conidia mL™
for adults and larvae, respectively, and the LC,
was 1.6x10” and 9.2x10° conidia mL™ for adults
and larvae, respectively. Mortality increased in a
comparable manner with increased concentrations
for both larvae and adults (Adults: p= 0.5, df= 3, x’
=2.13 and Larvae: p= 0.5, df= 3, x’=2.35).

100
b
80
<
> 60
§
s 401 ¢
= cD
20 - D
" Control 1x10*

Time-mortality test. The mean lethal time (LT, ) was
estimated at a fungal concentration of 1x10° conidia
mL™ for both adults and larvae. The LT, for adults
was 10.1 days [95%, Confidence intervals (C.I.) 8.1-
16.3] and was 4.3 days (95 % C.I. 3.8-4.7) for larvae.
Data available on the biological activity of
M. anisoplise show great variability in activity
with LC,, values between 1.7x10° conidia mL™ and
1.4x107 conidia mL™ (Quesada-Moraga et al., 2004;
Shi and Feng, 2009). Our findings are comparable
with the values found for Hoplia philanthus control
(LC,,: 2.5x10*-4.0x10° conidia mL™) (Ansari et

al., 2004). Eurygaster integriceps (Hemiptera:
ab = A
b a
B
C
CD
1x10° 1x10° 1x107 1x108

Conidia concentration (conidia mL™")

Figure 3. Mortality caused by M. anisopliae CPMa1502 on D. neivai larvae(Q) and adults(M) under laboratory conditions. Values with different
uppercase (adults) or lowercase (larvae) letters did not show statistical differences according to the LDS Test (p<0.05).
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(b) ©
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Figure 4. Typical symptoms of infected beetles by M. anisopliae CPMa1502: (a) healthy beetle from a control treatment;
(b) fungi-infected beetle with mycelia formation and sporulation.

TABLE 3. ESTIMATION OF LC,; AND LC,; OF M. anisopliae CPMa1502 ON D. neivai ADULTS AND LARVAE UNDER
LABORATORY CONDITIONS

Confidence intervals

: LC,, (C.1) (conidia mL") LC,, Probit analysis
Life stage (conidia mL™) (conidia mL™)
Lower Upper df X2 P Slope
Adults 9.4x10° 4.5x10° 2.3x107 1.6x10° 3 2.1322 0.5454 0.576
Larvae 1.8x10* 2.5x10° 5.9x10* 9.2x10° 3 2.3540 0.4740 0.474

Note: df - degree of freedom; x* - chi-square value; p - probability value.
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Scutelleridae) nymphs were shown to be more
susceptible than adults to different isolates and
concentrations of M. anisopliae, with LT, values
between five and nine days for nymphs and 12 to
30 days for adults (Sedighi et al., 2013). The diverse
susceptibility of different life stages of insects to
entomopathogenic fungi when they are used as
pest control agents suggests that they should be
applied when the insect is most susceptible to
achieve the best efficacy, to curtail the spread of
pests.

CONCLUSION

The growth  parameters and  biological
characteristics of the CPMa1502 assessed in this
study are fundamental to model its performance
during further development as well as its fitness
under real application conditions to control
D. neivai. Results showed its high potential
as an alternative for chemical pest control:
Considerable conidia productivity on MAYP agar
(1.1x10° conidia cm™), high tolerance to different
growth conditions [pH (5-9) and temperature
(below 30°C)], which will enable it to survive
common conditions of oil palm plantations in
Colombia. Conidia interaction with cuticle also
suggests that CPMal512 is a good candidate for
further development (adherence: 112 conidia mm™;
hydrophobicity 72%). Lastly, the high susceptibility
of D. neivai to CPMal502 (Adults LC,, 9.4x10°
conidia mL™'; Larvae LC,, 1.8x10* conidia mL™)
show its insecticidal capacity and the potential for
the development of the first biopesticide for this
insect pest. This research provides the background
needed to continue with the next steps of
biopesticide development, standardising the fungal
production, and formulation, and determining the
biological activity of the formulated product under
field conditions.
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