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Effects of Capsicum baccatum and C. frutescens against Atta cephalotes

(Hymenoptera: Formicidae) and the symbiotic fungus Leucoagaricus gongylophorus

Efectos de Capsicum baccatum y C. frutescens sobre Atta cephalotes (Hymenoptera: Formicidae)
y el hongo simbionte Leucoagaricus gongylophorus
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Abstract: Leaf cutter ants are considered to be a major pest in the Neotropics, due to the considerable economic
losses they cause by cutting large amounts of plant material to cultivate their symbiotic fungus. Their control is mainly
achieved through synthetic products with adverse consequences to the environment and human health. In search for
alternatives, the ethanolic extracts of leaves of Capsicum baccatum and C. frutescens (Solanaceae), were evaluated
against medium size leaf cutter ant A¢ta cephalotes, and its symbiotic fungus Leucoagaricus gongylophorus. The results
were promising as both plant extracts exhibited a combination of insecticidal and antifungal activity when evaluated at
concentrations of 0.10, 0.25, and 0.50 % w/v. Thus, C. baccatum was shown to be the most promising as an insecticidal
while, C. frutescens presented a better antifungal activity at high concentrations. Since secondary metabolites present in
plants are responsible for their bioactivity, preliminary phytochemical tests and gas chromatography coupled with mass
spectrometry (GCMS) of both species were carried out. In qualitative metabolite analysis, major groups detected were
alkaloids, terpenoids and phenols, which are the compounds cited with the highest frequency in the management of the
leaf cutter ant. Some nuclei were confirmed by GCMS, such as caryophyllene and the alkaloid conhidrine detected in
C. baccatum, and precursors of capsaicin in C. frutescens. In this way, both species are considered promising leads for
a more efficient integrated management of the leaf cutter ants.
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Resumen: Las hormigas cortadoras de hojas son consideradas una plaga mayor en el Neotropico, debido a las
pérdidas econdmicas considerables que causan al cortar grandes cantidades de material vegetal, para cultivar su
hongo simbionte. Su control se da principalmente a través de productos sintéticos con consecuencias adversas para
el ambiente y la salud humana. En busca de alternativas, los extractos etandlicos de las hojas de Capsicum baccatum
y C. frutescens (Solanaceae), fueron evaluados contra la hormiga cortadora de hojas Atta cephalotes y su hongo
simbionte Leucoagaricus gongylophorus. Los resultados fueron prometedores, ya que ambos extractos exhibieron
una combinacion de actividad insecticida y antifiingica cuando fueron evaluados a concentraciones de 0,10, 0,25 y
0,50 % de m/v. De tal manera, C. baccatum se destaco por su actividad insecticida, mientras que C. frutescens presentod
una mayor actividad antifingica a altas concentraciones. Como los metabolitos secundarios presentes en plantas son
responsables por su bioactividad, se llevaron a cabo evaluaciones fitoquimicas preliminares y cromatografia de
gases acoplada a espectroscopia de masas (CGEM) para ambas especies. En el andlisis cualitativo de metabolitos
los grupos mayoritarios detectados fueron alcaloides, terpenoides y fenoles, los cuales son los compuestos que mas
frecuentemente citan en el manejo de la hormiga cortadora de hojas. Algunos de estos nticleos fueron confirmados
por CGEM, tales como el cariofileno y el alcaloide conhidrina en C. baccatum y precursores de capsaicina en C.
frutescens. De esta manera, ambas especies son consideradas como una alternativa prometedora para un manejo
integrado de la hormiga cortadora de hojas mas eficiente.

Palabras clave: Actividad antifiingica. Insecticida. Hormigas cortadoras de hojas. Metabolitos secundarios.

Introduction

Leaf cutter ants of the genus Atta and Acromyrmex, classified
into the Attini tribe (Hymenoptera: Formicidae), are
considered pests in the Neotropics due to the amount of leaves
they cut to cultivate the symbiotic fungus Leucoagaricus
gongylophorus (Moller) Singer (Chaves 2000). In the region
of Colombia, four species of Atta and eight of Acromyrmex
have been recognized (Fernandez et al. 2015), from which
Atta cephalotes has the widest distribution predominating
in Antioquia and Valle del Cauca (Ortiz and Guzman 2007).
In recent years, the foraging activity of the leaf cutter ants
has intensified as deforestation and monoculture farming

has increased (del Toro et al. 2009; Dohm et al. 2011).
Quantitative data on the biomass consumption by leaf-
cutter ants is lacking and the economic losses in areas of
anthropogenic activity are difficult to estimate (Della Lucia
2003). The control of the leaf cutter ant has been a challenge
due to a series of adaptations, such as its social organization,
hygiene, and complex nest structure (Della Lucia et al. 2014).
Such adaptations along with their few natural enemies with
little impact on their populations make these insects unique, so
management should differ from those applied for other pests
(Herrera and Valenciaga 2011). Although alternative methods
of ant control have been studied, synthetic agrochemicals
prevail in this case (Della Lucia ef al. 2014). Chemicals like
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malathion, perchlordecone, heptachlor, chlorpyrifos, fipronil
or sulfuramide have been applied liquid, by thermal fogging
or in granular baits (Paoletti and Pimentel 2000, Forti et al.
2007, de Britto et al. 2016). Due to the lack of specificity,
these highly persistent agrochemicals affect beneficial
insects, mammals, and have generated resistance among ant
populations, with adverse consequences to the environment
and to human health (Rauh et al. 2012; dos Santos et al.
2016). In view of the prohibition or restriction of some
synthetic products, their substitution for other effective and
selective substances against the leaf cutter ants is essential.

Various studies describe alternative methods to control
of the leaf cutter ant, some reported the use of antagonist
fungus (Trichoderma viride Pers., T. lignorum (Tode) Harz),
and enthomopathogens (Metarhizium anisopliae (Metschn.)
Sorokin, Beauveria bassiana Vuill, Paecilomyces sp.), for
species of Atta and Acromyrmex (Lopez and Orduz 2003;
Montoya-Lerma et al. 2012). Plant extracts have also been
evaluated for their activity against the ant or their antifungal
potential against L. gongylophorus. Due to their symbiotic
relationship, management can be considered at an antifungal
or insecticidal level. Thus some plant extracts or fractions
have promising activity only against the ants such as
species of Citrus (Rutaceae) that presented toxicity in topic
applications (Fernandes et al. 2002), or fractions derived
from the leaves of tomato (Lycopersicum esculentum Mill,
Solanaceae) with repellency in a laboratory colony of A.
cephalotes (Serna and Correa 2003). Whereas other species
have shown activity only as antifungals, for instance the
inhibition exhibited by Simarouba versicolor A. St. Hil. and
S. guianensis (Simaroubaceae) (Zavan 2005; Pefiaflor et al.
2009).

Alternatively, some plants extracts or compounds have
shown bioactivity against both organisms, the ant and its
symbiotic fungus, among which the Lamiaceae and Apiaceae
families have been the most promising families (Boulogne
et al. 2012). Species of other plant families also had effects
in laboratory experiments on the symbiotic fungi and on A.
cephalotes. A significant study of 89 plant species native to
Argentina showed that 13.5 % of the plants inhibited the
foraging activity of Acromyrmex lundi (Guerin) and 12.3 %
inhibited the fungal growth. Aristolochia argentina and
Fluorensia oolepsis presented both activities (Diaz Napal
et al. 2015). Related laboratory studies against Atfa species
and L. gongylophorus identified Canavalia ensiformes
L. (Fabaceae), Tithonia diversifolia (Hemsl.) A. Gray
(Asteraceae) (Aubad 2010; Valderrama-Eslava et al. 2009),
Cedrela fissiles Vell. (Meliaceae) (Bueno et al. 2005),
Virola sebifera L. (Myristicaceae) (Pangocca et al. 1996),
Sesamum indicum L. (Pedaliaceae) (Bueno et al. 2005) as
some of the most promising leads. As for the plant-derived
compounds, 20 metabolites with insecticidal and fungicidal
activities have been identified, where terpenoids have been
the most promising group (Boulogne er al. 2012). The
sesquiterpenes caryophyllene, caryophyllene epoxide, and
nerolidol, reported in extracts of Hymenaea coubaril L.
(Caespalpiniaceae), Melampodium divaricatum (L.C. Rich)
DC (Asteraceae), and Vismia baccifera (L.) Triana & Planch
(Clusiaceae) with repellent and antifungal activities (Howard
et al. 1988).

While many studies have proven the efficacy of plant-
derived products (extracts and compounds) in laboratory
experiments, follow up studies have not been carried out with

the promising leads. Chemical control is the only method with
practical technology (de Britto et al. 2016) consequently the
problem of controlling species of A#fa in a sustainable way;, still
persists. In contrast, farmers and indigenous communities in
Colombia have traditional knowledge about the use of leaves
and plant resins to control the leaf-cutting ants (Agudelo
2007). Unfortunately, in many communities this knowledge
has decreased and as homogenous monocultures have been
implemented, traditional practices have been replaced by
the use of commercial synthetic products. Alternatively, the
Solanaceae is one of the families with the most poisonous
plants (Lee 2006). Extracts of different plant parts and
compounds have been widely use as pesticides (Chowanski
et al. 2016). The purpose of this study was to test the efficacy
of the traditional use of two Capsicum species (Aubad 2010),
against 4. cephalotes and its antifungal activity against L.
gongylophorus. As an initial step in the standardization of
the whole plant extract, detection of secondary metabolites
was performed in order to characterize the major metabolites
that could be implicated in the bioactivity.

Materials and methods

Plant material. Fruits of Capsicum baccatum L. and C.
frutescens L. were bought at the local market and cultivated
between May to September at full sun conditions, in
composted soil, at 2120 m.s.l. Once plants grew and where
at a young reproductive stage, 1 kg of leaves, were collected
for laboratory analysis. For the correct identification of each
plant, voucher samples were deposited at the Herbarium of
the National University, Medellin (MEDEL), codified as Atta-
04 (C. frutescens) and Atta-12 (C. baccatum). Samples were
identified by Professor Mauricio Sdnchez (Departamento de
Ciencias Forestales, Universidad Nacional de Colombia-sede
Medellin).

Plant extraction. Leaves of C. baccatum and C. frutescens
separately were dried at room temperature and extracted
with 90 % ethanol overnight (IL x 100 g), solvent was
drained. This process was repeated two more times for an
exhaustive extraction. The combined ethanol extract was
filtered and concentrated under reduced pressure, using a
rotary evaporator at a temperature below 40 °C. The resultant
ethanolic extract was mixed with distilled water to a 10 %
solution and defatted with hexane. Subsequently, the ethanol-
aqueous extract was extracted three times with an equal
volume of chloroform, to afford a chloroform soluble extract.
The resulting fraction was completely dried under vacuum
for further analysis.

Bioassays. The ants used in the bioassays came from three
artificial nests from colonies collected in Barbosa (Antioquia)
at 1300 m.s.l., which were established in the laboratory in
2010 (Permits under resolution 15046 Corantioquia). The
artificial colonies were kept at a temperature of 23.45 °C,
and a relative humidity of about 62.30 %, in partial darkness
with the weekly administration of leaves of Acalypha
wilkesiana Mull. A (Euphorbiaceae), Citrus sp. (Rutaceae),
and Terminalia catappa L. (Combretaceae) (Ortiz 1998).
The concentrations for the biological testing were based
on an average of previous bioassays with plant extracts of
other studies, and the concentrations of pesticides (Loeck and
Gusmao 1998; Serna and Correa 2003).
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Insecticidal activity. For each treatment, 50 medium-sized
A. cephalotes workers were picked from the artificial nests.
The ant’s size was established based on the protocols of
Giraldo (2008). To evaluate the insecticidal bioactivity,
the ants were distributed randomly in groups of 10 ants in
5 petri dishes (Oliveira 2006). The two Capsicum extracts
were incorporated into a solid diet (Bueno et al. 1997), at
concentrations of 0.1, 0.25, and 0.5 % (w/v). Cellulose was
added as a non-nutritive ingredient at concentrations of 150,
375, and 600 mg (for 0.1, 0.25, and 0.5 % w/v, respectively),
to disperse the solid extract that was not soluble in the diet
media (Aubad 2010). The solid diet was changed on a daily
basis for each treatment, retiring the diet of the day before
when it was eaten at least more than half. As negative
controls the same diet was offered to the same number of ants
(50 individuals distributed in groups of 10 in 5 petri dishes)
without the incorporation of the extracts, but with highest
concentration of cellulose used to disperse the extracts at
0.5 % (w/v) and another group only with the solid diet. As
positive control, Lorsban (Dow Agro Sciences) was added
to the diet (Aubad 2010). Assays were replicated three times
and the number of dead ants was registered daily during five
days to calculate the results based on the Abbott’s correction
for natural mortality (Abbot 1987).

Antifungal activity. For the antifungal assay, samples of L.
gongylophorus were taken directly from the three artificial
nests and inoculated in PDA (potato dextrose agar), with
lactic acid at a pH of 4.5 to avoid bacterial contamination.
The in vitro cultures of the fungi were kept in the dark at 26 °C
with a relative humidity of 79 %. For the bioassay, the fungus
was cultivated with the dried extracts, which were dispersed
with cellulose in the culture media at concentrations of 0.1,
0.25, and 0.5 % (w/v). The negative controls, included the
fungus cultivated in the PDA and cellulose without any
extract and the fungus cultivated only in PDA (Pagnocca et
al. 1996). No positive control was used since there is not a
standard product with action against L. gongylophorus. For
each treatment, five repetitions were done. The percent of
inhibition was calculated after measuring the fungus growth
according to the length of four fixed perpendicular radius,
measuring always the same radius (Maya 2002). Fungal
growth was registered for five weeks and compared to the
negative control to calculate the inhibition percentage.

Data analysis. For the results obtained in the insecticidal
bioassay of A. cephalotes, the percentage of death ants
caused by the treatments were calculated using the Abbott’s
corrected mortality percentage formula:

n in T after treatment
1- x 100
n in Co after treatment

Where Co is number of live control ants after treatment, T
number of live ants in the treatment (Puntener 1981).

After calculating the percentage of mortality with
Abbott’s formula, the probability of death of ant individuals
was assessed by applying different doses of the concentration
of the extracts of C. frutescens and C. baccatum. The
probability of death of the ants was calculated by means of a
logistic regression with binomial errors (PROBIT analysis).
Dead ants were treated as success and alive ants as failures. To

assess the probability of death we used the log link function
that expresses the probability of death (p) as follows:

e atbx

1+ e atbx

Where x is the concentration of plant extract employed and a
and b the parameters of the model (Crawley 2012).

Based on the fitted logistic model, the doses of plant
concentration needed to kill 50 %, 90 %, or 95 % of the
individuals of each species, were estimated. The analyses
were performed using the R software version 3.01 (R
Core Team 2014). We used the dose.p function available
in the library MASS to calculate the doses needed to kill a
predefined percentage of individuals.

For the antifungal activity, the percentage inhibition
was calculated based on the fungal growth (colony
diameter) of the control samples as reference, according to
the formula:

(C-T) x 100
C

Inhibition percentage =

Where C is the colony diameter (mm) of the control and T the
colony diameter (mm) of the test plate.

To identify the variation at different doses of the
antifungal activity, a one way analysis of variance (ANOVA)
of the percentage inhibition at each dose, was conducted.
When significant differences were detected (a0 < 0.05), a
Tukey’s range test, with a confidence level of 95 %, was
done to establish the differences at each level of activity. The
analyses were performed using the R software version 3.01
(R Core Team 2014).

Phytochemical analysis. Alkaloids: The dry ethanolic
extracts (4 mL) of C. baccatum and C. frutescens were stirred
with 4 mL of 1 % HCI on steam bath, this was filtered and
separated in 4 tubes (1 mL each). Each tube was analyzed by
four different reagents, namely, Dragendorff, Mayer, Valser
and ammonium Reineckate. Change of color or turbidity of
the resulting precipitate was taken as evidence of the presence
of alkaloids (Kavit ef al. 2013).

Anthraquinones: The Borntrdger reaction was carried
out, starting with a basic hydrolysis with KOH (5 %) to the
ethanolic extracts (5 mL), which was then was acidified with
acetic acid and re-extracted with benzene. The resultant
extraction was stirred with 2.5 mL of NaOH (10 %). The
red coloration in the alkaline phase was considered positive
(Yusuf ez al. 2014).

Cardiotonic glicosides: Keller-kiliani test was performed,
in which 1mL of glacial acetic acid and 1-2 drops of FeCl;
was added followed by ImL of concentrated H,SO, to 2 mL
of the extract of each Capsicum species. Green blue color
indicated the presence of cardiac glycosides (Parekh and
Chanda 2007).

Coumarins: the Lock test was carried out taking 2 mL
of the ethanolic extracts that were covered with filter paper
impregnated with a diluted NaOH solution in a steam bath.
The filter paper was removed and the extract was analyzed
under UV light. A yellow fluorescence was an indication of
the presence of coumarins (Lock 1988).
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Table 1. Parameters and significance of the two logistic regression models employed to evaluate the probability of
death of ant individuals by different concentrations of extracts from Capsicum frutescens and C. baccatum.

C. frutescens

Estimate Std. Error z value Pr(>|z|)
Intercept -0.9252 0.2515 -3.679 0.0002%**
C. frutescens concentration 9.2518 1.4803 6.25 0.0000%**
C. baccatum
Intercept -0.649 0.2801 -2.318 0.0205 *
C. baccatum concentration 19.1207 3.338 5.728 0.0000%**

Saponins: The dried extracts (2 mL) were re-dissolved in
5 ml of distilled water, then shaked well and evaluated for its
frothing persistence (Kavit et al. 2013).

Steroids and triterpenes: The extracts were dried and re-
diluted in 2 mL of chloroform that was separated in 2 tubes for
the Salkowski test and the Liberman-Burchard reaction. For
this last reaction, green coloration was taken as the presence
of steroids, while a violet coloration indicated triterpenes.
Reddish brown coloration of interface indicated the presence
of Terpenes for Salkowski (Tiwari et al. 2011).

Tannins: The extracts were dried and re-dissolved
with distilled water (3 mL) and 2 drops of ferric chloride
were added. The blue coloration was taken as positive for
hydrolysable tannins and green coloration for condensed
tannins (Tiwari et al. 2011).

Quantification of flavonoids: An initial calibration curve
was done with quercetin. For each of the Capsicum species, a
mixture of 0.5 mL of the ethanolic extract (0.1 % v/v) with 0.5
mL of a solution of aluminum trichloride (2 %) was prepared.
The absorption was read after 40 minutes at 420 nm in a UV-
Vis spectrophotometer (Hitachi UV-Vis model 150-20). The
total concentration of flavonoid was expressed as quercetin
equivalents (mg of quercetin per g of plant extract), based on
the calibration curve. All determinations were carried out in
triplicates (Woisky and Salatino 1998).

Quantification of total phenols: The Folin-Ciocalteu
colorimetric method was carried as reported in the literature
(Singleton et al. 1965). For each of the Capsicum species
50 pL of the ethanolic extract was mixed to 125 pL of the
Folin reagent, and 400 pL of sodium carbonate 7.1 % (w/w),
adding distilled water up to 1000 pL. The reading was done
at 760 nm using the spectrophotometer and a comparison was
established with the standard curve using gallic acid as the
phenolic standard. Each Capsicum extract was analyzed in
triplicated and results were expressed as mg of equivalent of
gallic acid per grams of extract.

Detection of compounds by gas chromatography coupled to
mass spectrometry (GCMS).: Two samples of each Capsicum

species were prepared, one was the resulting fraction after the
initial fractionation and partition procedure described above
(1), and nitrogen containing compound sample (2). This
later sample was prepared from 100 mg of each ethanolic
extract that was dissolved in 3 mL of H,S0, (2 % w/v). This
was re-extracted with diethilic ether and NaOH (20 % pH
9-10) was added and extracted again with ethyl acetate and
dried. The resultant fraction (10 mg) was diluted in 5 mL of
pyridine and N,0-bis (trimethylsilyl) trifluoroacetamide with
1 % of trimethylchlorodesilane (BSTFA+TMCS, Supelco), as
derivatizing agents (Schummer ez al. 2009). The mixture was
heated for 30 min at 100 °C. Furthermore, 5 uL of the samples

(1) and (2), of C. baccatum and C. frutescens were injected in
a gas chromatographer (Agilent 6890), coupled with a mass
spectrometer (Agilent 5973), with a capillary column (Agilent
19091J-413, 30.0 m x 320.0 um x 0.25 um) using helium gas
grade 5 (AGA Fano S.A., UAP 99.999 %) at a flux of 1 mL/
min (lineal velocity 37 cm/s). The injection was at split-less
mode with a maximum temperature of 350 °C. The run was at
SCAN mode with a waiting time of 6 min for the solvent, and
an interval of masses between m/z 30-800. The chromatograms
were analyzed with AMDIS software (Automated Mass
Spectral Deconvolution and Identification System) (Augusto
et al. 2000), and the spectral database NIST 98 (2001).

Results

Insecticidal activity. The two species of Capsicum showed
a positive and significant connection betwe en plant extract
concentrations and the probability of death of ant individuals
(Table 1; Fig. 1). The total residual deviance of the model
was 0.98 for C. frutescens and 56.2 for C. baccatum.
However, the concentration of plant extract of C. baccatum
needed to kill a predefined proportion of ant individuals was
significant lower than that of C. frutescens (Table 2).
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Figure 1. Estimated probability of death by logistic regression models.
Line and points represent the expected values estimated by the model.
Dashed lines shows 95 % confidence limits (o = 0.05).

Table 2. Doses of concentrations needed to kill a predefined proportion
of ant individuals by C. frutescens and C. baccatum. Values are repre-
sented by mean and standard error.

Proportion
of dead ants

C. frutescens

C. baccatum

Dose Dose
50 % 0.1000 + 0.0194 0.0339+0.0117
90 % 0.3375 +0.0397 0.1489 £ 0.0200
95 % 0.4183+0.0514 0.1879 +0.0260
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Table 3. Phytochemical analysis for qualitative detection of metabolites
and quantification of flavonoids and phenols in C. baccatum and C.
frutescens extracts.

Type of Metabolite C. frutescens C. baccatum
Alkaloids + +
Anthraquinones / Naftoquinones - -
Cardiotonic glycosides + +
Coumarins + +
Saponins - -
Steroides/Triterpenes + +
Tannins - -
Flavonoids 11.51 mg 6.69 mg

quercetin/mg EEM quercetin/mg EEM
Phenols 82.05 mg gallic acid/  87.36 mg gallic acid/

mg EEM mg EEM

+ Presence of a phytochemical compound.
- Absence of a phytochemical compound.

Antifungal activity. According to the ANOVA (Fig. 2), both
species presented significant differences in their activity
when compared to the control samples. In C. frutescens
the antifungal activity was increased proportionally to the
concentration, while for C. baccatum there were no difference
between 0.1 and 0.25 % (w/v). Only at a concentration
of 0.5 % w/v the activity was significantly different. Addi-
tionally, significant differences between C. baccatum and C.
frutescens were found, in each of the concentrations evaluated
(F = 141.4; df = 152; P < 0.001) (Fig. 2). There were no
significant differences between both positive controls (with
cellulose added and without).

Phytochemical analysis. In the qualitative colorimetric tests,
cardiotonic glycosides, coumarins, steroids and triterpenes,
alkaloids, and phenols were detected for both Capsicum
species (Table 3).

In the detection of compounds by GCMS, the
chromatograms evidenced differences in the composition
of volatile compounds between both species (Table 4). The
most relevant finding in C. baccatum was the presence of
caryophyllene and conhidrine, which were not detected in
C. frutescens. In this last species, a high content of phytol,
22,23-dihydrostigmasterol, campesterol and some fatty
acids ethyl esthers, were identified as the most abundant
compounds (Table 4).

In the derivatized samples (nitrogen containing com-
pounds) of C. frutescens, two characteristic molecular ions
of m/z 224 and m/z 209 were evidenced, which were not
detected in C. baccatum. These fragments are typical of TMS-
derivatized vanillylamine and a 4-hydroxy-3-methoxybenzyl
fragment, respectively.

Discussion

In the search of methods to control leaf cutter ants, it is
relevant to consider that the symbiotic relationship between
ants of the genus Atta and the fungus L. gongylophorus,
implies that the negative effect on the survival of one of the
organisms involved will compromise the survival of the other
(Seal 2006). However, as evidenced in the present study both
species of Capsicum exhibited bioactivity against the ants
and the fungi (Figs. 1 and 2), which is significant according
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Figure 2. One way ANOVA of the biological activity of the extracts
against the symbiontic fungi, according to the extract concentration (%).
The different letters represent the significant differences according to
the Tukey Honestly Significant Test (a < 0.05).

cb-c: sample control for bioassays with Capsicum baccatum; cb 0.1, cb
0.25, and cb 0.5: treatments of C. baccatum at concentrations of 0.1,
0.25, and 0.5 % respectively. cf-c: sample control for bioassays with
C frutescens; cf 0.1, cf 0.25, and cf 0.5 treatments of C. frutescens at
concentrations of 0.1, 0.25, and 0.5 % respectively.

to some authors that have pointed out that plants containing
chemicals with both activities, are the most promising leads
(Boulogne et al. 2012). In accordance to this argument, the
study conducted by Diaz Napal and collaborators (2015)
found a promising lead out of a screening of 89 native
Argentinian plant species against Acromyrmex lundi and its
symbiotic fungus. The best activity was found in Aristolochia
argentina Griseb (Aristolochiaceae), from which the lactone,
argentilactone was identified through bioassay-guided frac-
tionation presenting antiforaging and antifungal activities.
The authors suggest that the link between both activities is
related to the type of chemical defenses in the plant developed
as a protection mechanism, emphasizing in the importance
of addressing at once various types of bioactivities (Diaz
Napal 2015). In this sense, plant biomass-degrading enzymes
that are in the fungal gongylidia play an important role in
the biodegradation in fungal gardens (Aylward et al. 2015).
Therefore some authors propose that secondary metabolites
that inhibit fungal enzymatic activity could cause leaves to be
rejected by forager ants (Nichols-Orians and Schultz 1990).
The evolutionary relationship of plants and these insects has
led to complicated interactions between these two groups, so
plants that exert activity over the fungus and the ants could
act efficiently in the integrated management of the leaf cutter
ants by affecting both organisms simultaneously.

Together with enthomopathogenic microorganisms,
plants are the most widely studied options in the leaf cutter
ant control (Valderrama-Eslava et al. 2009; Boulogne et
al. 2012, Montoya-Lerma et al. 2012, Diaz Napal et al.
2015). The Solanaceae is among the top five plant families
with reported insecticidal activity and in the seventh place
as an antifungal (Boulogne ef al. 2012). Numerous species
within this family have ecological importance because the
production of compounds that affects insects belonging to
most orders (Chowanski ef al. 2016). In this family, phenolic
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Table 4. Compounds identified by GCMS in leaf ethanolic extracts of C. frutescens and C. baccatum.

Relative abundance

Relative abundance

Fragments

Compounds in C. frutescens in C. baccatum m/z (intensity of the peak)
Campestrol 1.87 % ND* 43(99.9% 3%5&3?, ;‘11((;‘173)), fgg?fozg),811§222%)5?5(41 @
Caryophyllene ND* 271% ” (99.9),1 (l)é?3(§105)6,),1 gggz;;: ?(1)(748.31.)5,)?;(73(2.79.)7,)79(35.2),
Conhidrine ND* 0.85 % 84(99.9), 28(14.3), 41(11.1), 46(10.8), 114(9.5), 56(9.0)
22,23-Dehydristigmasterol 5.10 % ND* 4399.9), 215 532572)5‘91%371f),sf((éézz)giogéi%og’) S17.0)
PO, B) T 2,
Eiy Tiolete 449% ND* S48, 450821, 680367, 8303561, 0346
Linolei acid s40% 2% 5505953 965473 (541, 54449, 69359
Patmitc acid 1031% .99% 129 531043 (53,1, 145 (316,55 (260041 (242)
Phyiol 149% s22% 1230258, 95,6, 12 3, 6518.5), 560165
Stearc acid 7% N PO 529,125 o, S oo @13)
Vitamin B I ND* 165(99.9), 164(32.2), 430(26.1), 43(16.5), 166(11.4),

205(9.8), 57(9.5), 431(8.4), 41(8.4), 55(7.7)

* ND: compound not detected in the sample.

compounds such as eugenol and cinnamaldehyde have been
reported in Capsicum species and Lycopersicon esculentum
Mill., while the monoterpene pulegone and the alkaloids
tomatine and solamargine have been found in Capsicum
and Solanum species, as compounds with insecticidal and
antifungal properties (Glintner et al. 2000, Boulogne et al.
2012). Overall in the literature, it was established that the
most cited compounds for the control of the leaf cutter ant
were terpenoids, alkaloids, and phenols (Boulogne et al.
2012). In accordance, these nuclei were detected in both
species of Capsicum in the phytochemical screening (Table
3), but differences in the presence of specific compounds
were shown in the analysis through GCMS (Table 4). This
particular chemical composition is reflected in the bioactivity,
while C baccatum was 2.2 times more toxic than C. frutescens
in the assays against A. cephalotes (Fig. 1), this later species
exhibited a total inhibition of the fungal growth at the highest
concentration (Fig. 2).

In terms of the three major groups of compounds reported
for its antifungal and insecticidal activity, for terpenoids the
most relevant finding was the presence of caryophyllene in
C. baccatum (Table 4). These byciclic sesquiterpenes have
been recognized contributing to the general resistance of
plants affecting a wide range of fungi (Bakkali et al. 2008).
Caryophyllene oxide was reported as a defensive compound
in leaves of Hymenaea courbaril L. (Fabaceae) against
ants of the genus Atta (Hubbell et al. 1983). Additionally,
Howard et al. (1989) demonstrated that caryophyllene
oxide presented adverse effects against the leaf cutter ant
and inhibited completely its symbiotic fungus. Moreover,
caryophyllenes have been recognized as one of most
promising type of compounds in the control of the leaf cutter
ants (Boulogne ef al. 2012). A related group to triterpenes
is sterols, which were identified in both Capsicum species

(Table 4), and have shown toxicity for L. gongylophorus
(Marsaro et al. 2004). Otherwise, alkaloids as the second
most cited group of compounds in the control of leaf cutter
ants, are frequently reported in members of the Solanaceae
family, having a defensive role against fungi and insects
(Boulogne et al. 2012, Chowanski et al. 2016), In particular,
the piperidinic alkaloid conhidrine was detected for C.
baccatum by GCMS (Table 4), which has been known for its
activity as antibiotic, insecticidal, and antifungal (Gregori-
Valdés 2005). Other nitrogen containing compounds well
known in Capsicum species are capsaicinoids. Capsaicin
(8-methyl-N-vanillyl-6-nonenamide) has been reported
as an antifungal (Ozcelik et al. 2011), and has shown
activity against the crop pests Myzus persicae (Sulz) and
Leptinotarsa decemlineata Say (Chowanski et al. 2016). In
this way in the GCMS analysis, a molecular ion typical for
TMS-derivatized vanillylamide at m/z 224 and a fragment
of m/z 209 characteristic of 4-hydroxy-3-methoxybenzyl
were detected in C. frutescens, as the basic precursors
for capsaicin (Keum et al. 2012). Generally capsaicinoids
are produced in the fruits, but some authors explain its
translocation to leaves and twigs to accomplish a protective
role for the plant (Broderick and Cooke 2009). Finally, the
other relevant group of compounds detected quantitatively
for both plant species was phenols (Table 3). This type of
metabolites has been well recognized in chemical signaling.
It has been discussed that the acidity of the sap is related
to the presence of phenolic compounds, which are fungal
inhibitors, as well (Davidson and Fisher 1991; Magalhaes
et al. 2008). Overall, a total of twenty chemical classes of
secondary metabolites have been reported in the leaf cutter
ant control (Boulogne et al. 2012). It is noticeable the
specific advantages of plants containing compounds such
as terpenoids and phenols, which are known to have strong
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chemical defensive activity against insects, bacteria and
fungi (Karamanoli et al. 2000).

The results obtained in this study carried out as in vitro
studies, are considered a first step in the use of Capsicum leaf
extracts in the cutter ant control. The bioactivity found for
C. baccatum and C. frutescens could be considered for the
approach proposed by some authors of preparing a mixture
of plant extracts (Montoya-Lerma ef al. 2012). Additionally
this supports the traditional practice of some communities
in the Amazon that use a mixture of Capsicum species
to control leaf cutter ants (Personal communication with
Liced Agudelo). Furthermore, the use of plant extracts has
to be supported by standardization studies since secondary
metabolites in plants can increase or be produced de novo as
a response to pest invasion (Miresmailli and Isman 2014). In
this way by identifying the compounds responsible for the
bioactivity and proving its presence in the extract is a step that
has to be complemented by the in situ activity. Some authors
point out that standardized plant extracts with a mixture of
active phytochemicals should reduce the rate of evolution of
conventional resistance compared with the selection pressure
exerted by single pure toxin (Della Lucia et al. 2014). Plant
extracts are a complex chemical mix, hence insects are
affected by many different compounds that usually have a
broad physiological activity, which reduces the probability of
developing resistance. In this way, because the leaf cutter ant
management is still very complex, research in plant derived
products and follow-up studies in the field conditions, should
be prioritized in the search of promising alternatives.

Conclusions

Both plant extracts exhibited a combination of insecticidal
and antifungal activity, being C. baccatum the best lead
as an insecticidal while, C. frutescens presented a better
antifungal activity at high concentrations. In the qualitative
phytochemical tests the same type of compounds were detected
in both species of Capsicum. Chemically related compounds
have similar actions, which supports the promising bioactivity
obtained for both Capsicum species. Further studies in the
isolation and identification of compounds, could support the
standardization of these plant extracts.
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