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Abstract 
 
To better understand the potential of controlling of leaf-cutting ants, a serious pest, with conventional synthetic insecticides as 
well as botanical pesticides, we propose to evaluate the effect of d-limonene on attractiveness and rejection of citric pulp to the 
leaf-cutting ant Atta sexdens rubropilosa Forel. Five treatments were adopted that consisted of fragments of filter paper impreg-
nated with various concentrations of d-limonene and with organic extract of citrus pulp. The number of fragments loaded by the 
ants in the foraging arena and transported to the fungus garden and of fragments rejected in the refuse chamber was counted. It 
has been shown that d-limonene provoked concentration-dependent reduction of attractiveness response to A. sexdens rubropilosa 
workers. No rejection of loaded fragment was observed. We discussed the relationship between substrate selection and its repel-
lent compounds, and also that a repellent substrate component can be overcome or masked by the overall odour of attractive sub-
strates. Also, the repellence of the toxic bait AI (active ingredient) and its implication in control efficiency and the use of repellent 
AIs in other control methods, emphasizing nebulization, are discussed. 
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Introduction 
 
Leaf-cutting ants of the genera Atta and Acromyrmex 
(Hymenoptera Formicidae Attini) are considered as se-
rious Neotropical pests (Amante, 1967; Mariconi, 1970) 
due to their ability to consume a greater amount of 
vegetation than any other local herbivore (Fowler et al., 
1986; Hölldobler and Wilson, 1990). They use the cut 
parts of plants as substrate for the cultivation of their 
symbiotic fungus as their main food (Weber, 1972; Wil-
son, 1980). 

Due to their economic importance in agriculture, several 
attempts to develop control methods were undertaken, but 
as a result, only a few synthetic insecticides have been 
shown to be highly efficient and practical for use in ther-
monebulization or in toxic baits (Della Lucia and Vilela, 
1993; Forti et al., 1998; Bigi et al., 2004; Camargo et al., 
2006). Nowadays, the most used method is toxic bait and, 
in second place, nebulization (Boaretto and Forti, 1997; 
Nakano, 1998; Raetano and Wilcken, 1998; Forti et al., 
2003). Toxic bait consists of an ant attractant (usually de-
hydrated citric pulp) impregnated with a delayed-action 
active ingredient (AI) and vegetable oil (usually soybean) 
as AI solvent, formulated into pellets (Robinson, 1979; 
Forti et al., 1998; Nagamoto et al., 2004). 

In the face of the growing demand for lower-impact al-
ternatives to the synthetic insecticides for pest control, the 
use of the botanical pesticides has been growing (Isman, 
2006). Some botanical insecticides contain d-limonene 
[(R)-4-isopropenyl-1-methylcyclohexene] as AI. This 
chemical is a monoterpene that exhibits toxicity against 
several insects (Coats et al., 1991; Karr and Coats, 1988; 
Drees, 2002). Usually d-limonene is obtained from indus-

trial citric fruit processing because it is the major compo-
nent of the oil extracted from the peel. Citric oil has been 
considered efficient in controlling fire ants (Hymenoptera 
Formicidae Solenopsidini), and thus can be a viable alter-
native if conventional synthetic insecticides are consid-
ered undesirable (Drees, 2002; Vogt et al., 2002). 

For leaf-cutting ants, several natural (botanical) pesti-
cides, which usually present both insecticide and fungi-
cide activity, such as leaf extracts of Ricinus communis 
L. (Euphorbiaceae) have been studied for control (Bigi 
et al., 2004 and references included), but at this mo-
ment, none has reached the phase of commercial use. 
Specifically, d-limonene repels the leaf-cutting ants Atta 
cephalotes (L.) and Acromyrmex octospinosus Reich 
(Littledyke and Cherrett, 1978b). 

Substrate preference by leaf-cutting ants has been cor-
related with the nutrition balance for ants and with 
growth of the fungus (Cherrett, 1968; Rockwood, 1976; 
Abbott, 1978). According Ridley et al. (1996) and 
North et al. (1999), the cultivated fungus can also influ-
ence the foraging decision: they observed that citric 
baits with the fungicide cycloheximide were initially 
loaded by Atta sexdens rubropilosa Forel and incorpo-
rated into the fungus culture. Some days later, the baits 
were rejected by workers (delayed rejection) and the 
bait foraging ceased. They explained this fact by assum-
ing that the fungus becomes stressed and produces a 
volatile semiochemical that induces the workers to 
avoid citric bait. Additionally, in the same species, 
Verza et al. (2007) reported delayed rejection due to the 
physical resistance of the substrate, and to the absence 
of nutrients for the fungus growth, on some fragments 
of polyester film and paper filter mistakenly foraged. 
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Figure 1. Presentations scheme for each nest. 
 
 

Recently, it was established that the link between ba-
sic knowledge of both biology and toxicology and the 
control of leaf-cutting ants with baits has been underes-
timated (Nagamoto et al., 2004; Camargo et al., 2006), 
and that, in the past, this scenario has slowed the devel-
opment of new baits (Forti et al., 1998; Nagamoto et al., 
2007). 

Therefore, a better understanding of the interactions 
between repellent and attractive compounds of the toxic 
bait is required. In the present work, we introduce a bio-
assay to evaluate the effect of d-limonene on the attrac-
tiveness and rejection of citric pulp extract by workers 

of A. sexdens rubropilosa (model for leaf-cutting ants) 
and we discuss the possible use of d-limonene for con-
trolling leaf-cutting ants by an alternative method, nebu-
lization, instead of toxic bait. 
 
 
Materials and methods 
 
The present study was carried out in the Social-Pest In-
sect Laboratory (UNESP/Botucatu). Five colonies of A. 
sexdens rubropilosa were used, which were collected 
previously in Botucatu (22º53'09''S; 48º26'42''W) and 
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kept in the laboratory (24 ± 2 ºC and RH 60 ± 20%). 
Each colony was nested in 3 nearly cylindrical pots, lin-
ked with pipes (all transparent plastic ones), consisting 
of a refuse chamber, a fungus chamber and a foraging 
arena. 

From a citrus factory (Sucocitrico Cutrale Ltda., Ara-
raquara, SP, Brazil), technical grade d-limonene and cit-
ric pulp was obtained. This industrial citrus pulp is the 
dehydrated residues of the juice extract and peel essen-
tial oil (which includes d-limonene) from citric fruit. 
The citric pulp was extracted with the solvent hexane 
because this extract is highly attractive to leaf-cutting 
ants (Verza et al., 2006). Using a methodology similar 
to one employed previously (Verza et al., 2006), the ex-
tract was obtained triturating the citric pulp (1 kg) and 
following chemical extraction: solvent was added (4 l of 
hexane) and submitted to agitation, decantation, filtering 
and drying in rotating evaporator (taking one week for 
this entire process). After the extraction, a solution of 20 
ml of this extract was prepared in hexane, at 2% con-
centration (w/v). 

Five filter paper discs (19.6 mm2 each) of each treat-
ments were impregnated with either citric pulp hexane 
extract (T1) or citric pulp hexane extract with 100, 300, 
and 900 ppm (w/w) of d-limonene, T2, T3, T4 respec-
tively, or d-limonene alone (T5). Each treatment was 
offered 5 times (presentations) in each nest. 

The portion of the foraging arena opposite to the pipe 
was demarcated into five 36° segments of a semicircle 
(totaling 180°). After that, for each presentation and all 
colonies simultaneously, all treatments were supplied. 
An interval of 3 days between the presentations was a-
dopted and the position of the treatments between pres-
entations was changed randomly. For each colony, 
when all the filter paper fragments of one of the treat-
ments were loaded (carried away), the remaining     
fragments were immediately counted and removed (fig-
ure 1). The rejection was evaluated in the refuse cham-
ber 24 hours after presentation, for three days. 

To determine if there was significant load between tre-
atments, colonies and presentations, the data for number 
of fragments carried were submitted to three way A-
NOVA and means were compared by the Student-
Newman-Keuls test, at 5% probability (Winer et al., 
1991), using the software Sigma Stat 2.03. 
 
 
 
Table 1. Comparison of the loaded quantities of filter 

paper fragments impregnated citrus pulp hexane ex-
tract and d-limonene, within presentation, in labora-
tory colonies of A. sexdens rubropilosa. 

 

Presentation Mean + sd * 
1 2.56 ± 1.98 ab 
2 2.80 ± 1.89 a 
3 2.84 ± 1.75 a 
4 1.92 ± 1.94 b 
5 2.96 ± 1.86 a 

 

* Mean followed by the same letter did not differ sig-
nificantly from one another (5% probability, Student-
Newman-Keuls test). 

 
 

Figure 2. Comparison of the loaded quantities of filter 
paper fragments impregnated citrus pulp hexane ex-
tract and d-limonene, within laboratory colonies of A. 
sexdens rubropilosa. 

 
 

 
 

Figure 3. Comparison of the loaded quantities of filter 
paper fragments (5 fragments by each treatment for 
each presentation; 5 presentations by colony), impreg-
nated citrus pulp hexane extract and d-limonene, 
within treatments, in 5 laboratory colonies of A. 
sexdens rubropilosa. T1 - citrus pulp; T2 - citrus pulp 
with 100 ppm (w/w) d-limonene; T3 - citrus pulp with 
300 ppm (w/w) d-limonene; T4 - citrus pulp with 900 
ppm (w/w) d-limonene; T5 - d-limonene. Mean fol-
lowed by the same letter did not differ significantly 
from one another (5% probability, Student-Newman-
Keuls test). 

 
Results 
 
The number of fragments loaded were not significantly 
different between colonies (P = 0.36; d.f. = 4; F = 1.109) 
(figure 2). No loaded fragment was rejected. The addition 
of d-limonene (figure 3) clearly affected the load of the 
filter paper fragments (P < 0.001; d.f. = 4; F = 40.294). 
Also, it can be stressed that the addition of d-limonene 
to the citrus pulp hexane extract provoked significant 
reduction of the load (T1 vs. T2, T3 and T4). 

A significant difference was found between the pres-
entations (P = 0.025; d.f. = 4; F = 3.003) (table 1), but 
was not correlated with the elapsed time of this assay 
(neither reduction nor improvement tendency of forag-
ing was evidenced). The transport duration was very 
short, with a maximum exposure time of 15 min in each 
presentation. Possibly this difference was found because 
the T5 (d-limonene only) was extremely repellent, af-
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fecting the uniformity of ant disposition in the foraging 
arena such that the number of presentations possibly 
was not high enough to overcome totally the effect of 
T5 on ant disposition. 
 
 
Discussion and conclusions 
 
Repellent compounds and substrate selection 

The substrate repellence and selection is important to 
the toxic bait method of control because the bait should 
be highly attractive and infrequently rejected to maxi-
mize the time that the workers manipulate it, conse-
quently improving their contamination (Andrade et al., 
2002; Nagamoto et al., 2004; Camargo et al., 2006). 

Taking into account that citric pulp was one of most at-
tractive substrates to the leaf-cutting ants (Mudd et al., 
1978; Mudd and Bateman, 1979; Verza et al., 2006), 
there was an apparent incongruence in attractiveness of 
citrus compounds (pulp vs. d-limonene) - why is the at-
tractiveness so high if one compound is highly repellent? 

First, the process of substrate selection for the work-
ers depends on the olfactory stimulation resultant from 
different chemical substances, repellents and stimu-
lants, present in the substrate (Littledyke and Cherrett, 
1978a; 1978b; Mudd et al., 1978). Second, according to 
Cherrett (1969), the fresh flavedo (peel) of grapefruit 
was not attractive to A. octospinosus, but becomes at-
tractive when it is dried. The same author suggests that 
the glands of the flavedo can contain repellent volatile 
compounds which are removed by heating (possibly 
lowering the concentration of the repellent com-
pounds). 

Thus the reduction of attractiveness at low concentra-
tions reported herein was probably an indication that d-
limonene was repellent to leaf-cutting ants at higher 
concentrations and also reinforces the argument that the 
result of different odours in dried citrus pulp could pro-
duce a positive effect on attractiveness if concentrations 
of the repellent compounds were lowered (Cherrett, 
1969). 

Our finding of no rejection was contrary to previous 
reports (Ridley et al., 1996; North et al., 1999; Verza et 
al., 2007), possibly due to absence of adverse effect of 
d-limonene on fungus, so that the fungus did not pro-
duce the (previous proposed) semiochemical to inform 
the ants to stop the foraging (Ridley et al., 1996; North 
et al., 1999) and that cellulose (filter paper) with citric 
compounds (d-limonene and citrus hexane extract) is 
suitable for growing fungus, in contrast to inert material 
(Verza et al., 2007). 

Mudd et al. (1978) stated that, for leaf-cutting ants in 
nature, a variety of components present in the plants in-
duces carrying of the substrates by the workers and the 
absence of repellents or deterrents can be more impor-
tant than the presence of specific stimulants. But our 
result suggests that, at least for manmade substrate 
(bait), this is not completely true because at known con-
centration (100 ppm w/w) the repellent d-limonene did 
not lower the attractiveness of citrus pulp. This is im-
portant because (at least to our knowledge) it is the first 
empirical demonstration that some repellence of sub-

strate compound, depending on the concentration, can 
be overcome or masked by the overall odours of the 
highly attractive substrate. Thus it can be stated that al-
though substrate selection by ant and fungus are general 
and efficient mechanisms, some gaps in these are natu-
ral and perhaps can be explored for development of con-
trol methods. 
 
Toxic bait AI repellence and control effectiveness 

Applying our general achievement on the role of the 
repellent compounds in selection for use of toxic baits, 
it can be indicated that we should choose bait com-
pounds that have no significant repellence, at least for 
non-insecticide compounds (citric pulp and soybean 
oil). In the case of AIs, low repellence perhaps can be 
tolerated. 

If the insecticide chlorpyrifos, which presents expres-
sive odour and intermediate to high volatility (Racke, 
1993; Tomlin, 2000), is used as AI, the attractiveness 
and efficiency tend to be low (Cruz et al., 1996; Forti et 
al., 1998; 2003). However, sulfluramid and fipronil, 
with much lower volatility (Tomlin, 2000) and probably 
mild odour (for ants), usually are more frequently car-
ried and highly efficient (Forti et al., 1998; 2003; 2007). 
Our findings reinforce the general assumption that toxic 
bait AI should be of little or no repellence to leaf-
cutting-ant workers (Forti et al., 2007). 

Specifically, the use of d-limonene as leaf-cutting-
ant toxic bait AI is highly improbable because it pro-
vokes reduction of citrus pulp attractiveness at low 
concentrations although it did not cause any deleteri-
ous effect; thus at toxic concentrations, bait with d-
limonene will not be carried, permitting colony sur-
vival. This explanation also reinforces the concept that 
highly repellent AIs cannot be used in any type of baits 
for any pest. 
 
Control with repellent AIs 

Although repellent, d-limonene has been considered 
efficient for fire ant control. But it should be empha-
sized that it is in liquid formulation and for superficial 
mound treatment (Vogt et al., 2002). For deeply under-
ground and huge leaf-cutting-ant nests, with hundreds of 
fungus chambers at a depth of several meters, drenching 
with liquid formulation is neither efficient (Boaretto and 
Forti, 1997) nor viable in field control. 

On the other hand, for nebulization methods the use of 
d-limonene will perhaps be possible, because in these 
methods, the AI is injected into the nest; thus it does not 
depend on being actively carried by workers like toxic 
bait and repellence is not important. But as a natural and 
thermolabile product, d-limonene cannot be employed 
in the most commonly used thermonebulization ma-
chines, because this apparatus mixes AI with high tem-
perature gas of diesel oil combustion. Therefore, low-
temperature nebulization should be used, such as the so-
called “Aero System” machine (FMC Corporation) that 
uses propane and butane (LPG) as AI carrier (Nakano, 
1998; Raetano and Wilcken, 1998). 

Given that, in pest control AIs in general, delayed ac-
tion is relatively rare (Vander Meer et al., 1985; Naga-
moto et al., 2007), this same rarity is probably true also 
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for botanical pesticides; thus low-temperature nebuliza-
tion is probably a much more promising and adequate 
technology than toxic bait for these natural products. 
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