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Abstract

A study was conducted to know the interaction between ants, other insect visitors and extrafioral nectaries (EFNS) in
selected crops at experimental farms of Faculty of agriculture, Annamalai University in which field incidence of ants, herbivores
and predators in five EFN-bearing crops viz., Vigna mungo, Vigna radiata, Gossypium hirsutum, Dolichos lablab var.
typicus and Ricinus communis were observed. Among the herbivores Phenacoccus sp., Aphis sp. and Helicoverpa sp. were
highest and among predators Coccinellidae and Vespidae was highest. Camponotus compressus was highest in Vigna
mungo, Vigna radiata and Gossypium hirsutum. In Hibiscus cannabinus, Ricinus communis and Dolichos lablab var.
typicus, Myrmicaria brunnea and Solenopsis geminata was highest respectively. In ant - exclusion experiment, in both
control and treatment Phenacoccus solenopsis showed gradually decreasing pattern from the first week to fourth week. But
Coccinellidae and Mantidae showed increasing and fluctuating pattern during every consecutive week in control and
treatment respectively. Parasitized mealybug mummies number (by the parasitoid, Aenasius arizonensis Hayat) showed

decreasing and increasing pattern from first to fourth week in control and treatment respectively.

Key words : Field incidence, ants, herbivores, predators, EFN-bearing crops, ant - exclusion.

Introduction

Extrafloral nectar (EFN) is secreted mainly on the
most valuable organs, that is, organs that are characterized
by strong future contribution to the fitness of the plant
and high construction costs (such as young leaves,
developing fruits, etc.), and the plant secretes EFN in
much higher amounts in response to herbivore-infiicted
damage, that is, when enemy pressure is high. Thus, EFN
is secreted in a phenotypically plastic manner according
to the predictions of the optimal defense hypothesis
(ODH) (Heil, 2015). The commonest resource plants
offer to ants is EFN, a liquid substance rich in
carbohydrates with dilute concentrates of amino acids,
lipids, phenols, alkaloids and volatile organic compounds
(Gonzalez-Teuber and Heil, 2009). Carbohydrates have
been suggested to be key resources for arboreal ants
(Davidson et al., 2003).
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Many studies have found positive net effects of EFN
consumption on biocontrol organisms such as parasitoids
and predatory mites, and EFN secretion represents a
common trait among cultivated plants (Heil, 2015). Thus
EFN-mediated defense can be well exploited in IPM
programmes against a wide range of pests. Little is known
about the distribution and abundance of plants with EFNs
(Keeler, 1980) and very few studies have focussed on
arthropod diversity at the EFNs (Rudgers, 2004),
particularly of crop plants (Agarwal and Rastogi, 2010).
Also more research is required to understand the
importance of EFN for its consumers and, thus, for the
communities of plants and arthropods in natural, disturbed,
and agronomic ecosystems (Heil, 2015). With this
background the present study was initiated to study the
interaction between ants, other insect visitors and EFNs
in selected crops.



2106

Materials and Methods
Field incidence of ants, herbivores and predators

Field incidence of insects visiting the EFNSs in selected
crops viz., cotton (Gossypium hirsutum L.), black gram
(Vigna mungo L. Hepper), green gram (Vigna radiata
(L), lablab (Dolichos lablab var. typicus L.), mesta
(Hibiscus cannabinus L.) and castor (Ricinus
communis L.) available at Annamalainagar were
recorded on randomly selected 25 plants per field during
October and November of 2016 (3 counts/month). The
observations were made on insects number, lasting about
90 seconds at each plant on EFN-bearing plant parts.
Herbivores were identified to genus level, predators to
family level and ants to species level in the Department
of Entomology, Faculty of Agriculture, Annamalai
University (modified Agarwal and Rastogi, 2010).

Ant-exclusion experiment

The protective roles of Camponotus rufoglaucus
(Jerdon) and Myrmicaria brunnea Saunders against
Solenopsis mealybug, Phenacoccus solenopsis Tinsely
in potted Hibiscus cannabinus were tested in ant-
exclusion experiment. Ten separate potted plants of
Hibiscus cannabinus (0.86 m height) were selected for
the control (with ants) and treatment (without ants). Plants
of approximately the same height and in the same
phenological state (no buds, flowers or fruits) were
selected. Camponotus rufoglaucus and Myrmicaria
brunnea were prevented from climbing on treatment
plants by applying castor oil to their base a sticky barrier
of plants, at weekly intervals. Also both the ants had free
access to the control plants of Hibiscus cannabinus.
Phenacoccus solenopsis population on control and
treatment were observed weekly for one month (4
counts). The number of Camponotus rufoglaucus and
Myrmicaria brunnea visiting the EFNs of control plants
were counted weekly. Also predators and parasitized
Phenacoccus solenopsis mummies number were
recorded in both control and treatment at weekly intervals
(modified Oliveira et al., 1999).

Results and Discussion
Field incidence of ants, herbivores and predators

Observations recorded during October and
November of 2016 on field incidence of insects visiting
the EFNs of selected crops viz., Vigna mungo L. Hepper,
Vigna radiata L., Gossypium hirsutum L., Hibiscus
cannabinus L., Dolichos lablab var. typicus L. and
Ricinus communis L. available at Annamalainagar are
presented in Tables 1-6.

In Vigna mungo, Phenacoccus sp. population was
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highest (0.25) and Lampides sp. population was lowest
(0.10) among herbivores during October. During
November also Phenacoccus sp. population was highest
(0.48) and both Empoasca sp. and Oxya sp. population
were lowest (0.20). Among predators Coccinellidae
population was highest and Vespidae population was
lowest during both the months. Camponotus compressus
(3.7., 5.70) was highest in population and Camponotus
seriseus (0.16, 0.24) was lowest during both the months
(October and November) respectively among ants (Table
1).

In Vigna radiata, Coptosoma sp. population was
highest (2.10) and Oxya sp. population was lowest (0.25)
among herbivores during October (Table 2). During
November Aphis sp. population was highest (4.52) and
Oxya sp. population was lowest (0.24). Among predators
Coccinellidae population was highest and Mantidae
population is lowest during both the months. Amongst
ants, Camponotus compressus (5.06, 7.24) was highest
in population and Tetraponera nigra (0.10),
Camponotus seriseus (0.37) was lowest during both the
months (October, November) respectively.

In Gossypium hirsutum, eight species were recorded
as herbivores (Table 3). Among them Aphis sp. population
was highest (3.8, 4.29) and Thrips sp. population was
lowest (0.20, 0.22) during both the months (October,
November) respectively. Among predators Coccinellidae
population was highest during both the months. Of the
ants, Camponotus compressus (10.38, 12.31) was
highest in population during both the months (October,
November) respectively; Camponotus sericeus (0.17)
was lowest during October and Camponotus irritans
(0.65) during November.

In Hibiscus cannabinus, only two species were
observed as herbivores among these Phenacoccus sp.
population was highest (16.72, 19.32) and Euproctis sp.
population was lowest (0.52, 0.43) during both the months
(October, November) respectively. Among predators
Coccinellidae population was highest (0.17, 0.71) and
Vespidae lowest (0.16, 0.19) during both the months
(October, November) respectively. Myrmicaria brunnea
(6.36, 7.96) was highest in population; Camponotus
compressus (0.41, 0.64) was lowest during both the
months (October, November) respectively among ants
(Table 4).

In Dolichos lablab var. typicus, Helicoverpa sp.
population was highest (1.81, 1.83) and Oxya sp.
population was lowest (0.96, 1.33) during both the months
(October, November) respectively in herbivores. Among
predators \espidae population was highest, Coccinellidae
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population was lowest during both the months. Of ants,
Solenopsis geminata (6.89, 8.45) was highest in
population, Camponotus sericeus (0.17) was lowest
during both the months (October, November) respectively
(Table 5).

In Ricinus communis, among herbivores Aphis sp.
population was highest (1.02, 0.37) and Oxyrachis sp.
population was lowest (0.37, 0.03) during both the months
(October, November) respectively (Table 6). There were
no predators during both the months. Amongst ants,
Myrmicaria brunnea (17.19, 19.73) was highest in
population; Componotus compressus (0.69, 1.20) was
lowest during both the months (October, November)
respectively.

These differences in the incidence of different ant
species on different EFN crop species may be due to
competitive interactions among the ant species, herbivores
and other insect visitors population. Five crops viz., Vigna
mungo, Vigna radiata, Gossypium hirsutum, Dolichos
lablab var. typicus and Ricinus communis were in
reproductive stage so ants as well as predators incidence
were more. Thus herbivore population in these crops were
reduced considerably. Ant species presence did not hinder
predators activity so they too played a significant role in
herbivore population reduction. But Hibiscus cannabinus
was in vegetative stage in which ant and predator
population was less than the herbivore (Phenacoccus
sp.) population so they could not be reduced by ants and
predators.

According to Agarwal and Rastogi (2010) ants
occurred at particularly high relative abundance (84.44 +
4.34 %) on EFNs. They also observed ant species visited
the sponge gourd plants: Pheidole sp., Tetramorium sp.,
Aphaenogaster sp. and Monomorium latinode (all
Myrmicinae), Pachycondyla tesserinoda (Ponerinae),
Camponotus compressus, Camponotus paria,
Camponotus infuscus and Camponotus sericeus
(Formicinae), and Tapinoma melanocephalum
(Dolichoderinae). This is accordance with the present
findings.

Heil, et al., 2004 also confirmed that ants comprised
60% of all nectary visiting arthropods at the EFN-bearing
Southeast Asian myrmecophilic plant, Macaranga
tanarius. This matches the present study results.

Since Pheidole sp., Camponotus spp., P.
tesserinoda and Tetramorium sp. are highly- to
moderately-aggressive generalist predators, observed to
deter and reduce the residence time of the chrysomelid
beetles Raphidopalpa foveicollis and R. intermedia
on the plants (Agarwal and Rastogi, 2008, 2009), ants
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probably aid in reducing plant visits by these insect
herbivores. The different ant species visited all the
vegetative parts bearing EFNs. However, the most
abundant and aggressive species including Pheidole sp.
and Camponotus spp. (Agarwal et al., 2007; Agarwal
and Rastogi, 2008) visited the leaves, bracts and calyces
in greater number. Tapinoma melanocephalum, which
was the only ant species to visit the flowers, has tiny,
timid workers which do not deter insect pollinators and
have very low deterrent effect on the insect herbivores
of sponge gourd plants (Agarwal and Rastogi, 2008). This
may account for the greater number of R. foveicollis on
the floral tissues than on other plant-parts which are
protected to a considerable extent by the EFN visiting
ant species.

This is the first study of insects associated with the
EFNs of crop plants in India. The results are supported
by earlier reports on the occurrence of other visitors of
EFN like and ladybirds (Pemberton and Vanderberg,
1993), bees (O’Dowd, 1979), wasps (Bugg et al., 1989;
Stapel et al., 1997), roaming spiders (even though mainly
carnivorous: Taylor and Foster, 1996; Ruhren and Handel,
1999; Taylor and Pfannenstiel, 2008), neuropterans
(Limburg and Rosenheim, 2001) and even birds
(Pemberton, 1993) on the EFNs of plants. Insects
representing 14 families of Diptera, 5 families of wasps
(Hymenoptera), and 6 genera of ants (Hymenoptera)
have been observed on the extrafioral nectaries of P.
lunatus (Fabaceae) (Kost and Heil, 2005), and species
in the orders Hemiptera, Diptera, Coleoptera,
Hymenoptera, and Lepidoptera visit the extrafioral
nectaries of Luffa cylindrica (Cucurbitaceae) Agarwal
and Rastogi (2010).

Ant-exclusion experiment

Results of ant - exclusion experiment in Hibiscus
cannabinus is presented in (Table 7). In control
Phenacoccus solenopsis population showed gradually
decreasing pattern from the first week (17.45) to fourth
week (11.22). But Coccinellidae and Mantidae population
showed increasing pattern during every consecutive
week. Componotus rufoglaucus and Mymicaria
brunnea population revealed steady increase (1.27, 2.52,
2.87 and 3.95) in population in the successive weeks.
Parasitized mealybug mummies number (by the parasitoid,
Aenasius arizonensis Hayat) showed decreasing pattern
from (1.26-0.37) first to fourth week respectively because
of the disturbance towards the parasitoid population due
to both ant species by their continuous patrolling
behaviour. Even though there was gradual decrease in
Phenacoccus solenopsis population in consecutive
weeks in control. Their population exceeded ant species



2108

population up to second week. During third and fourth
week Mymicaria brunnea population slowly increased
even when predators population was totally nil during
fourth week. Studies using different systems have
reported that the consumption of EFN can enhance the
aggressiveness of ants and their capacity to defend the
extrafioral nectaries against potential competitors such
as wasps and cheater ants (Gonzalez-Teuber et al., 2012;
Heil, 2013) and change the foraging preferences of ants
and thus their predation behaviour (Wilder and Eubanks,
2010). This supports the present findings.

Feeding on EFN has also been reported for lady
beetles (Coleoptera: Coccinellidae) such as Coleomegilla
maculata (Lundgren and Seagraves, 2011) and
Exoplectra miniata (Almeida et al., 2011), for predatory
bugs such as the assassin bug Atopozelus opsimus
(Hemiptera, Reduviidae) (Guillermo-Ferreiraetal., 2012)
and the omnivorous bug Orius insidiosus (Pumarino et
al., 2012), for predatory mites (Weber et al., 2012), and
for the mirid (Hemiptera) Macrolophus pygmaeus
(Portillo et al., 2012).

For the lady beetle C. maculata and the mirid M.
pygmaeus, the authors reported an enhanced survival
and fecundity in animals that had fed on EFN (Lundgren
and Seagraves, 2011; Portillo et al., 2012). Predatory
wasps might represent a further important group of EFN
consumers although, like spiders, they can be outcompeted
by ants. Furthermore, the obligate myrmecophyte Acacia
hindsii (Gonzalez-Teuber et al., 2012) and the EFN-
bearing plant Banisteriopsis malifolia (Alves-Silva et
al., 2013) have been reported to have higher rates of
wasp Vvisitation on extrafioral nectaries from which ants
have been excluded. This is similar and confirms to the
present study results.

In treatment plants (ants excluded) Phenacoccus
solenapsis population was gradually decreasing from the
first week (17.28) to fourth week (13.17). Coccinellidae
and Mantidae population showed fluctuating pattern in
every consecutive week with less deviation from the first
week and totally nil during fourth week. Parasitized
Phenacoccus solenopsis mummies number (by the
parasitoid, Aenasius bambawalei) showed steady
increase from first to fourth week and kept the
Phenacoccus solenopsis population under check. This
confirms ant population affects the activity of parasitoids
than predators.

In both control and treatment Phenacoccus
solenopsis population was under check but in control
(11.22) their population was less when compared to
treatment (13.17) during the fourth week which showed
the significant role played by Mymicaria brunnea.
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Parasitization rates of herbivores increased on EFN-
producing compared with nectary free plants (Geneau et
al., 2013; Geneau et al., 2012; Pemberton and Lee,1996;
Stapel et al., 1997),which might indicate that the
attraction of parasitoids to extrafioral nectaries can
enhance the antiherbivore defense of these plants
(Hernandez et al., 2013; Mathews et al., 2011).

Del-Claro and Oliveira (1993) tested whether ants
(Camponotus sp.) would stop tending honeydew-
producing membracids (Guayaquila xiphias) when an
alternative sugar source was available on the host plant
(Didymopanax vinosum). Results showed that the
discovery of an alternate sugar source (simulated
extrafloral nectaries) did not provoke desertion by ants.
Instead, tending of Guayaquila aggregations continued
nearly the same as ant visitation to the honey solution
increased steadily within the same period. Thus they do
not support the prediction that ants would neglect
honeydew-producing homopterans in the presence of
extrafloral nectaries. The same observation was seen
with the C. rufoglacus and Mymicaria brunnea in the
present study which fed honeydew of Phenacoccus
solenopsis for more time and fed nectaries of Hibiscus
cannabinus for very less time which confirms EFN
plants’ vital role in its diet which indirectly hindered natural
enemies activity.

In the last two decades, a series of experimental field
studies have shown that ant visitors to EFNs can defend
the plant against several types of herbivores (Bentley,
1977; Beattie, 1985; Holldobler and Wilson, 1990). This
is similar to the present observation which also showed
decrease of Phenacoccus solenapsis population in the
presence of moderately aggressive C. rufoglaucus.
Becerra and Venable (1989) proposed that EFNs may
function to defend plants against ant-homoptera
mutualisms by supplying ants with extrafloral nectar which
would distract them from honeydew-producing
homopterans. As a result of being abandoned by their
tending ants, homopterans would suffer higher mortality
rates (due to predation and parasitism) and their damage
to the plant would be either reduced or eliminated. In
short, according to Becerra and Venable (1989), “the
main fitness benefit of EFN’s is the reduction of
homopteran damage”. In a subsequent comment Fiala
(1990) presented evidence against this hypothesis, and
questioned the supposed superiority of extrafloral nectar
to honeydew in being highly predictable in space, time
and quality (as viewed by Becerra and Venable, 1989).
Although it is known that ants can drop lower quality
resources from their diets as higher quality ones become
available, some of the studies cited by Becerra and
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Table 1: Field incidence of ants, herbivores and predators in Vigna mungo.
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Month # Herbivore* Predator* Ant species*
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Table 2: Field incidence of ants, herbivores and predators in Vigna radiata.
Month # Herbivore* Predator* Ant species*
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Table 3: Field incidence of ants, herbivores and predators in Gossypium hirsutum.
Month # Herbivore* Predator* Ant species*
o .
0 o
: [15] n
Q. = 0 -
n o . Q (%)
o | 18| |a|2] |82 2 122/28242 |2«
o I o o " = o < = ) o | © S ©n S 32 30 s 9
s|e| 8|2 |s|§|2|8 |2 |5 |8|5|g8|le8s58cs5e¢
ke O g R 0 © n % = = = = ool ad Q =& %
2| S| 2|5 |E|2|E|E|8| 5| 8|8 |5EE|ECEQEESS
dlcla|<|ada|d || |8 |=]|2|53|88|828 18 |=
October 2016 115 | 024 | 250 | 380 | 0.38(0.92 | 020 | 040 | 080 | 0.17 | 0.14| 0.13| 10.38 | 2.39 (0.17 |0.24 |4.12
November2016 | 157 | 057 | 279 | 429 | 059|100 | 022 | 042 | 081 | 132 | 013| 0.15| 12.31 | 468 |0.67 (065 (4.17
* Mean of twenty five plants.
# Mean of three counts.
Table 4: Field incidence of ants, herbivores and predators in Hibiscus cannabinus.
Month # Herbivore* Predator* Ant species*
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Table 5: Field incidence of ants, herbivores and predators in Dolichos lablab var. typicus.
Month# Herbivore* Predator * Ant species*
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Table 6: Field incidence of ants, herbivores and predators in Ricinus communis.
Month # Herbivore* Predator* Ant species*
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Table 7: Influence of ant- exclusion on the incidence of mealybug and its natural enemies in Hibiscus cannabinus.
Control (With ants) Treatment ( Ants excluded)
Week Predator* Ant species* Predator*
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* Mean of ten plants.

Venable (1989) in support of the “ant-distraction
hypothesis” either do not corroborate it, or actually show
the opposite (Addicott, 1978, 1979; Sudd and Sudd, 1985).
In fact, existing information suggest that ants switch from
visiting a plant’s EFN to visiting honeydew-producing
homopterans (Buckley, 1983; Sudd and Sudd, 1985; Way,
1954). Becerra and Venable (1989, 1991) suggested that
well designed experiments were needed before a firm
conclusion on the subject could be drawn. More recently,
Rashbrook et al. (1992) experimentally showed that the
foliar nectaries of bracken fern do not reduce tending
levels of homopterans, and ants strongly prefer
homopteran honeydew to foliar nectar. This is similar to
the present findings in which both the C. rufoglacus and

Mymicaria brunnea showed preference to homopteran
(Phenacoccus solenapsis) honeydew more than
Hibiscus cannabinus nectaries.

Some ants track seasonal and diurnal changes in
extrafloral nectar production (Tilman, 1978; Stephenson,
1982; Gaume and McKey, 1999), exhibit preferences for
nectars or honeydews on the basis of sugar and/or amino
acid composition (Lanza, etal., 1993; Volkl et al., 1999),
and stay longer in patches with more sugar (Bonser et
al., 1998). Similarly, nectar-satiated parasitoids stay in
herbivore-occupied patches longer and attack more
herbivores (Stapel et al., 1997). These observations
suggest that plants with increased nectar production could
attract or retain more bodyguards, thereby receiving
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greater protection against herbivores. This supports the
present study results.

The secretion of EFN is one of the taxonomically
most widespread strategies for plant defence against
herbivores and one of the few traits for which meta-
analyses regularly find net defensive effects. The
spatiotemporal patterns in EFN secretion appear to be
adapted for an optimized defence, although simple
physiological mechanisms are likely to underlie at least a
part of these patterns. A wide variety of predatory and
parasitoid arthropods can gain a significant energy supply
from feeding on EFN, and many of these are important
keystone species that can affect further species in their
respective ecosystems. Thus, it is likely that EFN
secretion has multiple effects at the level of entire
ecosystems (Heil, 2015).

EFN is cheap to produce, is naturally produced by
many cultivated species, and provides direct benefits to
multiple beneficial insects. A major shortcoming might
be that contemporary agricultural ecosystems do not
provide stable populations of, for example, natural
parasitoids or ants or other predators. Planting field
margins with EFN bearing species might be a promising
avenue to explore (Geneau et al., 2012; Olson and
Wiackers, 2007). Similarly, the active release of beneficial
arthropods in combination with planting EFN-producing
crops, or intercropping with EFN-secreting species,
provides interesting perspectives (Orre-Gordon et al.,
2013). Thus, EFN could keep the biocontrol agents at
stable population levels within the agricultural field even
during pest-free periods.

In precise, systematic descriptive and experimental
surveys are required to understand the effects of EFN
secretion on food webs and its positive effects on ants
and the resulting cost for the EFN-secreting plants. Also
in future attempts should be made to understand the role
of EFN in the structuring of arthropod communities and
it is necessary to integrate EFN into different types of
biocontrol programmes for efficient pest management.
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