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RESEARCH NOTE

Do ants pollinate cashew flowers?  An observation on flower damage and nectar 
thieving by Crematogaster subnuda Mayr.
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ABSTRACT: Ant-plant associations are greatly diverse leading to mutualistic and/or antagonistic interactions between 
them. In general, ants are considered as minor pollinators. Ant pollination is rare and restricted to a few plant species. 
The cashew trees are consistently visited by diverse species of ants. During a survey in the cashew plantations, damage 
to the reproductive parts of cashew flowers was observed and the ants were noticed in such damaged flowers. This 
document presents details about nectar thieving by Crematogaster subnuda in the cashew flowers and the damage 
caused to the reproductive parts.
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ABSTRACT: The injection of exogenous materials into plant system for pest management is being followed since 
early years of twentieth century. Numerous studies on the tree injection have been done to explore the possibility of 
injecting chemicals into trees. Root feeding, stem or trunk injection have received significant results of nutrient and pest 
or disease management across the world. Owing to the  practical difficulties in foliar application of pesticides in tall 
trees like coconut, tree injection  became an alternative mode of pesticide delivery to target site. Although tree injections 
have some limitations, they also have some specific advantages over other methods of management such as minimized 
use of water and chemicals, reduction in the labour cost, effective management of target pests and environmental safety 
as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 
the technologies of administration for various chemicals under diverse environmental conditions to make it easy and 
ultimate for specify host plant / nutrient condition which cannot be properly addressed by other methods.
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INTRODUCTION

The injection of various exogenous materials into 
plants have been implemented as early in the middle of 
the twentieth century (Perry et al., 1991) and expanded in 
the 1970s. Early literatures show that supply of water to 
young transplanted trees through the cut end of the root 
was successful, thus suggested the possibility of injecting 
chemicals into trees (Cott, 1897). During 1910, tree 
injection with specific chemical, potassium ferrocyanide 
was reported for the control of insect pests (Sanford, 
1914; Shattuck, 1915). A review on ‘Methods of Tree 
Injection’ by May (1941) created interest for injection 
studies on plants. Gravitational method of liquid injection 
was reported to control the red palm weevil of coconut 
(Davis et al., 1954). Later the method of trunk injection 
with systemic insecticides has become an important 
practice against various insect pests that are difficult to 
control (Ginting and Desmier, 1987). During that period 
numerous studies on the tree injection have been done by 
North American researchers (Ferry and Gomez, 2013). 
A´cimovi´c et al. (2016) examined injection port damage 
and wound closure in apple trees. Similarly, Dalakouras 
et al. (2018) inspected the movement of hairpin and 
small-interfering RNAs in apple and grape trees. Uptake 
and translocation of antibiotics into the tree system was 
explored by Killiny et al. (2019). Berger and Laurent 
(2019) focuses on modern injection technologies and 

factors affecting the efficacy of chemicals. Leigh et al., 
(2022) reviewed the concepts of trunk injection method, 
physiological principles and concerns associated with 
the injection method. 

Considering the tree architecture of coconut, the palms 
have been exploited for pesticide administration through 
injection for management of different insect pests. 
Coconut palm, Cocos nucifera L. which belongs to family 
Arecaceae has been variously described as “console of the 
east”, “the tree of heaven”, the ‘Kalpavriksha’ because 
of its great versatility demonstrated for many domestic, 
commercial and industrial uses of its different parts like 
leaves, fruits, stem and roots. In India, coconut is grown 
under varied soil and climatic conditions in 17 States and 
3 Union Territories. The decrease in yields of coconut 
has been attributed to a number of factors consisting 
of biotic and abiotic factors. Among the biotic factors, 
the insect pests and mites are very important. Amongst 
foliage pests, coconut black headed caterpillar, Opisina 
arenosella Walker (Lepidoptera: Oecophoridae) is one 
of the major and serious pests of coconut palm in India, 
Srilanka, Bangladesh and Myanmar. The pest during its 
larval stage causes serious damage to the leaves of the 
palm. In case of severe infestation, several hundreds or 
thousands of larvae could be observed on a single palm 
and affected palm often take several years to recover 
completely (Ramkumar, 2002). 
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P. N. GANGA VISALAKSHY*, K. SOUMYA, A. KRISHNAMOORTHY and
K. GOPALAKRISHNA PILLAI
1Indian Institute of Horticultural Research, Division of Entomology and Nematology,
Hesaraghatta Lake post, Bengaluru - 560089, India
*E-mail: gangesv@iihr.res.in

ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.
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INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
(12
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The cashew (Anacardium occidentale L.) is an 
important tree nut crop and is cross-pollinated. Cashew 
is visited by plenty of ant species throughout its different 
phenological stages and 49 species have been recorded 
by Vanitha et al. (2015). Ants can be seen on trunk, 
leaves, shoots, nuts and fruits (cashew apples) and even 
in fallen rotting apples. Ant species are chiefly attracted 
to the extra floral nectarines (EFN) present on cashew 
leaves, shoots, flowers and developing nuts (Rickson 
and Rickson, 1998). Some predatory species are also 
recorded on cashew (Peng et al., 2014, Vanitha et al., 
2015, Mohapatro et al., 2015). According to earlier 
reports, the role of ants as pollinators is speculative 
as ants move to the base of flowers and buds for the 
EFN and rarely touches the reproductive parts of the 
flowers (Bhattacharya, 2004). Ants crawl continuously 
on the flowers making them unattractive to the foraging 
bees and are assumed to feed on pollen fluids causing 
pollen damage and non-viability (Bhattacharya, 2004). 
However, during the recent floral observations at ICAR-
DCR, we noticed the damage on the reproductive floral 
parts (absence of stamens and style) with the ants in such 
damaged flowers. Thus, this present investigation was 
carried out to document the flower damage and nectar 
thieving by Crematogaster subnuda Mayr.

In an experimental plot of ICAR-DCR, Puttur, a total 
of 98 cashew trees (9 years old) were observed for the 
presence of ants during March-May 2024. The ant species 
observed on the trees especially on the flowers were 
recorded.  Insecticidal sprays were avoided in the plot 

during the observation period. The trees having damaged 
flower parts were tagged (N=10), and in each tagged 
tree, five inflorescences were labelled and observed 
for the activity of ants on cashew flowers at fortnight 
intervals. A total of     50 inflorescences were observed at 
fortnight intervals. The number of damaged flowers was 
recorded twice a day i.e., once at 11.30 am (when an 
thesis of majority of the male and hermaphrodite flowers 
had occurred) and at 3.30 pm to have complete data on 
damaged flowers and the extent of flower damage. The 
nut set was recorded in those inflorescences and also in 
the other trees where floral damage was not present.

A total of 1310 fresh flowers were observed 
during the study. The common ant species noticed on 
the cashew flowers during the observation include 
Anoplolepisgracillipes (Smith), Camponotus compressus 
(Fab.), Tapinoma melanocephalum (Fab.) and 
Crematogaster spp. Majority of these ants were seen 
foraging on EFNs present on cashew leaves, shoots, 
flowers and tender ants. The ant species causing damage to 
the cashew floral parts was determined as Crematogaster 
subnuda Mayr. using the morphological keys (Fig. 
1c-insert). C. subnuda is a common acrobat ant widely 
distributed throughout India (Bharti et al., 2016). This 
species is bright chestnut red coloured (3 to 3.5 mm in 
length) with the heart shaped gaster, dark or nearly black 
in colour, it raises its gaster high up vertically in the air 
while foraging hence known as cocktail ants. Out of 94 
cashew trees observed, C. subnuda was present only in 
10 trees (10.6 %); and in two such trees, the ants were 
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seen entering into the dried sticks which might be their 
nests. In the two trees seen with C. subnuda nests, 25 and 
37 percentage of inflorescences were without damage by 
C. subnuda. As per the report of Galen (1983), more than 
25% damage by Formica neorufibaris gelida was noticed 

in the flowers of Polemonium viscosum Nutt. C. subnuda 
did not touch the anthers of long stamen, but entered 
inside and started chewing the base of the stamens in male 
flowers and stamens and style in hermaphrodite flowers 
throwing out the chewed floral parts (Fig. 1a, b and c). 
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Fig. 1. C. subnuda damage in cashew flowers a. long stamen seen in a male flower (arrow) 
with ant inside, b. long stamen severed in same flower c. dissected damaged male (right) and 
hermaphrodite flowers (left) showing damaged stamens and style, insert- C. subnuda 
 

Similar observation on severing the base of style or chewing through the ovary during 
nectar foraging has been reported in P.viscosum by F. n. Gelida (Galen, 1983). The 
percentage of fresh flowers damaged by the ants in an inflorescence ranged between 25 and 
100 % indicating severity of the damage (N=200). The damage was more on male flowers 
(74.46 % of the total male flowers) compared to hermaphrodite flowers (47.26 % of the total 
hermaphrodite flowers). The extent of damage observed at fortnight intervals from March to 
April indicated the percentage of damaged flowers was higher in the afternoon hours (Fig. 
2).The buds were also damaged by these ant species but only to the extent of less than 0.5 %. 
Due to damage by ants, the flowers dried away subsequently. It was noticed that the damaged 
flowers were subsequently visited by the ants, sometimes even on second or third day of 
opening indicating that foraging reward of C. subnuda is nectar and not the pollen grains. 
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Fig. 1. C. subnuda damage in cashew flowers a. long stamen seen in a male flower (arrow) with ant 
inside, b. long stamen severed in same flower c. dissected damaged male (right) and hermaphrodite 

flowers (left) showing damaged stamens and style, insert- C. subnuda

Similar observation on severing the base of style or 
chewing through the ovary during nectar foraging has 
been reported in P. viscosum by F. n. Gelida (Galen, 
1983). The percentage of fresh flowers damaged by 
the ants in an inflorescence ranged between 25 and 
100 % indicating severity of the damage (N=200). 
The damage was more on male flowers (74.46 % of 
the total male flowers) compared to hermaphrodite 
flowers (47.26 % of the total hermaphrodite flowers). 
The extent of damage observed at fortnight intervals 

from March to April indicated the percentage of 
damaged flowers was higher in the afternoon hours 
(Fig. 2).The buds were also damaged by these ant 
species but only to the extent of less than 0.5 %. 
Due to damage by ants, the flowers dried away 
subsequently. It was noticed that the damaged flowers 
were subsequently visited by the ants, sometimes 
even on second or third day of opening indicating that 
foraging reward of C. subnuda is nectar and not the 
pollen grains.

Fig.2. Extent of damaged male and hermaphrodite flowers in morning (FN) and 
evening (AN) hours in tagged inflorescences, I- first fortnight, II- second fortnight

An ant spent approximately around 2.87±0.68 
minutes/flower during its first visit to fresh flower, and 
during subsequent visit to the same flowers, the time spent 
was 0.89 ±0.39 minutes/ flower (Table 1). A maximum 

of 4.21 minutes was spent in a fresh flower by an ant. 
The nut set in the inflorescences where C. subnuda was 
present was significantly less (0.86) compared to 2.07 in 
the inflorescences without damage of ants (P<0.005).  
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Table 1: Time spent/ flower by C. subnuda and nut set in cashew

Details of activities Mean ±SEM

Mean time spent on a fresh flower by C. subnuda 2.87 ±0.68 minutes

Mean time spent on a fresh damaged flower by C. subnuda in subsequent visits 0.89 ±0.39 minutes

Nut set/inflorescence in trees with C. subnuda  0.86 ±0.74 No.

Nut set/inflorescence in trees without C. subnuda but with other ant species  2.07 ±1.28 No.

These observations on nectar thieving by C. subnuda 
in the cashew flowers emphasize on monitoring and 
documentation of different ant species and their role for 
better understanding of ant-cashew relationship. Ants 
can threaten cashew-bees mutualism and thus 
understanding the factors influencing pollination will aid 
in implementing better management measures.
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Additionally, it was observed that the foraging activity of 
bee species was very less in the inflorescences where C. 
subnuda were present (0.2 bees/10 inflorescences/5 min) 
compared to other trees (0.6 bees/10 inflorescences/5 
min) which could be due to lower foraging reward 
available to the bees due to damage by ants leading to 

poor pollination and nut set in those inflorescences. Ants 
generally repel pollinators by their aggressive nature 
(Junker et al., 2010). There are several evidences to show 
that ants behave as floral nectar thieves and disrupts plant-
pollinator mutualism (Cembrowski et al., 2014, Hanna et 
al., 2015, Sinu et al., 2017).
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