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Abstract
This study was undertaken to evaluate the effects of boric acid-based materials as attractants of red ant,
Dorylus orientalis. Four groups (sugar, lipid, protein and waste based) of bait materials combined with
boric acid were assessed in laboratory and field conditions. In case of both laboratory and field experiments,
the effectiveness of baits was evaluated based on the number of ants attracted to the bait station. Among
the four groups of bait material tested, D. orientalis showed the highest attraction (96.67) to waste based
bait material (sugarcane trash with boric acid) which was followed by sugar based bait materials (mixture
of honey with boric acid, 83.00), oil based bait (mixture of rice bran oil with boric acid, 47.33) and protein
based bait (mixture of gram flour with boric acid, 35.00), respectively. Based on the laboratory performance,
the use of rice bran oil with boric acid was found to be most attractive with respect to mean number of D.
orientalis trapped (1564.66, 1972.33 and 2636.33 during tuber formation, tuber maturity and harvesting
stages of potato crop, respectively in field conditions). To evaluate the response of D. orientalis to
different treatments, a series of single choice assays were carried out in a two arm Y-olfactometer.
Additionally, D. orientalis recorded the highest attractiveness (86.66%) to rice bran oil in combination
with boric acid in Y-tube olfactometer studies under laboratory conditions. The outcome of the current
investigation can be explored for the management of the menace caused by D. orientalis in potato as well
as other field crops, especially under organic cultivation approach. Moreover, the results obtained from
the Y-tube olfactometer bioassays show that the three treatments had a positive influence on the
olfactory behavior of D. orientalis. The GC-MS analysis indicated that aldehydes such as hexanal,
pentanal, octanal and nonanal constituted the major volatile components of the bait formulations,
suggesting that these compounds may contribute to the olfactory attraction of D. orientalis towards the
bait materials.
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1. Introduction

Potatoes are an important source of income and a staple food in the
Indian diet and are widely grown in Northeast India. However, potato
production has declined sharply in recent years (Gohain et al., 2025).
There are several biotic and abiotic factors that cause yield loss in
potatoes and amongst different biological constraints, pest problems
are the main factor. The red ant, Dorylus orientalis W. (Hymenoptera:
Formicidae) has been reported across India as a pest of numerous
commercially significant crops. It has long been regarded as a
significant pest of potato in both plains and hills (Fletcher, 1914). It
causes considerable damage to underground potato tubers with
numerous small holes (2-3 mm in diameter) appearing in the damaged
tubers. The peak infestation occurs during harvesting which reduces
tuber quality and market price, rendering them unfit for human
consumption (Bhandari, 2011). In severe cases, tuber infestation
reaches 51.77-61.50% (Chowdhury, 1997). The pest usually appears

in December and is active until April. Studies on the biology and
seasonal abundance of D. orientalis indicated that high temperatures
followed by dry weather favor population buildup and damage
severity of this obnoxious pest. D. orientalis populations have also
been documented to be highest in non-flooded potato growing areas
as compared to the flood prone sites (Devi et al., 2022). Moreover,
the introduction of high yielding potato varieties without intensive
monoculture and management strategies has contributed to the rapid
colonization and spread of this pest. The dynamics of pest influxes
and existing pest populations are also rapidly changing due to climate
change.

Apart from a few insecticidal trials in Sri Lanka (Fernando and
Manickavasagar, 1958) and Assam, India, practically very little work
has been done so far to manage this significant soil dwelling pests
(Rahman, 1967; Bhattacharyya et al., 2014; Saikia and Deb Nath,
2017). The persistent use of common synthetic insecticides against
D. orientalis on potatoes and other economically important crops
initially managed the pest to an extent but posed long term threat to
the ecosystem causing resurgence of other pest species like
Polyphagotarsonemus latus B. (Trombidiformes: Tarsonemidae),
Bemisia tabaci G. (Hemiptera: Aleyrodidae) and Aphis gossypii G.
(Hemiptera: Aphididae) (David, 1991), in addition to harming the
beneficial soil insect fauna. The long-term residual effects of synthetic
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insecticides are known to pose various hazards to human and animal
health. The available literature on the bioecology and integrated
management of D. orientalis is very limited and leaves room for
further work.

To achieve these goals, baits are the most effective means of managing
pestiferous ants in both urban and agricultural environments. Earlier
workers have also attempted food preference tests for other ant
species like the Argentine ant, Linepithema humile M. (Hymenoptera:
Formicidae) especially prefers a 25% honey solution and a 25%
sucrose solution (Baker et al., 1985; Krushelnycky and Reimer,
1998; Rust, et al., 2000; Nyamukondiwa and Addison, 2014); red
imported fire ant, Solenopsis invicta B. (Hymenoptera: Formicidae)
preferred molasses (Ali and Reagan, 1986) and the tropical fire ant,
Paratrechina spp. showing attraction to sugar based baits (Zakharov
and Thompson, 1998). The red wood ants, Formica rufa L.
(Hymenoptera: Formicidae) preferred sucrose to monosaccharides
and was most attracted to solutions containing an amino acid source
(Madsen and Offenberg, 2020). However, Solenopsis geminate F.
(Hymenoptera: Formicidae) was attracted to protein or oil-based
attractants (Lee and Kooi, 2004). With these facts in the backdrop,
a holistic and effective approach of managing this serious soil dwelling
insect pest especially in the commercial cultivation of potatoes and
other crops needs to be embraced to boost up the productivity of
the crops under various cultivation systems.

Boric acid has been used to control ants and cockroaches since late
1800’s (Quaries, 1993; Riley, 1889; Rust, 1986). It is slow acting
and non-repellent, so long term use is recommended (Klotz and
Moss, 1996; Klotz et al., 1997). Boric acid baits have been shown to
be effective against Pharaoh ants (Newton, 1980), Argentine ants
(Olkowski et al., 1991) and Florida carpenter ants (Klotz and
Williams, 1996) both in laboratory as well as in field conditions.
Similar results were obtained using liquid boric acid baits to control
pharaoh ants (Klotz et al., 1997). The boric acid in sucrose solutions
also relaxes the water regulatory mechanism, causing the ants to
consume more bait to compensate for water loss (Klotz et al., 1996).
Although, little is known about the mode of physiological action of
boric acid in insects, borate ions have shown to form strong complexes
with sugar alcohols and other organic functional groups (Klotz et al.,
2000). Boron may be involved in the disruption of intercellular
adhesion as saturated solutions of boric acid can be used to dissociate
cells (Harper et al., 2012). Boric acid is non-volatile and acts as a
stomach poison and may be toxic to the insect’s nervous system.
Additionally, it is a stable and naturally occurring compound, which
is easily degradable in soil and water, as compared to synthetic
pesticides (Alanazi, 2023). The present study has been conducted
to evaluate several boric acid-based bait materials as D. orientalis
attractants, to explore eco-friendly, cost effective and safe
management strategies.

2. Materials and Methods

Laboratory and field experiments on evaluation of some bait materials
(sugar, lipid, protein and waste based) as attractant for D. orientalis
was carried out at Soil Arthropod Pests Laboratory, Department of
Entomology, Assam Agricultural University (AAU), Jorhat
(26.7509oN, 94.2037oE and 98 m) and in the farmer’s field of
Charaibahi Village, Jorhat (26.6665 oN, 94.14753 oE and 98 m),
Assam. For the preparation of sugar-based bait materials, sugar,
honey, molasses and sucrose solution were used to test the food

preferences of D. orientalis. In a beaker, 25 parts of boric acid was
added in 50 parts of distilled water with continuous stirring. Then,
25 parts of sugar-based materials was added slowly while stirring to
make a 100 ml stock solution from which 5 ml of aliquot were used
for laboratory evaluation. For the preparation of lipid-based bait
materials, 50 parts of lipid test samples (oils of rice bran, coconut,
soybean and mustard) were taken and then 50 parts of boric acid
was added, stirred to make a 100 ml stock solution and then 5 ml of
aliquot were used for laboratory evaluation. Then, for the preparation
of protein-based bait materials, soybean powder, groundnut powder,
dog biscuits and gram flour were taken individually in 25 parts each,
of which 25 parts of boric acid was added to 50 ml of distilled water,
stirred thoroughly to make a 100 ml stock solution and then 5 ml of
aliquot was used. Similarly, waste-based bait materials (fish waste,
chicken waste, banana peel and sugarcane trash) and boric acid were
added in 25 parts, each to 50 ml of distilled water, stirred to make a
100 ml stock solution and 5 ml of aliquot was used for laboratory
evaluation (Kafle, 2020; Stanley, 2004).

2.1 Laboratory evaluation of bait materials

D. orientalis adults were dug up from heavily infested potato fields
of Instructional cum Research Farm, AAU, Jorhat and carried to the
laboratory for rearing. Large colonies were maintained in plastic
containers (70 cm diameter) and fed with cut potato pieces at room
temperature (25 ± 5°C temperature, 50-70% RH). After two days
of laboratory rearing, 300 fully matured ants of almost uniform sizes
(6-7 mm) were released into four plastic containers (group wise
based bait materials) each containing four baits along with one
untreated control (Choe et al., 2010; Hossain et al., 2021). The bait
materials were loaded in urine pots (5 cm × 4 cm) as bait stations and
were placed at an equal distance from each other in the arenas. The
number of ants attracted to the bait stations was recorded at 1, 3 and
5 days after treatment (DAT). This experimental set up was
replicated three times during the potato growing season in the first
year. The data obtained were analyzed using completely randomized
design (CRD). Based on attractiveness, two superior bait materials
from each group were selected for further field evaluation in the
second year.

2.2 Field evaluation of bait materials

A field trial was conducted to determine the effectiveness of promising
baits (2 superior baits from each group) in a chronically D. orientalis
infested potato field (25 ± 5°C temperature, 50-70% RH) in the
second year. Nine different treatments including an untreated control
were evaluated for their attractiveness to D. orientalis (Table 5). The
experiment was conducted in a randomized block design (RBD)
with an individual plot size of 4 × 3 sq.m with three replicates each.
The bait material @ 25 ml/bait or 25 g/bait was loaded in a plastic
container (8 cm × 7 cm). Fresh bait stations were randomly placed at
a depth of 15 cm and replaced at each of the three different growth
stages of the potato crop (tuber formation, tuber maturity and
harvesting stage). The observations consisted of counting the number
of ants attracted/present in the bait station at the end of each growth
stage. Subsequently, the D. orientalis population was statistically
analyzed by counting the number of ants attracted to each bait station
using IBM SPSS version 22.

2.3 Y tube-olfactometer bioassay

A series of single choice assays were carried out in a two arm Y-
olfactometer to evaluate the attraction response of D. orientalis to
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different treatments. Adult ants, freshly collected from potato fields,
were kept under laboratory conditions at room temperature (25 ±
2°C, 50-70% RH) for 2 h, following which, the active ants were
selected for the olfactory experiments. Thirty adult ants were tested
against three treatments namely rice bran oil, boric acid and rice bran
oil in combination with boric acid with distilled water as control.
The treatments were placed in the designated olfactometer arms @ 2
µl each on a filter paper. The adults were placed in the release chamber
and were allowed 5 min to determine their choice. The olfactometer
was cleaned using acetone after each treatment and the treatments
were relocated after every five replicate to eliminate any source
position effect. The data were analyzed (through IBM SPSS version
22) using chi-square (2) tests to determine significant differences of
adult ants towards different treatments.

2.4 Characterization of volatile compounds using GC-MS

The volatiles present in the three treatments namely rice bran oil,
boric acid and rice bran oil in combination with boric acid was carried
out with the help of a Thermo Scientific TRI Plus 500 autosampler
coupled with a Thermo Scientific Trace 1300 gas chromatograph
(GC) and ISQ 7000 mass spectrometer (MS). 1 ml of each sample
was incubated at 80°C for 10 min, under a pressure of 100 kPa, with
an equilibration time of 0.20 min prior to analysis. Helium was used
as the carrier gas at a constant flow rate. Separation of volatile

compounds was performed using a TG-5 capillary column (30 m ×
0.25 mm × 0.25 mm). The GC oven temperature was initially set at
40°C and held for 5 min, followed by a temperature ramp of 10°C
min–¹ to 150°C, and then 25°C min–¹ to 250°C with a final hold of 5
min. The MS transfer line temperature was maintained at 250°C,
and ionization was carried out in electron impact (EI) mode.
Compounds were tentatively identified using NIST library, and peak
areas were used to determine the relative abundance of compounds.

3. Results
3.1 Laboratory performance of different bait materials as

attractant for D. orientalis

Experimental results obtained from the laboratory evaluation of four
sugar-based bait materials for different exposure periods against D.
orientalis are presented in Table 1. Among the four sugar-based bait
materials, the highest (25.00) mean number of ant attraction was
recorded in the mixture of boric acid with honey followed by molasses
(18.33), sugar (7.33) and sucrose solution (5.00) as compared to
untreated control at 1 DAT. At 3 DAT, the highest mean number of
attraction (80.67) was recorded from the mixture of boric acid with
honey followed by molasses (52.67) and sugar (13.33), respectively.
The same trend of attraction of ants was also seen at 5 DAT. However,
sucrose solution and boric acid showed very low levels of attraction
to ants at various exposure days.

Table 1: Evaluation of sugar based bait materials against D. orientalis in laboratory conditions

Treatments Dosages Exposure (in days)

1 DAT 3 DAT 5 DAT

T1: Sugar + Boric acid 5 ml 7.33 13.33 15.67

T2: Honey + Boric acid 5 ml 25.00 80.67 83.00

T3: Molasses + Boric acid 5 ml 18.33 52.67 55.00

T4: Sucrose solution + Boric acid 5 ml 5.00 9.00 11.67

T5: Untreated control (water) 5 ml 0.00 0.00 0.00

S.Ed (±) - 1.25 1.37 1.25

CD (p=0.05) - 2.67 2.92 2.67

*Data are mean of three replicates, DAT: Days after treatment.

Table 2: Evaluation of lipid based bait materials against D. orientalis in laboratory conditions

Treatments Dosages Exposure (in days)

1 DAT 3 DAT 5 DAT

T1: Rice bran oil + Boric acid 5 ml 23.33 42.67 47.33

T2: Coconut oil + Boric acid 5 ml 4.00 6.67 10.33

T3: Soybean oil + Boric acid 5 ml 5.00 10.00 17.00

T4: Mustard oil + Boric acid 5 ml 19.00 33.33 37.00

T5: Untreated control (water) 5 ml 0.00 0.00 0.00

S.Ed (±) - 0.84 1.74 1.49

CD (p=0.05) - 1.80 3.72 3.19

*Data are mean of three replicates, DAT: Days after treatment.

Analysis of the data shows the attraction of D. orientalis to lipid-
based baits materials at different exposure periods (Table 2). The
highest (23.33 numbers) attraction was found in the mixture of boric

acid with rice bran oil, followed by mustard oil (19.00), soybean oil
(5.00) and coconut oil (4.00) at 1 DAT. The mixture of rice bran oil
with boric acid was found to be statistically superior to rest of the
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mixtures, showing the greatest attraction (42.67 and 47.33 numbers)
of ants at 3 and 5 DAT, respectively. For protein-based baits, gram
flour with boric acid mixture was significantly superior to other
treatments with mean number of ants (20.67, 30.00 and 35.00) at 1,
3 and 5 DAT which was followed by mixture of dog biscuits with
boric acid (13.00, 21.67 and 27.67) and groundnut powder with
boric acid mixture (9.33, 14.00 and 18.67), respectively (Table 3).

Data on evaluation of four waste-based bait materials reveals that
the highest (22.67, 89.67 and 96.67) number of attractions was
obtained from sugarcane trash with boric acid mixture followed by
banana peel with boric acid mixture (17.00, 32.33 and 36.67) and
fish waste with boric acid mixture (9.33, 12.33 and 15.00) at 1, 3 and
5 DAT, respectively (Table 4). The lowest numbers of ants were
recorded in chicken waste with boric acid mixture.

Table 3: Evaluation of protein based bait materials against D. orientalis in laboratory conditions

Treatments Dosages Exposure (in days)

1 DAT 3 DAT 5 DAT

T1: Soybean powder + Boric acid 5 g 6.67 11.00 15.33

T2: Ground nut powder + Boric acid 5 g 9.33 14.00 18.67

T3: Dog biscuits + Boric acid 5 g 13.00 21.67 27.67

T4: Gram flour + Boric acid 5 g 20.67 30.00 35.00

T5: Untreated control (water) 5 ml  0.00  0.00 0.00

S.Ed (±)  -  1.10  1.23  1.21

CD (p=0.05)  -   2.34   2.63   2.59

*Data are mean of three replicates, DAT: Days after treatment.

Table 4: Evaluation of waste based bait materials against D. orientalis in laboratory conditions

Treatments Dosages Exposure (in days)

1 DAT 3 DAT 5 DAT

T1: Fish waste + Boric acid 5 g 9.33 12.33 15.00

T2: Chicken waste + Boric acid 5 g 5.00 9.00 12.33

T3: Banana peel + Boric acid 5 g 17.00 32.33 36.67

T4: Sugarcane trash + Boric acid 5 g 22.67 89.67 96.67

T5: Untreated control (water) 5 ml 0.00 0.00 0.00

S.Ed (±) - 1.35 1.46 0.97

CD (p=0.05) - 2.89 3.13 2.07

*Data are mean of three replicates, DAT: Days after treatment.

Table 5: Evaluation of bait materials against D. orientalis under field conditions in potato crop

Treatments Dosages Mean number of attractions of red ant, D. orientalis

Tuber formation stage Tuber maturity stage Harvesting stage
T1: Honey + Boric acid 25 ml 347.66 488.66 675.66

T2: Molasses + Boric acid 25 ml 326.33 501.33 575.66

T3: Rice bran oil + Boric acid 25 ml 1564.66 1972.33 2636.33

T4: Mustard oil + Boric acid 25 ml 14.00 39.00 50.66

T5: Dog biscuits + Boric acid 25 ml 86.33 101.33 134.33

T6: Gram flour + Boric acid 25 ml 55.66 73.66 126.33

T7: Banana peel + Boric acid 25 g 134.33 196.66 272.00

T8: Sugarcane trash + Boric acid 25 g 234.00 283.66 379.00

T9: Untreated control (water) 25 ml 2.00 1.66 2.33

S.Ed (±) - 3.07 4.19 3.61

CD (p=0.05) - 6.58 9.00 7.75

*Data are mean of three replicates.
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3.2 Field evaluation of selected bait materials as attractant for
D. orientalis

To determine the efficacy of superior bait materials (2 from each
group), a field trial was conducted in  D. orientalis affected potato
fields. Experimental results indicated that all treatments were
significantly superior as compared to untreated control (Table 5).
Among the 8 treatments, use of boric acid with rice bran oil attracts
maximum numbers of D. orientalis (1564.66, 1972.33 and 2636.33)
on potato crop as compared to other bait materials which was
followed by mixture of boric acid with honey (347.66, 488.66 and
675.66 numbers) at tuber formation, tuber maturity and harvesting
stages, respectively. However, boric acid treated with molasses
attracted 326.33, 501.33 and 575.66 numbers of D. orientalis at the
aforementioned stages, respectively. The present study indicates
that in case of laboratory evaluation of bait materials, sugarcane
trash and boric acid mixture attracted more red ants than other bait
materials. However, in field evaluation, it was found that the use of

boric acid with rice bran oil was far superior to other bait materials in
attracting the maximum numbers of D. orientalis in potato crops.

3.3 Response of D. orientalis to different treatments

Overall, when tested against a control treatment of distilled water,
D. orientalis had more than 70% attractiveness towards all the three
treatments. D. orientalis showed highest level of attraction towards
the combination treatment of boric acid and rice bran at 86.66%, this
was followed by boric acid at 76.66%. The lowest attraction was
recorded towards rice bran oil at 73.33% (Figure 1). The results
obtained from the Y-tube olfactometer bioassays show that the three
treatments had a positive influence on the olfactory behaviour of D.
orientalis. This further establishes the superiority of rice bran oil
and boric acid as potential baits. Ant baits are designed for specific
purposes using traditional control methods and have been found to
be cost effective. Baits are very effective tools for eradication of
various ant species. Based on the experiments undertaken during the
current study, rice bran oil and boric acid mixture can be used in
potato fields as a potential attractant for trapping of D. orientalis.

Figure 1: Per cent response by D. orientalis adults.

3.4 GC-MS characterization of volatile compounds from bait
formulations

GC-MS analysis of the three treatments namely rice bran oil, boric
acid and combination of boric acid and rice bran oil revealed the
presence of several volatile organic compounds, commonly associated
with insect attractants and plant semiochemicals. In samples
containing boric acid, varying but significant peaks were detected for
azulene (37.16%), acetic acid (21.44%), diethyl phthalate (5.79%),
dibutyl phthalate (4.56%), and (+)-2-bornanone (camphor) (4.39%)
(Table 6, Figure 2). In the rice bran oil sample, hexanal represented
the most abundant compound with a combined relative peak area of
approximately 13.55%, followed by pentanal (3.59%) and acetic
acid (3.09%) (Table 7). Other compounds such as 2-heptanone,
heptanal, 2-heptenal, octanal and nonanal were detected in smaller

quantities, each contributing less than 2% of the total chromato-
graphic area (Figure 3). The combination treatment consisting of rice
bran oil and boric acid exhibited the most pronounced volatile profile
(Table 8), with hexanal alone contributing approximately 35.86% of
the total chromatographic area (Figure 4). In addition to hexanal,
several other behaviourally active aldehydes including pentanal
(4.35%), nonanal (0.51), octanal (0.33) and 2-heptenal (1.31%) were
detected. These compounds are widely reported as plant-derived
volatiles that play an important role in insect host location and
foraging behaviour. Overall, the GC-MS analysis indicated that
aldehydes such as hexanal, pentanal, octanal and nonanal constituted
the major volatile components of the bait formulations, suggesting
that these compounds may contribute to the olfactory attraction of
D. orientalis towards the bait materials.



715

Table 6: Volatile compounds detected through GC-MS analysis of boric acid

Retention time (min) Compound Relative peak area (%)

2.174 Acetic acid 21.44

2.358 2-ethyl-oxetane 3.08

12.959 2,5-furandione 2.89

13.789 (+)-2-Bornanone (Camphor) 4.39

14.418 Azulene 37.16

18.765 Diethyl phthalate 5.79

20.690 Dibutyl phthalate 4.56

Figure 2: Volatile compounds present in boric acid.

Table 7: Volatile compounds detected through GC-MS analysis of rice bran oil

Retention time (min) Compound Relative peak area (%)

2.140 Acetic acid 3.09

3.045 3-penten-2-one 1.57

3.415 Pentanal 3.59

6.266 Hexanal 13.55

8.789 2-heptanone 0.99

9.031 Heptanal 0.89

10.258 2-heptenal 0.98

10.701 Hexanoic acid 0.56

10.901 6-methyl-5-hepten-2-one 0.53

11.088 2,4-heptadienal 0.70

11.201 Octanal 0.26

12.024 2-octenal 0.37

13.037 Nonanal 0.37

14.428 Napthalene 0.87
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Figure 3: Volatile compounds present in rice bran oil.

Table 8: Volatile compounds detected through GC-MS analysis of rice bran oil + boric acid

Retention time (min) Compound Relative peak area (%)

2.215 Acetic acid 8.52

3.024 3-methyl-3-buten-2-one 1.20

3.402 Pentanal 4.35

6.300 Hexanal 35.86

8.789 2-heptanone 1.22

9.027 Heptanal 1.00

10.265 2-heptenal 1.31

10.714 Hexanoic acid 0.81

10.901 6-methyl-5-hepten-2-one 0.70

11.092 2,4-heptadienal 0.89

11.201 Octanal 0.33

12.027 2-octenal 0.47

13.037 Nonanal 0.51

14.428 1-methylene-1H-indene 1.42

Figure 4: Volatile compounds present in rice bran oil + boric acid.
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4. Discussion

The present study indicates that in case of laboratory evaluation of
bait materials, sugarcane trash and boric acid mixture attracted more
red ants than other bait materials because sugarcane trash contains
sugars, amino acids, waxes, phenols, lignins and acids (Shinitzer,
1991); sugarcane trash also contains 45-50% water, 2-5% dissolved
sugars, 40-45% fiber and 60-80% carbohydrates (Ungureanu et al.,
2022). However, in field evaluation, it was found that the use of
boric acid with rice bran oil was far superior to other bait materials in
attracting the maximum numbers of D. orientalis in potato crops.
This may be because rice bran oil has a high smoke point (232°C)
and is less likely to break down in sunlight (Muralikrishna and
Nirmala, 2005). Since, as a carrier material, boric acid destroys the
ant’s stomach, inhibits its nervous system and also damages its
exoskeleton, the authors hypothesize that in field conditions, foraging
worker ants which are attracted to bait containing boric acid might
carry pieces of the bait back to the nest. The boric acid bait thus can
be transferred between the mouth of the insects in the nest, effectively
killing other ants and even the queen herself. Also, in case of the
tested colonies, ant mortality could have an effect on the subsequent
experiments that might be carried out in the same colony. However,
further studies need to be carried out to confirm any such hypothesis.

The observed variation between the laboratory attractiveness of
sugarcane trash based bait materials and superior field performance
of rice bran oil based mixture may be assigned to differences in
environmental complexity and insect behavior under natural
conditions. In laboratory experiments, the insects are committed to
a controlled environmental condition with limited sensory cues which
can magnify responses to certain olfactory stimuli, such as those
from sugarcane trash. However, field conditions involve multiple
competing odors, variable temperature, humidity, and wind which
may increase the efficacy of rice bran oil based bait materials due to
greater volatility, persistence or broader spectrum attractiveness to
target insects. Additionally, behavioral factors such as feeding
preference, mobility and interaction with plant surfaces could favor
the field performance of rice bran oil bait materials despite laboratory
based bait materials.

In addition to being toxic to the stomach, most borate salts are also
abrasive to the exoskeleton of insects. Monomorium chinensis S.
(Hymenoptera: Formicidae) and Anoplolepis gracilipes J .
(Hymenoptera: Formicidae) are regular feeders seeking carbohydrates,
lipids and proteins as food sources (Vanderwoude et al., 2006). To
meet their nutritional needs for various macro and micro-nutrients,
ant colonies are completely dependent on foragers. Foragers locate
and assess the food quality based on the presence of carbohydrates,
proteins, lipids, vitamins and salts (Renyard et al., 2024). Ants are
ideal pests for bait control because of their highly social habits, such
as chemically recruiting food sources using odour trails and sharing
food among nest mates (trophallaxis). If, the bait is attractive to
foraging ants, it is quickly collected and carried back to the nest to be
distributed throughout the entire colony. The nutrient preference of
an ant colony is species specific and is influenced by many factors
such as availability of nutrients in the local habitat and seasonal
shifts (Cook et al., 2011). Although, it is unfair and difficult to
generalize the feeding preferences of ants towards a particular bait
material, ants have been known to prefer essential and non-essential
amino acids (Csata et al., 2020). Additionally, their preference to

certain essential oils has also been demonstrated (Cornelius et al.,
1996). Few studies have documented the attractiveness of complex
blends to different ant species. Bait formulations containing sucrose
and essential amino acids were preferred by Camponotus modoc W.
(Hymenoptera: Formicidae) and Myrmica rubra L. ((Hymenoptera:
Formicidae) under laboratory and field conditions (Renyard et al.,
2024). A novel boric acid gel bait was developed for household ant
species namely the Asian needle ant, M. chinensis and the Yellow
crazy ant, A. gracilipes and found to be a potential alternative to
chemical control strategies (Kafle et al., 2020). Since the bait
preference of ants is influenced by a range of factors like species
specificity, geographical location and climate, the current experiment
attempts to make a similar bait specifically for red ant, D. orientalis.
In case of chemical cues, variations in behavioral response of insects
have been associated with the composition and concentration of
chemical compounds (Ab Majid et al., 2018). The percentage response
of D. orientalis to the treatments in the current study indicates a
similar pattern. The combination treatment of boric acid and rice
bran oil had higher attraction than either of the individual treatments.
Often, synergistic interactions between the different components of
an odor mixture enhance the attraction of insects to their hosts (Pinero
et al., 2019). The presence of several lipid-derived volatile compounds
including hexanal, pentanal, heptanal, octanal, nonanal, 2-heptanone,
2-heptenal and 2-octenal might contribute to the attraction of D.
orientalis to the treatments. Such compounds play a significant role
in mediating insect-plant interactions and often act as chemical cues
guiding insects to suitable food sources or hosts (Bruce et al., 2005).
Hexanal and pentanal are frequently emitted from damaged plant
tissues and stored plant products and have been reported to influence
insect host-location and feeding behaviour (Pickett et al., 1997).
While the volatile profile of boric acid alone was relatively limited,
consisting mainly of acetic acid and a few aromatic compounds, it
notably contained acetic acid, which is a fermentation volatile known
to attract insects searching for food resources (Becher et al., 2018).
The volatile aldehydes such as hexanal, pentanal, octanal and nonanal
play an important role in the olfactory mediated foraging and host
location behavior of D. orientalis. These compounds are commonly
emitted from damaged plant tissues, insect cuticles and decomposing
organic matter serving as kairomonal cues that signals the presence
of prey or resource rich habitats. Detection of these aldehydes through
antennal olfactory receptors likely facilitates prey localization, short
range orientation and recruitment during collective foraging. The
differential volatility of these compounds may provide both
immediate and persistent environmental cues, suggesting their
integration with pheromone-based composition enhances foraging
efficiency and ecological adaptation in this ant species (Bruce et al.,
2005; Holopainen and Gershenzon, 2010; Hansson and Stensmyr,
2011; Wyatt, 2014; Sharma et al., 2015). The combination of rice
bran oil and boric acid produced a more complex volatile blend
containing both lipid-derived aldehydes and organic acids, which
likely enhanced the olfactory cues available to foraging ants. Insects
often respond more strongly to mixtures of volatiles rather than to
individual compounds because such blends resemble natural food
odours (Bruce et al., 2005). Lipid-rich food sources are known to
attract several ant species due to their high energy content and
nutritional value (Cook et al., 2011).

Rice bran oil contains a biologically active phytochemicals in higher
level. Crude rice bran oil contains was (1.5-4%), free fatty acids
(59.19%) and phosphatides (0.5-1.5%). They include oryzanols
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(1.2-1.8%), phytosterols (1.5-0.2%) and tocopherols and
tocotrienols (0.15-0.2%). It also contains essential fatty acids like
linoleic acid, linolenic acid, oliec acid, arachidonic acid, stearic acid
and palmitic acid. Crude rice bran oil contains 0.2% tocols, from
which 70% is tocotrienols. These compounds provide several
significant health benefits: a) Disease prevention: They act as potent
antioxidants and antitumor agents, helping to delay the onset of
cancer, inflammatory issues, neurological disorders and cardiovascular
diseases; b) Heart health: Oryzanols and tocols help lower plasma
and serum cholesterol levels and reduce platelet aggregation (Maurya
and Kushwaha, 2018).

Boric acid functions as a slow acting, non-repellant toxicant. This
delayed pharmacological action is essential as it allows foraging ants
to consume the bait and survive long enough to carry it back to their
nest. There, the toxicant is shared ultimately leading to the death of
the worker ants and the queen (Su and Scheffrahn, 1998; Rust et al.,
2004). The rice bran oil effectively acts as a carrier that protects the
active ingredient and enhances its overall availability to the target
pests. From toxicological standpoint, this mixture has low toxicity
to non-target organisms compared to traditional chemical pesticides,
which is why it is recommended as a safer alternative for integrated
pest management (IPM) in organic farming (Pimental, 2005; Isman,
2006).

5. Conclusion

The present investigation demonstrates that boric acid-based baits
effectively attract D. orientalis under both laboratory and field
conditions. Among the tested treatments, rice bran oil combined
with boric acid showed the highest overall attractiveness, particularly
in Y-olfactometer assays and across different crop stages. The GC-
MS analysis indicated that hexanal, pentanal, octanal and nonanal
contribute to the olfactory attraction of D. orientalis towards the
bait materials. These findings indicate that rice bran oil based boric
acid bait can serve as a promising eco-friendly management strategy
for controlling D. orientalis in potato and other field crops, especially
in organic farming systems.
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