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Gender-specific attractants for Conopomorpha sinensis Bradley:
development and field evaluation of semi-solid slow-release

formulations

Masrat Siraj', Sandeep Singh', SN Sushil?? and Deepa Bhagat?*

Summary

The use of semiochemicals to manipulate insect chemosensory behaviour is an emerging
and environmentally sustainable approach for pest management, although its application
remains limited to a few agricultural systems. In the present study, an innovative strategy
was developed for the management of the litchi fruit borer, Conopomorpha sinensis Bradley
(Lepidoptera: Gracillariidae), a major pest of litchi. Whole-insect maceration was employed to
obtain a broad spectrum of volatile compounds, including body- and sex-specific attractants.
The extracted volatiles were purified using column chromatography and subsequently
formulated into semi-solid, slow-release attractant products suitable for field application.
This approach preserves the natural composition and integrity of volatile constituents,
closely mimicking the chemical profile emitted by live insects. Two formulations were
developed: Product 1 from female insects and Product 2 from male insects. Their attraction
efficiency was evaluated using Delta traps under field conditions during the peak adult
activity period. The results demonstrated clear gender-specific responses, with male moths
showing strong attraction to Product 1, while female moths were preferentially attracted to
Product 2. To our knowledge, this is the first report of gender-specific attractants for C.
sinensis.
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Conopomorpha  sinensis Bradley  (Lepidoptera:
Gracillariidae), commonly known as the litchi fruit borer,
is one of the most destructive pests of litchi. Infestation
can cause fruit losses of up to 48%, while shoot
damage may range from 7-70%. The pest is closely
associated with litchi (Litchi chinensis), where females
lay eggs on developing fruits and the larvae feed inside,
reducing both fruit quality and yield. The insect has a
high  reproductive  capacity and  overlapping
generations, making its management challenging.
Therefore, sustainable management approaches are
needed. Integrated Pest Management (IPM), combining
cultural, biological, mechanical, and judicious chemical
control methods, provides an effective and
environmentally sound strategy for managing C.
sinensis while minimizing reliance on synthetic
insecticides. (Ahmad et al. 2011; Beevor et al. 1993;
Deguine et al. 2021; FAO 2025; Zhou et al. 2024).
Semiochemicals have gained considerable attention in
pest management because of their species-specific
action and environmental safety. By influencing insect
behaviour, these compounds provide targeted and eco-
friendly options for pest control. Among them,
pheromone traps are widely used for monitoring and
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managing insect pests, including moths (Ho et al. 1987;
Hwang et al. 1996; Hagstrom et al. 2013; Guo et al.
2020; Foster & Anderson 2022, Klassen et al. 2023),
aphids (Kim et al. 2023), thrips (Khan et al. 2021), and
other economically important species (Kirk et al. 2017).
Depending on their ecological function, pheromones
are broadly classified as sex, aggregation, alarm, trail,
and oviposition pheromones. Among these, sex
pheromones have received considerable attention
because of their potential application in monitoring,
mass trapping, mating disruption, and attract-and-kill
strategies. (Lu et al. 2012; Lee et al. 2014; Legner et al.
2021; Koutroumpa et al. 2022). However, isolating and
synthesizing these compounds involves challenges
such as volatility, oxidation, and incomplete component
blends, limiting their effectiveness in field conditions.
Recognizing these challenges, the global agricultural
sector has embraced bio-based strategies to enhance
pheromone production. Recent advancements include
the genetic engineering of crops to emit pheromones
and transgenic plants producing pheromone precursors
(Mafra-Neto et al. 2013; Sarles et al. 2015; Mang et al.
2016; Mala et al. 2017; Ray et al. 2019; Noushini et al.
2020; Miano et al. 2022). While these methods
represent progress, they often fail to replicate the full
spectrum of volatile components found in natural
pheromones, reducing their efficacy. Additionally, the
application of pheromones across different pest
species often yields suboptimal results due to species-
specific chemical signatures (Schmera et al. 2004).
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To address these gaps, our study presents a novel
approach that mimics nature’s mechanisms. Volatile
compounds were extracted from male and female C.
sinensis insects using whole-body maceration. These
compounds were purified column chromatography and
formulated into semi-solid attractants. By preserving
the natural blend of volatiles, these formulations
emulate the chemical profile of live insects, potentially
improving attraction efficiency under field conditions.
Cetostearyl alcohol was used as a carrier matrix
because of its stabilizing properties and potential to
provide controlled release of volatile compounds over
an extended period. (Vevai 1971; Singh et al. 2017,
Srivastava et al. 2020; Song et al. 2021; Tabata et al.
2023). Field trials targeting C. sinensis, the litchi fruit
borer, revealed that the semi-solid attractants
effectively captured male and female moths. These
findings suggest that semi-solid formulations may
provide a useful approach for the management of C.
sinensis. (Ward et al. 2002; Vuts et al. 2008; Wang et al.
2022). The present study aimed to develop semi-solid
slow-release formulations derived from male and
female C. sinensis adults and evaluate their attraction
efficiency under field conditions.

Materials and Methods

1. Source of Insects

Pupae of C. sinensis were collected from litchi orchards
at the MS Randhawa Fruit Research Station in Gangian
and the Government Garden and Fruit Nursery in Khiala
Bulanda, district Hoshiarpur, Punjab, India. Pupae were
collected during the peak pupation period of C. sinensis
in litchi orchards. The pupae were maintained in a
rearing cage (dimensions: 55 cm x 50 cm x 38 cm)
under controlled conditions (25° + 5°C and 80-85%
relative humidity) at the Insect Rearing Facilities of
Punjab Agricultural University, Ludhiana, Punjab until
adult emergence.

2. Rearing of Adults

Newly emerged male and female C. sinensis moths
were separated based on the morphology of the
terminal abdominal segments and maintained in
separate cages to ensure virginity until use. For volatile
extraction, 2,000 virgin female moths were macerated
in 500 mL hexane (Solution 1). Similarly, 2,000 male
moths were macerated in 500 mL hexane to obtain
Solution 2. To capture a wider range of insect-derived
volatiles, whole-body extracts were prepared rather
than isolating abdominal pheromone glands. The
extracts were kept at room temperature for 48 h before
purification and analysis.

3. Purification of Female and Male Attractants Using
Column Chromatography

Female- and male-derived extracts (Solutions 1 and 2)
were purified using silica gel column chromatography.
The column was packed with 50 g silica gel (60-120
mesh) and topped with anhydrous sodium sulfate.
Elution was carried out with 500 mL hexane, and
fractions with similar chromatographic profiles were
pooled. To recover fewer volatile compounds remaining
on the column, methanol was subsequently used as the
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eluent, yielding Component A and Component B
fractions. The purified fractions were then subjected to
GC-MS analysis for identification of volatile
constituents.

4. GC-MS Analysis

GC-MS analysis was performed using an Agilent
GC7890A gas chromatograph coupled with a 5977B
mass selective detector. Separation of volatile
compounds was achieved using an HP-5 MS capillary
column (30 m x 0.25 mm i.d., 0.25 pym film thickness).
The oven temperature was programmed from 40°C
(held for 2 min) to 260°C at a rate of 10°C /min and
held for 5 min. Helium was used as the carrier gas at a
constant flow rate of 1.0 mL min-'. The detector
temperature was maintained at 280°C. Volatile
compounds were tentatively identified by comparison
of their mass spectra with those in the NIST 17.L
(2018) mass spectral library using Agilent Mass Hunter
software.

5. Preparation of Semi-Solid Slow-Release
Formulations

Product 1 was prepared by mixing 1 mL of the female-
derived volatile extract with 1 g of cetostearyl alcohol.
The mixture was sonicated at 45°C for 5 min and
cooled to room temperature to obtain a semi-solid
slow-release formulation. Component A was similarly
prepared using 1T mL of the methanol-washed female
fraction and 1 g of cetostearyl alcohol. Product 2 was
formulated by incorporating 1 mL of the male-derived
volatile extract into 1 g of cetostearyl alcohol and
processing under the same conditions. Component B
was prepared in a similar manner using 1 mL of the
methanol-washed male fraction. For the control, T mL
of n-hexane was mixed with 1 g of cetostearyl alcohol
and processed identically.

Field Deployment of Delta Traps

Delta traps (Yellow Del-Ta) (52.5 x 23.5 x 12 cm) fitted
with sticky liners were obtained from Bharat Plant
Protectors and Engineers, Ludhiana, Punjab, India.
Traps were loaded with Product 1, Product 2,
Component A, Component B and the control
formulation and deployed in litchi orchards for field
evaluation. Two open vials containing the respective
formulations were attached to the sticky liner
positioned at the base of each trap to facilitate the
gradual release of volatile compounds. The numbers of
trapped insects were recorded at weekly intervals and
analyzed statistically.

6. Field Trials with Semi-Solid Slow-Release
Formulations

Experimental Setup

Field experiments were conducted to assess the
attractiveness of semi-solid slow-release formulations
developed at ICAR-NBAIR, Bengaluru, against
Conopomorpha sinensis. The treatments included
Product 1, Product 2, Component A, Component B, and
a control containing pure hexane. Each treatment was
replicated ten times, with one Delta trap representing a
replicate (Figure 1). The study was carried out in a litchi
orchard at the Government Garden and Fruit Nursery,
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Khiala Bulanda, Hoshiarpur, Punjab, India. The orchard
covered about 4.04 ha and contained 520 litchi trees
planted at 9 m spacing. Trials were conducted from
early July to late August, coinciding with the late fruit-
ripening stage and peak activity period of C. sinensis.
During the study, temperatures ranged between 40 and
45°C, while relative humidity remained around 80%.
Two separate field evaluations were undertaken. In the
first, traps baited with Product 1, Component A, and the
control were used to assess female moth attraction. In
the second, Product 2, Component B, and the control
were evaluated for male moth attraction.

Delta traps were hung in the middle canopy of litchi
trees at a height of 2.5-3.0 m above ground. Only one
trap was placed per tree to avoid interference among
treatments. Treatments were arranged in a completely
randomized design, and trap positions were
randomized across the orchard to reduce the effects of
canopy variation and wind direction. Trap catches were
recorded weekly for ten weeks. Sticky liners were
replaced during each observation, and the numbers of
male and female moths captured were recorded for
statistical analysis.

Figure 1. (a) Semi-solid slow-release attractant formulations used for field evaluation in litchi orchards of Punjab; (b)
Volatile release from semi-solid formulations contained in centrifuge tubes; (c) Trapping of C. sinensis adults in a
Delta trap containing a semi-solid slow-release attractant formulation.; and (d) moths captured on sticky liners one

week after trap installation.

7. Weight Loss Analysis of Semi-Solid Slow-Release
Formulations

The release characteristics of the semi-solid slow-
release formulations were evaluated by measuring their
weight loss under field conditions. Formulations
contained in centrifuge vials were placed inside Delta
traps and exposed to ambient environmental conditions
throughout the experimental period. Weight
measurements were recorded at weekly intervals using
a precision analytical balance, and percentage weight
loss was calculated relative to the initial formulation
weight. Three replicates were maintained for each
treatment, and the mean values were used for analysis.
Only the semi-solid formulations contained within the
vials were weighed for determination of weight loss.
The weight of the Delta trap, sticky liner, and other trap
components was excluded from the analysis. Prior to
each measurement, the vials were carefully removed
from the traps, cleaned to remove any external
contaminants, dried, and weighed.

The control formulation exhibited complete weight loss
(100%) within the first week of deployment, indicating
rapid loss of volatile constituents from the formulation.
Consequently, no further weight measurements could
be recorded for the control treatment beyond the first
week. In contrast, Product 1 and Product 2 exhibited
gradual weight loss throughout the experimental period,
demonstrating sustained release characteristics under
field conditions. Therefore, subsequent comparisons
were focused on the weight-loss patterns of the
experimental formulations. The same Delta traps used
for monitoring moth captures were also used for
evaluating formulation persistence under field
conditions. This approach enabled simultaneous
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assessment of attractant release characteristics and
trapping efficacy throughout the study period.

8. Data Transformation and Statistical Analysis

Before analysis, insect trap-catch data were square-root
transformed [v(x + 0.5)] and percentage weight-loss
data were log-transformed [log(x + 1)] to stabilize
variance and improve data normality. The transformed
data were tested for normality using the Shapiro—Wilk
test and for homogeneity of variance using Levene’s
test. The assumptions for parametric analysis were
satisfied after transformation. Statistical analyses were
performed using SPSS version 20 (IBM Corp., USA).
Weekly trap-catch data from male- and female-
attractant experiments were analyzed separately using
two-factor analysis of variance (ANOVA), with trap type
(treatment) and observation period (week) as fixed
factors. The interaction between treatment and
observation period was also examined. Similarly,
percentage weight-loss data of the semi-solid
formulations were analyzed using two-factor ANOVA to
evaluate the effects of treatment and observation
period. Whenever significant differences were
observed, means were separated using Tukey's
Honestly Significant Difference (HSD) test at p < 0.05.
Descriptive  statistics, including mean, standard
deviation (SD), and standard error (SE), were calculated
for all variables. The results are presented in Tables 2
and 4.

Results

The volatile compounds identified from the female-
derived extracts included 9-Tetradecenal, 9-Tetradecen-
1-ol acetate, cis-9-Hexadecenal, Z,E-7,11-Hexadecadien-
1-yl acetate, and E-2-Octadecadecen-1-ol
(Supplementary Information 1; SI-1). The volatile
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compounds identified from the male-derived extracts
included 9,12-Octadecadienoic acid,
Heneicosylcyclohexane, 3-Methyl-2-(3-methylpentyl)-3-
buten-1-ol, and 2-Heptyne-4-one (Supplementary
Information 2; SI-2).

1. Slow-Release Analysis of Percentage Weight Loss
of Control and Product 1 Over a 10-Week Period

The percentage weight loss of Product 1 and the
control formulation was monitored for 10 weeks under
field conditions at 45°C (Figure 2). Data represent the
mean of three replicates. The control formulation lost
its entire weight (100%) within the first week of

constituents. Therefore, no further measurements
could be recorded for this treatment. In contrast,
Product 1 exhibited a slow and progressive increase in
weight loss throughout the study period. Weight loss
increased from 0.02% in the first week to 0.05% in the
second week, 0.08% in the third week, 0.14% in the fifth
week, 0.18% in the seventh week, and reached 0.25% by
the tenth week. This gradual increase suggests a
sustained and controlled release of volatile compounds
over time. The marked difference between Product 1
and the control highlights the effectiveness of the semi-
solid matrix in retaining volatile components and

exposure, indicating rapid volatilization of its releasing them gradually under field conditions.
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Figure 2. Percentage weight loss of Product 1 and the control formulation over a 10-week period under field
conditions, illustrating the sustained-release characteristics of Product 1.

2. Slow-Release Analysis of Percentage Weight Loss
of Control and Product 2 Over a 10-Week Period

The weight loss of Product 2 and the control
formulation was monitored for 10 weeks under field
conditions at 45°C (Figure 3). Data are presented as the
mean of three replicates. The control formulation
showed rapid degradation, with complete weight loss
(100%) occurring within the first week, preventing
further observations. In contrast, Product 2 exhibited
only a gradual reduction in weight throughout the study.
Weight loss increased from 0.02% during the first week
t0 0.06%, 0.09%, 0.12%, 0.21%, and 0.31% by weeks 2, 3,
5,7, and 10, respectively. The slow and steady increase
in weight loss suggests controlled release of volatile
constituents from Product 2 over time. Unlike the
control, which dissipated rapidly, Product 2 remained
stable under field conditions and provided sustained
release throughout the 10-week evaluation period.
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Figure 3. Percentage weight loss of Product 1 and the
control formulation over a 10-week period under field
conditions. Values represent the mean of three
replicates.
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Trapping Efficiency of Female Adults Using Male
Attractant Formulations

The trapping efficiency of slow-release male attractant
formulations against female C. sinensis adults was
evaluated in a litchi orchard over a six-week period.
Weekly observations were recorded, and the mean
numbers of female moths captured in traps baited with
Product 1, Component A, and the control (hexane) were
compared (Table 1). Among the treatments, Product 1
consistently recorded the highest trap catches
throughout the experimental period. The mean number
of female moths captured by Product 1 decreased from
27.40 + 0.60 insects per trap during the first week to
7.30 + 0.44 insects per trap by the sixth week. In
contrast, Component A and the control treatment
captured substantially fewer female moths, with mean

trap catches ranging from 0.70 to 0.90 and 0.70 to 2.30
insects per trap, respectively.

A gradual decline in trap catches was observed across
successive weeks for Product 1; however, trap captures
remained considerably higher than those recorded for
Component A and the control throughout the study
period. Statistical analysis revealed significant
differences among treatments (Tukey’'s HSD test, p <
0.05). Product 1 exhibited significantly greater trapping
efficiency than both Component A and the control
during all observation periods. No significant
differences were observed between Component A and
the control treatment. These results demonstrate the
superior attractiveness of Product 1 for capturing
female C. sinensis adults under field conditions.

Table 1. Weekly captures of female C. sinensis adults in Del Ta traps baited with slow-release male attractant

formulations in a litchi orchard in Punjab, India

Week Product 1 Control Component A Overall
(Mean # SE) (Mean # SE) (Mean # SE) Meant

1 27.40 £+ 0.60 (5.23) 2.30 + 0.24 (1.51) 0.90 + 0.09 (0.94) 10.202 (2.25)

2 17.70 £ 0.67 (4.20) 1.60 + 0.20 (1.26) 0.80 £ 0.12 (0.89) 6.70° (1.83)

3 10.60 + 0.53 (3.25) 1.50 +0.15(1.22) 0.80 £ 0.12 (0.89) 4.30°(1.46)

4 8.70 £ 0.42 (2.94) 0.90 £ 0.09 (0.94) 0.70 £ 0.14 (0.83) 3.039(1.23)

5 7.60 £ 0.15 (2.75) 0.70 £ 0.14 (0.83) 0.70 £ 0.14 (0.83) 3.009(1.22)

6 7.30 £ 0.44 (2.70) 0.70 £ 0.14 (0.83) 0.70 £ 0.14 (0.83) 2.904 (1.20)

* Mean number of female adults trapped per treatment (10 replicates). SE = standard error. Values in parentheses are
transformed data. The overall mean was calculated using a harmonic mean sample size of 30.0. Means followed by
the same letter within a column are not significantly different at P < 0.05 according to Tukey’'s HSD test. Product 1 =
male attractant formulation; Control = pure hexane; Component A = methanol-washed fraction of the male-derived

extract.

Statistical Significance of Treatments

The two-factor ANOVA results are detailed in Table 2,
showing: Treatment Effect: A highly significant
difference  was observed among treatments
(F=2572.519, p=0.0000). Temporal Effect: A highly
significant decline in trapping efficiency over weeks
was evident (F=219.482, p=0.0000), Interaction of
Treatment and weeks: Interaction effects were also
significant (F=170.864, p = 0.0000), indicating
differential trapping patterns for treatments over time.
These results validate the superior performance of

Product 1 as a slow-release male attractant compared
to Component A and the Control under field conditions
in a litchi orchard.

Trapping Efficiency of Male Adults Using Female
Attractant Formulations

The trapping performance of the slow-release female
attractant formulations against male C. sinensis was
evaluated in a litchi orchard over six weeks (Table 3).
Among the treatments, Product 2 consistently recorded
the highest trap catches throughout the study.

Table 2. Two-factor ANOVA for female C. sinensis captures in Delta traps baited with male attractant formulations in a

litchi orchard, Punjab, India

Treatment (t) 5780.933
Weeks (w) 1233.041
treatment * Weeks (t*w) 1919.815
Error 179.775
Corrected Total 9273.640

*Significance level at p< 0.05

Mean captures declined gradually from 13.40 + 0.82
moths trap= in the first week to 7.10 + 0.49 moths
trap~ in the sixth week, suggesting that the formulation
remained attractive for an extended period. In
comparison, Component B and the hexane control
attracted only a few moths, with catches ranging from
0.30-0.70 and 0.50-2.60 moths trap~, respectively.
Although the number of moths captured by Product 2
decreased over time, it consistently outperformed the
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2890.467 2572.519 .000*
246.608 219.482 .000*
191.982 170.864 .000*

1.124

other treatments. Tukey's HSD test (p < 0.05) showed
that trap catches in Product 2 were significantly higher
than those in Component B and the control during all
observation periods. No significant difference was
observed between Component B and the control.
Statistical Analysis

The two-factor ANOVA results are presented in Table 4.
Both treatment and observation period had significant
effects on trap catches. A highly significant treatment
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effect was observed (F = 741.013, p < 0.001), indicating
clear differences among Product 2, Component B, and
the control. The effect of observation period was also
significant (F = 18.750, p < 0.001), showing that moth
captures varied during the six-week evaluation period.
Overall, the results demonstrate that Product 2 was
markedly more effective in attracting male C. sinensis
than Component B and the control under field
conditions.

Trap Efficacy of Semi-Solid Attractant Formulations
Delta traps baited with semi-solid formulations
captured substantial numbers of C. sinensis adults.
Product 1 (male attractant) recorded the highest
female catches, declining from 27.40 + 0.60 moths per
trap in week 1 to 7.30 + 0.44 in week 6 (Table 1).

Product 2 (female attractant) effectively attracted
males, with catches decreasing from 13.40 + 0.82 to
7.10 + 0.49 moths per trap over the same period (Table
3). In contrast, the control (hexane) and methanol-
washed fractions (Components A and B) captured very
few moths throughout the study. Female catches in the
control ranged from 0.70-2.30 moths per trap, while
male catches ranged from0.50-2.60 moths per trap.
Similar low catches were observed with Components A
and B. Two-way ANOVA revealed significant effects of
treatment, week, and their interaction on trap catches
(Tables 2 and 4). Tukey’s HSD test showed significant
differences among treatments and weeks (p < 0.05).
Trap catches were highest during the initial weeks and
declined thereafter.

Table 3. Weekly captures of male C. sinensis adults in Delta traps baited with slow-release female attractant

formulations in a litchi orchard, Punjab, India

1 13.40+0.82 (3.66) 2.60£0.58 (1.61) 0.70+0.28 (0.83) 5.56° (1.66)
2 10.2040.39 (3.19) 1.50+0.51 (1.22) 0.40+0.14 (0.63) 4.03° (1.41)
3 10.60 + 0.53 (3.25) 1.10+0.23 (1.04) 0.40+0.15 (0.63) 3.73% (1.36)
4 7.70+0.53 (2.77) 0.80+0.20 (0.89) 0.30+0.28 (0.54) 2.93° (1.21)
5 7.20+0.34 (2.68) 0.60+0.21 (0.77) 0.50 + 0.24 (0.76) 2.76° (1.17)
6 7.10£0.49 (2.66) 0.50+0.24 (0.70) 0.60+0.21 (0.44) 2.73°(1.16)

Mean values of male adults captured in 10 replicates; SE = standard error. Values in parentheses represent
transformed data. **Homogeneous subsets were determined using Tukey's post hoc HSD test (95% confidence
interval) based on a harmonic mean sample size of 30. Values followed by the same letter are not significantly
different at p < 0.05. Product 2 = female attractant formulation; Control = pure hexane; Component B = methanol-
washed fraction of the female-derived extract.

Table 4. Two-factor ANOVA for male C. sinensis captures in Delta traps baited with female attractant formulations in a

litchi orchard, Punjab, India

Treatment () 2825.911
Weeks (w) 178.761
treatment * weeks (t*w) 148.489
Error 308.900
Corrected Total 3462.061

*Significance level at p< 0.05.

Discussion

The litchi fruit borer, C. sinensis, is a major pest of litchi,
causing significant losses through fruit and shoot
damage. Although several studies have investigated
pheromone-based management of this pest, practical
field applications remain limited (Yadav & Reddy 1988;
Wong et al. 1992; Yen et al. 1992; Zunic-Kosi et al.
2019; Zhang et al. 2021; Watts Moore et al. 2023; Zhou
et al. 2024). In the present study, volatile compounds
obtained from adult C. sinensis were incorporated into a
Ceto stearyl alcohol-based semi-solid matrix to develop
slow-release attractant formulations. Field evaluation
demonstrated that these formulations attracted and
captured both male and female moths under orchard
conditions. A notable outcome of this work was the
successful use of whole-insect macerates as attractant
sources. To our knowledge, this is the first report
describing semi-solid slow-release attractant
formulations prepared directly from adult C. sinensis
and used successfully against the same species. The
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1412.956 741.013 .000*
35.752 18.750 .000*
14.849 7.787 .000*

1.907

developed traps consistently attracted moths and
showed potential as an environmentally friendly
management tool. Field studies further revealed that
volatiles derived from male moths attracted females,
whereas female-derived volatiles attracted males.
Product 1 (male-derived attractant) recorded the
highest female captures, declining from 27.40 + 0.60
moths per trap during the first week to 7.30 + 0.44
moths by the sixth week. Product 2 (female-derived
attractant) attracted male moths effectively, recording
13.40 + 0.82 moths per trap during the first week. In
contrast, the control treatment and methanol-washed
fractions (Components A and B) captured only a few
moths throughout the study. These findings suggest
that biologically active attractants are present in whole-
body extracts and may include compounds involved in
mate location and communication. Such an approach
may help overcome some limitations encountered in
conventional pheromone research, particularly in
species with complex mating behaviour (Yang et al.
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2022). Another practical advantage of this method is
that it does not rely exclusively on the identification of
individual compounds before field evaluation. Although
GC-MS analysis was conducted in this study to
characterise the extracts, the whole-insect extraction
approach provides a simple route for generating
biologically active attractant blends for preliminary
screening and field testing.

Overall, the results demonstrate that semi-solid slow-
release formulations prepared from insect-derived
volatiles can effectively attract C. sinensis adults in the
field. The technology offers promise as a component of
integrated pest management programmes and
warrants  further  investigation on  attractant
optimization, longevity, and large-scale deployment.
The developed formulations show promise for attract-
and-kill management of C. sinensis. Their slow-release
nature provides prolonged field activity, reducing lure
replacement and management costs. The formulations
are simple to prepare, easy to deploy in Delta traps, and
suitable for large-scale use.

Conclusions

This study provides evidence that semi-solid slow-
release formulations prepared from male and female C.
sinensis extracts can effectively attract the opposite
sex under field conditions. The formulations remained
active for several weeks and captured significantly
higher numbers of moths than the control treatments.
The findings demonstrate the potential of whole-insect-
derived attractants as practical tools for sustainable
pest management by reducing dependence on
synthetic insecticides and supporting attractant-based
control strategies. The combination of whole-insect
extraction and semi-solid slow-release technology
represents a simple and potentially cost-effective
approach for developing attractants in pest species
where conventional pheromone research has been
difficult. Further optimization and large-scale field
validation may facilitate its application in C. sinensis
and other economically important insect pests.
Supplementary Materials: The following supporting
information can be downloaded
https://www.nbair.res.in/sites/default/files/2025-
06/Research%20RAW%20DATA%201.pdf.

Author Contributions: Conceptualization, D.B. and
S.N.S.; methodology D.B; S.N.S,; M.S,; and S.,
validation, D.B.; S.N.S.; M.S,; and S.S.; formal analysis,
D.B.; S.N.S.;; M.S;; and S.S,; investigation, D.B.; S.N.S;;
M.S.; and S.S,; resources, D.B. and S.N.S.; data curation,
D.B.; S.N.S; M., and S.S. writing—original draft
preparation, D.B.; S.N.S,; M.S,; and S.S.; writing—review
and editing, D.B. S.S. and S.N.S.; visualization, D.B,;
S.N.S;; M.S;; and S.S.; supervision, D.B.; S.N.S,; M.S,;
and S.S.; project administration, D.B.; S.N.S.; M.S.; and
S.S.; funding acquisition, D.B. All authors have read and
agreed to the published version of the manuscript.
Funding: This work was supported by ICAR-National
Bureau of Agricultural Insect Resources and Institute
Project Code: CRSCNBAIRSIL201800300189.

Data Availability Statement: The data presented in this
study are available within the article and supplementary

87

material. Further inquiries can be directed to the

corresponding author(s).

Acknowledgements: The authors would like to take this

opportunity to extend their heartfelt appreciation to the

Director of ICAR-NBAIR as well as the Vice Chancellor

of Punjab Agricultural University, India. The authors

would like to express their gratitude to the funding
agency ICAR-NBAIR, Bengaluru, for their assistance in
the completion of this research.

Conflicts of Interest: The authors declare that they

have no known competing financial interests or

personal relationships that could have appeared to
influence the work reported in this paper.

References

1. Ahmad SN, & Kamarudin N. 2011. Pheromone
trapping in controlling key insect pests: progress
and prospects. Oil Palm Bulletin, 62, 12.

2. Ballmann C & Mueller BW. 2008. Stabilizing effect
of cetostearyl alcohol and glyceryl monostearate
as co-emulsifiers on hydrocarbon-free o/w
glyceride creams. Pharm. Dev. Technol., 13, 433-
445,
https://doi.org/10.1080/10837450802247952.

3. Barry BW & Saunders GM. 1972. Rheology of
systems  containing  cetomacrogol  1000—
cetostearyl alcohol. J. Colloid Interface Sci., 38,
616-625. https://doi.org/10.1016/0021-
9797(72)90397-9.

4. Beevor PS, Mumford JD, Shah S, Day RK & Hall DR.
1993. Observations on pheromone-baited mass
trapping for control of cocoa pod borer,
Conopomorpha cramerella, in Sabah, East
Malaysia. Crop Prot., 12, 134-140.

5. Bockmann E, Pfaff A & Schirrmann M. 2021. Rapid
and low-cost insect detection for analyzing
species trapped on yellow sticky traps. Sci. Rep.,
11, 10419. https://doi.org/10.1038/s41598-021-
89930-w.

6. Bruce T, Aradottir G & Smart L. 2015. The first crop
plant genetically engineered to release an insect
pheromone for defence. Sci. Rep., 5, 11183.
https://doi.org/10.1038/srep11183.

7. Holkenbrink C, Ding BJ, Wang HL, Dam M,
Petkevicius K, Kildegaard KR, Wenning L, Sinkwitz
C, Lorantfy B, Koutsoumpeli E, Franga L, Pires M,
Bernardi C, Urrutia W, Mafra-Neto A, Ferreira BS,
Raptopoulos D, Konstantopoulou M, Lofstedt C &
Borodina I. 2020. Production of moth sex
pheromones for pest control by yeast
fermentation. Metab. Eng., 62, 312-321.
https://doi.org/10.1016/j.ymben.2020.10.001.

8. Deguine JP, Aubertot JN, Flor RJ. 2021. Integrated
pest management: good intentions, hard realities.
A Review. Agron. Sustain. Dev., 41, 38.
https://doi.org/10.1007/s13593-021-00689-w.

9. Ding BJ, Hofvander P, Wang HL, Durrett TP,
Stymne S & Lofstedt C. 2014. A plant factory for
moth pheromone production. Nat. Commun., 5,
3353. https://doi.org/10.1038/ncomms4353.

10. EI-Sayed AM. 2026. The pherobase: database of
pheromones and semiochemicals. Available

jae.saaer.org.in


http://jae.saaer.org.in/
https://www.nbair.res.in/sites/default/files/2025-06/Research%20RAW%20DATA%201.pdf
https://www.nbair.res.in/sites/default/files/2025-06/Research%20RAW%20DATA%201.pdf
https://doi.org/10.1007/s13593-021-00689-w

JOURNAL OF AGRICULTURE AND ECOLOGY | RESEARCH ARTICLE

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

online: https://www.pherobase.com (accessed on
30 May 2026).

Food and Agriculture Organization (FAO). 2025.
Guidance on integrated pest management for the
world’s major crop pests and diseases. food and
agriculture organization of the United Nations,
Rome, Italy. Available online at:
https://openknowledge.fao.org/items/7a20fe82-
13ce-462c-8476-8267e8a5b71b .

Foster SP & Anderson KG. 2022. Some factors
influencing calling behavior and mass emission
rate of sex pheromone from the gland of the moth
Chloridea virescens. J. Chem. Ecol., 48, 141-151.
https://doi.org/10.1007/s10886-021-01334-2.
Fukushima S, Yoshida K & Yamaguchi M. 1984.

Internal structure of oil-in-water emulsions
stabilized with cetostearyl alcohol. Yakugaku
Zasshi, 104, 986-989.

https://doi.org/10.1248/yakushi1947.104.9_986.
Guo X, Yu Q, Chen D, Wei J, Yang P, Yu J & Kang L.
2020. 4-Vinylanisole is an aggregation pheromone
in locusts. Nature, 584, 584-588.
https://doi.org/10.1038/s41586-020-2610-4.
Hagstrom A, Wang HL, Lienard MA, Lassance JM,
Johansson T & Lofstedt C. 2013. A moth
pheromone brewery: production of (2)-11-
Hexadecenol by heterologous co-expression of
two biosynthetic genes from a noctuid moth in a
yeast cell factory. Microb. Cell Fact., 12, 125.
https://doi.org/10.1186/1475-2859-12-125.

Ho SH, Beevor PS & Mumford JD. 1987. A practical
approach to the control of the cocoa pod borer
moth using synthetic sex pheromone in an
integrated system. In Management of the Cocoa
Pod Borer; Ooi, P.A.C., Chan, L.G., Khoo, K.C., Teoh,
C.H., Jusoh, M., Ho, C.T,, Lim, G.S., Eds.; Malaysia
Plant Protection Society: Kuala Lumpur, Malaysia,
pp. 53-68.

Hwang JS, Hung CC, Yen YP & Chen CN. 1996.
Development of formulations of sex attractant
litchi fruit borer, Conopomorpha sinensis. Plant
Prot. Bull., 48, 189-202.

Kim CY, Khan F & Kim Y. 2023. A push-pull strategy
to control the western flower thrips, Frankliniella
occidentalis, using alarm and aggregation
pheromones. PLoS ONE, 18, e0279646.
https://doi.org/10.1371/journal.pone.0279646.
Khan MAM, Deshpande NP, Shuttleworth LA,
Osborne T, Collins D, Wilkins MR, Gurr GM &
Reynolds OL. 2021. Raspberry ketone diet
supplement reduces attraction of sterile male
Queensland fruit fly to cuelure by altering
expression of chemoreceptor genes. Sci. Rep., 11,
17632. https://doi.org/10.1038/s41598-021-
96778-7.

Kirk WDJ. 2017. The aggregation pheromones of
thrips (Thysanoptera) and their potential for pest
management. Int. J. Trop. Insect Sci., 37, 41-49.
https://doi.org/10.1017/S1742758416000205.

jae.saaer.org.in

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Klassen D, Lennox MD, Dumont MJ, Chouinard G &
Tavares JR. 2023. Dispensers for pheromonal pest
control. J. Environ. Manag., 325, 116590.
Koutroumpa F, Monsempés C, Anton S, Francgois
MC, Montagné N & Jacquin-Joly E. 2022.
Pheromone receptor knock-out affects pheromone
detection and brain structure in a moth.
Biomolecules, 12, 341.

Legner CM, Tylka GL & Pandey S. 2021. Robotic
agricultural instrument for automated extraction of
nematode cysts and eggs from soil to improve
integrated pest management. Sci. Rep., 11, 3212.
https://doi.org/10.1038/s41598-021-82261-w.

Lee M, Albajes R & Eizaguirre M. 2014. Mating
behaviour of female Tuta absoluta (Lepidoptera:
Gelechiidae): polyandry increases reproductive
output. J. Pest Sci., 87,429-439.

LuY, Bei Y & Zhang J. 2012. Are yellow sticky traps
an effective method for control of sweet potato
whitefly, Bemisia tabaci, in the greenhouse or
field? J. Insect Sci., 12, 113.
https://doi.org/10.1673/031.012.11301.

Mala BRJ, Damodaram PKJ, Shabarish PR,
Shashank PR, Sudhagar S, Raghava T & Nagaraja
T. 2017. Occurrence of Conopomorpha sinensis
Bradley, 1986 (Lepidoptera: Gracillariidae) on litchi
(Litchi chinensis) in India. Pan-Pac. Entomol., 93,
199-203. https://doi.org/10.3956/2017-93.4.199.
Ma PWK & Ramaswamy SB. 2003. Biology and
ultrastructure of sex pheromone-producing tissue.
In Insect Pheromone Biochemistry and Molecular
Biology; Blomquist, G.J., Vogt, R.C., Eds.; Elsevier
Academic Press: London, UK, pp. 19-51.
Mafra-Neto A.; et al. 2013. Natural products for
pest management. In pest management with
Natural Products; Beck, J.J., Coats, J.R., Duke, S.0.,
Koivunen, M.E., Eds.; American Chemical Society:
Washington, DC, USA, pp. 1-15.

Mang X, Hu JJ, Liu H, Ouyang GC & Guo MF. 2016.
Analysis of the transcriptome and olfaction-related
genes of Conopomorpha sinensis Bradley
(Lepidoptera: Gracillariidae). Acta Entomol. Sin., 59,
823-830.

Miano RN, Ayelo PM & Musau R. 2022.
Electroantennogram and machine learning reveal a
volatile blend mediating avoidance behavior by
Tuta absoluta females to a wild tomato plant. Sci.
Rep., 12, 8965.

Noushini S, Park SJ, Jamie J & Taylor P. 2020.
Sampling technique biases in the analysis of fruit
fly volatiles: a case study of Queensland fruit fly.
Sci. Rep., 10, 19799.
[https://doi.org/10.1038/s41598-020-76622-
0](https://doi.org/10.1038/s41598-020

Ray AM, Francese JA, Zou Y, Watson K, Crook DJ &
Millar JG. 2019. Isolation and identification of a
male-produced aggregation-sex pheromone for the
velvet longhorned beetle, Trichoferus campestris.
Sci. Rep., 9, 4459. https://doi.org/10.1038/s41598-
019-41047-x.

88


http://jae.saaer.org.in/
https://openknowledge.fao.org/items/7a20fe82-13ce-462c-8476-8267e8a5b71b
https://openknowledge.fao.org/items/7a20fe82-13ce-462c-8476-8267e8a5b71b

JOURNAL OF AGRICULTURE AND ECOLOGY | RESEARCH ARTICLE

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

Sarles L, Verhaeghe A, Francis F & Verheggen FJ.
2015. Semiochemicals of Rhagoletis fruit flies:
potential for integrated pest management. Crop
Prot., 78,114-118.

Schmera D, Téth M, Subchev M, Sredkov |,
Szarukan | & Jermy T. 2004. Importance of visual
and chemical cues in the development of an
attractant trap for Epicometis (Tropinota) hirta
Poda (Coleoptera: Scarabaeidae). Crop Prot., 23,
939-944.

Singh S, Srivastava K, Srivastava P, Singh NP, Kaur
S & Patil P. 2017. Current status of biodiversity of
insect and mite pests of litchi in Punjab. Gyan
Manthan, 6, 111-116.

Song X, Qin YG, Yin Y & Li ZX. 2021. Identification
and behavioral assays of alarm pheromone in the
vetch aphid Megoura viciae. J. Chem. Ecol., 47,
740-746. https://doi.org/10.1007/s10886-021-
01297-4.

Srivastava K, Singh S, Srivastava P, Singh NP, Kaur
S & Patil P. 2020. Management of litchi fruit and
shoot borer, Conopomorpha sinensis using organic
pesticides. Acta Hortic., 1293, 213-218.

Tabata J, Nakanishi R, Yasui H, Nakamura K,
Takehara K, Matsuda H, Ikenoue Y, Kusuhata K,
Kinjo K, Nakama K, Tsuha Y & Ishikawa Y. 2023.
Sex pheromone of the fall armyworm, Spodoptera
frugiperda: Identification of a trace component that
enhances attractiveness and specificity. Entomol.
Exp. Appl., 171, 535-541.

Vevai EJ. 1971. Know your crop, its pest problems
and control of minor tropical fruits. Pesticides,
5(11), 31-54.

Vuts J, Imrei Z & Téth M. 2008. Development of an
attractant-baited trap for Oxythyrea funesta Poda
(Coleoptera:  Scarabaeidae, Cetoniinae). Z
Naturforsch. C, 63,761-768.

Ward A, Cork A, Hall DR, Lester R, Phythian SJ,
Logan JG, Farman DI, Simmonds MSJ & Green
PWC. 2002. Identification of the sex pheromone of
Holotrichia reynaudi. J. Chem. Ecol., 28, 515-522.
Wang HL, Ding BJ, Dai JQ, Lu Z, Zhang YN, Liu Y,
Wang M, Li H, Zhang X, Lu Z, Feng LK, Dai HJ, Ye
ZP, Biondi A, Desneux N & Han P. 2022. Insect pest
management with sex pheromone precursors from
engineered oilseed plants. Nat. Sustain., 5, 981-
990. https://doi.org/10.1038/s41893-022-00949-x.
Wang MH, Ismoilov K, Li H, Zhang X, Lu Z, Feng LK,
Dai HJ, Ye ZP, Biondi A, Desneux N & Han P. 2021.
Polygyny of Tuta absoluta may affect sex

44,

45.

46.

47.

48.

49.

50.

51.

52.

pheromone-based control Entomol.
Gen,, 41, 117-126.
https://doi.org/10.1127/entomologia/2021/1174.
Watts Moore O, Waigh T, Mendoza C & Kowalski
AJ. 2023. Characterising the rheology of lamellar
gel networks with optical coherence tomography
velocimetry. J. Rheol., 67, 589-600.
https://doi.org/10.1122/8.0000599.

Wong P, Gilligan CA & Li Wan Po A. 1992.
Preparation and characterisation of sustained-
release ibuprofen-cetostearyl alcohol spheres. Int.
J. Pharm., 83, 95-114.

Zhang X, Wang L, Liu C, Liu Y, Mei X, Wang Z &
Zhang T.2021. Identification and field verification
of an aggregation pheromone from the white-
spotted flower chafer, Protaetia brevitarsis Lewis
(Coleoptera: Scarabaeidae). Sci. Rep., 11, 22362.
https://doi.org/10.1038/s41598-021-01887-y.
Zhou W, Wang Y, Li X & Zhang H. 2024. Integrated
pest management: an update on the sustainability,
opportunities and challenges of modern crop
protection. ACS Omega, 9: 43059-43083. doi:
10.1021/acsomega.4c06628.

Yadav JS & Reddy ER. 1988. Synthesis of insect
sex pheromones. Curr. Sci, 57, 1321-1330.
http://www.jstor.org/stable/24094463.

Yang R, Qiu P & Gu Y. 2022. Biology of
Rhynchaenus maculosus provides insights and
implications for integrated management of this
emerging pest. Sci. Rep., 12, 14650.
https://doi.org/10.1038/s41598-022-18954-7.

Yao Q, Dong YZ, Li WJ & Chen BX. 2019. The
effects of non-host plant extracts on the
oviposition deterrent and ovicidal activity of
Conopomorpha sinensis Bradley (Lepidoptera:
Gracillariidae). Fla. Entomol., 102, 298-302.

Yen YP, Lin SG & Suen MF. 1992. Synthesis of the
sex pheromone of cocoa pod borer moth,
Conopomorpha cramerella. Synth. Commun., 22,
1567-1581.
https://doi.org/10.1080/00397919208021630.
Zunic-Kosi A, Stritih-Peljhan N, Zou Y, McElfresh JS
& Millar JG. 2019. A male-produced aggregation-
sex pheromone of the beetle Arhopalus rusticus
(Coleoptera: Cerambycidae, Spondylinae) may be
useful in managing this invasive species. Sci. Rep.,
9, 19570. https://doi.org/10.1038/s41598-019-
56094-7.

technique.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the editor(s). The editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

Preferred citation: Siraj M, Singh S, Sushil SN & Bhagat D. 2026. Gender-specific attractants for Conopomorpha sinensis Bradley: development and
field evaluation of semi-solid slow-release formulations. Journal of Agriculture and Ecology, 22: 81-89; https://doi.org/10.58628/JAE-2622-110

89

jae.saaer.org.in



http://jae.saaer.org.in/
https://doi.org/10.1038/s41598-021-01887-y
https://doi.org/10.58628/JAE-2622-110

