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Abstract

Aim: To identify the effective concentration of Cue-lure (CL) for efficacious management of melon fruit fly (Zeugodacus cucurbitae), associated with the
cucurbits.

Methodology: Wooden blocks were soaked in different
concentrations of Cue-lure (0%, 25%, 50%, 75% and 100%),
installed in trap bottles along with commercially used McPhail
traps baited with tablet lures, were tested for higher trap
catches, in the bitter gourd field. The infested cucurbits were
collected from the fields and placed in insect-rearing cages to
check for the emergence of the adults.

Preparation of different concentrations
of cue-lure solutions

Results: The mean number of flies trapped/trap/week (FTW)
was significantly highest in 25% Cue-lure compared with the
remaining concentrations along with Tablet lures. On the
basis of adults emerged from infested fruits, Z. cucurbitae
proved to be the major fruit fly species infesting bitter gourd,
with a sex ratio (3": %) of 1:1.3. However, in sponge gourd, a
3% of 1:1.9 was observed for Z. cucurbitae and 1:1.27 for Z.

fau. %an?xl?]g ?r?s Output: 25% Cue-lure found to be best for ;
Interpretation: Z. cucurbitae is the most damaging fruit fly fruit flies under monitoring and monitoring of responsive fru fies Pfﬁ&i{f;{f;”n i?d
species for cucurbits in Varanasi, Uttar Pradesh, India. 25% microscope trap bottles
Cue-lure solution was found best for mass trapping of

responsive fruit flies.

Key words: Adult emergence, Cucurbits, Cue-lure, L

Parapheromone, Melon fruitfly Collecting the infested fruits in insect

rearing chamber for adult emergence

management of the melon fruit fly, Zeugodacus cucurbitae (Coquillett), in cucurbits ecosystem. J. Environ. Biol., 45,268-276 (2024).

How to cite: Sunda, S., V. Arya, S. Narayana, A.Venkateshaih and P. Divekar: Evaluation of different concentrations of Cue-lure for effective]



https://orcid.org/0009-0006-9479-8966

S. Sunda et al.; Evaluation of different concentration of cue-lure against fruit flies

Introduction

Cucurbits (members of the family Cucurbitaceae), belong
to the gourd family and consist of approximately 110 genera, with
an estimated 650 to 850 species (Rahman et al., 2008). Cucurbits
are predominantly trailing plants with significant moisture content
and exceptional nutritional value, which makes them an attractive
host both for insects and pathogens. Of all the biotic and abiotic
factors, the fruit fly infestation is considered as a major bottleneck
in the production, consumption, and marketing of cucurbits
across different vegetable producing belts in India (Deguine et al.,
2015), with a per cent fruit infestation ranging from 16.6-50 per
cent in ridge gourd (Dubale et al., 2018), 13-40 per cent in bitter
gourd (Thippaiah et al., 2016) and 14-63 per cent in bottle gourd
(Abrol et al., 2019). There are many fruit fly species known to
infest cucurbits, with Zeugodacus cucurbitae (Coquillett), Z. tau
(Walker) and Z. caudatus (Fabricius) being the most serious
ones, reported from different states of India. (Arya et al., 2022a;
Saha and Chandran, 2023). Various other fruit fly species are also
known to be associated with cucurbits, which are collected
through parapheromone traps of methyl eugenol and cue-lure
installed in the cucurbit fields, but due availability of limited reports
on the adult emergence from the infested fruits,their infestation in
cucurbits is a mere speculation (Arya et al., 2022a).

In many cases, the emerged adults of cucurbit-infesting
fruit flies are misidentified with other non-host species, usually
due to the close morphological analogy with individuals of other
species sharing the same habitat and lack of accessibility of
expert taxonomists (Kunprom and Pramual, 2019). However, the
most destructive pest of cucurbits is Z. cucurbitae, which is
commonly referred to as the melon fruit fly (Sowmiya, 2021).
Infestations of melon fruit flies in cucurbitaceous plants can
reduce yield that vary between 30-100 per cent, depending on
factors such as variety, growing season and other variables
(Dhillon et al., 2005). Of all the cucurbits, bitter gourd Momordica
charantia is the most preferred host (Sen et al., 2019), with the
infestation ranging from 41-89 per cent on the basis of fruit
damage (Am et al., 2017). The management of fruit flies through
traditional practices is difficult due to the biology and feeding habits
of fruit flies (He et al, 2023), especially the application of
insecticides. The adult females pierce the fruit skin and lay eggs
beneath, the maggots emerge and feed right at the fruit pulp
damaging the internal content completely (Sahu and Samal,
2020). The maggots, being the internal feeders, usually remain
unaffected by foliar application of insecticides and the use of
systemic insecticides is also limited in pulp-bearing fruits due to
higherresidue and long waiting period (Bajwa and Sandhu, 2014).

Cue-lure {4-(p-acetoxyphenyl)-2-butanone} is commonly
employed as a parapheromone attractant for managing the
melon fruit fly populations using the male annihilation technique
(Devi et al., 2021), where the adult males are lured and killed,
eventually reducing the population of males to mate with the
females and reproduce, thus preventing infestation. Cue-lure is a
powerful male attractant which has been used for fruit fly

management since 1960s (Smith, 1960; Porter and Christenson,
1960). Itis synthetically derived from raspberry ketone, designed
to mimic the scent of a ripe fruit to attract fruit flies (Segura et al.,
2018). Even today it is highly effective and is widely used in the
fruit fly integrated management programmes, especially for the
melon fruit fly. Exposure to Cue-lure prompts vigorous wing-fanning
activity of the adult males of the melon fruit fly, which increases their
short-term mating performance (Shelly and Villalobos, 1995).
However, the commercial application of Cue-lure is only restricted
forthe monitoring and mass trapping of the fruit flies.

The lure solution is usually prepared manually by mixing
ethanol (70-100%) with Cue-lure and insecticides. The mixing
ratios of the individual chemicals are not standardized and vary in
different reports (Vasudha et al., 2020; Rakesh et al., 2021;
Apriyadi etal., 2021). Asmall-sized wooden block or a cotton wick
is soaked in the Cue-lure solution for 24-48 hrs, which is later
installedin a low-cost trap bottle and hung in the fields. However,
different reports show different concentration of Cue-lure solution
to be effective for male annihilation technique. Allwood et al.
(2002) used 3 | of methyl eugenol, and 6L of Cue-lure mixedin 1:9
ratio (90% Cue-lure solution) with 28-36 ml insecticides to
eradicate the melon fruit fly in Nauru. Vasudha et al. (2020)
observed that the mixture of ethanol, Cue-lure and insecticide
6:4:1 ratio (36.3% CL) for male annihilation technique was highly
effective against melon fruit flies in the eastern part of India. Nair
and Pal (2020) used the mixing ratio of 6:4:2 (33.3% CL) for
effective management of the melon fruit fly in the North-east India.
Vargas et al. (2000) reported the trap catches of the melon fruit
flies were highestin 100% CL solution, followed by 75%, 50% and
25%. Cue-lure is a dominant fruit fly attractant, especially for the
areainfested with Z. cucurbitae, butitis costly, not easily available
in the local stores and requires technical knowledge for usage.
The fruit flies show two types of movements: more localized daily
movements and long-distance dispersal (Bateman, 1972,
Fletcher, 1987).

The lure-baited parapheromone traps installed within the
vicinity of a field may not only be responsible for capturing the
adult male fruit flies infesting that particular field, but also attract
the adult males from a greater distance. Due to this specific
reason, the infestation by a particular fruit fly species needs to be
further confirmed based on the adult emergence from the infested
fruits. The present study aims to evaluate the effective
concentration of Cue-lure for the effiective management of the
melon fruit fly through male annihilation technique, and to further
analyze its incidence based on the adult emergence from the
infested fruits.

Materials and Methods

The experiment was carried out in a bitter gourd field
(variety: Pragati, East-West Seeds, India) expanding over an
area of 0.75 ha and an adjoining sponge gourd (Luffa aegyptiaca)
field under a farmer's field in Ramna village, Varanasi, Uttar
Pradesh (India) (25.317600 N, 82.973900 E) during the kharif
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Table 1: Different concentrations of Cue-lure used in the experiment

Treatments Concentrations (%) Volume of chemicals (ml) Final ratio
Cue-lure Ethylalcohol Insecticide
(99%) (99.9%) (Fipronil 5% SC)
T, 0 0 100 10 0:10:1
T, 25 25 75 10 25:7.5:1
T, 50 50 50 10 551
T, 75 75 25 10 75251
Ts 100 100 0 10 10:0:1
T
(Tabletlure) - -
Table 2: Week-wise collection of the population of melon fruit flies trapped per trap bottle (FTW) of different treatments
Standard Months Weeks Treatments
Meteorological
Weeks (SMW) T, T, T, T, Ts T,
(0%CL) (25%CL) (50% CL) (75%CL) (100%CL) (TL)
33 August 2" 3 12 7 4 5 14
34 3 6 32 20 31 9 10
35 4" 1 18 9 16 5 6
36 September 1" 0 33 20 23 17 20
37 2" 1 21 19 25 22 23
38 3 5 48 23 16 15 32
39 4" 5 7 1 9 13 3
40 October 1¢ 13 13 29 19 16 2
41 2 2 70 21 29 13 38
42 3 4 50 20 21 9 44
43 4" 3 49 32 18 24 38
44 November 1 3 79 27 24 21 53
45 2" 1 60 37 29 17 45
46 3 1 55 18 26 8 25
47 4" 2 42 4 13 7 12
48 December 1° 0 20 4 3 4 "
Total no of 50 609 291 306 205 376
Fruitflies
Mean#S.E. 3.12+0.80  38.06+5.47 18.18+2.65 19.12+2.15 12.81+1.59 23.5+4.08

season, from the 33" to the 48" Standard Meteorological Weeks
(SMW) during the year 2022. Cue-lure {4-(p-acetoxyphenyl)-2-
butanone} was purchased from Sisco Research Laboratories,
Mumbai, India. Different concentrations of Cue-lure solutions
were prepared by mixing ethanol (99.9%) (Merck) with Cue-lure
at concentrations of 0% (T1), 25% (T2), 50% (T3), 75% (T4) and
100% (T5) with a constant volume (10 ml) of insecticide (Fipronil
5% SC) (Table 1). Wooden blocks (5x5x2 cm’) from each
treatment were soaked in different lure solutions for 24-48 hrs and
were installed in low-cost parapheromone trap bottles, as per the
recommendation of Arya et al. (2022b).

The trap bottles were installed (replication of five) in a
bitter gourd field (from the bud initiation stage till crop harvesting)

at a height of 1-1.5 m and 10-15 m apart, in a randomized
complete block design (RCBD), along with a commercially used
standard Tablet-lure (TL) (T) (ATGC Biotech Pvt. Ltd.) installed in
a McPhail trap. The fruit fly population was counted weekly. The
trap’s positions were rearranged after every 30 days to prevent
location bias. The wooden lures were changed every 40 days.

The fruit flies were identified on the basis of
morphological characters under a stereo microscope (Dewinter
Zoomstar-Ill), following the taxonomic keys of David and Ramani
(2011), Nair et al. (2018) and Leblanc et al. (2019). In order to
confirm the infestation of cucurbit fruits by the melon fruit fly, 25
infested fruits (bitter gourd and sponge gourd) with symptoms of
partial rotting and oozing of watery fluid were collected from the
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field during the 44" to 48" SMW. The infested fruits were kept in a
separate insect rearing chambers measuring 1 x 0.25 x 0.25 m’,
filled with oven-dried soil to a height of 5-10 cm. Daily observations
were made to check the adult emergence, which were later
identified from the above mentioned taxonomic literatures. The
photographs of male fruit flies (habitus and lateral side) at different
magnification were taken with Leica DFC425C digital camera on
the Leica 19205FA stereozoomauto-montage microscope.

Statistical analyses: The mean number of melon fruit flies/ trap/
week (FTW) was calculated and compared among the treatments
using One-way ANOVA, followed by the Tukey HSD (Honestly
Significant Difference) test (Siegel and Tukey, 1960) to analyze
the means that were statistically significant with each other. All the
statistical analyses was performed using R statistical software
(v4.1.2)® Core Team, 2021). The per cent difference between the
mean trap catches of the fruit flies and the sex-ratio of the adults
emerged was calculated using CalculatorSoup (AJ Design
software).

Results and Discussion
Identification of the fruit flies: The melon fruit fly (Z. cucurbitae)

was found to be the dominant species (according to the number of
individuals collected, i.e., 1837 out of 1846 individuals) in the

bitter gourd ecosystem throughout the study period, followed by
the pumpkin fruit fly (Z. tau) (9 individuals), which was less in
number (Arya et al., 2022a, Pramanik et al., 2022; Mwatawala et
al., 2015).The observations were based on the combinations of
body characters, including thorax, abdomen and wings.

Redescriptions

Zeugodacus cucurbitae (Coquillett): Bright orange-coloured
thorax with a prominent yellow-coloured median post sutural
vittae, a prominent infuscation along the R-M (Radial-Median
vein) and DM-Cu (Dorsal median-cubitial vein) cross-veins with
dark spots along the DM-Cu cross-vein and the BCu-Cu, (Basal
cubital vein), yellowish-orange coloured abdomen with a light
band present horizontally on the second terga with a narrow dark
band present horizontal on third segment. Two distinctly narrow
lateral band along with a median band on fourth terga, extending
downwards (Fig. 1a,b).

Materials examined: 205" and 219, INDIA: Varanasi: Ramna
village: (25.31° N, 82.97° E), 5. xi. 2022, at Cue-lure
paraphromone bottle trap (T,), infested bitter gourd, coll. Sunil
Sunda (Insects Molecular Biology Laboratory, BHU), 205" and
239Q, INDIA: Varanasi: Ramna village: (25.31°N, 82.97°E), 12. xi.

d

.
L /!

Fig. 1: Fruit flies attracted to different concentration of Cue-lure in cucurbit ecosystem. Zeugodacus cucurbitae (a) dorsal and (b) lateral view,

Zeugodacus tau (c) dorsal and (d) lateral view.
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Fig. 2: Variations in the trap catches of melon fruit fly in different treatments during the study period, with blue curve showing seasonal population

dynamics.

2022, at Cue-lure paraphromone bottle trap (T,), infested sponge
gourd, coll. Sunil Sunda (Insects Molecular Biology Laboratory,
BHU).

Zeugodacus tau (Walker): Mix-coloured (blackish/ brown/
orange) scutum. Postpronotal lobe, lateral post sutural vittae and
scutellum were all bright yellow in colour with a broad median post
sutural vittae. Wings with overlapping vein R,,, and expanding
into an apical area on the wing costal band. Another spot was
present at the BCu (Basal cubital vein) till Cu, (Cubital vein) with
no spot on the DM-Cu (Dorsal median-cubitial vein) cross-vein.
Abdomen yellowish-orange coloured with a short light horizontal
band on the second terga. Anarrow dark coloured horizontal band
on third segment with two distinctly narrow lateral band along with
amedian band on fourth terga, expanding downwards (Fig. 1c, d).

Materials examined: 245 and 14Q , INDIA: Varanasi: Ramna
village: (25.31° N, 82.97° E), 5. xi. 2022, at Cue-lure
paraphromone bottle trap (T,), infested sponge gourd, coll. Sunil
Sunda (Insects Molecular Biology Laboratory, BHU).

Remarks: Z. cucurbitae can be distinguished from Z. tau due to
the presence of contrasting characters, including the presence of
dark spots along the DM-Cu cross-vein and a bright orange-
coloured scutum. The individuals were found to be 100% similar
with the existing voucher species of Z. cucurbitae (NCBI

Accession No. OL701253) and Z. tau (NCBI Accession No.
OL701270), identified by DNA barcoding and preserved in the
Insects Molecular Biology Laboratory, Department of Entomology
and Agricultural Zoology, Institute of Agricultural Sciences,
Banaras Hindu University, Varanasi, Uttar Pradesh, India.

Seasonal incidence of melon fruit fly: On studying the
seasonal incidence of the melon fruit fly in the form of the mean
fruitflies trapped per week of each treatment throughout the study
period (Fig. 2), it was observed that T, (25% CL) had the highest
number of trap catches for the majority of weeks, which was
occasionally succeeded by T, (TL) on the 33" and the 37" SMWSs,
followed by T, (75% CL) and T5 (100% CL) on the 39" and 40"
SMWs. The population rose from the 41* to the 44" SMWSs, which
gradually declined. This peak in the population was correlated
with the active fruit development stage of the bitter gourd
(Bantewad and Reddy, 2023). The results are in accordance with
Beer et al. (2021), where population of Z. cucurbitae in bitter
gourd peaked during 41% SMW. No relation was observed linking
the sudden increase in trap catches of the melon fruit fly between
the weeks and the time of lure replacement, suggesting that the
involvement of environmental factors was uniformly affecting the
subsequent trap catches.

Trapping efficiency of different concentrations of Cue-lure
to melon fruit fly: A total of 1837 adult melon fruit fly males
were captured in all the parapheromone traps throughout the
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Fig. 4: Adultfruit flies emerged from infested cucurbits.

study period (Table 2). The mean number of melon fruit flies
trapped/ trap/ week of Cue-lure was evaluated under field
conditions for 16 weeks (33" to 48" SMW of 2022). The results
indicated that T, (25% CL solution) was the most effective
concentration with the significantly highest trap catches of
38.06+5.47FTW (p=0.05, F:22.27 and df:79), compared with
other treatments. T, was followed by T, (75% CL, 19.12+2.15
FTW), T, (50%, 18.18+2.65 FTW) and T, (100%, 12.81+1.59
FTW), but all being at par with each other (p>0.05) (Fig. 3).
These results are in line with the finding of Ahmad et al. (2023),
who reported that the traps with the lowest concentration of
Cue-lure with methyl eugenol (1:9) had the highest trap caches
of melon fruit fly. The present investigation corroborates with

Males (&) Females (%

Sponge gourd
“Z tau

the finding of Bhusal et al. (2020) who tested three
concentrations of Cue-lure (0.25, 0.50 and 1.00 ml by volume)
and found the lowest concentration (0.25 ml) to be the most
effective, showing significantly higher trap catches of Z
cucurbitae, Z. tau and Z. scutellaris. Akter et al. (2021) also
reported pure Cue-lure to be less attractive to the melon fruit
flies. The FTW values of the melon fruit fly were statistically
similar for T, and T,, which were yet higher than T, (which was
supposed to be of a higher concentration). This lay emphasis on
dilution of Cue-lure in a suitable amount of alcohol, rather than
using pure Cue-lure as a bait. These results are also in
accordance with Bhanu et al. (2019) who found no significant
differences in the trap catches of melon fruit fly with increased
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doses of Cue-lure (from0.5t03.0g).

Comparison of 25% Cue-lure with tablet lure installed in
McPhail trap: Based on the FTW data, T, treatment (25% CL)
was found superior to all other treatments. Also, T, (38.06+5.47
FTW) was observed to be more effective than commercially used
T, Tablet lure (23.5+4.08 FTW), with a per cent difference of
47.30% (p-value0.041) (Fig. 3). The previously used ethanol:
Cue-lure: insecticide mixing ratio was 6:4:2 (Nair and Pal, 2020;
Rakesh et al, 2021; Arya et al, 2022b), however, the
recommended ratio as per the study result was 2.5:7.5:1. A
reduced amount of Cue-lure to prepare the parapheromone lure
solution having better fruit fly trap catches will also lower the initial
cost of trap preparation, proving to be a better economic choice
for farmers. Also, alcohol is an important component while
preparing the lure solution, as it offers better solubility to the lure
compound, better stability in the solution, and increases the
evaporation rate of the lure (Chaudhary et al., 2012). Hence,
mixing a desired amount of alcohol also favours the lure efficacy,
which as per our study must be ~75% of the volume of lure added.
Thus, the results of this study suggest 25% Cue-lure solution to
be more effective for the management of melon fruit fly.

Fruit fly emergence from infested cucurbits in the insect
rearing chamber: A total of 37 adult fruit flies emerged from the
infested bitter gourds, all of them being the melon fruit fly (Z.
cucurbitae), with a sex ratio (3:Q) of 1:1.3. Whereas, from the
infested sponge gourd fruits, a total of 60 fruit flies emerged: 35 Z.
cucurbitae and 25 Z. tau, with sex ratios of 1:1.9 and 1:1.27,
respectively (Fig. 4). The emerged fruit flies were identified on the
basis of morphological characters whereas the males and
females were differentiated on the basis of the shape of the
abdomen (round-wide for Gand narrow-elongated for @) and the
absence/presence of an ovipositor at the posterior part of the
abdomen.

On the basis of the data on fruit fly adult emergence from
infested bitter gourds, all adults were Z. cucurbitae whereas only
58.3% emerged adults were Z. cucurbitae from the infested
sponge gourd from the nearby fields, and the remaining 41.7%
were identified as Z. tau. Bitter gourd is a majorly preferred host
for Z. cucurbitae, and due to its high population in the study area
and competition with Z. tau for the same hosts, there can be a
possibility of sponge gourd as a recently preferred host for Z. tau
under the present field and environmental conditions. However,
further experiments are required to prove bottle gourd as a
preferred host for Z. tau. The results are supported by Arya et al.
(2022a) who reported higher adult emergence of Z. cucurbitae
than Z tau from the infested cucurbits. The finding is
complemented by Kambura et al. (2018), who stated Z
cucurbitae as the major fruit fly species that emerged from
infested fruits, proving it to be an important cucurbit-infesting fruit
fly (Mwatawala et al., 2015). The present study concludes that Z.
cucurbitae is the major pest of cucurbits and 25% Cue-lure
(2.5:7.5:1) is more effective for monitoring and mass trapping of

responsive fruit flies than the recommended higher concentration
(33.5%).
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