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Abstract

Fruit flies pose a significant threat to ber (Ziziphus mauritiana Lamk.) cultivation, necessitating effective monitoring and management
strategies. This study evaluated the efficacy of various attractants in trapping Carpomya vesuviana and Bactrocera correcta. Various baits were
tested, including ripe pulp of ber, guava and banana; fish meal; jaggery solution; honey solution; ammonium acetate; proteinex and
commercial lures (methyl eugenol and cue lure). However, no adults of C. vesuviana were captured. But B. correcta was effectively trapped,
with methyl eugenol (T9) and cue lure (T10) consistently demonstrating superior efficacy across all standard weeks. These traps captured the
highest mean number of fruit flies (54.6 and 49.5 flies/trap respectively), followed by proteinex (T8) (13.3 flies/trap) and guava pulp (T3) (7.4
flies/trap). Banana pulp (T2), fish meal trap (T4) and ammonium acetate (T7) showed moderate attraction, with mean trap catches of 6.2, 5.1
and 5.4 flies/trap respectively. In contrast, ripened ber fruit pulp (T1) showed limited effectiveness, with a mean trap catch of 4.8 fruit flies/
trap. Honey solution (T6) and jaggery (T5) recorded the lowest trap catches, with mean values of 1.4 and 1.1 fruit flies/trap respectively,
indicating minimal attractiveness. The findings confirm the efficacy of methyl eugenol and cue lure traps in attracting B. correcta, reinforcing
their role in integrated pest management strategies. However, the failure to trap C. vesuviana highlights the need for alternative attractants
tailored to its behavioural ecology. Future research should focus on developing more efficient trapping methods for C. vesuviana to enhance
pest controlin ber orchards.
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Introduction (Saunders); the ber butterfly Tarcus theophrastus (Fabricius); the
fruit borer Cadra cautella (Walker); the bark-eating caterpillar
Indarbela tetraonis (Moore); the white grub Holotrichia
consanguinea (Blanch); and the stone weevil Aubeus
himalayanus (Voss) are the major pests (4-10). However, ber
cultivation is severely threatened by the fruit fly complexes which
can cause yield losses up to 80 % under severe conditions
affecting different species of ber (11). Infestation of ber fruits
sometimes occurs together with other fruit flies such as
B. correcta (Bezzi), B. dorsalis (Hendel) and B. zonata (Saunders)
(4, 12). The most common species attacking these fruits are
Bactrocera dorsalis (Hendel), B. correcta (Bezzi) and B. zonata
(Saunders) (13, 14). Female attractant baits are essential for
effective monitoring and direct control of these pests (15).
Female fruit flies require a protein source to attain sexual
maturity and for egg development (16).

The Indian jujube (Ziziphus mauritiana Lamk.), also known as
Indian ber, is an ancient and widely cultivated fruit in India.
Recently, there has been a surge in interest in cultivating jujube
orchards in the arid regions of Andhra Pradesh, Gujarat and
Rajasthan. India is the second largest producer of jujube in the
world after China. The major states for jujube cultivation in India
include Maharashtra, Gujarat, Uttar Pradesh, Tamil Nadu,
Jammu and Kashmir, West Bengal, Haryana, Rajasthan, Madhya
Pradesh, Punjab, Karnataka, Bihar, Chhattisgarh and Andhra
Pradesh (1). A total of 22 insect and non-insect species infest ber
in Karnataka State (2). In Andhra Pradesh, 23 pest species that
infest ber were recorded (3). In Punjab, 37 insect pests were
reported to attack ber (4). Among these fruit fly Carpomyia
vesuviana (Costa), Bactrocera dorsalis (Hendel) and B. zonata
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Materials and Methods

Field experiments were conducted at Tamil Nadu Agricultural
University, Regional Research Station, Aruppukottai, Tamil Nadu,
during 2023-2024 to study the efficacy of different attractants for
fruit flies in the ber ecosystem. The experiment was laid out in a
randomised block design (RBD) with ten treatments and three
replications (Table 1). Plastic containers of 1 L capacity (10 cm
diameter and 20 cm height) were modified as fruit fly traps. Four
20 mm holes were made on each side of the container using a
heated blade to allow fruit flies to enter the trap. Traps were
suspended at a height of 1.5-2.0 m from the iron wires of the
pandal using jute twine. An isolation distance of 50 m was
maintained between the treatments and replications. Traps
were placed at the early fruiting stage of the crop and
observations were taken continuously at five-day intervals for
three months. The baits were replaced every ten days. The total
number of fruit flies trapped in each treatment was recorded at
each five-day interval (Fig. 1).

Results

No adults of C. vesuviana were trapped using any of the
attractants tested in this study, which included ripe pulp of ber,
guava and banana; fish meal; 10 % jaggery solution; honey
solution; 5 % ammonium acetate; proteinex; as well as the

Table 1. Treatment details for luring efficacy studies

Treatments Treatment details
T Pulp of ripened ber fruits
T, Guava pulp
Ts Banana pulp
Ta Fish meal trap
Ts Jaggery (10%)
Te Honey solution
Ts Ammonium acetate (5%)
Ts Proteinex
Te Methyl Eugenol trap
Tio Cue lure

Table 2. Treatment efficiency studies for B. correcta in ber ecosystem
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commercial methyl eugenol and cue lure traps. The results for B.
correcta are discussed in detail below.

In the 1% week, the efficacy of various treatments against
B. correcta was assessed based on the number of flies trapped.
The methyl eugenol trap (T9) was the most effective, capturing
76.4 fruit flies/trap, followed by the cue lure trap (T10) with 51.1
fruit flies/trap. Proteinex (T8) recorded 17.0 fruit flies/trap. Traps
baited with ripened ber pulp (T1) and guava pulp (T3) captured
6.6 and 6.0 fruit flies/trap respectively. Honey solution (T6) was
the least effective, attracting only 1.4 fruit flies/trap (Table 2).

In the 2™ standard week, methyl eugenol (T9) remained
the most effective treatment, which captured 69.6 fruit flies/trap,
while the cue lure trap (T10) attracted 53.3 fruit flies/trap.
Proteinex (T8) captured 16.8 fruit flies/trap and the treatments
with the pulp of ripened ber fruits (T1) and guava (T3) captured
7.3 and 7.1 fruit flies/trap respectively and were on par with each
other. Meanwhile jaggery (T5) remained less effective, capturing
1.6 fruit flies/trap.

In the 3 week, methyl eugenol (T9) and cue lure (T10)
traps captured 70.7 and 69.8 fruit flies/trap respectively and were
on par with each other, maintaining their superior efficacy.
Proteinex (T8) captured 16.3 fruit flies/trap, followed by guava
pulp (T3), which recorded 7.9 fruit flies/trap. Jaggery (T5)
remained the least effective, attracting only 1.7 fruit flies/trap
(Table 2).

During the 4" week, methyl eugenol (T9) and cue lure
(T10) traps captured between 67.0 and 67.9 fruit flies/trap and
were on par with each other, confirming their effectiveness. This
was followed by, proteinex (T8) which captured 14.9 fruit flies/
trap and then by, fish meal trap (T4) with 7.7 fruit flies/trap.
Ammonium acetate (5 %) (T7) and pulp of ripened ber fruits (T1)
recorded 7.1 and 6.5 fruit flies/trap. Meanwhile honey solution
(Te) remained least effective with 1.9 fruit flies/trap (Table 2).

Treatment . No. of fruit flies trapped/trap*

No. Treatment details ] M i v v vF:p / \';II Vil X X Mean

) 66 73 0.0 65 75 0.0 0.0 6.2 6.4 73 238
m PulpofripenedBerfruits ) e o790 (07 6 (8¢ (07  (07F (25 26 @7¢ (@21

o Banana pulp 43 5.1 7.1 7.4 6.9 6.5 8.6 6.2 5.2 48 6.2
218 (23 (27°¢ (28« (27 (26  (3.0F (25  (23F (2.1 (2.5

= Guava pulp 6.0 7.1 7.9 49 7.1 6.6 7.9 9.3 8.3 8.9 7.4
25  @7¢ @9 3 @7  (26° (28° (31 (9¢ (9F (2.8)

- Fish meal trap 7.9 0.0 7.4 7.7 0.0 6.2 75 0.0 7.4 7.3 5.1
29°¢ (07" (289 (2.8 (0.7 (25 (28 (07" (2.8¢ (27 (2.1)9

- Jaggery (10%) 00 16 1.7 0.0 0.0 0.0 26 2.1 00 2.7 11
0.7)  (L4F  (L4E (0.7 (07  (0.7)° (L7 (LeE  (0.7) (L6 (L1

6 Honey solution 14 18 23 19 0.0 17 0.0 0.0 2.9 19 14
(1.3)" (1.5)f (1.6)f (1.5)8 (0.7)8 (1.4)¢ (0.7)8 (0.7)" (1.8)" (1.3 (1.3)¢

4 59 5.1 6.2 7.1 8.1 0.0 6.4 7.4 0.0 7.4 5.4
m Ammoniumacetate (5%) ;o p 31 (5 (279 (29° (07 (26° (28)¢ (07 @7¢ @22
T8 broteinex 170 168 163 149  1L7 9.4 113 6.8 131 153 133
@41°  (41)° (40  (3.9°  (34)F (31" (34P (27  (3.6F  (3.9° (3.6)

T Vethyleugenoltap /64 696 707 610 652 467 427 399 366 312 546
877 (837 (84)P (827 (810 (68° (657 (63 (6.0 (557 (7.3)

10 Cuelure trap 511 533  69.8 679 622 462 423 371 345 308 495
(7P (73" (832 (827 (7.9 (6.8 (652 (6.1)° (59 (557 (7.0

C.D. (0.05) 007 005 0.09 0.06 0.06 0.06 0.09 0.05 0.05 006 066
CV (%) 120 101 161 1.06 111 126 128 1.06 115 118 22.96

*Mean of three replications.

Figures in parentheses are yx+0.5 transformed values.

Mean + SE; In a column, means followed by same letter are on par by DMRT (p = 0.05).
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Fig. 1. Luring efficiency testing for different attractants in ber ecosystem.
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In the 5" week, methyl eugenol (T9) showed highest
efficacy of 65.2 fruit flies/trap, followed by cue lure (T10) traps with
62.2 fruit flies/trap. Proteinex (T8) captured 11.7 fruit flies/trap,
followed by ammonium acetate (5 %) (T7) with 8.1 fruit flies/trap,
while banana pulp (T2) had the lowest efficacy with 6.9 fruit flies/
trap. In terms of the 6™ week, methyl eugenol (T9) and cue lure
(T10) traps captured 46.7 and 46.2 fruit flies/trap and were on par
with each other and then they were followed by proteinex (T8)
which showed 9.4 fruit flies/trap. Banana pulp (T2), guava pulp (T3)
and fish meal trap (T4) recorded 6.5, 6.6 and 6.2 fruit flies/trap
respectively and were on par with each other. The honey solution
(T6) showed the least efficacy with a value of 1.7 fruit flies/trap.

The results from the 7" week showed that methyl eugenol
(T9) and cue lure (T10) traps captured 42.7 and 42.3 fruit flies/trap
respectively and were on par with each other. The treatment with
proteinex (T8) and fish meal trap (T4) recorded 11.3 and 7.5 fruit
flies/trap respectively and were on par with each other.

In the 8% week, methyl eugenol (T9) and cue lure (T10)
traps captured 39.9 and 37.1 fruit flies/trap respectively, followed
by proteinex (T8), which captured 6.8 fruit flies/trap (Table 2).

During the 9% week, the attractant methyl eugenol
captured (T9) 36.6 fruit flies/trap, followed by the cue lure trap
(T10) with 34.5 fruit flies/trap and then proteinex (T8) with 13.1 fruit
flies/trap. The least efficacy recorded was 2.9 fruit flies/trap in
honey solution (T6). The 10" week showed that methyl eugenol
(T9) and cue lure (T10) traps captured 31.2 and 30.8 fruit flies/trap
respectively and were on par with each other. The treatment
proteinex (T8) showed 15.3 fruit flies/trap and honey solution (T6)
recorded the least effective treatment with 1.9 fruit flies/trap.

On average, over the study period, the methyl eugenol trap
(T9) and the cue lure trap (T10) captured a significantly higher
mean of 54.6 and 49.5 fruit flies/trap and they were statistically on
par with each other. The proteinex trap (T8) followed with a mean
of 13.3 fruit flies/trap. Guava pulp (T3) showed moderate
effectiveness, capturing an average of 7.4 fruit flies/trap. Other
treatments, including fish meal trap, banana pulp and pulp of
ripened ber and honey solution, exhibited lower average catches.
Jaggery (T5) was consistently the least effective, with a mean of
only 1.1 fruit flies/trap (Table 2).

Discussion

Methyl eugenol trap and cue lure traps consistently captured
significantly the highest mean number of flies/trap (54.6 and 49.5
respectively) and they were statistically on par with each other.
This was followed by the proteinex treatment, which attracted an
average of 13.3 fruit flies/ trap. Guava pulp also showed moderate
attraction with 7.4 fruit flies/trap. The present findings are in
alignment with the previous reports, which stated that
proteinaceous substrates were essential for the sexual maturation
and ovary development of tephritid male and female fruit fly
adults (17). The attractiveness of different protein food baits to
female fruit flies concluded that the mixture of proteinex and 5 %
ammonium acetate attracted more B. correcta, B. dorsalis and B.
cucurbitae in guava (18). They also reported that a fruit fly diet and
mango pulp with 5 % ammonium acetate could be used for the
management of fruit flies in mango orchards.

4

Yeast and sucrose play a major role in the artificial diet of
the fruit fly adults and the proportions of these were very crucial for
the egg production of B. dorsalis (19). Previous trials that used only
sugar as bait attracted a limited number of flies and they stated
that the function of sugar was to stimulate the feeding rate, which
was essential in insecticide bait sprays (20).

Protein-rich molasses and snake gourd pulp, when added
to yeast and black jaggery in a 1:1:1 ratio along with acetic acid (5
%), captured fruit flies in the snake gourd ecosystem (21). Jaggery
was found to be attractive to Z tau (22). Proteinex + guava pulp
and Proteinex + 5 % ammonium acetate are attractive to B.
correcta, B. dorsalis and Z cucurbitae (18). Ammonia-releasing
components in food baits act as key factors in attracting female
fruit flies (23). Ammonium acetate (5 %) is reported to stimulate
the attractiveness of food baits to female fruit fly adults (18). The
alluring capacity of food bait to the Mediterranean fruit fly, C.
capitata, appears to increase with the release of ammonia from
the bait (23). This was attributed to the fact that ammonia and its
derivatives act as volatile cues for female fruit flies.

Conclusion

The study assessed the efficacy of various attractants in
capturing C. vesuviana and B. correcta. Notably, no adults of C.
vesuviana were captured using any of the tested attractants,
including ripe fruit pulps, protein-based baits and commercially
available lures. However, among the tested attractants for B.
correcta, methyl eugenol (T9) and cue lure (T10) traps
consistently outperformed the other treatments across all
standard weeks. These traps captured the highest mean number
of fruit flies per trap (54.6 and 49.5 respectively), significantly
surpassing the other attractants. Proteinex (T8) showed
moderate efficacy (13.3 fruit flies/trap), while guava pulp (T3) also
demonstrated some effectiveness (7.4 fruit flies/trap). Other
treatments, such as honey solution, fish meal, banana pulp and
ripened ber pulp, had lower capture rates. Jaggery solution was
the least effective attractant throughout the study. The results
confirm that methyl eugenol and cue lure remain the most
effective attractants for B. correcta, reinforcing their role in fruit
fly management strategies. Future studies should explore
alternative attractants for C. vesuviana and optimize baiting
techniques to enhance trapping efficacy in ber orchards.

Acknowledgements

The authors acknowledge the support of Tamil Nadu Agricultural
University, Coimbatore, Tamil Nadu, for encouraging the PG
scholars to write this research article.

Authors' contributions

KP was responsible for the planning, framework, editing and
compilation of the review article and drafted the manuscript. UB
contributed to editing and reviewing, while KJ participated in
developing the concept, supervising the work and investigating
the resources. SK, RKN and MML were responsible for editing,
resource acquisition and reviewing and served as advisors. All
authors read and approved the final manuscript.

https://plantsciencetoday.online


https://plantsciencetoday.online

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interest to declare.

Ethical issues: None

References

1. Jaleel W, Saeed R, Shabbir MZ, Azad R, Ali S, Sial MU. Olfactory
response of two different Bactrocera fruit flies (Diptera: Tephritidae)
on banana, guava and mango fruits. J King Saud Univ Sci. 2021;33
(5):101455. https://doi.org/10.1016/j.jksus.2021.101455

2. Balikai RA. Pest scenario of ber (Zizyphus mauritiana Lam.) in
Karnataka. Pest Manag Hortic Ecosyst. 1999;5(1):67-9.

3. Kavitha Z, Savithri P. Documentation of insect pests on ber. J Sci Ind
Hortic. 2002;50(1-3):223-5.

4. Singh S. Management of fruit flies on fruit crops in Punjab. Punjab
Agricultural University; 2017.

5. Singh S, Shashank P, Sandhu RK. First report of fruit borer Cadra
cautella (Walker) on ber in Punjab. Indian J Entomol. 2021;83(3):475
-8. https://doi.org/10.5958/0974-8172.2021.00029.8

6.  Rajpal Singh RS. Studies on varietal susceptibility of oriental fruit fly,
Bactrocera dorsalis (Hendel) on guava and its attraction to different
poison baits. Asian J Bio Sci. 2008;3(2):330-2.

7. Singh S, Bal J, Sharma D, Kaur H, editors. Current status of
biological control agents of insect pests of Indian jujube (ber) in
North-Western India. In: XXIX International Horticultural Congress
on Horticulture: Sustaining Lives, Livelihoods and Landscapes
(IHC2014); Brisbane, Australia. Acta Horticulturae No. 1116; 2014.

8.  Karuppaiah V, More T, Sivalingam P, Hanif K, Bagle B. Prevailing
insect pests of ber (Ziziphus mauritiana Lamk) and their natural
enemies in hot arid ecosystem. Haryana J Hortic Sci. 2010;39(3-
4):214-6.

9.  Singh S. Prevalence of insects and mite pests infesting Indian jujube
in plains of North India. Indian J Plant Prot. 2020;44(2):83.

10. Singh S. Termite trap: a novel technology for eco-friendly
management of termites in orchards. Agric Res J. 2020;57(2):184-7.
https://doi.org/10.5958/2395-146X.2020.00029.0

11. Batra H. Biology and control of Dacus diversus Goquillett and
Carpomyia vesuviana Costa and important notes on other fruit flies
inIndia. Indian J Agric Sci. 1954;23:87-112.

12. Haldhar S, Bhargava R, Krishna H, Berwal M, Saroj P. Bottom-up
effects of different host plant resistance cultivars on ber (Ziziphus
mauritiana)-fruit fly (Carpomyia vesuviana) interactions. Crop Prot.
2018;106:117-24. https://doi.org/10.5958/2395-146X.2020.00029.0

13. Verghese A, Madhura H, Kamala Jayanthi P, Stonehouse JM,
editors. Fruit flies of economic significance in India, with special
reference to Bactrocera dorsalis (Hendel). In: Proceedings of the 6th
International Fruit Fly Symposium; 2002.

14. Rajitha A, Viraktamath S. Species diversity and relative abundance
of fruit flies (Diptera: Tephritidae) in guava and mango orchards at

Dharwad. In: Proceedings of the National Conference on Animal
Taxonomy - Emerging Trends, Kochi; 2005.

15. Mazor M, Peysakhis A, Reuven G. Release rate of ammonia-a key
component in the attraction of female Mediterranean fruit fly to
protein-based food lures. IOBC WPRS Bull. 2002;25(9):323-8.

16. Christenson L, Foote RH. Biology of fruit flies. Annu Rev Entomol. 1960;5
(1):171-92. https://doi.org/10.1146/annurev.en.05.010160.001131

17. Manrakhan A. Detection and monitoring of fruit flies in Africa. In:
Ekesi S, Mohamed S, De Meyer M, editors. Fruit fly research and
development in Africa-towards a sustainable management strategy
to improve horticulture. Cham.: Springer; 2016. p. 253-73. https://
doi.org/10.1007/978-3-319-43226-7_12

18. Ravikumar P, Viraktamath S. Attraction of female fruit flies to
different protein food baits in guava and mango orchards.
Karnataka J Agric Sci. 2007;20(4):745.

19. Hou Q-L, Chen E-H, Dou W, Wang J-J. Assessment of Bactrocera
dorsalis (Diptera: Tephritidae) diets on adult fecundity and larval
development. J Insect Sci. 2020;20(1):7. https://doi.org/10.1093/
jisesa/iez128

20. Mesquita PRR, Magalhaes-Junior JT, Cruz MA, Novais HO, Santos
JRJ, Carvalho SL, et al. Sources of protein as food baits for
Anastrepha obliqua (Diptera: Tephritidae): tests in a wind tunnel
and the field. Florida Entomol. 2018;101(1):20-4. https://
doi.org/10.1653/024.101.0105

21. Sowmiya L, Chandrasekaran M, Soundararajan R. Evaluation of cost
-effective natural attractants for fruit fly in snake gourd ecosystem.
JPharmacogn Phytochem. 2021;10(2S):151-6.

22. Verma J, Nath A. Management of fruit flies through trapping-a
review. Agric Rev. 2006;27(1):44-52.

23. Pifiero JC, Souder SK, Vargas RI. Synergistic and additive
interactions among components of food-based baits underlying
female fruit fly attraction. Entomol Exp Appl. 2020;168(4):339-48.
https://doi.org/10.1111/eea.12890

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.jksus.2021.101455
https://doi.org/10.5958/0974-8172.2021.00029.8
https://doi.org/10.5958/2395-146X.2020.00029.0
https://doi.org/10.5958/2395-146X.2020.00029.0
https://doi.org/10.1146/annurev.en.05.010160.001131
https://doi.org/10.1007/978-3-319-43226-7_12
https://doi.org/10.1007/978-3-319-43226-7_12
https://doi.org/10.1093/jisesa/iez128
https://doi.org/10.1093/jisesa/iez128
https://doi.org/10.1653/024.101.0105
https://doi.org/10.1653/024.101.0105
https://doi.org/10.1111/eea.12890
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

