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1. Introduction

Fruit flies (Diptera: Tephritidae) are among the most destructive insect pests affecting horticultural production
worldwide, causing substantial economic losses through direct fruit damage, reduction in fruit quality, and
restrictions on international trade [1-4]. Among these pests, the peach fruit fly, Bactrocera zonata (Saunders), has
emerged as an important invasive species in Africa and the Middle East. The pest attacks a wide range of
economically important fruits and vegetables including guava, mango, citrus, peach, and cucurbits, leading to
severe yield reduction and market losses [5]. Since its introduction into Sudan in 2012, B. zonata has become a
serious threat to horticultural production systems, particularly in irrigated agricultural regions such as Gezira State
[6, 71.

The extensive use of chemical insecticides for fruit fly management has resulted in several environmental and
economic concerns, including pesticide resistance, destruction of non-target organisms, environmental
contamination, and residue accumulation on fruits intended for export markets [8-10]. Consequently, integrated
pest management (IPM) approaches emphasizing environmentally friendly and sustainable methods have gained
increasing importance. Among these approaches, biological control using parasitoid wasps has proven highly
effective in suppressing fruit fly populations under both natural and managed ecosystems [11].

Parasitoid wasps belonging to the family Braconidae are among the most important natural enemies of
tephritid fruit flies. The family Braconidae represents one of the largest and most diverse hymenopteran families,
comprising more than 20,000 described species worldwide, with many additional undescribed taxa [12-14].
Members of the subfamily Opiinae are particularly important because most species are larval-pupal
endoparasitoids of cyclorrhaphous Diptera, especially fruit flies [15]. Species of the genus Psyttalia Walker have
received considerable attention due to their effectiveness in biological control programs targeting invasive fruit
flies [7, 16, 17].

The genus Psyttalia includes numerous parasitoid species distributed across tropical and subtropical regions of
Africa, Asia, and the Mediterranean basin [15]. Several species, including P. concolor, P. humilis and P. cosyrae, have
been widely studied for their potential in suppressing populations of Bactrocera [12] and [18] and Ceratitis species
[14, 19-21]. These parasitoids are characterized by their high host specificity, adaptability to different
environmental conditions, and ability to establish stable populations in fruit-growing areas [11, 22, 23].

In Sudan, information concerning indigenous and introduced parasitoids associated with invasive fruit flies
remains limited. The shortage of specialized taxonomists and the lack of comprehensive molecular databases for
parasitoids have hindered accurate identification and documentation of parasitoid fauna. Traditional
morphological identification remains fundamental in insect taxonomy; however, morphological similarities among
closely related species often complicate accurate diagnosis [24, 25]. Therefore, the integration of molecular
techniques with classical taxonomy has become essential for accurate species identification and phylogenetic
characterization.

Molecular identification based on mitochondrial DNA markers, particularly the cytochrome c oxidase subunit |
(COl) gene, has become a widely accepted tool for DNA barcoding and species discrimination in insects [26]. The
COI gene possesses sufficient interspecific variation while remaining relatively conserved within species, making it
highly suitable for distinguishing closely related parasitoid taxa [27]. Polymerase Chain Reaction (PCR)-based
amplification of COIl sequences has been successfully applied for the identification and differentiation of several
species of Psyttalia associated with fruit flies [28, 29].

The accurate identification of parasitoid species associated with B. zonata in Sudan is important for developing
effective biological control programs and improving integrated management strategies against invasive fruit flies.
Therefore, the present study aimed to characterize Psyttali species associated with B. zonata in Sudan using both
morphological and molecular approaches. The study also sought to provide baseline information on parasitoid
diversity and contribute to future biological control research programs in Sudan.
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2. Materials and Methods
2.1. Sample Collection

Guava fruits infested by fruit flies were collected from Fadasi and Gazirat Elfil in the Gezira State from June to
August 2017 [21]. Infested fruits were kept in plastic containers 20x10x15 cm, containing sterile soil, and closed
with cotton cloth and rubber bands to avail ventilation. The soil was moistened to keep suitable environment for
the emergence of the puparia. After ten days, the soil was sifted to collect puparia and sort them out depending
on their color. The puparia that showed signs of parasitism (black) were placed in 9 cm diameter Petri dishes, with
wet soil, and kept in special transparent cages 30x30x30 c¢cm at the Integrated Pest Management Research and
Training Center (IPM) laboratory in the headquarters of (ARC) Wad Medani. Twenty samples of emerged Psyttalia sp.
were collected from the guava fruits. The emerged parasitoids were left for 24 hours to feed on honey and then
collected by using an aspirator. Parasitoids were preserved in 70% alcohol (ethanol) in Eppendorf tubes. Preserved
samples were used later for morphological and molecular identification.

2.2. Morphological Identification

Collected parasitoid specimens were investigated for their presence at the insect taxonomy unit. Parasitoid
specimens were viewed individually under a dissecting microscope. Parasitoid specimens were identified
depending on the morphological characters of wings, head, thorax, eyes, antennae shape, legs, and hind
abdomen following the key of the hymenopteran species [24].

2.3. Molecular Identification

Whole genomic DNA of single insect was extracted from 17 specimens of Psytallia sp; that are morphologically
similar, using a modified potassium-acetate following protocol described by [18]

2.4. DNA Amplification by Polymerase Chain Reaction (PCR)

Cytochrome Oxidase subunit one (COIl) gene regions of the Genomic DNA of the samples of Psyttalia sp was
amplified using analytical thermo-cycler TAS™ (Thermo Assists, Pettier technology). The universal primer LCO1490
(5" GGTCAACAAATCATAAAGATATTGG-3") paired with reverse (HCO 2198) (5 -TAAACTTCAGGGTGACCAAAAAATCA-
37) (Folmer et al., 1994) were used for DNA amplification. DNA amplifications (PCR) were performed using
ISTARTag™DNA polymerase (5U/ul). Total reaction volume of 25pl contained: 2ul DNA template, 2ul (10x) PCR
buffer (300mM Tris HCI (pH 9.0); 300mM salt containing K+ and NH4+ w/20Mm Mg?), 2pl dNTPs , 1pl forward and
reverse primers, 0.3pl Taq Polymerase and 16 pl dd. sterile water. The reaction solution was put in the thermo-
cycler machine programmed to 95°C for 5 minutes, followed by 35cycles of 94°C for 30 seconds, 53°C for 30
seconds and 72°C for 45 seconds and a final extension at 72°C for 6 minutes. Amplified products were separated
on 2% agarose gels (ACROS). Gels were stained using ethidium bromide and the PCR DNA was documented using
UV documentation system (Ingenious/Syngeneic Bio Imaging).

3. Results and Discussion
3.1. Morphological Identification of Psyttalia sp.

The parasitoid specimens collected from the infested guava fruits were identified morphologically as belonging
to the genus Psyttalia Walker (Hymenoptera: Braconidae: Opiinae). Identification was confirmed by [8] at the
International Centre of Insect Physiology and Ecology (icipe), Kenya. Examination of the records available at the
Insect Collection Unit of the Agricultural Research Corporation (ARC), Sudan, revealed that this parasitoid species
had not previously been documented, suggesting either a recent introduction or an underexplored parasitoid
fauna associated with fruit flies in Sudan.

The examined female specimens exhibited several characteristic morphological features typical of the genus
Psyttalia. Adult wasps were generally small, measuring approximately 2-5 mm in body length, with a slender body
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and brownish-yellow coloration (Fig. 1). The antennae were filiform and composed of fewer than 35 antennal
segments, a characteristic feature closely associated with P. concolor. The clypeus was relatively short and
protruding, while the mandibles displayed the characteristic structure described for members of the subfamily
Opiinae.

Figure 1: Morphological features of female of Psyttalia sp. showing natural colour.

The forewing venation pattern represented one of the most important diagnostic characters observed in the
specimens. The second submarginal cell appeared relatively elongated, and the forewing stigma was broad and
well-developed. The hind wing vein RS was absent or highly reduced, consistent with previously described
diagnostic characteristics of Psyttalia species (Fig. 2 and 4). Furthermore, the vein located between m-cu and 2RS
was distinctly thickened, while the m-cu vein originated basally or directly in line with 2RS.

Figure 2: Distinguishing morphological features of Psytallia sp., the antenna and antennal base.

The metasomal tergites provided additional important diagnostic features. The second metasomal tergum (T2)
was distinctly shorter than the third metasomal tergum (T3), which clearly differentiated the specimens from other
closely related genera such as Opius (Fig. 3). In addition, the hypopygium was elongated and strongly attenuated
medially, a feature commonly reported in Psyttalia species. These combined morphological characters strongly
indicated that the collected parasitoid belongs to the genus Psyttalia and shares close similarity with P. concolor.
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Figure 3: Morphological distinctive wings of Psytallia concolor showing forewing.

Occipitalcarina¥l

Figure 4: Anterior view of head capsule showing the occipital carina and shortened second metasomal tergum (T2) typical of
Psytallia sp.

3.2. Molecular Identification of Psyttalia sp.

A total of twenty PCR amplification trials were conducted using genomic DNA extracted from seventeen
parasitoid specimens. Successful amplification of the mitochondrial cytochrome oxidase subunit | (COI) gene was
achieved in three samples under the optimized PCR conditions described in the Materials and Methods section.

The universal primer pair LCO1490 and HCO2198 successfully amplified a DNA fragment ranging from
approximately 700 to 710 base pairs (bp) (Fig. 5). The amplified products appeared as clear and distinct bands on
2% agarose gel electrophoresis, confirming successful amplification of the target COIl region. The obtained
fragment size was consistent with previously reported COl amplification products for Psyttalia species and
particularly P. concolor [16, 29, 301].

Among the tested samples, only three produced positive amplification products, while the remaining samples
failed to generate visible bands. Alteration of the PCR conditions resulted in the absence of specific amplification
products, indicating that successful amplification depended strongly on optimized reaction conditions.
Nevertheless, the successful amplification obtained in the positive samples confirmed the suitability of the
selected universal primers for molecular characterization of Psyttalia species.

The molecular results supported the morphological identification and demonstrated the usefulness of COI-
based PCR amplification as a reliable diagnostic tool for parasitoid identification. The combination of
morphological and molecular evidence strengthened the identification of the collected parasitoid as a member of
the genus Psyttalia.
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Lane 1, 100 bp DNA ladder standard.
Lanes 1, 2, 8 positive amplification products of COI gene.
Lanes 3, 4, 5,6,7,9,10,11,12 negative amplification products of COI gene.

Figure 5: Agarose gel showing PCR amplification products of COI gene. The produced 700 bp bands were specific for Psyttalia
species.

The present study successfully characterized a parasitoid species associated with B. zonata in Sudan using both
morphological and molecular approaches. The results demonstrated that the collected parasitoid belongs to the
genus Psyttalia (Hymenoptera: Braconidae: Opiinae), a group recognized worldwide for its important role in the
biological control of tephritid fruit flies.

Morphological examination revealed several diagnostic characteristics that clearly distinguished the studied
specimens from other members of the subfamily Opiinae. Among the most important characters observed were
the shortened second metasomal tergum (T2), elongated second submarginal cell, broad forewing stigma,
reduced hind wing venation, and attenuated hypopygium. These characteristics agree closely with the
descriptions provided by [15, 28] for Psyttalia species associated with fruit flies.

The observed morphological similarity between the Sudanese specimens and P. concolor suggests a close
taxonomic relationship. Similar findings were reported by [20], who documented the effectiveness and
widespread distribution of P. concolor and related species in biological control programs targeting tephritid fruit
flies. The relatively low number of antennal segments and the characteristic wing venation observed in the
present study further support this relationship.

4. Conclusion

To improve identification of insect species, further taxonomical work should be considered. This study paved
the way for future research in parasitoid wasps in Sudan. The molecular identification is true additive and
supportive to morphological identification. Its high time to conduct survey regarding natural enemies especially
parasitic hymenoptera for their importance role in biological control programs in Sudan.

Conflict of Interest

The authors declare that they have no conflict of interest.
Funding
The authors received no specific funding for this study.

90



Morphological and Molecular Characterization of Psyttalia sp. Elbashir et al.

References

(1

[2]

[3]

[41

[5]
[6]

[7]

(8l

[9]

(101

(1]

[12]

[13]

[14]

[15]

[1el

(171

[18]

[19]

[20]

[21]

[22]

Ekesi S, De Meyer M, Mohamed SA, Virgilio M, Borgemeister C. Taxonomy, ecology, and management of native and exotic fruit fly
species in Africa. Ann Rev Entomol. 2016; 61(1): 219-38. https://doi.org/10.1146/annurev-ento-010715-023603

Vargas RI, Pifiero JC, Leblanc L. An overview of pest species of Bactrocera fruit flies (Diptera: Tephritidae) and the integration of
biopesticides with other biological approaches for their management with a focus on the Pacific region. Insects. 2015; 6(2): 297-318.
https://doi.org/10.3390/insects6020297

De Meyer M. Taxonomy and systematics of African fruit flies (Diptera: Tephritidae). In: Ekesi S, Mohamed SA, De Meyer M, Eds. Fruit fly
research and development in Africa-towards a sustainable management strategy to improve horticulture. Cham: Springer International
Publishing; 2016. p. 3-18. https://doi.org/10.1007/978-3-319-43226-7_1

Mahmoud MEE, Adam NA, Abukashwa SM, Kambal MA, Rizki AA, Mohamed SA, et al. Molecular identification of some African and Asian
tephritid fruit flies (Diptera) using mitochondrial cytochrome oxidase |. Glob | Agric Innov Res Dev. 2025;12:39-47.
https://doi.org/10.15377/2409-9813.2025.12.4

De Meyer M, Mohamed SA, White IM. Invasive fruit fly pests in Africa. Tervuren, Belgium: Royal Museum for Central Africa; 2009. p. 33.

Mahmoud MEE, Mohamed SA, Ndlela S, Azrag AG, Khamis FM, Bashir MA, et al. Distribution, relative abundance, and level of infestation
of the invasive peach fruit fly Bactrocera zonata (Saunders)(Diptera: Tephritidae) and its associated natural enemies in Sudan.
Phytoparasitica. 2020; 48(4): 589-605. https://doi.org/10.1007/512600-020-00829-0

Mahmoud MEE, Khamis FM, Ekesi S. Spatial and temporal distribution, relative abundance and host range of Bactrocera zonata in
Sudan. In: Proceedings of the 3rd International Symposium of TEAM (Tephritid Workers of Europe, Africa and the Middle East); 2016;
Stellenbosch, South Africa.

Badii KB, Billah MK, Afreh-Nuamah K, Obeng-Ofori D, Nyarko G. Review of the pest status, economic impact and management of fruit-
infesting flies (Diptera: Tephritidae) in Africa. Afr ] Agric Res. 2015; 10(12): 1488-98. https://doi.org/10.5897/AJAR2014.9278

Purcell MF, Stark JD, Messing RH. Insecticide effect on three tephritid fruit flies and associated braconid parasitoids in Hawaii. Journal of
Economic Entomology. 1994; 87(6): 1455-62. https://doi.org/10.1093/jee/87.6.1455

Mahmoud MEE, Kambal MA, Abukashwa SM, Mohamed SA, Ekesi S. Field response of tephritid fruit flies (Diptera) to fruit juice of some
botanicals and implications for bio-rationale pest management in Sudan. Glob ] Agric Innov Res Dev. 2022; 9: 1-9.
https://doi.org/10.15377/2409-9813.2022.09.1

Sari PM, Bakti D, Tobing MC. The diversity of fruit flies in red guava crops and parasitoid parasitization level in district deli serdang. ]
Commun Res Ser. 2017; 1(2): 26-30. https://doi.org/10.24114/jcrs.v1i2.9331

Powell C, Caleca V, Rhode C, Teixeira da Costa L, van Asch B. New mitochondrial gene rearrangement in Psyttalia concolor, P. humilis
and P. lounsburyi (Hymenoptera: Braconidae), three parasitoid species of economic interest. Insects. 2020; 11(12): 854.
https://doi.org/10.3390/insects11120854

Quicke DLJ, Austin AD, Fagan-Jeffries EP, Hebert PDN, Butcher BA. Molecular phylogeny places the enigmatic subfamily Masoninae
within the Ichneumonidae, not the Braconidae. Zool Scr. 2020; 49(1): 64-71. https://doi.org/10.1111/zs5¢.12390

Jackson CG, Vargas RI, Suda DY. Populations of Bactrocera cucurbitae (Diptera: Tephritidae) and its parasitoid, Psyttalia fletcheri
(Hymenoptera: Braconidae) in Coccinia grandis (Cucurbitaceae) or ivy gourd on the island of Hawaii. Proc Hawaii Entomol Soc. 2003; 36:
39-46.

Wharton RA. Two new species of Psyttalia Walker (Hymenoptera: Braconidae: Opiinae) reared from fruit-infesting tephritid (Diptera)
hosts in Kenya. In: Advances in the systematics of Hymenoptera: Festschrift in honour of Lubomir Masner. ZooKeys. 2009; 20: 349-77.
https://doi.org/10.3897/zookeys.20.99

Wang X, Daane KM, Hoelmer KA, Lee JC. Biological control of spotted-wing Drosophila: an update on promising agents. In: Garcia FRM,
Ed. Drosophila suzukii management. Cham: Springer; 2021. p. 143-67. https://doi.org/10.1007/978-3-030-62692-1_8

Rasool B, Younis T, Igbal J, Zafar S, Parvaiz A, Rasool |, et al. Preference for host larval stages and density-dependent parasitism of
Psyttalia parasitoid species in Bactrocera fruit flies. Int ] Pest Manage. 2024; 8:1-1.

Proft J, Maier WA, Kampen H. Identification of six sibling species of the Anopheles maculipennis complex (Diptera: Culicidae) by a
polymerase chain reaction assay. Parasitology Res. 1999; 85(10): 837-43. https://doi.org/10.1007/s004360050642

Copeland RS, Wharton RA, Luke Q, De Meyer M, Lux S, Zenz N, et al. Geographic distribution, host fruit, and parasitoids of African fruit
fly pests Ceratitis anonae, Ceratitis cosyra, Ceratitis fasciventris, and Ceratitis rosa (Diptera: Tephritidae) in Kenya. Ann Entomol Soc Am.
2006; 99(2): 261-78. https://doi.org/10.1603/0013-8746(2006)099[0261:GDHFAP]2.0.CO;2

Daane KM, Johnson MW, Pickett CH, Sime KR, Wang XG, Nadel H, et al. Biological controls investigated to aid management of olive fruit
fly in California. Calif Agric. 2011; 65(1): 21-8. https://doi.org/10.3733/ca.v065n01p21

Mahmoud MEE, Mohamed SA, Khamis FM, Basher MI, Ekesi S. Parasitoids of Bactrocera zonata (Diptera: Tephritidae) and the role of
Tetrastichus giffardianus Silvestri (Hymenoptera: Eulophidae) in its natural control. In: Proceedings of the 96th Meeting of the National
Pest and Diseases Committee; 2017; ARC, Wad Medani, Sudan.

Wang X, Walton VM, Hoelmer KA, Pickett CH, Blanchet A, Straser RK, et al. Exploration for olive fruit fly parasitoids across Africa reveals
regional distributions and dominance of closely associated parasitoids. Sci Rep. 2021; 11(1): 6182. https://doi.org/10.1038/s41598-021-
85253-y

91



Elbashir et al. Global Journal of Agricultural Innovation, Research & Development, 13(2), 2026

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Rasolofoarivao H, Ravaomanarivo LH, Delatte H. Abundance and diversity of tephritid parasitoids in different agroecological and
climatic regions of Madagascar. In: Pérez-Staples D, Dominiak B, Vera MT, Bakri A, Eds. Fruit flies of economic importance XI. Boca
Raton: CRC Press; 2026. p. 155-71. https://doi.org/10.1201/9781003644330-16

Austin AD, Johnson NF, Dowton M. Systematics, evolution, and biology of scelionid and platygastrid wasps. Annu Rev Entomol. 2005; 50:
553-82. https://doi.org/10.1146/annurev.ento.50.071803.130500

Sharkey MJ, Baker A, McCluskey K, Smith A, Naik S, Ratnasingham S, et a/. Addendum to a minimalist revision of Costa Rican Braconidae:
28 new species and 23 host records. ZooKeys. 2021; 1075: 77-109. https://doi.org/10.3897/z00keys.1075.72197

Hebert PD, Ratnasingham S, De Waard JR. Barcoding animal life: cytochrome c oxidase subunit 1 divergences among closely related
species. Proceedings of the Royal Society of London. Series B: Biological Sciences. 2003; 270(suppl_1): S96-9.
https://doi.org/10.1098/rsbl.2003.0025

Smith MA, Rodriguez JJ, Whitfield JB, Deans AR, Janzen DH, Hallwachs W, et al. Extreme diversity of tropical parasitoid wasps exposed by
iterative integration of natural history, DNA barcoding, morphology, and collections. Proc Natl Acad Sci U S A. 2008; 105(34): 12359-64.
https://doi.org/10.1073/pnas.0805319105

Rugman-Jones PF, Wharton R, van Noort T, Stouthamer R. Molecular differentiation of the Psyttalia concolor species complex
(Hymenoptera: Braconidae) associated with olive fly, Bactrocera oleae (Diptera: Tephritidae), in Africa. Biol Control. 2009; 49(1): 17-26.
https://doi.org/10.1016/j.biocontrol.2008.12.005

Shariff S, Ibrahim NJ, Md-Zain BM, Idris AB, Suhana Y, Yaakop S. Accurate and rapid identification of opiines (Braconidae: Opiinae),
parasitoids of fruit flies (Diptera: Tephritidae), using multiplex PCR. Acta Biol Malays. 2013; 2: 79-84.

Mohamed SA, Ramadan MM, Ekesi S. In and out of Africa: Parasitoids used for biological control of fruit flies. In: Ekesi S, Mohamed SA,
De Meyer M, Eds. Fruit fly research and development in Africa-towards a sustainable management strategy to improve horticulture.
Cham: Springer International Publishing; 2016. p. 325-68. https://doi.org/10.1007/978-3-319-43226-7_16

92



