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ABSTRACT

Present field experiment was carried out to record the diversity along with taxonomical features of the
potential natural enemies associated with a major polyphagous pest of mustard i.e. Lipaphis erysimi
(Kaltenbach, 1843) in field condition. The mustard aphid, Lipaphis erysimi (Kaltenbach, 1843), belonging to
the family Aphididae and order Hemiptera, is regarded as one of the most notorious pest among the 24 major
pests infesting the Mustard. That’s why this field survey had conducted during Rabi season of 2024-25 at
experimental fields of the Department of Plant Protection, Aligarh Muslim University, Aligarh, Uttar Pradesh,
India, ranging between 27° 54" North latitude to 78°05' East longitude with an elevation of 178 of above mean
sea level to distinguish the taxonomically potential biocontrol agents and their life stages targeting the
mustard aphid efficiently. There were three natural enemies observed to feed the Lipaphis erysimi (Kalt)
effectively in field condition, belonging to three orders of the class Insecta: Coleoptera (Coccinellidae),
Diptera (Syrphidae) and Hymenoptera (Braconidae). After collecting the specimens, a critical examination of
the morphological features along with major dichotomous taxonomic keys had performed to identify the
insects upto species level. In India, 47 species of Coccinellidae, 27 species of Syrphidae and 17 species of
Braconidae family have already described or distributed among the 28 states or union territories. Among the
predators, Coccinella septempunctata Linnaeus belongs to family: Coccinellidae and subfamily: Coccinellinae
and second one Eristalinus arvorum (Fabricius) commonly referred as Syrphid fly comes under the family:
Syrphidae and subfamily: Eristalinae were identified after reviewing the several taxonomic keys. Diaeretiella
rapae Maclntosh, an endoparasitoid in the family Braconidae and subfamily Aphidiinae, parasitized the
aphids and their nymphs effectively, were also clearly distinguished. After vigorous identification, the
biological hirechary or taxonomic trees of each specimen were also formatted and the illustrations of most
distinguishing key characters along their distribution and host association were manifested in this literature.
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Indian Mustard, Brassica juncea (L.) is India’s most

Introduction etal., 2022). Due to the diverse utilities and rich nutrient

availability, this oilseed crop snatches a nationwide

widely cultivated and commonly consumed rabi season
oilseed crop. Among the seven major oilseed crops,
notably, rapeseed-mustard Brassica juncea (L.)
(commonly known as ‘rai’) (Warwick et al., 2011) is
primarily grown to meet the demand for vegetable oil,
contributing to about 35% of oil production in India (Rai

acceptance across the farmers. In India, except the
Brassica juncea, three other Cruciferous species or
ecotypes of Brassica are cultivated to some extent i.e.
B. campestris viz. yellow sarson, B. rapa ssp. Oleifera,
brown sarson and B. nigra. (Kumar, 2015). During the
year of 2023-24 Indian mustard accounts for 33.24% of
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the total oilseed production in the country, which is 13.56
million tonnes out of a nation’s total of 39.59 million tonnes
(Rai et al., 2022).

Though it’s a high value crop, yet the yield and output
of mustard and rapeseed are adversely affected by
various biotic and abiotic stresses (Rawat et al., 2024).
Among the biotic stresses, devastating pests become the
serious concern for the yield and oil quality of this crop,
now days. Mustard aphid, Lipaphis erysimi (Kalt) is one
of them, which significantly causing the both qualitative
and quantitative losses in mustard during the whole crop
season, from seedling stage upto podding. (Koirala, 2020
and Kumar et al., 2020). This particular sucking pest is
belonging to the family: Aphididae, Order: Hemiptera,
Suborder: Sternorrhyncha and Superfamily: Aphidoidea
and considered the major key pest of Brassica species.
(Tiwari et al., 2024i and Rawat et al., 2024). Due to the
excessive desapping from the growing points, including
leaf folds, tips, inflorescence, and developing pods, both
nymphs and adults not only reduce the yield by one-fourth
to one-fifth but also decrease the oil content upto 66.9%
(Sahoo, 2012 and Thakur et al., 2024).

In order to manage such devastating pest in field
condition, farmers are only focusing to spray target
systemic insecticides, which possess their own adverse
effect on crop ecosystem. However, the excessive use
or misuse of certain chemicals poses some drawbacks
to agroecology, including phytotoxicity, resurgence of
secondary pest outbreaks and extinction of non-target
organisms which ultimately disrupt the process of natural
control (Singh et al., 2013). That’s why to get rid of from
this detrimental effect of synthetic pesticides, certain
prophylactic or preventive measures should be taken
sometimes to promote the holistic approach of pest
management. Biological control, by involving the potential
natural enemies of the particular pest is proved to be
beneficial among the several preventive measures. Agood
no. of predators and parasitoids are well-known to be
associated with mustard aphids, including Episyrphus
balteatus (Wiedemann) (Syrphidae), Coccinella
septempunctata Linnaeus (Coccinellidae), Menochilus
sexmaculatus (Fabricius) (Coccinellidae), Chrysoperla
carnea (Stephens) (Chrysopidae) and Diaeretiella
rapae M’Intosh (Braconidae) (Landge et al., 2024).
Seventy one species of insects belonging to 6 families
and 4 orders: Coccinellidae (Coleoptera); Chamaemyiidae
and Syrphidae (Diptera); Geocoridae (Hemiptera); and
Chrysopidae and Hemerobiidae (Neuroptera) and Twenty
two species of parasitoids belonging to three families,
Aphelinidae, Braconidae and Pteromalidae are reported
to be effective for controlling the L. erysimi (Kalt.).

(Tiwari et al., 2024i). In field condition, correct
identification, features and the association of these
particular biocontrol agents are most crucial for achieving
optimal yields and managing pests in an eco-friendly
manner (Geethanjali et al., 2024).

Keeping this context in mind, this scientific research
aimed to establish the taxonomic description, distribution
status and key characteristics of identifying the particular
natural enemies associated with L. erysimi under
laboratory condition to enhance the approach of natural
control among the farmers.

Materials and Methods

This experiment had conducted during the rabi
season of 2024-25 to investigate the diversity of the
biocontrol agents associated with L. erysimi in field
condition along with their taxonomical characterization
under plant protection laboratory.

Experimental site

The specimens of natural enemies were assembled
for the taxonomic review from the mustard fields of
Department of Plant Protection, under the Faculty of
Agricultural Sciences, Aligarh Muslim University, Aligarh,
U.P., India. The research plot is located between
27.9223°N to 78.0726°E, 132 km south-east of New Delhi
and its elevation is 178 meters above sea level.

Insect Sampling and Identification methodologies

Insect specimens were collected through traditional
aerial net or sweep net, aspirators and then they were
killed with cotton swab dipped in ethyl acetate. During
this visual exploration and sweeping the vegetation,
collected immature stages were also reared in laboratory
condition and taxonomically assessed.

The collected specimens were further pinned or
stretched at mounting board, and labelled with the
informations of host plants, locality, and date of collection.
But comparatively smaller specimens e.g. Coccinellid
beetles & endoparasitoids were card mounted on the edge
of 10x5 mm triangular card by using a transparent or
stain free adhesive. Few specimens and the immature
stages were preserved in 70% ethanol for further
morphological identification through ease dissection and
study with taxonomic characters. In certain cases for
Hymenopteran parasitoid, the field specimens i.e.
mummified aphids were kept individually in a glass test
tube of 12x75 mm and tied its mouth by a muslin cloth
and reared in a BOD incubator at 25+5°C and 70 + 5%
RH for adult emergence. (Banshtu et al., 2022 and Soni
et al., 2020). Within 3-4 days after the hatching of adult
parasitoids, they were studied taxonomically.
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Fig. 1 : Studyarea map of the experiment (QGIS 3.44.5).

To study the external morphology of head, thorax
and abdomen of the collected beetles, the entire specimen
was soaked in 10% potassium hydroxide solution at room
temperature for overnight to remove the extra chitinization
and then further dissection of body parts had performed.
For genitalia extraction, the abdomen was separated from
the thoracic region by applying gentle pressure in the
thorax-abdomen intersection through needles. In order
to dissolve the extra body tissue, the separated abdomen
was immersed overnight in a cavity block with freshly
prepared 10% KOH at room temperature. Afterwards,
the processed abdomen was placed on a glass slide with
2-3 drops of glycerin. The male and female genitalia were
dissected carefully with a blunt needle while rinsing with
distilled water repeatedly to enhance transparency. The
permanent slides had prepared for those extracted
genitalia by mounting into Canada balsam followed by a
gentle dip on xylene to remove the air bubbles and further
examined for identification. (Dhanapati et al., 2024 and
Poorani, 2002). After mounting all the specimens gently,
they were morphologically studied through Magnus Stereo
Zoom microscope SZX7 up to species level with the
reference of available dichotomous taxonomic keys of
following literatures: Saeady El et al. (2020), Chowdhury
et al. (2015), Poorani (2002), Che et al. (2021),
Biefikowski (2018), Ali et al. (2018), Igbal et al. (2024),
Maruthadurai (2023), Brunetti (1920), Rego et al. (2022),
Cao et al. (2022), Sengupta et al. (2017), Thompson
(1999), Akhtar et al. (2010), Goulet and Huber (1993),
Rakhshani et al. (2006), Ferrer-Suay et al. (2025), Khalil
etal. (2019), Van Achterberg (1993). Further their global
distribution and host association were also classified.

Results and Discussion

During the present experiment, there were three
biocontrol agents had identified and characterized under
laboratory conditions by examining several proposed
taxonomic dichotomous keys. After vigorous review and
the survey, two predators named as Coccinella
septempunctata Linnaeus and Eristalinus arvorum
(Fabricius) and one endoparasitoid Diaeretiella rapae
Maclintosh had been collected and identified from the
mustard ecosystem in association with L. erysimi (Kalt).
The important morphological features and detailed
taxonomic hierarchy of the identified species were
discussed:

Coccinella septempunctata Linnaeus, 1758; Fig.
2 (a-k)

Materials examined: 4 ', 3 2, Aligarh (27.9223°N,
78.0726°E), UP, 15.ii.2025, Coll. Swastik.

Diagnosis: Adult body shape oval to nearly round,
strong convex dorsum with hemispherical appearance;
BL:5.3-7.10 mm, BW: 4.0 + 0.34 -5.8 + 0.26 mm; Head
black with white frontal spots at ocular margins on the
frons; Antennae clavate, dark brownish and hairy with
11 flagellomeres; Mandible stout, bifurcated apically with
basal teeth, terminal maxillary palpi hairy and securiform;
Pronotum black with two pale yellow or white quadrate
spots located anterolaterally; Scutellum triangular and
black, small whitish patches on both edges; Elytra
yellowish-orange to reddish in colour, punctate, without
hairy, featuring with seven black spots arranged in: 1/2,
1, 1, 1 pattern- three lateral spots per elytron, with a
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Fig. 2 : Coccinella septempunctata Linnaeus, 1758, (a) dorsal view; (b) frontal
view; (c) ventral view; (d) lateral view; (e-f) antennae; (g) maxilla with
securiform maxillary palpi; (h-i) sipho with sc and st; (j-k) tegmen anterior

view. ;
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common scutellar spot positioned at mid-
dorsal line, elytral suture not darkened;
Legs black, middle and hind tibiae bear
apical spur; Six abdominal sternites,
black in colour, posterior margin of sixth
sternum convex in female, blunt or
truncate in male; Male genitalia having
a long chitinized semicircular siphonal
tube (st), where a dilated sac like
structure present at distal end, apex of
siphonal tube flattened, distorted at three
points, Siphonal capsule (sc)
asymmetrical, T- shaped; Tegmen
containing curved, flattened, short trabe,
apically pointed, median lobe broad at its
base, gradually tapered towards apex
forming cone-shaped with a trilateral
aperture or blunt apically, parameres
thick, oblong, shorter than the median lobe, with dense
setae on the anterior dorsal surface rather than its broad
base.

Morphology of Immature stages (Fig. 3)

Eggs oval-elliptical, cylindrical in shape, measuring
1-1.30 mmin length, yellowish to orange in colour; Larvae
campodeiform, dorsoventrally compressed, elongated, 1.4
+0.26 -7.0 + 1.2 mm body length varying according to
instars, dorsal body surface highly segmented with
numerous short spines and orange splotches; Head
prognathous; 3 pairs thoracic legs well developed; Anal
cerci present at 8" abdominal segment;

Pupae obtect, slate grey to black with variegated
white or orange markings

Host association: Among the tribe Coccinellini, C.

Created with mapchar nef

Fig. 4 : World distribution of C. septempunctata.

Fig. 5 : Indian distribution.



Identification and Taxonomic Characterization of Biocontrol Agents of L. erysimi

Fig. 6 : Eristalinus arvorum (Fabricius), 1787, (a) adult fly; (b)
bare arista; (c) spotted compound eye; (d) mesonotum;
(e) hind leg; (f) wing.
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species e.g. Lipaphis erysimi (Kalt.), Brevicoryne
brassicae (L.), Myzus persicae (S)., Aphis gossypii
G., Aphis nerii F., Rhopalosiphum padi (L.) etc.
associated with Brassica juncea (L.), B. oleracea var.
capitata L., B. oleracea var. botrytis L, Raphanus
sativus L, Calotropis gigantea (L.), Triticum aestivum
L., host plants. According to Magbool et al. (2020), C.
septempunctata had a wide distribution and feeding on
A. pomi; L. erysimi; M. persicae; B. brassicae aphid
morphs. Ahmed et al. (2017) also justified that not only
the different aphid morphs, but other soft-bodied insects
e.g. scale insects, mealy bugs, white flies are also included
in host range of C. septempunctata. Vasista et al. (2020)
reported that C. septempunctata also able to prey on
the A. craccivora, Aproaerema modicella and white
flies infesting groundnut crop. C. septempunctata also
found to be feeding on Aphis gossypii G associated with
a weed (Convolvulus arvensis L.) (Manoj et al., 2024).
Due to tolerant to wide range of insecticides, coccinellids
act as most preferred bio-control agents in field condition.
(Sarker et al., 2019).

Local Distribution: Atrauli, Khair, Iglas, Saumna,
Akarabad and Tappal blocks of Aligarh district.

Taxonomic hierarchy of Coccinella septempunctata
Linnaeus

Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Sub-Class: Pterygota

World Distribution of
Diaeretiella rapae

® central Asia

@ China

Southern Asia

@ Mexico
@ Washington USA
@ Brasil

Created wilh mapchart.net

Fig. 8: World distribution of E. arvorum.

septempunctata has a diverse range of host-prey
associations, that’s why the species entitled as
cosmopolitan in distribution. During the course of study,
this species mostly remains abundant on subsequent aphid

Fig. 9: Indian distribution.

Division: Exopterygota
Order: Coleoptera
Suborder: Polyphaga
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Superfamily: Coccinelloidea

Family: Coccinellidae

Subfamily: Coccinellinae

Genus: Coccinella

Species: septempunctata Linnaeus

Eristalinus arvorum (Fabricius), 1787; Fig. 6 (a-
f)

Materials examined: 5 4, 3 ¢, Aligarh, (27.9117°N,
78.0732°E), UP, 23.ii.2025, Coll. Swastik.

Diagnosis: Adult body robust, elongated, 9.1 +1.06
—12.2 £ 2.6 mm, without metallic lustre; Head black,
globular with varied colouration, greenish to brownish;
Compound eyes spotted with irregular blackish to dark
brown markings, holoptic distribution in male (') and
dichoptic in female (%); Frons short, slightly convex,
covered with yellowish fluff intermixed with long black
hairs; Arista bare, slender, and bright orange; Mesonotum
yellowish fluff with a characteristic four narrow black
longitudinal stripes extending from anterior to margin of
scutellum; Scutellum pale yellow or having metallic gloss,
with numerous short yellow hairs along the lateral edges;
Forewings membranous with prominent false or spurious
vein, RS vein closed, Cu,, cell open, r-mcross vein crosses
between R4+5 and R5 vein, R4+5 vein sinuate towards
apex; Femora of all three pairs of legs orange to brownish
orange, hind tibiae black at distal end, brownish-orange
at proximal; Oval, oblong diamond-shaped black spots
arranged medially in 3@ abdominal uromer.

Morphology of Immature stages: (Fig. 7)

Eggs creamy white in colour, elongated-ovoid with
rounded ends, with 1.1 + 0.26 mm length, certain
continuous parallel elevated stipes present throughout the
egg chorion.

Fig. 7: Life cycle of E. arvorum

Larvae called as Apodous & Acephalous maggot,
body shape cylindrical to sub-cylindrical, length varied
according to instars from 1.73 £ 0.36 upto 12.34 £ 0.29,
cuticle appears translucent, milky white in early instars,
later it turns into gray-brown, prominent, dark-coloured
cephalopharyngeal skeleton located anteriorly as piercing
organ, two visible spiracles are present on a groove at
the tapered posterior abdominal segment.

Pupae brownish yellow with dark bands, tear- drop
shaped, oblong, termed as obtect puparium, length varies
from 1.36 £ 0.32 to 3.43 + 0.31, posterior spiracles at the
caudal end, eversible bladder-like ptilinum at head region
for adult emergence.

Fig. 10 : Diaeretiella rapae (Maclntosh), 1855, (a) adult wasp;
(b) filiform antenna; (c) FW with radial vein; (d-e) male
& female wasp; (f) mummified aphid; (g) emergence
hole.

Host association: The main predatory stage i.e.
larvae of E. arvorum was mostly collected from the field
of cruciferous vegetables including mustard, cabbage,
cauliflower associated with the following aphid hosts:
Lipaphis erysimi (Kalt.) and Brevicoryne brassicae
(L.). The adult fly frequently encountered to the mustard
field for nectar feeding. Sengupta et al. (2016) justified
that the insectivorous larvae mostly prey on soft-bodied
Hemipteran pests (aphids, psyllids, woolly aphids) and
also some Thysanopterans. According to Joshi et al.
(2013), mostly 2™ and 3 instar maggots act as active
predators upon M. persicae (S), L. erysimi (Kalt.) and
B. brassicae (L.). Besides that, Roy et al. (2024) and
Sankar et al. (2024) reported that the larvae of Eristalinae
subfamily act as potential biocontrol agents of soft-bodied
hemipterans due to their wide range of host distribution.
Moreover, Heo et al. (2020) recorded that certain species
of the tribe Eristalini have the capacity for saprophagy in
addition to the biological control agent.

Local Distribution: Atrauli, Iglas and Akarabad
blocks of Aligarh district.

Taxonomic hierarchy of Eristalinus arvorum
(Fabricius)

Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Sub-Class: Pterygota
Division: Exopterygota
Order: Diptera
Suborder: Cyclorrhapha
Superfamily: Syrphoidea
Family: Syrphidae
Subfamily: Eristalinae
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World Distribution of
Diaeretiella rapae
@ Central Asia
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Southern Asia

® washington USA
@ Brazit
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Fig. 11 : World distribution of D. rapae.
Table 1 : List of biocontrol agents solemnly associated with L. erysimi in north-eastern part of UP.

Fig. 12 : Indian distribution.

S. | Order Family Scientific Name Reference
no.
1 | Coleoptera Coccinellidae | Adalia bipunctata (Linnaeus, 1758) Tiwari etal. (2024ii)
Cheilomenes sexmaculata (Fabricius, 1781) | Shuklaand Kumar (2024);
Tiwari et al. (2024ii)
Coccinella septempunctata Linnaeus, 1758 | Singh (2013); Tiwari et al. (2024ii)
Coccinellatransversalis Fabricus, 1781 Kishor et al. (2023);
Tiwari et al. (2024ii)
Coccinellarepanda Thunberg, 1781 Kishor et al. (2023);
Tiwari et al. (2024ii)
Chilocorus nigritus (Fabricius, 1798) Omkar and Bind (1995)
Micraspis allardi (Mulsant, 1866) Omkar and Pervez (1999);
Singh (2009)
Micraspis vincta (Gorham, 1895) Singh (2009);
Omkar and Pervez (2000)
Anegleis cardoni (Weise, 1892) Singh (2009), OmkKar et al. (2009)
Scymnus fuscatus Boheman, 1859 Omkar and Pervez (2000)
2. | Diptera Syrphidae Episyrphus balteatus (De Geer, 1776) Singh (2013); Tiwari et al. (2024ii)
Eupeodes confrater (Wiedemann, 1830) Singh (2013)
Ischiodon scutellaris (Fabricius, 1805) Ali et al. (2009); Singh (2013)
Eristalinus arvorum (Fabricius) 1787 Maruthadurai (2023)
Neuroptera Chrysopidae | Chrysoperla carnea Stephens Tiwari etal. (2024ii)
4. | Hymenoptera |Braconidae Aphidius colemani Viereck, 1912 Rafi et al. (2010)
Diaeretiella rapae (Mclntosh, 1855) Halder et al. (2014)
Binodoxys eutrichosiphi (Stary, 1975) Ahmad and Singh (1995)
Binodoxys indicus Ahmad and Singh (1995)
(Subba Rao and Sharma, 1958)
Lipolexis gracilis Forster, 1862 Rafi et al. (2010)
Aphelinidae Aphelinus asychis Walker, 1839 Hayat, 1998
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Genus: Eristalinus
Species: arvorum (F)

Diaeretiella rapae (Maclntosh), 1855 Fig. 10 (a-
9)

Materials examined: 2 4, 5 ¢, Aligarh, (27.9223°N,
78.0726°E), UP 09.ii.2025, Coll. Swastik.

Diagnosis: Head shiny black, subquadrate; Frons
entirely black; Occiput dark brown with prominent occipital
crania; Antennae filiform, black to dark brown with 14
flagellomeres, F, and F, almost equal in length, scape
and pedicel yellow in colour; Mandible basally broad and
apically tapered, sharp; Propodeum rectangular, with
narrow central areola; FW and HW hyaline with brown
reduced wing venation, with numerous short spines along
costal vein, triangular pterostigma prominent, radial vein
well developed, FW with incomplete venation, Rs+M
absent, marginal cell open, m-cu and r-m cross-veins also
absent HW with SC+R arrangement of vein; Abdomen
medially dilated and tapered apically, varied colouration
from yellow to black; Legs slender, ochreous with dark
brown variegation, femoras yellowish; Ovipositor sheath
varied in shape, blunt, curved upwards, sub ovoid with a
upcurved and pointed tip ovipositor.

Host association: D. rapae mostly act as a solitary,
polyphagous endo-parasitoid of a diverse range of aphid
taxa, attacking several agricultural & horticultural crops
(Akhtar et al., 2010 and Talebi et al., 2023). During the
experiment, mostly the mummified aphids were collected
from L. erysimi (Kalt.) and B. brassicae (L.) aphid hosts
associated with mustard field. Banshtu et al. (2022)
reported that this koinobiont parasitoid D. rapae is a
potential biocontrol agent of about 98 species of aphids
and exhibiting about 31.69% parasitism rate only on L.
erysimi (Pradhan et al., 2022). According to Gauraha et
al. (2021), D. rapae has a wide host range such as
Myzus persicae, Diuraphis noxia, Rhopalosiphum
padi and Schizaphis graminum, Aphis gossypii, Aphis
craccivora, R. maidis, Hyalopterus pruni, Aphis nerii,
that’s why this species is regarded as cosmopolitan
parasitoid. Becoming a a polyphagous parasitic wasp yet
D. rapae is considered an efficient natural enemy of M.
persicae, L. erysimi (Kalt.) and B. brassicae (L.) on
brassica crops. (Singh et al., 2015 and Soni et al., 2022).

Distribution: Atrauli, Khair, Iglas and Saumna blocks
of Aligarh district.

Taxonomic hierarchy of Diaeretiella rapae
(Maclntosh)

Kingdom: Animalia

Phylum: Arthropoda
Class: Insecta

Sub-Class: Pterygota
Division: Exopterygota
Order: Hymenoptera
Suborder: Apocrita
Superfamily: Ichneumonoidea
Family: Braconidae
Subfamily: Aphidiinae
Genus: Diaeretiella .
Species: rapae Maclntosh

According to the checklist of aphidophagous
predators & parasitoids, maximum diversity along with
the highest no. of prey-predator-host i.e. tritrophic
associations, can be recorded only from the state of Uttar
Pradesh. Among 299 models of total tritrophic associations,
98 triplets of predator population and 11 triplets of
hymenopteran parasitoids were only recorded from
western UP (Singh et al., 2024). According to Tiwari et
al. (2024ii), 41% of newly reported tritrophic interactions
were solely recorded from the north-eastern part of UP.
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