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ABSTRACT

The diamondback moth (Plutella xylostella L.) has emerged as the most destructive pest for Brassica
vegetables globally, incurring billions in losses due to insecticide resistance and insufficient natural enemy
activity. This study highlights the dynamic interactions between P. xylostella and its predators, which
include members of Syrphidae, Hemerobiidae, Chrysopidae, Staphylinidae, Coccinellidae, and Formicidae
families. Field investigations at the Vegetable Research Plot, Bihar Agricultural College, Sabour, Bihar,
identified key predators such as Allograpta (hover fly), Micromus (brown lacewing), Chrysoperla carnea
(green lacewing), Paederus (rove beetle), Harmonia axyridis (Asian lady beetle), Pheidole megacephala
(big-headed ant), and Tetramorium spp. Predators exhibited significant temporal fluctuations in abundance
across crop growth stages. During plant establishment stage (46"-47"" SMW), H. axyridis (3.9 individuals)
and Paederus (3.7) were predominant. At the head initiation stage (48t"-51% SMW), Paederus (19.9) and H.
axyridis (18.0) were most abundant, alongside C. carnea (11.7), Tetramorium (11.4), P. megacephala (10.9),
and Allograpta (19.2). In the head development stage (52™-3"" SMW), Paederus peaked at 41.6, followed by
P. megacephala (31.2), with Micromus (3.7) being least abundant. Surprisingly, during the harvesting stage
(418t SMW), Tetramorium (91.1) and P. megacephala (79.5) were dominant, while Allograpta (35.7) and
Micromus (35.4) remained less prevalent. Overall, predator populations peaked at 102.6 individuals per 20
plants in the 8" SMW, demonstrating their critical role in natural pest suppression. These findings underscore
the potential of leveraging predator dynamics for integrated pest management in Brassica cropping systems.
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Introduction

Cole crops are well-known for their health benefits,
thanks to their abundance of essential nutrients and
phytochemicals, which have been linked to protection
against certain diseases, including cancers (Francisco et
al., 2017) and heart conditions (Cartea et al., 2011a).
These beneficial bio-molecules include polyphenols,
vitamins, flavonoids, carotenoids, minerals, and unique
compounds known as glucosinolates (Cartea et al.,
2011Db). Studies have shown that glucosinolates and their
derivatives offer various health advantages, such as
anticancer, antibacterial, antifungal, antioxidative, and
allelopathic properties (Merhoeven et al., 1996; Faller and
Fialho 2009; Bhandari et al., 2015).

The diamondback moth (CABI 2020), Plutella

xylostella L. (Plutellidae: Lepidoptera), has emerged as
the most devastating insect pest affecting Brassica
vegetables, including Brassica oleracea L., on a global
scale accounting for billions of dollar loss. The damage
inflicted by P. xylostella follows a pattern where first-
instar larvae mine into leaf tissue, whereas later instars
scrap leaf tissue from the undersides, creating irregular
patches and often leaving the top epidermal layer and
leaf veins with a window-like appearance. The severity
of its infestation is largely due to a shortage of effective
natural enemies and the development of resistance to
insecticides, which contribute to its widespread outbreaks.
Ooi (1979) noted that misuse of insecticides has
exacerbated problems with DBM. Development of more
ecologically based management strategies has been slow
and difficult to implement on a large scale. Iga (1985)
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reported that seasonal fluctuation depended mainly on
the action of natural enemies. However, microbial
insecticides Bacillus thuringiensis Berlines (Bt) is highly
toxic to certain pests, yet it has little or no adverse effects
on most non target organisms, including humans. The
insecticide usage becomes not only useless but also
harmful when DBM develops into adult form.

A wide range of parasitoids and predators target all
developmental stages of P. xylostella. General predators,
including birds and spiders, often prey on adult moths.
Over 90 species of parasitoids have been documented
globally (Goodwin 1979) attacking all life stages of P.
xylostella. Among these, the most prominent and
effective predators belong to family Syrphidae,
Hemerobiidae, Chrysopidae, Staphylinidae, Coccinellidae
and Formicidae. Thus, this paper helps finding the insights
about the abundance of predators of diamondback moth
at Sabour.

Material and Methods

The experiment was conducted both in the field and
in the laboratory. Field work took place at the Vegetable
Research Plot, Bihar Agricultural College Farm, while
laboratory work occurred in the Department of
Entomology at Bihar Agricultural College, Sabour,
Bhagalpur, Bihar. Cole crops observed during the study
were cabbage, cauliflower, broccoli and red cabbage.

Table 1:
Farm, Sabour.
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The plot featured fertile, well-drained sandy loam soil
with a pH of 7.2 and access to bore-well irrigation. The
laboratory, equipped for detailed studies. Sabour, located
in the Indo-gangetic plains of northeastern India at an
altitude of 41 meters above sea level, lies within agro-
climatic zone I11-A, with coordinates from 24.47° t0 26.56°
N latitude and 82.12° to 83.98° E longitude. The region
has a humid subtropical climate, receiving around 1200
mm of annual rainfall, mostly during the monsoon season
from June to September, which often brings heavy rainfall
and cloud cover impacting agriculture. Summers, from
April to June, are hot, with temperatures exceeding 40°C
in May and June, while January is the coldest month with
temperatures ranging from 8.0°C to 21.8°C.

Predators of diamondback moth dwelling in the niche
of these Cole crops were identified and counted in-situ
or brought to the laboratory of Department of Entomology,
BAC Sabour for identification under the supervision of
experts based on entomological keys. The population
density of each predator was worked out per 20 plants
for each different predator of DBM starting from 46 to
13" every Standard Meteorological Week (SMW).

Growth and development of Cole crops occurred in
stages namely, transplanting to plant establishment stage
(46" to 47" SMW); head initiation stage (48" to 51
SMW); head initiation to development stage (52" to 3
SMW) and harvesting stage (4" to 8" SMW). For

Mean population (per 20 plants) of predators of P. xylostella in Cole crops grown at Vegetable Research Plot, BAC

. Chrysoperla Harmonia Pheidole . Total mean
SMW | Allograpta | Micromus Paederus - Tetramorium .
carnea axyridis | megacephala population
46 0.0 0.0 0.0 12 0.3 038 06 290
47 0.0 0.0 06 25 36 21 17 10.50
48 038 0.2 16 37 32 25 23 14.30
49 11 0.2 49 42 37 16 39 19.60
50 17 04 37 52 49 26 46 23.10
51 22 06 15 6.8 6.2 42 06 22.10
52 29 09 16 7.7 7.7 51 25 2840
1 42 0.3 2.7 91 89 6.5 49 36.60
2 58 0.7 36 105 26 79 83 3940
3 6.3 18 35 143 4.7 117 99 52.20
4 6.7 33 36 16.8 56 142 128 63.00
5 116 45 8.7 16.9 74 143 16.1 79.50
6 74 76 141 101 10 158 173 82.30
7 6.3 89 156 113 126 17 206 92.30
8 37 111 16.3 125 165 182 243 102.60
9 32 82 14 9 137 147 245 87.30
10 28 6.1 129 6.6 96 123 24 72.70
1 21 13 6.1 29 37 86 16.9 41.60
12 16 44 23 76 14 5 136 35.90
13 09 23 19 48 6.2 22 84 26.70
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research purpose, the crops were left unharvested in the
field until senescence (9" to 13" SMW).

Results and Discussion

Predators like Allograpta (hover fly) (Syrphidae:
Diptera), Micromus (brown lacewing) (Hemerobiidae:
Neuroptera), Chrysoperla carnea (green lacewing)
(Chrysopidae: Neuroptera), Paederus (rove beetle)
(Staphylinidae: Coleoptera), Harmonia axyridis (Asian
lady beetle) (Coccinellidae: Coleoptera), Pheidole
megacephala (the bigheaded ant) (Formicidae:
Hymenoptera) and Tetramorium (Formicidae:
Hymenoptera) ants were found in the crops.

Allograpta was seen hovering over the red cabbage
crop, while the eggs of brown lacewings were discovered
on the underside of cabbage leaves, often near infestation
sites. Unlike green lacewing eggs, these eggs were not
stalked. Grubs of Chrysoperla carnea were found on
broccoli leaves, feeding on the early instars of DBM.
Adult Paederus were observed climbing the cauliflower
foliage, both adults and grubs being predatory and thriving
in fallen leaves, soil, and decaying matter. Harmonia
axyridis, a coccinellid, was spotted undergoing
metamorphosis, transitioning from grub to adult lady
beetle. These adults exhibited various color patterns,
ranging from solid orange to orange with black spots or
red with black spots, and could easily be mistaken for
other ladybird species like the seven-spotted lady beetle
(Coccinella septempunctata). Big-headed ants were
found devouring DBM larvae, with worker ants ranging
in color from yellowish-brown or reddish-brown to nearly
black, similar to Tetramorium ants, which were also
feeding on DBM larvae.

The population of Allograpta was first observed in
the 48" SMW at 0.8 per 20 plants, peaking at 11.6
individuals per 20 plants in the 5" SMW, and then declining

as the temperature increased. Both Micromus and
Chrysoperla carnea reached peaks of 11.1 and 16.3
individuals in the 8" SMW, respectively. Paederus started
at a mean of 1.2 in the 46" SMW and became most
abundant in the 5" SMW with 16.9 individuals. Harmonia
axyridis and Pheidole megacephala reached their
highest populations of 16.5 and 18.2 in the 8th SMW,
respectively. Tetramorium ants peaked at 24.5 in the 9™
SMW and dropped to 8.4 in the 13" SMW. Overall, the
maximum predator abundance was 102.6 per 20 plants
in the 8" SMW, which declined to 26.7 by the end of the
season in the 13" SMW represented in Table 1.

Considering different growth stages of the crop from
economic point of view (Fig. 1), present study highlighted
that amongst predators, Harmonia axyridis was most
abundant with mean of 3.9 individuals followed by
Paederus (3.7) during plant establishment stage (46th to
47th SMW). In head initiation stage (48" to 51 SMW),
Paederus (19.9) was most abundant followed by
Harmonia axyridis (18.0), Chrysoperla carnea (11.7),
Tetramorium (11.4), Pheidole megacephala (10.9),
Allograpta (19.2). Further in head initiation to
development stage (52™ to 3 SMW), again, Paederus
(41.6) was most abundant with Pheidole megacephala
(31.2) trailing behind. Micromus (3.7) was least abundant.
But surprisingly during, harvesting stage (4" to 8"SMW),
Tetramorium (91.1) became most abundant followed by
Pheidole megacephala (79.5). Whereas, Allograpta
(35.7) and Micromus (35.4) were least abundant in the
eco-system of crops.

These findings are similar as reported in previous
studies by Hosseini et al., 2012 and Miranda et al., 2011.
Alam (1992) identified coccinellids (lady beetles),
chrysopids (lacewings), syrphids, and staphylinids as the
most common predator groups in cabbage fields. These
predators targeted different stages of pest development,
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with coccinellids feeding on eggs and young
larvae, chrysopids on larvae, syrphids on young
larvae, and staphylinids on larvae and pupae.
These observations are consistent with the
findings of the present study, which highlights
the role of these predator groups in regulating
pest populations. Similarly, Lim (1992) reported
that coccinellid beetles, chrysopids, and carabid
beetles’ prey on P. xylostella which corroborates
the current study’s emphasis on the diverse range
of natural enemies thriving in the crop ecosystem.
Staphylinid beetles, as noted by Sunderland
(2002) and Szwejda (2004), are recognized as

Fig. 1: Population density of predators of DBM at different stages of

crop growth.

significant generalist predators in many agro-
ecosystems and play a crucial role in controlling
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P. xylostella, further supporting the findings of this study.

However, the present study underscores the
importance of Paederus as part of the predator complex
influencing P. xylostella populations. Additionally,
predatory lacewing larvae (Chrysoperla spp.) have been
recognized as potential biological control agents for the
diamondback moth (Eigenbrode and Kabalo 1999; Reddy
etal., 2002). The findings from this study align with these
reports, reinforcing the role of lacewing larvae in pest
suppression.

While the role of predators in agro ecosystems is
well established (Symondson et al., 2002), few studies
have quantitatively assessed their impact on P. xylostella
populations due to methodological challenges. This study
provides further evidence of the potential of generalist
predators to effectively suppress P. xylostella populations,
supporting and building upon these earlier observations.
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