VILNIUS
TECH

Vilnius Gediminas
w Technical University

Journal of Environmental Engineering and Landscape Management

ISSN 1648-6897 / eISSN 1822-4199
2021 Volume 29 Issue 4: 449-453
https://doi.org/10.3846/jeelm.2021.14432

Special issue on Environmental Toxicology & Bioremediation

ROLE OF PLANT SECONDARY METABOLITES IN COMBATING PEST
INDUCED STRESS IN BRINJAL (SOLANUM MELONGENA L.)

Pratik TALUKDER@", Debankita DUTTA, Elija GHOSH, Indrani BOSE,
Sourish BHATTACHARJEE

Department of Biotechnology, University of Engineering and Management, Kolkata, India
Received 31 October 2020; accepted 28 December 2020
Highlights

Impact of plant secondary metabolites in mitigating biotic stress.
Role of polyphenols in pest control.
Alternate strategy to combat pest.

Plant secondary metabolites as biopesticide.

Abstract. Brinjal or eggplant (Solanum melongena L.) is known as a vegetable of diet because it contains high moisture and
low calorific value. It is also a good source of antioxidants and phytonutrients. Brinjal is widely grown in the South and
South-East Asian countries and is the second most important vegetable in India. It belongs to the Solanaceae family. Shoot
and fruit borer (Leucinodes orbonalis) pest of brinjal is the most widespread one and it has the ability to affect any of the
developmental stages of brinjal. Plants and their insect herbivores have had a long and intimate evolutionary association
that has resulted in many complex interactions mediated by specialized plant metabolites like phenolics, alkaloids, terpe-
noids, cyanogenic glycosides etc. Frequent and excessive use of insecticides has become a common practice now which
only increases the probability of resistance development and resurgence of pest. Hence to develop an effective approach to
combat this pest understanding of its feeding mechanism and chemistry of its interaction with the fruit is necessary. The
importance of the secondary metabolites in the field of chemical biology and in pest management is discussed in this study.

Keywords: secondary metabolites, chlorogenic acid, hydroxycinnamoyl-CoA quinate hydroxycinnamoyl transferase

(HQT), Solanum melongena L., brinjal shoot and fruit borer (Leucinodes orbonalis L.).

Introduction

Brinjal (Solanum melongena) is one of the most impor-
tant vegetables (Yann, 1972). There are several impedi-
ments to the cultivation of brinjal. A huge loss is incurred
due to pest infestation. There are several species of insect
pests which are found to attack brinjal and it is proven in
several studies (Alpuerto, 1994). Brinjal shoot and fruit
borer, leaf hopper, aphid and brinjal stem borer are few
common pest of brinjal (Nasif & Siddiquee, 2020). Out
of these numerous pests, the most dangerous is the Shoot
and Fruit Borer (SFB), Leucinodes orbonalis which is con-
sidered to be a limiting factor in brinjal cultivation (Mau-
real et al., 1982). Production of brinjal suffers a colossal
loss due to the infestation of the shoot and fruit borer, a
lepidopteran insect. SFB larvae enter the internal tissue

of the plant and become inaccessible to the external envi-
ronment by sealing their entry points with their silk and
excreta. In fruit, they bore deep in the mesocarp and exit
only at the time of pupation. Therefore, the contact insec-
ticides have not been effective against it. In spite of this,
frequent and excessive use of insecticides has become a
common practice and unfortunately increasing day by day,
which only increases the probability of resistance develop-
ment and resurgence. Thus to design an effective strategy
against this pest, understanding of its feeding mechanism
and chemistry of its interaction with the fruit is of utmost
importance. However, studies on these aspects are scarce.
One of the rare studies on the chemistry of brinjal-SFB
interaction suggests that brinjal phenolics may impart re-
sistance against SFB (Dar et al., 2017). This is highly inter-
esting, especially because while boring in mesocarp SFB
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larvae ingest large amounts of phenolics and their skin
also remains in constant touch with phenolics, as they
remain buried in this phenolic-rich tissue. Phenolic-rich
plant tissues are known to turn brown upon damage be-
cause of the oxidation of phenolics due to the exposure
to the environmental oxygen. The SFB excreta also rap-
idly browns upon deposition indicating that oxidation
occurs only upon the excretion of phenolics and they
are oxidation-protected in the digestive tract. Another
lepidopteran generalist Spodoptera exigua excretes the
ingested phenolics unchanged; it suggests the presence
of oxidation-prevention mechanism in lepidopterans.
However, the biochemical and molecular basis of this
mechanism is not clearly known. Preliminary field ob-
servations reveal that when larvae present near the plant
surface are attacked by natural enemies like predators
and parasitoids, they aggressively defecate towards these
enemies, most probably to deter them.

The initial step for pest management and control is
usage of chemicals. As brinjal is a staple food and con-
sumed in its original form, usage of synthetic insecti-
cides is hazardous to human health. Due to overuse and
misuse of these chemical insecticides, natural balance
has been disturbed leading to enormous problems such
as environmental contamination, resistance, bioaccumu-
lation and biomagnification of toxic residues, resurgence,
destruction of natural enemies (Jena et al., 2006). Use
of pesticides often comes as a threat to natural enemies
also. In this case the victim are Chrysoperla sp. (Neu-
roptera), the predator and Trathala flavoorbitals (Hyme-
noptera), the parasitoid and other harmless insects or
the insects which are not the target. So, an alternate and
comparatively safer method is urgently needed. The most
important and effective way to manage an insect pest is
the recommendation of disease control programmes in
the agricultural systems (Anwar et al., 2015). The strat-
egy of host plant resistance against the shoot fruit borer
serves as an excellent component of Integrated Pest Man-
agement (IPM). One of the basic components of IPM is
development of resistant and tolerant cultivars because it
reduces the use of insecticides. Hence, several investiga-
tions are being carried out regarding the usage of more
eco friendly organic bio-pesticides than the synthetic
ones and response of pests are being recorded to assess
the effectiveness of the biopesticides.

1. Description of brinjal (Solanum melongena L.)

Solanum melongena L. is commonly known as eggplant or
brinjal or aubergine which belongs to the kingdom Plan-
tae, division Magnoliophyta, class Magnoliopsida, order
Solanales and it is the member of the potato family Sola-
naceae. The corresponding genus name is Solanum with
species name melongena.

It is one of the most important, common, popular
and economically important vegetables grown through-
out the world. Brinjal is commonly cultivated in almost
all states of India in about 5.10 lakh hectares of land and

the average annual production is 88 lakh tonnes (Singhal,
2003). It has high nutritional value. Few studies also sug-
gest that some of the secondary metabolites of brinjal have
anti carcinogenic effect (Giirbiiz et al., 2018). It also acts
as dietary fiber. Natural antioxidants such as polyphenolic
compounds are present in high content in brinjal, hence
it is capable of quenching high amount of reactive oxygen
and nitrogen species (Cao et al.,, 1996). Among the major
crops of Solanaceae family brinjal is the fifth most impor-
tant crop from the point of view of economic value (Taher
et al,, 2017). Solanum melongena L. is a non woody or soft
wooded herb; mostly branched and about 1-2 metres tall.
A long taproot system extends deep into the soil.

1.1. Stems and leaves

The stems and leaves are densely covered with sparse or
dense pubescent stellate hairs and prickles which are also
present on calyx but fewer in number. Glandular hairs are
also present, but not that noticeable. It exhibits alternate
phyllotaxy. Each leaves has a petiole of about 6 to 10 cm
long. Average length of the leaves is from 3 to 25 cm and
average width varies from 2 to 15 cm. Leaves have hairy
margins. Leaves are ovate or oblong in shape, entire or
with 5 to 9 shallow sinuate lobes, lobes and sinuses round-
ed, with unequal bases. The lower surface of the leaves is
pale green as compared to the upper surface.

1.2. Inflorescence

Flower is considered as the modified shoot. The shoot
bears flowers only when the apical shoot meristem chang-
es to floral meristem. The flowers appearing on the shoot
are either in singular arrangement or in clustered manner.

1.3. Flowers

The hermaphrodite flowers are solitary which are support-
ed by a pedicel of 1.5 to 3 cm long; it is relatively stout and
soon deflexed. These hermaphrodite flowers are about 3
to 4 cm in diameter and are mostly violet and very rarely
white. The anthers present are oblong, erect and stout and
about 5 to 7 mm long; and supported by short, thick fila-
ments of about 3 to 4 mm long and have openings at their
tips. The ovary is positioned above the sepals, petals and
stamens hence superior in nature.

1.4. Fruits

The fruit is a depressed globose to oblong or ovoid fleshy
berry. Fruits are about 2 to 35 cm long and 2 to 20 cm
broad. Generally, the fruit is smooth and glossy with mul-
tiple seeds. The seeds are kidney shaped or lentil shaped,
flattened and pale brown in colour. It gives fruits through-
out the year and it is perennial. The peel of deep blue or
purple colored varieties of brinjal has significant amounts
of phenolic flavonoid phytochemicals which helps to fight
against cancer, aging, and neurological diseases (Stommel
& Whitaker, 2003).
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2. Importance of major phenolics

Class phenolics constitutes of phenolic acids, flavonoids,
lignans, stilbenes and tannins, which is structurally di-
verse, ranging from monomeric phenolic acids to complex
polymers like tannins (Vogt, 2010). Phenolics in fruits and
vegetables represent the major class of antioxidant sup-
plements in our diet (Dawidowicz & Typek, 2015). There
are many types of secondary metabolites. Some of them
are- terpenoids and steroids, alkaloids, fatty acid-derived
substances and polyketides, non-ribosomal polypeptides
and enzyme co-factors.

Many natural antioxidants such as polyphenols are
present in high amount in brinjal with chlorogenic acid
(CGA) being the most abundant one (Clifford et al.,
2003). Isomers of Chlorogenic acid - crypto chlorogenic
acid (4-O-caffeoylquinic acid) and neochlorogenic acid
(3-O-caffenoylquinic acid) are also present but in lesser
amount (Corse et al., 1965). Besides the antioxidant ac-
tivities CGA also have many activities such as the anti-
inflammatory, anti-mutagenic and anti-proliferative ones
(Kan et al.,, 2014). CGA is regarded as one of the most
important antioxidants in our diet (Naveed et al., 2018).
Brinjal is known to be the chief vegetable source of CGA,
which accounts for more than 75% of the total brinjal phe-
nolics.

3. Biosynthesis of CGA

CGA is produced by the phenylpropanoid pathway.
Caffeoyl CoA and quinic acid are the precursors of CGA
formation (Barnes et al., 1950; Clifford, 1999). Hydrox-
ycinnamoyl-CoA quinate hydroxycinnamoyl transferase
(HQT) enzyme catalyzes this reaction. Two other bio-
synthetic routes have also been observed in some plant
species but they are known to be minor (Kashyap et al.,
2003) (Figure 1).

4. Description of Leucinodes orbonalis
(Brinjal Shoot Fruit Borer — SFB)

The Leucinodes orbonalis is commonly known as Brinjal
shoot fruit borer. It is an arthropod and belongs to class
Insect, family Crambidae. It is mostly found in the tropical
region of Asia and it is a minor pest in America. It is an
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internal feeder pest of brinjal. It is a monophagous pest
which feeds only on brinjal. This regular pest affects both
yield and quality of brinjal Studies documented that this
larva damages the shoots up to 15% and fruits up to 23%
(Alam, 1970).

4.1. Larval stage

Larvae grow to 2 cm in length with segmented legs, man-
dibles and the body is divided into three parts — head, tho-
rax and abdomen. It moults 4 times and passes through 5
instars (Singla et al., 2018).

4.2. Pupal stage

It has greyish boat-shaped cocoon. The pupal period is
about of 7 to 8 days.

4.3. Adult stage

The adult moth is of white in colour and covered with
brown scales. The fore wings are creamy white with rein-
form large patches of light brown colour over it. The fe-
male moth is generally larger than the male with tuft of
hair at the tip of the abdomen. In the case of an adult
male the average length is 7.66 mm and average width
is 17.66 mm across the wings. Whereas in case of female
the average length is 10.50 mm and average width is about
19.00 mm across the wings (Singla et al., 2018). The fore
and hind wings consist of marginal hairs and bears pink-
ish-brown spots. The adult L. Orbonalis female lays about
250 eggs within 2- to 5 days.

5. Reduction in quality and yield due to
infestation with SFB

This peat is capable of damaging brinjal throughout
the harvesting period. Larva of Leucinodes orbonalis is
an internal feeder. Hence it immediately boars the plant
part next to it and goes inside; it seals the hole with its
faecal matters (Alam, 1970). As a result, the affected twigs,
flower and fruits dries up, gets withered and may drop off.
The fruit might get disfigured also. Larval feeding results
in wilting of the shoot. Presence of wilted shoots in a brin-
jal field is the sign of damage by this pest. This results in
reduction in plant growth, which in turn, reduces quality
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Figure 1. Pathway of CGA biosynthesis
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and yield. It also delays the fruit maturity. Due to larvae
feeding flowers lose their fertility. The larvae feed on fruit
tissue and hence directly reduce fruit quality and yield;
on top of that they fill the feeding holes with their faecal
matters and worsen the quality further and make the fruit
unmarketable (Raina & Yadav, 2018). The yield loss due to
SEB attack varies according to seasons and locations. Stud-
ies also indicated that SFB attack also causes reduction
in the nutritional value of the infested brinjals (Sharma,
2002). Hence the negative impact of SFB infestation is not
only limited to the yield and marketability but also with
nutritional quality of brinjal.

6. Strategies involved to combat SFB infestation

Natural enemy behavioural assays can be conducted to
understand the ecological significance of CGA and its de-
rivatives in the attacked SFB’s frass. Chrysoperla sp. (Neu-
roptera) can be used as a predator and Trathalaflavo orbit-
als (Hymenoptera) can be used as a parasitoid. Both occur
naturally in various brinjal-growing geoclimatic zones of
India. Choice and no-choice assays for these natural en-
emies can be conducted to demonstrate the effect of CGA
on them. For understanding the field-level impact, low-
cost cages with controlled environment can be built and
used as mesocosms in which, SFB larvae can feed in the
fruits of CGA-deplete and control plants in the presence
of the above-mentioned natural enemies. Prey or host lo-
cating and attack behaviours of natural enemies can be
studied in these mesocosms for revealing the role of CGA
in tritrophic interactions. If CGA is found to be a natu-
ral enemy deterrent, natural enemy-mediated integrated
pest management can be prescribed for the protection of
the low-CGA varieties. As the CGA incorporation within
brinjal by genetic modification is a very complicated pro-
cess so one can use CGA as a biopesticide. Increased chlo-
rogenic acid level in crop plants may also provide protec-
tion against both herbivores and pathogens, which could
increase crop yield.

Conclusions

Synthetic chemicals, insecticides and pesticides have a
detrimental impact to the entire environment, hence
use of organic insecticides or bio-pesticides are recom-
mended. The present review concludes that the use of
Integrated Pest Management system, along with the cul-
tivation of resistant varieties can reduce the pressure of
insecticides on the natural enemies, non-target and ben-
eficial insects, pollinators, animal and human being that
constitutes an ecological niche. This will defend the entire
flora, fauna and the environment from toxic hazardous
materials. Phenolics are the major secondary metabolites
of brinjal, of them; Chlorogenic Acid (CGA) is the major
phenolic compound and one of the most potent natural
antioxidants. This review reports the importance of the
plant secondary metabolites, especially chlorogenic acid
in the field of chemical biology and in pest management.
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