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Secondary Metabolites: The Core of Plant
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Immunity

INTRODUCTION

Life on Earth is a constant struggle for survival, and for plants,
this struggle is waged without the ability to flee. Over
millennia, plants have developed a complex, multilayered
defense system. This immunity is generally categorized into
PAMP-Triggered Immunity (PTI), a broad-spectrum defense,
and Effector-Triggered Immunity (ETI), a localized, strong
defense. However, the products that ultimately execute these
defense signals and protect the plant are largely the secondary
metabolites. Unlike primary metabolites (e.g., carbohydrates,
proteins, nucleic acids) which are essential for life, secondary
metabolites are restricted in their distribution, often unique to
a specific plant family or genus, and are typically produced in
response to environmental cues. Their ecological roles are
vast, serving as color pigments, aroma compounds, and, most
importantly, chemical weapons and protective shields. The
biosynthesis of these compounds requires significant
metabolic investment, highlighting their critical importance to
plant fitness and survival, especially under stressful
conditions.
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Figure-1: Mechanisms of tolerance in plants and resistance to biotic
and abiotic stresses
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Classes of Plant Secondary Metabolites

Plant  secondary  metabolites are
structurally classified into three major groups,
each originating from distinct primary metabolic
pathways:
1. Terpenoids (Isoprenoids)
Source  Pathway: The  Methylerythritol
Phosphate (MEP) pathway in the plastids and the
Mevalonate (MVA) pathway in the cytosol.
Defense Role: Terpenoids are derived from the
basic five-carbon unit isopentenyl diphosphate
(IPP). They function as volatile repellents (e.g.,
monoterpenes and sesquiterpenes found in
essential oils), which deter generalist herbivores.
Non-volatile forms, like phytoecdysteroids, can
mimic insect hormones, disrupting their life
cycle. Critical groups are the diterpenes, which
often act as phytoalexins (antimicrobial
compounds produced de novo upon infection).
For example, resin acids in conifers physically
trap and chemically disable insects and microbes.
2. Phenolics
Source Pathway: The Shikimic Acid Pathway
and the Malonic Acid Pathway.
Defense Role: These compounds contain at least
one aromatic ring with one or more hydroxyl

strengthening the cell wall, making it an
impassable barrier against microbial invasion.
Tannins are highly effective anti-feedants due to
their ability to bind and precipitate proteins,
drastically reducing the digestibility of plant
tissues for herbivores. Flavonoids (like
anthocyanins) and coumarins act as UV
protectants (abiotic stress defense) by absorbing
harmful radiation and are potent antioxidants,
neutralizing the Reactive Oxygen Species (ROS)
produced during stress.

3. Alkaloids

Source Pathway: Primarily derived from amino
acids (e.qg., lysine, tyrosine, tryptophan).

Defense Role: Alkaloids are generally cyclic
compounds containing nitrogen, often possessing
high levels of toxicity to animals due to their
interference with neurotransmitter systems. They
are the most widely known chemical toxins used
by plants. Nicotine (derived from
ornithine/arginine) in tobacco is a powerful
neurotoxin against insects. Caffeine (a purine
alkaloid) is toxic to many insects and inhibits the
germination of competing plant  seeds
(allelopathy). Many alkaloids, such as those
found in the poppy or nightshade families, have

groups. Their diversity is wvast, including evolved specifically to disrupt the central
flavonoids, lignins, tannins, and coumarins. nervous system of vertebrate herbivores, making
Lignins  provide physical defense by them highly effective defense agents.

Crop Secondary metabolite Pathogen

Triticum spps. Lignin Puccinia graminis

Zea mays Caffeic acid Glomerella graminicola

Allium sativum
flavonoids, saponins

Alkaloids, glycosides, tannins, terpenoids,

A. solani

Hyoscyamus niger Tropane alkaloids

Seudomonas putida,

Citrus reticulata Reticine A

T™MV

Nicotiana attenuata

Chlorogenic acid, catechin

Trichobaris mucorea

Oryza sativa Phytoalexin

Sogatella furcifera

Cajanus platycarpus Flavonoid

Helicoverpa armigera

Table-1: Secondary metabolites in the management of phytopathogens

Signaling and Priming

Beyond their direct toxic or structural
roles, secondary metabolites and their precursors
act as crucial signaling molecules. For instance,
the degradation products of glucosinolates (a
type of defense compound found in brassicas) are

Copyright © Dec., 2025; Current Agriculture Trends

volatile signals that activate defense genes in
neighboring plants. The phytoalexins are, by
definition, produced as a rapid signal-response
mechanism, illustrating the direct link between
secondary metabolism and ETI.
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Abiotic stress

Secondary Metabolite class

Plant species

uv-B Flavonoid

Arabidopsis thaliana

High UV radiation Alkaloid

Clematis ternifora

Blue light Anthocyanin Solanum lycopersicum
Drought Flavonoid Wheat leaves

Salinity Anthocyanin Arabidopsis thaliana
Low temperature Morphine Papaver somniferum L.
High temperature Ginsenoside Panax ginseng C.A. Mey

Ozone

Anthocynine, Rosmarinic acid, Tannine,

Melissa officinalis

Heavy metal Flavonoids

Vitis vinifera

Table-2: Effects on secondary metabolite production in plants under different abiotic stresses

CONCLUSION

Secondary metabolites are undeniably the
chemical core of plant immunity. They provide a
dynamic and versatile array of defenses,
transitioning  from  structural  fortifications
(lignin) to volatile repellents (terpenes) and
powerful cytotoxins (alkaloids). The strategic,
yet energy-intensive, production of these
compounds underscores their absolute necessity
for plant survival against  relentless
environmental challenges. Understanding the
complex biosynthetic pathways and regulatory
networks governing these molecules is critical.
By applying this knowledge through metabolic
engineering and  sustainable  agricultural
practices, researchers can enhance the natural
chemical arsenal of crops, leading to plants that
are inherently more resistant to pests, diseases,
and the escalating pressures of climate change.
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