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ABSTRACT
Trichomes are specialized epidermal structures that exhibit remarkable diversity in form and

function across plant species. They play vital roles in defence, temperature regulation, water
conservation, and metabolite production. Depending on their structure and function,
trichomes are broadly classified as non-glandular, which provide mechanical protection and
glandular, which secrete valuable secondary metabolites such as essential oils, resins and
alkaloids. Their development is regulated by complex genetic networks involving
transcription factors like GLABRA1 (GL1), GLABRA3 (GL3) and TTG1, along with hormonal
control from gibberellins, cytokinin and jasmonic acid. Trichomes contribute significantly to
plant adaptation under both biotic and abiotic stresses acting as physical barriers, reflecting
radiation and secreting defence compounds. Advances in molecular genetics and
biotechnology have enabled the exploitation of trichome traits for crop improvement, pest
resistance and metabolite enhancement, positioning them as key targets for sustainable and

climate-resilient agriculture.
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INTRODUCTION

richomes are specialized epidermal

outgrowths found on various plant

organs such as leaves, stems, flowers,
and fruits. They exhibit wide structural
diversity from simple hairs to complex
glandular forms and play crucial roles in plant
protection, water regulation and metabolite
secretion. Their formation is genetically and
hormonally  regulated, involving  key
transcription factors such as GLABRA1
(GL1), GL3 and TTG1, as well as hormones
like gibberellins, cytokinin and jasmonic acid.
These factors coordinate trichome initiation,
density and distribution, ensuring plants
balance their protective and physiological
functions.  Understanding the molecular
control of trichome development provides
valuable insights for crop improvement and
stress-resilient breeding (Wang et al., 2021).

Functionally, trichomes a vital

defense mechanism against both biotic and

S€rve as

abiotic stresses. They act as physical barriers
to herbivores and insects, while glandular
trichomes secrete toxic or sticky substances
that feeding oviposition.
Additionally, they minimize water loss, reflect

deter and

excess sunlight and protect tissues from
ultraviolet radiation. Beyond their ecological
role, trichomes have significant economic
importance cotton fibres are unicellular
trichomes forming the basis of the textile
industry, while glandular trichomes in mint,
basil and lavender produce essential oils. With
advances in genetics and biotechnology,
trichomes are now recognized as natural bio
factories for valuable metabolites, offering
new opportunities for sustainable agriculture

and industry (Levin,1973)
TYPES OF TRICHOMES

1. Non-Glandular Trichomes
Trichomes)

(Protective
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Definition: Hair-like epidermal outgrowths
that do not secrete metabolites but mainly
provide physical protection. (Shahzad et al.,
2020)

Types

e Unicellular (single elongated cell): e.g.,
cotton fibres (Gossypium).

e Multicellular unbranched: Straight or
hooked hairs, e.g., cucumber (Cucumis
sativus).

e Multicellular branched: Stellate (star-
shaped) or dendritic (tree-like), e.g., tomato
(Solanum lycopersicum).

o Stinging trichomes: Needle-like, filled
with toxic fluid, e.g., stinging nettle (Urtica
dioica).

Functions

e Act as a physical barrier to insects and
herbivores.

¢ Reduce water loss by reflecting sunlight
and lowering transpiration.

e Provide UV protection by increasing leaf
reflectance.

e Aid in seed dispersal (cotton fibers).
Examples

o Gossypium (cotton) — fibre industry.
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o Urtica dioica (nettle) — stinging defence
mechanism.

e Solanum spp. (tomato) — branched
protective hairs

2. Glandular
Trichomes)

Trichomes (Secretory

Definition: Specialized trichomes capable of
secreting a wide range of secondary
metabolites (oils, resins, alkaloids, mucilage,
salts, or enzymes). (Shahzad et al., 2020)

Types

o Capitate trichomes — Stalked, with a
glandular head.
- I =— RN X

o Peltate trichomes - Disc-like, shield-
shaped (common in aromatic plants).

_secretory cel
_stalk cel

basal cell

o Stalked glandular hairs — Secrete sticky
or Volatile substances.

SN
E.ﬁ
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Functions

e Secrete essential oils — aroma & defence
(e.g., mint, basil, lavender).

e Secrete resins & cannabinoids — pest
resistance & medicinal use (e.g., cannabis).

e Produce digestive enzymes in carnivorous
plants (e.g., sundew Drosera).

o Excrete salts in halophytes like mangroves
(salt balance).

¢ Deter insects by sticky
Examples of Secretions

o Mentha, Ocimum, Lavandula — essential
oils.

e Cannabis sativa — resinous trichomes with
cannabinoids.

e Drosera — glandular trichomes with
digestive enzymes.

o Solanum galapagense (wild tomato) —
Type-IV glandular trichomes secrete acyl
sugars that deter pes

Mechanism of trichome development (Han
etal., 2022)

1. Cell Initiation

* Begins from specialized epidermal
(protodermal) cells.

* Key regulators:

— GLABRAI (GLI)

— GLABRA3 (GL3)

— TRANSPARENT  TESTA
(TTG1)

GLABRAI

o These transcription factors activate
downstream genes to specify trichome
cell fate.

* Lateral inhibition prevents adjacent cells
from becoming trichomes — ensures
proper spacing.
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2. Endoreduplication

* DNA replicates without cell division —

results in a large nucleus and cell
enlargement.

* Provides the trichome precursor with
sufficient  cytoplasmic  volume  for
outgrowth.

3. Polarized Cell Expansion

e Guided by the cytoskeleton
(microtubules and actin filaments).

e Cell elongates outward to form the hair-
like structure.

e Determines whether the trichome
becomes unbranched, branched, or
stellate.

4. Differentiation Phase

» Cells acquire specialized structures and
functions.

— Non-glandular trichomes: Mechanical
protection, insulation, and reduction of
water loss.

— Glandular trichomes: Development of
stalk and secretory head.

)]

. Metabolite Production and Secretion
In glandular trichomes, secondary
metabolites (e.g., essential oils, resins
and salts) are synthesized.

6. Metabolic pathways are activated to store

and secrete compounds through the
secretory head.
TRICHOMES ROLE IN STRESS
ADAPTATION IN PLANTS
Trichomes are multifunctional epidermal

structures that protect plants from both abiotic
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and biotic stresses. Their density, morphology,
and secretory activity enable plants to regulate
temperature, water balance, and defense, thus
enhancing adaptability and survival under
harsh environments (Devi et al., 2017).

1. Role in Abiotic Stress Adaptation:
Trichomes mitigate several abiotic
stresses such as drought, heat, salinity,
UV radiation, and cold. Under drought,
dense non-glandular trichomes reflect
sunlight, reduce transpiration and
maintain cooler leaf surfaces, as seen in
tomato and olive. In high light and UV
stress, they act as natural sunscreens,
scattering radiation and secreting UV-
absorbing flavonoids, as in Arabidopsis
and lavender. During heat stress,
trichomes reflect infrared rays and lower
canopy temperature, exemplified by
cotton and sunflower. Under salinity
stress,  salt-secreting  trichomes  in
Avicennia and Atriplex remove excess
ions, maintaining ionic balance. In cold or
frost stress, dense woolly trichomes in
alpine plants such as Edelweiss insulate
tissues and reduce ice formation. Overall,
trichomes provide integrated protection
against multiple concurrent stresses by

maintaining water and temperature
homeostasis.
2. Role in Biotic Stress Adaptation:

Trichomes form a primary barrier against
insects, herbivores, and pathogens
through mechanical and chemical means.
Non-glandular trichomes restrict insect
movement and feeding, while glandular
trichomes secrete  metabolites like
terpenoids, phenolics and acyl sugars with
antimicrobial and insecticidal effects.
Examples include essential oils in mint
and sticky exudates in Nicotiana that trap
insects. Trichomes also deter oviposition,
immobilize pests and release volatiles that
attract predators, thereby contributing to
both direct and indirect defense.
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3. Implications in Plant Breeding:
Trichome traits offer valuable tools for
crop improvement. Breeding for higher
trichome density or specific glandular
types can enhance resistance to pests and
abiotic stresses, reducing pesticide use
and improving resilience. Trichome
characteristics also serve as reliable
morphological markers for germplasm
identification. = Moreover,  glandular
trichomes produce high-value secondary
metabolites, and their development can be
genetically manipulated to optimize both
defense and economic traits, supporting
sustainable and climate-smart agriculture.

RECENT VARIETIES
Type of | Trait |Institution
Crop | Varieties |Trichome|Improved|/ Developer]
Resistance| Punjab
Cotton | LH 2108 |Glandular [to whitefly|Agricultural
and jassids| University
Shoot and
Brinjal | RL-218 [Type IV &|fruit borer| ICAR-
VI resistance | IIVR,
glandular Varanasi
Dense
Soybean |P1 227687| non- |Resistance] USDA
glandular | to Aphis [Germplasm
trichomes | glycines
Enhanced
Tomato [ABL 10-4| Type [acylsugar| IARI New
IV/VIL | content, Delhi
glandular pest
resistance
Enhanced
Type VI [resistance| Multiple
Grapevinel GREM4 | glandular to Institutions
Japanese
beetle
feeding

CONCLUSION

Trichomes represent a multifunctional and
adaptive feature of plant epidermis that
integrates  genetic,  physiological  and
ecological functions. Their diversity from
protective hairs to metabolite-secreting glands
illustrates the evolutionary sophistication of
plant defense and survival strategies. The
regulation of trichome development through
networks

transcriptional and  hormonal
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provides opportunities for targeted genetic
manipulation. By enhancing trichome density,
type or metabolic capacity, breeders can
develop crops with improved resistance to
pests, drought and salinity while also
increasing the yield of valuable secondary
metabolites. Thus, a deeper understanding of
trichome biology not only strengthens plant
stress resilience but also supports innovation in
agriculture, pharmaceuticals and the bio-based
industry.
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