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ABSTRACT

Trichomes are epidermal appendages found in plant parts, have an important role in growth, development 
and pollination. The present study have been investigated the morphology, structure and distribution 
of trichomes on the reproductive parts of Coccinia grandis, a dioecious species in Cucurbitaceae, using 
micro and macroscopic studies. On the basis of structure and function, the epidermal hairs are classified 
under glandular and non-glandular trichomes. Three types of glandular (peltate, capitates and conoidal) 
and four types of morphologicaly distinct non-glandular hairs were observed. Distribution of hairs 
varies according to parts of flower. Non-glandular hairs developed earlier and their density reduces in 
later stages except in corolla, whereas glandular hairs were predominant in mature flowers. The study 
pointed out that the floral trichomes in Coccinia grandis, play an important role in effective pollination 
rather mechanical support.

Highlights

 m Floral trichomes in Coccinia grandis demonstrated an uneven distribution on different floral parts 
during the floral morphogenesis.

 m They exhibit great structural diversity, include both glandular and non- glandular hairs and have 
different functions on each floral whorls ranging from mechanical support to pollination.
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Trichomes, the epidermal hairs are common across 
plants, and distributed on the surface of vegetative 
and reproductive parts. Due to its diversity in 
morphology, structure and distribution, trichomes 
can be used as a taxonomic marker (Wang et al. 
2004). Trichomes are distributed at the surface 
of aerial plant parts, perform various functions 
like reduce heat load, enhance water absorption, 
increase tolerance to freezing, protect plant structure 
from harmful effects of sunlight, aid seed dispersal, 
protect plants from herbivorous and pathogens 
(Kennedy 2003).
Trichomes are often classified as glandular or 
non-glandular based on their secretory function 
(Peterson and Vermeer 1984). They are considered 
as the physical barriers against external factors 
and also serve to restrict loss of water, extreme 

temperature and ultraviolet radiation (Werker 
2000). Glandular trichomes produce secondary 
compounds that are helpful for pollination, defense 
and protection (Mahlberg and Kim 2004). The 
nature of trichome and its secretory substances 
vary among species and are used in systematics 
(Wagner 1991). Glandular trichomes on leaves were 
extensively studied in many families like Lamiaceae 
(Bruni and Modenesi 1983), Solanaceae (Adedeji et 
al. 2007), Cucurbitaceae (Kolb and Muller 2004); 
whereas on reproductive organs the reports were 
limited (Werker 1993). (Tan et al. 2016) suggested 
that floral trichomes help to keep flower bud in its 
proper shape until the emergence of full bloom.
Coccinia grandis (L.) Voigt belonging to Cucurbitaceae, 
commonly known as ivy gourd; is a strictly 
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dioecious species. Dioecy is a rare condition in 
plants and it appears to be rather more common 
among dicot genera than among monocots and 
particularly prevalent in some families including 
Cucurbitaceae (Renner and Ricklefs 1995). The 
species is unique by the presence of heteromorphic 
sex chromosomes (Roy 1974). The mature male and 
female flowers have structural similarity in their 
outer whorls; both possess five sepals and five 
united petals. However the sexual whorls are quite 
variable. The male flower has three fused stamens 
with a thick filament while ovary is inferior with a 
single style and a trifid stigma in female flower. The 
present work based on micromorphology and floral 
anatomy provides new elements on morphology, 
structure and localization of glandular and non-
glandular thichomes in the flowers of C. grandis.

MATERIALS AND METHODS
The male and female populations of C. grandis (15 
plants from two groups) growing in the Botanic 
Garden, Department of Botany, University of 
Kerala, were considered for the present study. Buds 
and flowers of both male and female plants were 
examined.

Trichome morphology

Fresh floral parts of C.grandis were examined using 
an Olympus SZ 61 stereomicroscope, connected to 
an ultrascope digital camera for the identification 
of morphological characters.

Floral anatomy

The floral parts of C.grandis from buds and mature 
flowers were fixed in FAA, stored at 4°C for 12 
hours. Sections were prepared according to paraffin 
method (Algan 1981).The material was dehydrated 
in an alcohol series, then replaced by an ethanol: 
xylene series before being infiltrated with paraffin 
wax, kept at 58°C. Wax blocks were cooled on ice 
and sectioned at 6–7 µm thickness using a rotary 
microtome.
The slides were subjected to following histochemical 
analysis: toluidine blue (TBO); a nonspecific, 
polychromatic stain that binds to most cellular 
components except starch and lipid (O’Brien and 
McCully 1982), Sudan IV for total lipids, ferric 
trichloride for phenolic compounds (Johansen 1940) 
and protein. The stained materials were studied and 

photographed using a LEICA GFC 425 C image 
microscope.

Scanning electron microscopy

Floral buds and petals from fully expanded 
flowers were collected and fixed in FAA at room 
temperature for 24 hours and dehydrated in alcohol 
series. The specimens were dried to critical point 
with CO2 then coated with gold and viewed with 
a So -2400 (Hitachi) SEM, and photographed using 
digital image scanning system.

RESULTS AND DISCUSSION
Micromorphological observations of reproductive 
parts of C. grandis revealed that the adaxial and 
abaxial surfaces of all floral whorls possessed 
trichomes. Detailed evaluation of trichomes showed 
the presence of both glandular and non-glandular 
types ranged from unicellular to multicellular. They 
varied in their length and number of cells, size of 
head and nature of apical cell (Table 1). The pattern 
of distribution of trichomes on different floral parts 
were depicted in the graphs (Fig. 1 A&B).

Fig. 1: Distribution of glandular (1A) and non glandular 
trichomes (2A)on the different parts of flower in C.grandis. 
SS-short stalked capitates, LS-Long stalked capitates, USS- 
Unuicellular short stalked, MSS-Multicellular short stalked 
capitate trichomes (0 : absent, 1: present, 2: medium coverage, 
3: dense coverage).
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Glandular Trichomes

Based on morphology and structure of secretory 
head, the glandular trichomes observed in the 
flowers of C.grandis were categorized into peltate, 
capitates and conoidal. On the basis of length of 
stalk cell, capitate type was further divided into 
short and long stalked trichomes.

Peltate hairs

The peltate hair consisted of a basal cell embedded 
in epidermis with multicellular stalk and a large 
secretory head, consisted of 4-6 secretory cells 
(Fig 3.A). The anticlinal wall of stalk cell and cells 
of secretory head had a thick cuticle and a sub 

cuticular space. The elevated space of cuticle of head 
accumulates secretory material. SEM observations 
could not observe any specific subcelluar cuticle or 
pores/openings in the surface of secretory head (Fig 
5.A). The secretory material may be exuded slowly 
through thin cuticle or by breaking cuticlular wall 
by external forces.

Capitate Trichomes

Capitate trichomes consisted of a base, a stalk 
with 1-8 cells and a unicellular to multi cellular 
head. These trichomes were quite variable in size, 
morphology and distribution. Based on morphology 
of glandular head and secretion process, capitates 
trichomes were subdivided into short stalked (uni/

Table 1: Size of glandular and non glandular hairs in the flowers of C.grandis. SS-Short stalked, USS-Uni cellular 
short stalked, MSS-Multi cellular short stalked, LS-Long stalked capitate trichomes

Glandular trichomes (µm) Non-glandular trichomes (µm)

peltate
capitate

conoidal Type I Type II Type III Type IVSS
LS

USS MSS
Length of trichome 16.46±1.4 51.5±2 46.06±0.5 89.0±1.3 67.8±0.9 42.6±0.2 28.9±0.7 92.4±0.3 159.3±2

Length of head/
apcal cell

12.39±0.7 27.7±0.8 17.84±0.5 18.4±0.7 46.8±0.8 20.9±0.7 7.5±0.3 32.3±08 7.8±0.6

Width of head/
apical cell

18.33±1.3 30.98±0.67 19.3±0.4 14.6±0.9 32.8±0.6 18.7±0.8 11.2±0.6 10.4±0.2 8.5±0.4

Fig. 2: Stereomicroscopic image of floral parts. 1. Surface of Petal, 2. Stigmatic surface of female flower, 3. Surface of petal showing 
long stalked glandular hairs (arrow). 4. Anther lob with Type II non glandular hairs (arrow).
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multicellular head) and long stalked in which the 
former has a basal cell a stalk and a uni or bi cellular 
ovoid to globular head covered by a thin cuticle (Fig 
3. B&C). The multi cellular headed capitate trichome 
had four celled head and a short secretory cell (Fig 
3.D) whereas, long stalked glandular trichomes 
showed 2-8 celled stalk, a neck cell and a globular 
head with secretory cell (Fig 3.E). The cuticle was 
thick and pores were observed on the surface of 
head (Fig 5.A).

Conoidal trichome

They were rare type of glandular trichome present 
on the both the surfaces of corolla. They had a 
small uni cellular base, 2-4 celled stalk, uni cellular 
neck and a multicellular (4-6) conoidal head. The 

thick cuticular membrane was and a sub cuticular 
membrane were observed (Fig 3.F).
Histological analysis of glandular trichomes 
revealed the presence of polysaccharides, phenols, 
lipophilic compounds and proteins (Fig 4 D-F).

Non-glandular trichomes

Most commonly found trichomes in the flowers 
of C.grandis were non-glandular type. All the 
floral parts except anther were covered with non-
glandular trichomes. The floral primordia were 
covered by numerous multi cellular unbranched 
non-glandular hairs. Based on the number of cells 
and nature of apical cell, they can be categorized 
into four types.

Fig. 3: Different types of Glandular hairs in flowers of Coccinia grandis. a. Structure of peltate hair.b. Short stalked uni celluar glandular 
trichome. c. Short stalked bicelluar glandular trichome. d. Short stalked multicellular headed capitates trichome.e. Long stalked capitate 
trichome. f. conoidal trichome. (C-Cuticle, CS subcuticular space, Hc-Head cell, Sc-Secretory cell, Bc-base cell, Nc-neck cell).
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Type I: Bicellular trichome with normal basal cell 
and a pointed apical cell. They were distributed in 
all parts (except anther) of the flower along with 
other trichomes (Fig 4.A).
Type II: Bicellular non-glandular trichome with 
a stout basal cell and a pointed apical cell. The 
cuticular surface of wall of apical cell is covered by 
numerous striations (Fig 4C, 5E).
Type III: Multi cellular uniseriate stalk with pointed 
apical cell (hooked). The trichomes were abundant 
in both abaxial and adaxial surface of petal. They 
are composed of 2-5 basal cells and a pointed apical 
cell. The apical part of the cell bends at different 
directions (Fig. 4D).

Type IV: Multi cellular non-glandular hairs with 
normal basal cell, shrivelled middle cell and pointed 
apical cell. These types of hairs were observed in 
the petal and pedicel. They were very long and 
composed of 5-9 cells (Fig. 5F).
The presence of three different types of glandular 
and four types of non-glandular hairs distributed 
in almost all parts of the flowers revealed trichome 
diversity in C.grandis. This is the maiden report 
for C.grandis on floral trichomes. Highest density 
of both types of trichomes was observed both on 
the surfaces of corolla. The diversity of hairs in 
flowers of C.grandis suggested their significance in 
the secretion of exudates that may guide insects 

Fig. 4: Types of non glandular hairs in the flower. A. Type I, B. Type II, C. Type III. D-localizatin of phenolic compound in peltate 
trichome. E. Presence of phenols in unicellular short stalked capitates trichome. F. long stalked trichome stained with Sudan IV.
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or act as floral rewards to pollinators. According 
to Ascensao et al. (1999), glandular hairs varied in 
morphology, structure and density among species 
and organs. The study revealed maximum density 
of glandular trichomes in the petals of full bloomed 
flowers than in the bud stage, indicates the influence 
of light on differentiation of glandular trcihomes. 
According to Thanki (1989) glandular trichomes 
were rare and few celled in the leaves of C.grandis.
Present findings noticed abundance of peltate 
hairs on both the surfaces of corolla, while in other 
floral parts distribution was rare. Peltate hairs were 
simple type of glandular trichomes in the flowers 
of C.grandis having a head cell and small secretory 
cells. At maturity, head cell was about 12.39±0.7 µm 

height and 18.33±1.3µm in diameter. The number 
of secretory cells varied from four to six. Variations 
in the number of secretory cells in the peltate hairs 
(ranged from four to eight) was reported in species 
like Salvia (Kahraman et al. 2010).
The capitate hairs were widespread in the flowers 
of C.grandis, especially in calyx and corolla. They 
were more variable than peltate trichome regarding 
length of the stalk cells and shape of secretory head. 
Short stalked trichome was abundant on both the 
surfaces of corolla, while moderately distributed in 
the calyx. Short stalked hairs differed in the number 
of head cells, unicellular capitate trichome having 
an average length of about 46.06±0.5 with 17.84±0.5, 
19.3±0.4 length and width of head cell respectively 

Fig. 5: SEM images of glandular and non glandular hairs. a. Long stalked capitates hair (star) and pltat hairs (arrow). b. short stalked 
capitate trichome with multi cellular head. c. Type I. d. Type III, e. Type II(arrow). f. Type IV non glandular hair.
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whereas multicellular capitates trichome having 
a length of 51.5±2 with 27.7±0.8 head length 
and 30.98±0.4 width. Variations in the number 
of secretory cells in the capitate trichomes were 
reported by Corsi and Bottega (1999); Bisio et al. 
(1999). Large number of single capitate unicellular 
head with 2-3 celled stalk and rarely short stalked 
with two celled head were reported in the corolla of 
Euphrasia stricta (Haratym and Chmielewska 2014).
The presence of abundant long stalked capitates 
glandular trichomes with multicellular stalk, a 
secretory cell, a short neck cell and a globular 
head were observed on both the surface of corolla 
C.grandis. The neck cell was thin compared to other 
cells. The sectretory materials exuded through the 
surface of head may attract insects for effective 
pollination in C.grandis. Neck cell in the glandular 
trichomes prevents the backflow of secreted 
substances through the apoplast (Baran et al. 2010). 
Krings et al. (2003) reported similar type of trichome 
in Sicana odorifera (Cucurbitaceae). Morphological 
variations in the long stalked capitates trichomes 
were reported in the different species of Lamiaceae 
(Mota et al. 2013). In Ocimum selloi, stalked capitate 
trichomes were observed on the adaxial surface of 
sepal, whereas it was completely absent in petals, 
stamens and gynoecia (Goncalves et al. 2010). The 
study found out presence of a rare type of glandular 
trichome with an average length of 67.8±0.9 
consisting of a small unicellular base, 2-4 celled 
stalk and a multicellular conoidal head on both 
the surfaces of corolla in C.grandis. The Plectranthus 
species also exhibited the same in the calyx and 
corolla (Ascensao et al. 1999).
The glandular trichomes present in the flowers 
of C.grandis secretes hydrophilic polysaccharides, 
phenolic compounds, lipophilic substances, that 
probably repel pathogen attacks. The hydrophilic 
polysaccharides can improve water retention and 
water vapor absorption through cuticle and act 
as a physical barrier, protecting young organs 
from dehydration (Mayer et al. 2013). According 
to Werker (2000) glandular trichomes produce 
large amount of phytotoxic substances than that 
of internal tissues. The exact function of secretion 
of glandular hairs is not known but it may be 
involved in the chemical defense or serve to attract 
pollinators. The interaction of polysaccharides with 
phenolic compounds traps phytophagous insects 
(Tingey and Gibson 1978).

The long non-glandular trichomes with basal cells 
providing a strong point of attachment that anchors 
the trichomes to cover and shield the surrounding 
glandular trichomes. Dense distribution of both 
short and long non-glandular trichomes in close 
association with glandular trichomes suggests the 
protective function of non-glandular trichomes by 
shielding glandular trichomes in the flowers of 
C.grandis. Trichomes with elongated cells protect 
shorter glandular trichomes by their disposition 
and forming fibre meshes over these gland (Lusa 
et al. 2014), limiting exposure to ultra violet 
radiation, limiting water loss, acting as defence 
against herbivorous predators (Wagner et al. 
2004). Distribution of non-glandular trichomes on 
the epidermis is a characteristic shown by most 
of angiosperms and could be associated with 
protection against insects (Fahn 1988).
The study noticed presence of non-glandular 
trichomes throughout the development of flower 
in C.grandis. The floral primordia were covered by 
numerous multi cellular unbranched non-glandular 
hairs. This may be an adaptive mechanism against 
herbivores which are attacked by younger plant 
parts. Previous reports suggested that many plant 
species respond to insect damage by increasing 
the density of trichomes (Agarwal 2000). The 
development of non- glandular trichomes quite 
earlier than glandular trichomes in the calyx and 
corolla suggest the protective function to the 
developing glandular trichomes and other internal 
structures. As the flower developed, the density 
decreases in the calyx and they were predominantly 
centered on the margins. This may be due to gross 
distension of basal cell and often by raising of 
surrounding epidermis as proposed by Bini-Maleci 
et al. (1983). High density of trichomes in corolla 
and stigma of the female flower during maturity 
suggests their role in effective pollination. According 
to Corsi and Bottega (1999) non-glandular hairs are 
involved in mechanical defense and protect the 
plant from excessive transpiration, reduce heat load 
of plants, increase tolerance to freezing and deflect 
intense solar radiation.
Type I non-glandular trichomes were widely 
distributed in the stigmatic surface, calyx and 
corolla; whereas Type II non-glandular hairs were 
distributed in the anther walls and rarely on both 
the surfaces of corolla. Presence of Type II hairs 
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in the walls of mature anther may help to attract 
pollinators and also may serve as pollen presenters, 
from which pollinators collect numerous pollen 
grains released from anthers. Presence of pollen 
presenters on the pistil apex have reported in 
families like Asteraceae, Campanulaceae, Fabaceae, 
Rubiaceae, Proteaceae, Lobeliaceae (Howell et al. 
1993; Mattews et al. 1999). Type III trichomes mainly 
distributed in margins and veins of floral organs 
and veins of both the surfaces of calyx and corolla, 
may anchor the flower and protect from external 
forces. Type IV hairs were distributed in pedicels 
on developing stage itself whereas their abundance 
in fully opened corolla reveals its importance in 
protection.

CONCLUSION
Present study observed that C.grandis flowers have 
a rich diversity in glandular and non-glandular 
trichomes, varied greatly in morphology, structure 
and occurrence on reproductive organs. All parts of 
flower had glandular hairs, they provide mechanical 
support, Type II hairs in anther and stigma was 
evident that these hairs have functions in pollination 
also. Throughout the development, trichomes 
were covered the floral organs. Non-glandular 
hairs developed earlier, covered the developing 
floral whorls as well as developing glandular 
hairs. Glandular hairs, rather than a mechanical 
supporting tissue, which secrete oils and other 
compounds that may provide chemical defense 
against insects or may help to effective pollination 
in this species.
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