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A b s t r a c t

Micromorphology and distribution of glandular and 
non-glandular trichomes on the above-ground organs of Inula 
helenium L. were investigated using light and scanning electron 
microscopy (SEM).

Two types of biseriate glandular trichomes, i.e. sessile 
and stalk hairs, and non-glandular trichomes were recorded. Ses-
sile glandular trichomes were found on all examined I. helenium 
organs (with their highest density on the abaxial surface of le-
aves and disk florets, and on stems), whereas stalk glandular tri-
chomes were found on leaves and stems. Sessile trichomes were 
characterised by a slightly lower height (58–103 μm) and width 
(32–35 μm) than the stalk trichomes (62–111 μm x 31–36 μm).
Glandular hairs were composed of 5–7 (sessile trichomes) or 
6–9 (stalk trichomes) cell tiers. Apical trichome cell tiers exhi-
bited features of secretory cells. Secretion was accumulated in 
subcuticular space, which expanded and ruptured at the top, and 
released its content. Histochemical assays showed the presence 
of lipids and polyphenols, whereas no starch was detected.

Non-glandular trichomes were seen on involucral 
bracts, leaves and stems (more frequently on involucral bracts). 
Their structure comprised 2–9 cells; basal cells (1–6) were 
smaller and linearly arranged, while apical cells had a prozen-
chymatous shape. The apical cell was the longest and sharply 
pointed. Applied histochemical tests revealed orange-red (pre-
sence of lipids) and brow colour (presence of polyphenols) in 
the apical cells of the trichomes. This may suggest that beside 
their protective role, the trichomes may participate in secretion 
of secondary metabolites. 

Key words: external secretory tissue, trichomes, Inula helenium, 
Asteraceae

INTRODUCTION

Inula helenium is a large (up to 2 m high) peren-
nial growing in North America, Europe, Asia Minor, 

and Japan. In Poland, it usually occurs in scrubs, fell-
ing sites, and near rivers; it is also cultivated in herb 
plantations [1] due to its cholagogic, diuretic, anthel-
mintic, and expectorant properties [2]. 

Likewise in many other representatives of 
Asteraceae [3–5], the above-ground organs of the spe-
cies bear glandular and non-glandular trichomes. Sub-
stances produced by glandular trichomes may function 
as repellents against herbivores and pathogens [6,7,8], 
limit the transpiration rate, and reduce leaf temperature 
[9]. Withering and falling leaves with intact glandular 
hairs may also provide a phytotoxic environment for 
germinating seeds and growing seedlings [6]. In con-
trast, non-glandular trichomes often act as a physiolog-
ical barrier against herbivores and contribute to plant 
adaptation to environmental conditions, particularly in 
dry environments [10,11].

Glandular trichomes in representatives of the 
Asteraceae family are biseriate and form 3–4 verti-
cal tiers [12], 5 tiers [6,7,13–19], 5–6 tiers [11,20] or 
6–7 tiers [8]. In Asteraceae representatives, have been 
described trichomes consisted of a large mulicellular 
stalk (16–40 cells) and a mulicellular secreting head 
(60–120 cells arranged in two zones) [19]. Milan et 
al. [21] have described uniseriate glandular trichomes 
with a multicellular stalk and a globular or spatulate 
apical cell. Other researchers have found Asterace-
ae trichomes to be biseriate, multicellular, sessile or 
stalked, with a head composed of 1 or 2 pairs of achlo-
rophyllous apical cells and 2–3 pairs of chlorophyll-
containing cells [3–5]. Ramayya [22] has reported four 
structural models of glandular trichomes in Asteraceae 
representatives: filiform, macroform, biseriate, and 
multiseriate hairs. According to B o n d a r e v  et al. 
[12], the individual trichome tiers are formed of on-
togenetically different cells.
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Covering trichomes in Asteraceae are com-
posed of different numbers of cells with a varied de-
gree of viability. M e t c a l f e  and C h a l k  [23] have 
described eight types of mechanical hairs, including 
uniseriate trichomes with an elongated apical cell, T-
shaped hairs, or peltate trichomes. C o r n a r a  et al. 
[18] have distinguished two types of covering hairs in 
Stevia rebaudiana: long (210–650 μm) and rough hairs 
and short (85–170 μm) and smooth trichomes.

In Asteraceae representatives, both types of tri-
chomes (glandular and non-glandular) are located pri-
marily on leaves [7,9,11,24] with the highest density 
observed on the abaxial surface of the epidermis. The 
other organs that bear trichomes are stems [9,15], in-
volucral bracts [11,18,19], and corollas [13,14,17,18, 
25,26]. 

Glandular trichomes in Asteraceae accumulate 
a variety of substances, e.g. essential oils [11,19,27], 
tannins, flavonoids [19], terpenoids [6,13,16,18,19], 
lipids [9], polysaccharides [8,9], proteins [9,18], phe-
nols [18], alkaloids [16,18] and oleoresin [16].

There are no detailed data in the available lit-
erature about Inula helenium trichomes. Spring [26] 
merely mentions the presence of glandular trichomes 
on the bottom of the anthodium in this species, but pro-
vides no description of their structure. The aim of the 
study was to determine the types of trichomes in Inula 
helenium and to assess the quality of glandular secre-
tion of the trichomes. 

MATERIALS AND METHODS

The Inula helenium L. plants examined were 
obtained from the collection of the UMCS Botanical 
Garden, Lublin. 

Trichomes were observed on stems, leaves, and 
flowers under light and scanning electron microscopes. 
Location of glandular and mechanical trichomes was 
identified and morphometric (length and width measu-
red at the widest point) and structural (micromorpho-
logy, cell number and arrangement, some aspects of 
anatomy) analyses were performed. 

LM. Cross-sections of stems, leaves, and in-
volucral bracts were made manually from fresh and
70% ethanol fixed material; additionally, fragments 
of ray-floret and disk-floret corollas were used. Some 
plant sections were stained with toluidine blue and sa-
franin, and others were tested for the presence of lipids 
(Sudan III and Sudan Red B), polyphenols (FeCl3), and 
starch (IKI).

Additionally, semi-thin (approximately 15-μm 
thick) permanent paraffin preparations were made. Stem 
and leaf fragments were fixed in 70 % ethanol, dehy-
drated in graded alcohol and Poly/Clear Solvent series 
and embedded in Poly-Fin paraffin (40oC). The samples 

were cut with the use of an MPS-ZU 4.2 microtome.
Paraffin was removed by repeated washing with an in-
creasing gradient of the Poly/Clear Solvent. The sec-
tions were stained with 0.05% toluidine blue or 0.1% 
safranin with 1% fast green, and sealed in Euparal. The 
observations were carried out and photographs were ta-
ken under a Nikon Eclipse 400 light microscope. 

SEM. Stem and leaf fragments were fixed in a 
4% glutaraldehyde solution in 0.1 M phosphate buffer 
(pH 7.0, temp. 4oC) for 12 hours. Next, the material was 
washed with the same buffer 4 times for 20 minutes and 
dehydrated in graded ethanol series up to absolute. In 
successive steps, the plant samples were transferred to 
acetone, critical point dried in liquid CO2 using Bal-Tec 
CPD 030, and sputter-coated with Polaron SC 7640. 
The surface of the epidermis of the analysed organs was 
observed and photographed under a scanning electron 
microscope BS 301 coupled with a Tescan attachment 
for digital processing of microscopic images.

RESULTS

On the above-ground organs of Inula helenium 
(Fig. 1 A, B) were found glandular and non-glandular 
trichomes.

Glandular trichomes
Glandular trichomes had a characteristic layered 

(biseriate) structure. Two types of these hairs were ob-
served: stalked and sessile. Sessile trichomes were more 
abundant and they were found on the leaves (Figs 2 A;
3 B, D; 4 A, D, E), primarily on the abaxial epidermis, 
stems (Figs 2 H; 3 A, C, E–G), involucral bracts (ada-
xial and abaxial epidermis) (Fig. 4 C), ray-floret corolla 
(abaxial surface) (Fig. 3 H) and in the apical teeth of 
the disk-floret corolla (abaxial surface). Stalk trichomes 
were less abundant and they were only found on the le-
aves (Fig. 3 K, L) and stems (Figs 2 B; 3 I, J).

The stalk trichomes were composed of stalk 
and secretory cells arranged in two vertical rows. The 
stalk cells were arranged less regularly, while the secre-
tory cells formed distinct tiers (Fig. 3 I–L). The number 
of stalk trichome tiers varied between 6 and 9 (Table 1). 
The height of the trichomes ranged of 62–111 μm. Tri-
chomes located on stems were slightly longer than those 
on leaves. The average width of the hairs was 31 μm (le-
aves) and 36 μm (stems). The stalk cells were characte-
rised by larger sizes (compared with secretory cells) and 
they were radially elongated (Fig. 3 I–L). Cells of stalk 
in mature hairs exhibited a high degree of vacuolisation. 
In the longitudinal section, the secretory cells were rec-
tangular and slightly flattened (Fig. 3 I–L), and only the 
apical cell pair was characterised by larger sizes and an 
oval shape. Dense cytoplasm content was observed in 
all secretory cells of young trichomes. At the pre-sec-
tory stage, five of the apical cell pairs exhibited a dense 
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protoplast and the other cells were dominated by a large 
central vacuole (Fig. 3 J–L).

The sessile trichomes were formed by 5–7 cell 
tiers. The mean height of the trichomes ranged betwe-
en 58 μm and 103 μm and the width from 32 to 35 μm 
(Table 1). Apical cells of the hair were characterised by 
larger sizes than the other trichome cells (Fig. 3 A–G). 
At the pre-secretory stage (Fig. 3 F, G), the trichomes 
exhibited dense cytoplasm in all cell tiers. At a later de-
velopmental stage, only the apical cell pair of the tricho-
me was characterised by a dense protoplast, while the 
other cells were strongly vacuolated (Fig. 3 A, B, E).

In the successive developmental stages of both 
types of trichomes, the cuticle surrounding the apical 
cells detached, thus forming a spherical or oval conta-
iner for secretions released by the cellulose walls of the 
apical cells (Figs 3 A, B, H; 4 A–C, E). The subcuticu-
lar space expanded as the secretion amounts increased, 
and ruptured thereby releasing its content (Figs 3 C, D, 
I; 4 D). Simultaneously, the enlargement of the sub-
cuticular space was accompanied by degeneration of 
trichome cells and collapse thereof beginning with the 
top tiers of the trichomes (Fig. 3 H, I). 

Histochemical tests have revealed that tricho-
mes produce and secrete lipids (Figs 3 C, J; 4 A–C) 
and polyphenols (Fig. 4 D, E). Both substances were 
found mainly in the apical cell layer, both in their pro-
toplast and the subcuticular space. Starch was not fo-
und in the analysed trichome cells. 

Non–glandular trichomes
Besides glandular trichomes, covering hairs 

were also found in the investigated species; these were 
located mainly on the involucral bracts and less fre-
quently on leaves (Figs 1 C–F; 2 A; 4 F) and stems 
(Fig. 2 B–I). These trichomes were usually present on 
the abaxial surface of these organs. Their length was 
in the range of 421–770 μm, and the width 22–73 μm
(Table 2). The trichomes were 2–9 celled. Their basal 
part (Figs 1 E; 2 C–I; 4 F) was composed of linearly 
arranged 1–6 cells (most frequently 3) with similar 
shapes and sizes in the longitudinal section. The upper 
parts of the trichomes comprised 1–3 prozenchymatous 
cells (Table 2) that were considerably longer than cells 
located in the lower part. The apical cell was the long-
est, narrowest, and sharply tapered (Figs 1 D; 2 D–F). 
The trichomes in Inula helenium were both erect and 
inclined towards the organ surface (Figs 1 C–F; 2 A–I). 
The cells of covering trichomes were characterised by 
a thick cell wall (Fig. 2 D, G–I) and a viable protoplast. 
Their cytoplasm frequently contained chloroplasts. 

Histochemical assays applied to glandular hairs 
revealed a positive reaction of non-glandular trichomes 
to Sudan Red B (Figs 2 C; 4 A) and FeCl3 (Fig. 4 F), 
which indicates presence of lipids and polyphenols. 
Typically, elongated apical trichome cells were stained 
(Fig. 2 C). Besides their covering role, the trichomes 
may have served a secretory function.

Table 1
Distribution and morphological characteristics of glandular trichomes located on above-ground organs of Inula helenium 

Plant organ Type of
trichomes 

Number of trichome 
cell tiers 

Height (μm) Diameter* (μm)

Min. Max. Mean Min. Max. Mean

Stem
Sesille 5-7 41.1 82.2 62.5 28.3 38.6 32.9

Stalk 7-9 69.4 110.5 88.7 30.8 41.1 36.3

Leafe
Sesille 5-6 51.4 64.3 58.0 25.7 38.6 32.7

Stalk 6-8 61.7 102.8 87.4 25.7 38.6 30.8

Rey-floret Sesille 6 64.3 87.4 77.1 25.7 36.0 32.2

Disk-floret Sesille 6 64.3 90.0 77.1 25.7 38.6 31.9

Involuclar bract Sesille 5-6 92.5 118.2 103.2 28.3 48.8 35.0

*The diameter was measured at the widest place of trichome

Table 2
Some features characterising non-glandular trichomes found on above-ground organs of Inula helenium 

Plant organ 
Number of trichome cells Height (μm) Width* (μm)

Min. Max. Mean Min. Max. Mean Min. Max. Mean

Stem 2 4 5.7 334.1 565.4 512.9 36.0 69.4 55.7

Leaf 3 9 5.9 385.5 462.6 420.8 61.7 82.2 72.9

Involuclar bract 2 4 2.9 77.1 295.7 187.1 23.1 56.5 34.4

*Width measured at the widest point of trichome
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Fig. 1. Flowering plants and surface of epidermis of I. helenium leaves.
A. General view of plants.
B. Anthodia in full blooming.

C, D. Parts of the abaxial surface of the leaf (main vein) with visible glandular and non-glandular trichomes (arrows); a – 
apical cell of trichome.

E, F. Non-glandular trichomes on the abaxial surface of the leaf (E – main vein of the leaf, F – leaf blade).
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Fig. 2. Different types of trichomes on I. helenium stem and leaves.
A. Fragment of leaf cross-section with visible non-glandular and glandular (arrows) trichomes (Ead – adaxial epidermis, 

Eab – abaxial epidermis).
B. Fragment of stem cross-section. Arrow shows a stalk glandular trichome.

C–F. Mature non-glandular trichomes on the surface of the stem (b – basal cells, a – apical cell).
G–I. Non-glandular trichomes in different developmental stages on the stem surface. Arrow in photo H shows a sessile 

glandular trichome seen in lateral view.
A–D – hand made sections without staining (A, B, D) and treated with Sudan Red B (C); E–I – semi-thin sections stained 

with safranin (E) and toluidine blue (F-I).
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Fig. 3. Glandular trichomes on the surface of I. helenium stem, leaves and flowers. 
A–D. Sessile glandular trichomes on the surface of stem (A, C) and leaf (B, D) in different developmental stages. Stars show 

subcuticular space filled with secretion (hand-made sections stained with toluidine blue (A, D), Sudan III (C) and 
without staining (B)).

E–G. Sessile glandular trichomes on the stem surface. Dense cytoplasm and cell nucleus (arrows) visible in the apical tier of 
cells. Strong vacuolisation of basal cells of trichome visible in picture E (semi-thin sections stained with toluidine blue 
(E, F) and safranin (G); trichome in picture F seen in lateral view). 

H. Trichomes on the abaxial surface of the corolla of ray floret. Stars show subcuticular space filled with secretion 
(handmade section without staining).

I–J. Stalk glandular trichomes on the abaxial surface of stems (I – view of the front; J – lateral view; handmade sections 
without staining (I) and stained with Sudan Red B (J).

K–L. Stalk glandular trichomes on the surface of leaves (semi-thin sections stained with safranin and fast green; K – view of 
the front, L – lateral view). 
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Fig. 4. Glandular and non-glandular trichomes of I. helenium after applying histochemical tests. 
A–C. Sessile glandular trichomes and non-glandular trichomes (arrow) on the leaves (A, B) and on the involuclar bract 

surface (C) treated with Sudan Red B (stars show subcuticular space).
D, E. Sessile glandular trichomes on the leaf stained with FeCl3 (star shows subcuticular space).

F. Non-glandular trichome on the leaf treated with FeCl3 (b – basal cells). 

DISCUSSION

Above-ground parts of 20–30% vascular plants 
are covered by glandular trichomes, which are repre-
sented by over 300 different morphological forms [28]. 
The above-ground organs of Inula helenium exhibited 
biseriate glandular trichomes. Similar hairs were most 
frequently described in other representatives of the 
family Asteraceae [15,16,18,20,29,30]. In the species 
investigated in the present paper, two types of glandu-
lar trichomes were reported, i.e. sessile and stalk hairs, 
which corresponds with the reports of Inula viscosa 
trichomes provided by W e r k e r  and F a h n  [9]. The 
number of tiers forming Inula viscosa trichomes varied 
from 5 to 8, depending on the location of the hairs on 

the plant, which partially corresponds with the results 
concerning glandular trichomes in Asteraceae present-
ed by other researchers [6–8,11,13–20].

The findings of the present investigations have 
shown that the height and width of glandular tri-
chomes were 63–103 μm and 21–36 μm, respectively, 
depending on their location on the plant. These data 
correspond partially with the parameters reported for 
other Asteraceae representatives. Mature glandular tri-
chomes of Artemisia campestris ssp. maritima located 
on leaves were 58 μm high [16], the height of Arte-
misia nova hairs was in the range of 82–91 μm [31], 
and long-stalked Sigesbeckia jorullensis trichomes had
a height of 40–80 μm [19]. The diameter of trichomes 



measured at the level of the head ranged from 50 to 
117 μm, depending on the species [12,16,18,19,31]. 

In the species investigated in the present study, 
the secretion was accumulated in the subcuticular 
space, which agrees well with the results reported by 
other authors who analysed trichomes in a variety of 
Asteraceae representatives [2,5,8,10–16,20,32–34]. In 
Chrysanthemum morifolium only, the secretory mate-
rial was additionally accumulated along the outer edge 
of the second trichome cell tier [13,14]. In Inula he-
lenium examinated trichomes, release of the secretion 
proceeded through rupture of the cuticle in the api-
cal part of the subcuticular space. A similar secretion 
mechanism was observed in other Asteraceae repre-
sentatives [7,9,10,18,20]. W e r k e r  and F a h n  [9] 
describe release of the secretory substance through 
cuticular pores or through cuticle rupture and pores 
concurrently. In Inula helenium examinated hairs, ex-
pansion of the subcuticular space and accumulation of 
secretion were accompanied by gradual degradation 
of trichome cells beginning from the top layers. This 
is in agreement with observations reported by other 
authors, who noticed additionally that plastids were 
the first organelles to undergo lysis and mitochondria 
were the only organelles persisting until cell collapse 
[14,27]. R u m i ń s k a  [35] reports that degenerating 
secretory cells in Achillea millefolium trichomes lost 
not only the capability of essential oil synthesis and 
secretion but also the ability to contact with the rest of 
the live organism. 

Besides glandular trichomes, covering hairs 
were also found in the investigated species. The gener-
al characteristics of non-glandular trichomes described 
by M a t c a l f e  and C h a l k  [23] suggest that Inula 
helenium trichomes can be classified as hairs with 
a unicellular or multicellular stalk and an elongated 
whip-like apical cell. Werker and Fahn [9] described 
trichomes in a related species Inula viscosa to be very 
long and formed of 5–6 basal and 2–4 apical cells. In 
turn, N i k o l a k i  and C h r i s t o d u l a k i s  [34] re-
ported that non-glandular trichomes in I. viscosa are 
composed of ca. 10 rosette-forming basal cells, 5 stalk 
cells arranged vertically, and a narrow, strongly elon-
gated apical cell. In Stevia rebaudiana, two types of 
non-glandular trichomes were distinguished, i.e. long 
(300–500 μm) 7–10 celled hairs and short (80–150 
μm) 5–7-celled trichomes [12].

The mechanical trichomes of Inula helenium 
exhibited a viable protoplast. Besides their protective 
role, these trichomes serve a secretory function, which 
was evidenced by the positive results of the histochem-
ical assays. This may correspond with the finding that 
in many plant species glandular trichomes are phylo-
genetically related to non-glandular hairs [3,4].

CONCLUSIONS

1. All above-ground organs of Inula hel enium bear 
glandular and covering trichomes. Glandular tri-
chomes are most abundant on the abaxial surface of 
leaves and ray-floret corollas, whereas the highest 
density of mechanical hairs was found on the both 
surfaces of involuclar bracts. 

2. Glandular trichomes exhibit a biseriate structure. 
They are classified into two types: sessile and stalk 
hairs. 

3. Mechanical trichomes are uniseriate, multi-celled, 
and have an elongated apical cell. 

4. Glandular trichomes produce lipid substances and 
polyphenols.

5. Covering trichomes may participate in secretion 
of secondary metabolites, as chemical compounds 
have been detected in their apical cells. 
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Struktura i rozmieszczenie włosków
gruczołowych i niegruczołowych

na nadziemnych organach Inula helenium L. 
(Asteraceae)

S t r e s z c z e n i e

Przy zastosowaniu mikroskopii świetlnej oraz 
skaningowej elektronowej (SEM) badano mikromor-
fologię oraz rozmieszczenie włosków gruczołowych 
i niegruczołowych na nadziemnych częściach roślin 
Inula helenium L. 

Zarejestrowano dwa typy dwurzędowych wło-
sków gruczołowych: siedzące i trzonkowe oraz włoski 
okrywające. Siedzące włoski gruczołowe stwierdzono 
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na wszystkich badanych organach I. helenium z naj-
większym zagęszczeniem na abaksjalnej powierzchni 
liści, kwiatów rurkowatych oraz łodygach, zaś włoski 
trzonkowe zlokalizowane były na liściach i łodygach. 
Włoski siedzące cechowały się nieco mniejszą wyso-
kością (58–103 μm) i zbliżoną szerokością (32–35 μm) 
w porównaniu z włoskami trzonkowymi (62–111 μm 
x 31–36 μm). Włoski gruczołowe zbudowane były
z 5–7 (włoski siedzące) lub 6–9 pięter komórek (włoski 
trzonkowe). Komórki apikalnych pięter włosków wy-
kazywały cechy komórek wydzielniczych. Wydzielina 
gromadziła się w przestrzeni subkutykulanej, po czym 
kutykula pękała na szczycie uwalniając zawartość. Te-
sty histochemiczne wykazały, że we włoskach gruczo-

łowych występowały lipidy oraz polifenole. Nie stwier-
dzono natomiast skrobi.

Włoski niegruczołowe obserwowano najczęściej 
na listkach okrywy koszyczka, rzadziej na liściach i ło-
dygach. Strukturę tych włosków tworzyło od 2 do 9 ko-
mórek, przy czym komórki bazalne (1–6) były mniejsze, 
ułożone szeregowo, zaś komórki szczytowe cechowały 
się prozenchymatycznym kształtem. Komórka apikalna 
była najdłuższa i ostro zakończona. Przeprowadzone 
testy histochemiczne ujawniły pomarańczowo-czer-
woną barwę (obecność lipidów) i brązową (obecność 
polifenoli) w szczytowych komórkach włosków. Może 
to sugerować, że włoski te oprócz roli ochronnej biorą 
również udział w wydzielaniu metabolitów wtórnych.
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