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Abstract

The structure, micromorphology and distribution of
trichomes on Dracocephalum moldavicum L. shots were inve-
stigated using light and scanning electron microscopy (SEM).
There were distinguished 3 types of non-glandular trichomes, 3
types of glandular trichomes and papillae of the osmophore in
the epidermis of the corolla. The highest density of non-glandu-
lar and glandular trichomes was found on the abaxial surface of
the calyx, on bracts and in the upper part of the stem. Structural
variations in the head and stalk of long glandular trichomes were
demonstrated. The dimensions of particular types of trichomes
are given in the present paper.

Differences in the structure of the trichomes of this
species are presented, compared to literature data. The mic-
romorphology of particular trichome types is documented in
numerous photographs showing the rich ornamentation of the
cuticle of non-glandular trichomes.
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INTRODUCTION

Moldavian dragonhead (Dracocephalum mol-
davicum L.) is native to the Himalayas and southern
Siberia. It was brought to Europe in the 16th century
and grown in gardens. This is an annual plant, reaching
60 cm in height and with sapphire-coloured flowers,
which has ornamental values. Due to its production of
essential oils, this plant finds application in the food
and cosmetics industries as well as in therapeutics
(Kubiak, 1959; Rutkowski, 1998; Szwey-
kowscy,2003). The high attractiveness of this plant
to bees is attributable to its scent and the secretion of
large amounts of nectar by its flowers Maurizio
and Grafl, 1969; Lipinski, 1976).

In Lamiaceae, odorous compounds are emitted
by glandular trichomes of different structure. Over the
recent years, research has been conducted on the mic-
romorphology, ultrastructure and phytochemical cha-
racters of the trichomes found in different plant species
of this family (Bini Maleci etal. 1992; Schul-
ze etal. 1992; Ozkan and Soy, 2007; Giulia-
ni and Maleci Bini, 2008). The results of these
studies find application in pharmacognosy and plant
taxonomy. This research is also designed to explain
the biosynthesis of essential oils and their importan-
ce in plant life. For many years, the trichome types
have been used to classify plant genera and species in
some families as well as to assess interspecific hybrids
(Esau, 1963).

Research on the trichomes of Dracocephalum
moldavicum L. was carried out in earlier studies by
many authors (Kubiak, 1959; Lyapunowa et
al. 1975; Shavarda et al. 1990; Telepova et
al. 1992). Nevertheless, existing data differ from one
another and do not fully document the details of the
structure of the trichomes in this species. Therefore,
a study was undertaken on the structure, micromorpho-
logy and distribution of trichomes on different parts of
the shoot of Dracocephalum moldavicum, using light
and scanning electron microscopy.

MATERIALS AND METHODS

Dracocephalum moldavicum L. plants were
obtained from a collection of medicinal plants of the
Medical University of Lublin.

The distribution and types of trichomes on
stems, leaves, bracts, calyx and corolla were investi-
gated.
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Light and scanning electron microscopy (SEM)
was used. Observations and measurements of tricho-
mes obtained from fresh plant material were made
with the aid of a light microscope. In order to deter-
mine the polyphenol content in trichome cells, FeCl,
was used as the histochemical test, while the presence
of flavonoids was detected after the slides were treated
with AICL..

The distribution of trichomes on particular parts
of the shoot was examined in a scanning electron mic-
roscope. Their micromorphology was also determined.
Fragments of different shoot parts were fixed in 4%
glutaraldehyde and 0.1 M phosphate buffer with a pH
of 7.0 at room temperature for 4 hours. After dehydra-
tion in ethanol and acetone series, the plant samples
were critical-point dried in liquid CO, and subseque-
ntly coated with gold. Observations were performed
with the aid of a Tesla BS-340 scanning electron mic-
roscope.

To identify the types of the investigated tri-
chomes, we used the terminology presented in many
publications over the recent years (e.g. Giuliani
and Maleci Bini, 2008) and earlier by Payne
(1978).

RESULTS

Different types of non-glandular and glandular
trichomes (Figs 1,2; Table 1) were found on all the
examined organs of Moldavian dragonhead, i.e. petals,
sepals, bracts, leaves, and stems (Fig. 1A). In addition,
on the surface of the lower corolla lip there were obser-
ved papillose epidermal cells which were covered with
a striated cuticle (Fig. 1 B-D). This layer has a struc-
ture similar to that of the osmophore, a gland secreting
odorous substances in flowers. Under the influence of
the accumulated secretion, the cuticle layer became
bulged and the striae stretched (Fig. 1C) on the surface
of the cells of this tissue, and circular or oval smooth
marks were left at the apex of the papillae after the
emission of the secretion (Fig. 1 B,D).

Types of non-glandular trichomes

A — Unicellular (arrect)
B — Multicellular (arrect, arthrodactylous)
C — Long narrow (acerate)

Type A — Unicellular arrect trichomes. They reach an
average length of 36 um (Table 2). These
trichomes are sharp-pointed, erect or bent
(Figs 3H, 4 A,B), or rounded at the tip (Fig.
4H). The wall surface is often covered with
cuticular micropapillae. These are living tri-
chomes. They have a vacuolized protoplast
and numerous plastids in which the presence
of flavonoids was shown histochemically.

Type B — Multicellular trichomes. They have an ave-
rage length of 97 um (Table 2). They are
uniseriate, unbranched, composed of 2-4
cells. Erect trichomes or trichomes bent at
different levels are found within this type.
Cuticular papillae are observed most fre-
quently on the surface wall (Figs 3 A-G, LJ;
4 C-G). Similarly to unicellular trichomes,
they are composed of living cells containing
numerous plastids.

Type C — Long narrow trichomes. They are composed
of 1-6 cells with an average length reaching
328 um. They are narrowed at the apical part
and bent in different directions. These tri-
chomes are found only on the petals of the
corolla (Figs 1 E,F; 4 1J). They are compo-
sed of living cells containing chloroplasts
and show a high degree of vacuolization.

Types of glandular trichomes

D — Peltate (cup-shaped)
E — Short capitate (brevicollate)
F — Long capitate (asciiform)

Type D — Peltate trichomes. Together with the secre-
tion, they are ca. 61 um in length and 76 pm
in diameter (Table 2). They are made up of
one basal cell, a short unicellular stalk and
8-12 secretory cells covered with a cuticle,
beneath which a large subcuticular space is
formed (Figs 5SA-C; 6 A-J). The secretory
cells contain chloroplasts.

Type E — Short capitate trichomes. They reach an ave-
rage length of 20 um (Table 2). They are
made up of one basal cell, one or two cells
forming the stalk and two secretory cells
within the head which is covered with a cu-
ticle layer (Figs 5 D-G; 7 A-E).

Type F — Long capitate trichomes. They have an ave-
rage length of 56 um (Table 2). They develop
a multicellular (2-3 cells) uniseriate stalk and
a unicellular glandular head covered with a
cuticle (Figs 5 H-J, 7 F-M). Within this tri-
chome type, there were observed different
shapes of the cells composing the head:
spherical or significantly elongated, some of
them narrowed in the lower or middle part.
A characteristic feature of these trichomes
was the occurrence of a strongly vacuolized
cytoplasm only in the lower, most elongated
cell of the stalk. But the cells lying nearest
the head had a dense cytoplasm, typical of
secretory cells. The presence of flavonoids
was found in the plastids of the cells of these
hairs after the application of the histochemi-
cal test.
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Distribution of trichomes

The highest density of non-glandular trichomes
was observed in the throat of the corolla (Fig. 1E), in
the abaxial epidermis of the calyx (Fig. 2A), and on the
stem (Figs 2E,F). It was also found that the glandular
trichomes were distributed unevenly on the particular
organs (Fig. 2, Table 1).

Glandular trichomes of different type were fo-
und in highest density on the calyx and bracts (Table 1).
The adaxial and abaxial parts of the corolla were co-
vered with peltate (D) and short capitate trichomes
(E). Both surfaces of this organ were devoid of type F

trichomes. All the types of glandular trichomes were
found on the abaxial surface of the calyx, whereas
the trichomes of type D and F were not observed on
the adaxial part turned towards the corolla. The bracts
had a higher density of glandular trichomes on the
abaxial surface than on the adaxial one. More glandu-
lar trichomes were also found on the abaxial surface
of the leaves located on the stem outside the inflore-
scence.

The largest amount of long capitate trichomes
(type F) was found on the stem. Type D and F tricho-
mes were encountered much less frequently (Table 1).

Tablel.

Distribution of different types of trichomes on particular parts of the shoot of Dracocephalum moldavicum L.

Corolla Calyx Bract Leaf
Types of trichomes Stem
Adax Abax Adax Abax Adax Abax Adax Abax
Non-glandular trichomes
A — Unicellular (arrect) - - + ++ ++ ++ ++ ++ +
B — Multicellular (arrect, _ _ + Tt + T+ + ++ 4+
arthrodactylous)
C — Long narrow (acerate) + + - - - - - - -
Glandular trichomes
D — Peltate ++ + - +++ + ++ + + +
E — Capitate short + + + +++ + +++ + ++ +
F — Capitate long - - - + + + + + +++
— absent
+ few hairs
++ medium coverage
+++ dense coverage
Table 2.
Dimensions of trichomes found on Dracocephalum moldavicum L. shoots
Height (um) Diameter *(um)
Types of trichomes
Min. Max. Mean Min. Max. Mean
Non-glandular trichomes
A — Unicellular (arrect) 18.2 65.0 36.2 13.0 31.0 21.8
B = Multicellular arrect, 50.8 167.0 97.2 12.7 38.0 18.0
arthrodactylous)
C — Long narrow (acerate) 249.6 390.0 328.1 15.6 28.6 229
Glandular trichomes
43.7 70.6 614 64.5 81.9 75.9
D — Peltate
E — Capitate short 16.8 23.2 20.5 18.3 21.1 18.7
F — Capitate |
aptate fong 50.5 62.4 56.5 17.8 20.1 19.4

e The diameter was measured at the widest place of the trichome
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Fig. 1. Inflorescence of Dracocephalum moldavicum as well as different types of trichomes and osmophores found in the epidermis
of the corolla

A — Numerous two-lipped flowers in the inflorescence with colour pattern on the lower lip.

B — D —Surface of papillose epidermal cells of the corolla, composing the osmophore; visible are cuticle striations and spherical
or oval marks after secretion vesicles as well as cuticle projections (arrows) at places of secretion accumulation
B-x 2400, C-x 1500, D —x1700.

E — Long non-glandular trichomes and peltate trichomes on the surface of the lower corolla lip, x 60.

F — Long non-glandular trichomes bent in different directions.
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Fig. 2. Distribution of trichomes on different organs of Dracocephalum moldavicum

A — Abaxial surface of the corolla, x 75,

B — Abaxial surface of the lamina, x 125,

C — Fragment of the apical part of the calyx, x 110,

D — Abaxial surface of the bract, x 100,

E, F — Non-glandular and glandular trichomes in the upper part of the stem,
E x 250,
F —x 300.
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Fig. 3 A-J. Different types of erect and bent non-glandular trichomes of Dracocephalum moldavicum with visible papillae
and cuticle striation on the wall surface, A —x980, B- x1450, C —x1250, D — x550, E - x770, F —x600, G — x1800, H — x1500,
I-x2000, J — x1300.



Morphological differentiation and distribution of non-glandular and glandular trichomes on Dracocephalum moldavicum L. 17

Fig. 4 A-J. Differently structured non-glandular trichomes of Dracocephalum moldavicum
A, B, H — Unicellular trichomes, x 1300,
C, G — 2-celled trichomes, bent x 1300,
D, E, F — 2-celled trichomes, erect, x 1300,
I, J —-Long narrow trichomes, x 650.
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Fig. 5 Non-glandular trichomes and three types of glandular trichomes of Dracocephalum moldavicum
A-Bent non-glandular trichomes, peltate trichomes (arrow) and short capitate trichomes (double arrow), x 300,
B, C — Peltate trichomes at different stages of functioning ,B —x 700, C — x 550,
D-G - Short capitate trichomes at different stages of secretion accumulation and release, x 2700,
H-J - Long capitate trichomes with different-sized cells of the stalk, H — x1100, I — x1800, J — x1500.
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Fig. 6 Peltate glandular trichomes from different parts of the shoot of Dracocephalum moldavicum
A,B,C — Lateral view of trichomes with a large subcuticular space filled with secretion to a different degree,
D — Top view of a peltate trichome; A-D x 550,
E — Lateral view of a peltate trichome before the accumulation of secretion,
F-H — Peltate trichomes with grey secretion (asterisks) within the subcuticular space,
I- Trichome with a distorted cuticle after secretion release
J —Top view of a peltate trichome, E-J x1100.
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Fig 7. Short and long capitate glandular trichomes from Dracocephalum moldavicum shoots

A-E — Short capitate trichomes with a two-celled head
F-J, L, M — Long capitate trichomes with different-shaped unicellular heads

K — Capitate trichomes: short and long; A-M x1100.
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DISCUSSION

The highest density of glandular and non-glan-
dular trichomes on Moldavian dragonhead shoots is
found on the calyx, bracts as well as on the upper part
of the stem. These organs emit an intense scent and
probably provide the most of essential oils.

The corolla of Dracocephalum moldavicum
secrets essential oils produced by two types of hairs:
peltate and short capitate trichomes. Trichomes of
these types occur on the plant organs of different spe-
cies of the family Lamiaceae (Bosabalidis and
Tsekos,1982;Cantino, 1990;Schultze etal.
1992; Telepova etal. 1992; Giuliani and Ma-
leci Bini, 2008).

In addition to the abovementioned types of glan-
dular trichomes, the osmophores, whose emission lay-
er is made up of epidermal papillae, are responsible for
scent emission from the corolla of the studied species.
In many plant species, the osmophores are located wit-
hin the corolla (Fahn, 1979; Vogel, 1990), or else
on many other floral parts, e.g. on the stamen filaments
(Weryszko-Chmielewska etal. 2007).

The three types of glandular trichomes (D, E, F),
distinguished in the present study, occur on most of
the investigated organs: the abaxial part of the calyx,
on both sides of the bracts, on the leaves beneath the
inflorescence as well as on the stem. But long capitate
trichomes (type F) were not found on the petals of the
corolla and on the adaxial part of the sepals.

There is also a variation in the distribution of
non-glandular trichomes on dragonhead shoots. Arrect
trichomes of type A and B occur on all the examined
organs, with the exception of the corolla petals where
long acerate trichomes of type C are only found.

Compared to the results of the studies on Mol-
davian dragonhead carried out by other authors, we
found differences in the structure of certain types of
hairs. Among short glandular trichomes, Kubiak
(1959) described hairs with a 4-celled head. We did not
observe trichomes with such a structure in the exami-
ned material. Lyapunowa et al. (1975) found pel-
tate trichomes, consisting of 9-16 cells, whereas such
trichomes were composed of 8-12 cells in the plants
studied by us, which had also been recorded earlier by
Kubiak (1959).

Our study shows that, among the long capita-
te trichomes (type F) in Dracocephalum moldavicum,
there is a great diversity in the structure of the head and
stalk. This applies to the head shape as well as to the
number and structure of the cells composing the stalk.
We observed different shaped cells of the head: close
to spherical or elongated. Some of the elongated heads
exhibited a narrowing at half length, while others sho-
wed a significant narrowing in the basal part. The stalk
cells located nearest the head (1-2), due to the presence

of a dense poorly vacuolized cytoplasm, can be classi-
fied as secretory cells. Only the lower, most elongated
cell of the stalk was characterized by a high degree of
vacuolization.

In several species of the family Lamiaceae,
Giuliani and Maleci Bini (2008) showed that
each type of glandular trichomes produced a specific
type of secretion, with a unique chemical composition;
however, the same substances were predominant in it,
e.g. terpenes. It may also be presumed that in Draco-
cephalum moldavicum the particular types of glandular
trichomes, which have, among others, different con-
tents of polyphenols (which was demonstrated in the
present study) and various monoterpenes (Telepo-
va etal. 1992), emit differing odorous compounds.

Pellmyr et al. (1987) found in Actaea, and
Schultze etal (1992) in Melissa, that the volatile
mixture produced by the floral corolla differed signifi-
cantly from the scents emitted by the calyx and the re-
maining part of the plant. The abovementioned authors
are of opinion that such differentiation is intentional,
since different scent signals affect pollinating insects
over long and short distances. These qualitatively dif-
ferent scents attract insects first to the plant, and then
to the flower.

CONCLUSIONS

1. The present study demonstrated an uneven distri-
bution of glandular and non-glandular trichomes
on different parts of the shoot of Dracocephalum
moldavicum. The highest density of trichomes was
recorded within the inflorescence and on the upper
part of the stem.

2. In Dracocephalum moldavicum, we distinguished
3 types of non-glandular trichomes and 3 types of
glandular trichomes. The long capitate glandular tri-
chomes showed high morphological differentiation.
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Zréznicowanie morfologiczne
oraz rozmieszczenie wlosk6w mechanicznych
i wydzielniczych na pedach
Dracocephalum moldavicum L.

Streszczenie

Przy zastosowaniu mikroskopii swietlnej oraz
skaningowej elektronowej (SEM) badano strukture,
mikromorfologi¢ i rozmieszczenie wloskdw na pedach
Dracocephalum moldavicum L. Wyr6zniono 3 typy
wloskéw mechanicznych, 3 typy wloskéw wydziel-
niczych oraz papille osmoforu w epidermie korony.
Stwierdzono, ze najwigksze zaggszczenie wloskéw
mechanicznych i wydzielniczych wystepuje na abak-
sjalnej powierzchni kielicha, lisciach przykwiatowych
i w gornej czgsci todygi. Wykazano zréznicowanie
strukturalne w obrebie giéwki i trzonka dlugich wio-
skow wydzielniczych. Podano wymiary poszczeg6l-
nych typow wloskow.

Przedstawiono réznice w budowie wloskéw tego
gatunku w poréwnaniu z danymi z literatury. Na licz-
nych fotografiach udokumentowano mikromorfologi¢
poszczegblnych typéw wloskow z ukazaniem bogatej
ornamentacji kutykuli wtoskow mechanicznych.
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