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The anatomical investigation using scanning and transmission electron microscopy revealed that Salvia repens is
characterized by both non-glandular and glandular trichomes. It has been demonstrated that both trichomes appeared
to originate from epidermal cells of the leaf, stem and vegetative area through a series of periclinal and anticlinal
division. Non-glandular trichomes were composed of uniseriate cells. The terminal cells of the non-glandular
trichomes were the first cells to mature. A progressive maturity resulted in continuous death of the uniseriate cells
progressing towards the basipetal position. The dead cells resembled fibrous like clothing threads which were
covering the epidermis. Structurally, these fibrous ends were similar in composition to the components of the
suberized cell wall. The glandular trichomes were multicellular and uniseriated. Their shape ranged from oval to club,
and they were composed of a basal cell, stalk cell and a three to four sided glandular head. The orientation of these
glandular trichomes was not uniform, however, a different orientation of glandular trichomes was observed in the
leaves and stem. The micrograph of these glandular trichomes showed that they started as outgrowth of the
epidermis cells, and subsequent periclinal division followed by anticlinal division, giving rise to a trichome with a
basal epidermal cell, stalk cell and three to four celled secretory head. At maturity the glandular trichome gland cells
contained a distended cuticular sac due to the accumulation of the essential oil.
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INTRODUCTION

The family Lamiaceae consists of 200 genera and 3000 -
3200 species with a cosmopolitan distribution of many
taxa in the Mediterranean region (Valant-Vetschera et al.,
2003; Ascensdao et al., 1995; Bayrak and Akgull, 1987).
According to the flower structure the Lamiaceae family is
regarded as one of the highly ranked plant family (Wink,
2003; Koschier and Sedy, 2003; Lima et al., 2004). It is
regarded as the largest family of aromatic plants, herbs,
folk medicines and fragrant in a wider plant family
spectrum. This family constitutes one of the largest and
economic important groups where most plant products
are extracted. The largest genus is Salvia with 500
species followed by Hyptis with 350 species (Werker et
al., 1985a.b; Senatore et al., 1997).

Salvia is one of  the wide-spread members of the
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Lamiaceae family that features prominently in the phar-
ma-copoeias of many countries throughout the world
(Mouijir et al., 1993). Most of the species within this genus
are well documented and extensively studied (Werker et
al.,, 1985a.b; Tan et al., 2002; Valant-Vetschera et al.,
2003; Basio et al., 1999) . Salvia dominica, L., S.
fruticosa Mill, S. sclarea L. and S. officinalis were some of
the spe-cies of these genera that composed of different
types of glandular hairs than any other genera in the
Lamiaceae family (Werker et al., 1985a.b; Serrato-Valenti
et al., 1997; Croteau et al., 1981).

S. repens Burch. ex Benth which is also a member of
this family is an odourous herb, widely distributed in parts
of the Eastern Cape through Lesotho, Northern Cape and
Limpopo of South Africa (Van Wyk et al.,, 1997; Ger-
mishuizen and Meyer, 2003; Goldblatt and Manning,
2000) . It is a short, erect herb with long narrow deeply
lobed leaves.

The leaves of this plant are very aromatic and warty.
This plant may grow up to 1 m tall and its roots are modi-



fied to form runners. The flowering period is between
October to January when conditions are favourable and
the characteristic flowers are small and blue.

The indigenous people of the Eastern Cape use this
plant as tea. The tea is sipped to heal colic, heartburn
and chronic indigestion (van der Walt, 2003). The tea is
also used to wash sores, infected bites and scratches.
Sometimes the leaves of this plant are collected, dried
and burned to repel insects. The general use of S. repens
by indigenous people is for remedy of mental and
emotional calming effects. It is claimed to ease mental
cramps, sores and a decoction of the roots has been
used for both humans and cattle for treating sto-
machache and diarrhea (van der Walt, 2003). It is also
believed to assist in swallowing. However, all of these
statements are not scientifically proven. It is this chal-
lenge that experimental investigation needs to be done to
prove beyond reasonable doubt that this plant is capable
of healing.

Furthermore, there is no documented literature which
deals with an understanding of structure in relation to
physiology of the plant, let alone the pharmaceutical
significance of this species. It is on this paradigm that this
study attempts to address anatomical and morphological
structure in relation to a physiological adaptation of this
species to its habitat.

MATERIALS AND METHODS

The plant material was collected from a site at Double Drift Nature
Reserve between Alice and Peddie in the Eastern Cape Province of
South Africa. The plant was identified at the Schonland Herbarium
at Rhodes Uni-versity, Grahamstown, and a voucher specimen
(Maye-kiso 8) was deposited in the Giffen Herbarium at the
University of Fort Hare in Alice.

Scanning electron microscopy

Sections of leaves (0.1 x 0.5 mm thick) were collected randomly
and immediately fixed in 6% glutaraldehyde in 0.05 mM Sodium
cacodylate buffer (pH 7.3), washed in 0.05 mM Sodium cacodylate
for 12 h. Sections were then dehydrated in an ethanol series. The
leaves were dried in a Hitachi HCP-2 critical point dryer, coated with
gold using a sputter coater and viewed at 15 KV with a Hitachi S-
450 Scanning Electron Microscope.

Transmission electron microscopy/light microscopy

Leaves of S. repens were randomly selected from the natural
environment. The leaf portions were cut into small segments ap-
proximately 2 - 3 x 5 mm in cold 50 mM Sodium cacodylate buffer,
(pH 7.3). The plant segments were fixed in a buffered 6% gluta-
radehyde (50 mM Na-cacodylate, pH 7) and stored overnight in a
refrigerator. After rinsing in a 50 mM Na-cacodylate buffer, the

sample were then postfixed in 2% Osmium tetroxide (0OSO4) in 50
mM Na-cacodylate buffer, pH 7.3, overnight at 4°C, and infiltrated in
a graded series resin (Spurr, 1969).

Thin sections (0.5 - 2.0 pm) were cut with glass knives on an LKB
Ultramicrotome, stained with Uranyl acetate followed by lead

Figure 1. This is an electron micrograph of S. repens leaf
at higher magnification showing the adaxial/abaxial
surface with the distribution of glandular trichomes and
non-glandular trichomes. E = Epidermis, TR = Trichome,
OG = QOil gland, S = Stomata.

citrate and observed in a Hitachi at 75 - 100 kV. (Note: Some of the
sections used in this study were obtained by cutting thin section
(0.5 - 2.0 mm) using a glass knives on an LKB ultramicrotome,
stained with 0.05% toludine blue and examined with a Zeiss photo-
microscope IlI).

RESULTS

Morphological investigation using SEM

The scanning electron microscopy (SEM) results have
shown that the aerial parts of the plant bear uniseriate
and multicellular non-glandular as well as glandular
trichomes (Figures 1 - 5 and 7). The distribution of these
non-glandular and glandular trichomes appeared to differ
in different areas of the plant (Figures 1 - 4) . The scan-
ning electron microscopy has also revealed that the S.
repens is characterized by different types of non-
glandular trichomes. The first type observed was a mul-
ticellular, uniseriate, four- five celled short trichomes, with
swollen basal cells, acute apices and thick warty cell wall,
abundant on abaxial surfaces, over midrib and major
veins (Figures 2 - 5, 7 and 8). The second type was a
unicellular papillae associated with a central circum-
scribed area of the outer wall of the swollen basal
epidermal cell, with enlarged bases and acute apices,
which were frequent on the leaf and stem (Figures 1 - 5
and 8).

During their early stages of development, these non-
glandular trichomes appeared to be tubular and fleshy



Figure 2. An electron micrograph of S. repens leaf at
higher magnification showing midrib of the adaxial
surface of with a high the distribution of non-glandular
trichomes compare with glandular trichomes. E =
Epidermis, TR = Trichome, OG = QOil gland, M = Midrib.

Figure 3. The electron micrograph of the stem at higher
magnification showing epidermal surface with high distribution
of non-glandular trichomes and glandular trichomes. E
Epidermis, TR = Trichome, OG = Qil gland.

Figure 4. Electron micrograph of the stem at high
magnification showing epidermal surface with a distribution of
non-glandular trichomes compared with glandular trichomes.
E = Epidermis, TR = Trichome, OG = Oil gland.

Figure 5. Display S. repens leaf with grooved epidermis.
Note: The full mature glandular trichome, young
developing glandular uni-serate non-glandular
trichome. TR = Trichome, OG = Oil gland, E = Epidermis.



Figure 6. A leaves at high magnification showing a
developing glandular trichome. E = Epidermis, S = stalk
cell, H = Head cells.

Figure 7. This is an electron micrograph of S. repens
stem showing grooved epidermis.

Note: The fibrous thread-like structure of non-glandular
trichome due to progressive basipetal development. TR =
Trichome, FB = Fibrous end, BC = Basal cells, E =
Epidermis.

(Figures 2 - 4 and 8). At maturity these thread-like non-
glandular trichomes which have long fibrous ends, ap-
peared to be shielding and protecting the epidermal layer
and glandular trichomes (Figures 2 - 5, and 7).

In contrast, the glandular trichomes resembled a sac
like structures that form protrusions outside the epidermal
layer and they are relatively club shaped (Figures 3 - 6
and 8). They appeared to arise from a series of anticlinal
and periclinal divisions from supporting auxiliary cells and
glands (Figures 5, 6 and 8) . The distribution pattern of
these trichomes also varied from different organs within
the same species. During the early stages of leaf, stem
and shoot development, these glandular trichomes
appeared to be scattered in a densely, random pattern
(Figures 2 - 4). As these organs become mature, these
glandular trichomes appeared to decrease their distri-
bution. They seemed to become far apart and the number
decreased progressively particularly in leaves and stem
(Figures 1 and 7).

The S. repens is also characterized by two types of
glandular trichomes: the peltate and capitate type
(Figures 5, 6 and 8) . The peltate types are those long-
term glandular hairs that secrets their products to the
outside only when touched. This type of glandular tri-
chome consists of a basal epidermal cell, a stalk cell and
a broad head (Figures 5 and 6). The second type of
glandular trichome is termed capitate glandular trichome.
It is characterized by two types of glandular trichome,
those glandular trichomes that are characterized by short
monocellular stalk with two types of glandular trichome.
Those glandular trichomes that are characterized with
short monocellular stalk with two cellular head and those
that are characterized by a multicellular stalk, neck cells
and a small globose unicellular head. However, S. repens
is characterized with one type which secrets the se-
cretory materials by allowing it to accumulate in a
subcuticular sac (Figures 5, 8, 9 - 12). The glandular
trichome cuticular sac appeared to be intact, shriveled
and hard during the early stages of the oil gland
development (Figure 6). As the oil gland cells ap-
proached maturity, the surface seemed to be smooth, as
these oil glands cell walls were transformed to culti-
cularsacs (Figures 5, 8 and 10). This subcuticular sac ap-
peared to be formed by a thin, elevated cuticle which
soon ruptures under the influence of pressure (Figures
11, 12, and 16). A further development resulted to
theaccumulation of the essential oil in the oil glands, and
consequently to the so-formed subpectic layer-cuticle
space by increasing considerably in volume to constitute
a storage pool. When touched, the thin cuticular sacrup-
tures releasing the secretory products over the leaf
surface (Figures 11, 12 and 16). The rupturing of the cuti-
cular sac when releasing the essential oil in this species
can occur in three possible ways; one, the subsequent
detachment of the cuticular sac (Figures 10 and 12) or
the removal of the cuticular sac at the base of the stalk
cell of the glandular hair which result in the exposure



Figure 8. An electron micrograph of the stem showing mature
glandular trichome and unicellular papillae of non- glandular
type. TR = Trichome, OG = Qil gland, E = Epidermis.

Figure 9. A micrograph of S. repens leaf at maturity
showing a glandular trichome. Note a straight line of
apparent frailty is often observed in the horizontal
diametrical region of the head. OG = Qil gland; E =
Epidermis.

Figure 10. This is an electron micrograph of S. repens
stem at maturity showing a glandular trichome with a
straight line of apparent frailty is often observed in the
horizontal diametrical region of the basal cell. OG = Oil
gland; E = Epidermis, S = Stalk cells.

Figure 11. A mature leaf showing the removal of the
cuticular sac disclosing some of the head cells. An
arrow showing drops of secreted material. E =
Epidermis, CS = Cuticular sac, H = Head cell.



Figure 14. A dividing epidermal cell with the arrows showing
the starch grains. EC = Epidermal cell, N = Nucleus, PT = Pa-
renchyma tissue.

Figure 12. The removal of the cuticular sac disclosing some
of the head cells. E = Epidermis, CS = Cuticular sac, H =
Head cell.

Figure 15. A transverse section of S. repens leaf showing a
mature glandular trichome with cuticular sac, head cell and
basal cell. EC = Epidermal cell, CS = Cuticular sac, H = Head
cell, B = Basal cell.

Figure 13. An electron micrograph of S. repens leaf exhibiting a . .
bulgy epidermal cell at an early glandular or non-glandular of the gland cells or the failure of the cuticular sac along

trichome development. EC = Epidermal cell, SG = Starch grain, an equatorial line of weakness and the detachment of the
PT = Paren-chymatous tissue. sac (Figures 9 and 11).



The ultrastructure and the light microscopy of the
secretory tissues of S. repens were multicellular and
biseriate, globular to oval in shape (Figures 15, 16, 19
and 20). The transmission electron microscope has
shown that, at the initial stages of trichome development,
the expanding epidermal cell had an electron dense
cytosol, with a clearly evident large basal vacuole with
nucleus associated with starch grains (Figures 13 and
14).

At this stage, it was difficult to distinguish whether the
cell might be a non-glandular or a glandular trichome,
because there was no clear indication of periclinal or
anticlinal division with the exception of bulgeness of the
epidermal cell which would form the trichome initials
(Figure 13).

The glandular trichome appeared to be originating from
specialized epidermal cells by periclinal division which
was followed by an anticlinal division that give rise to a
three or four glandular head (Figures 13 - 18). An inte-
resting feature was the presence of plastids within the
dividing basal cell or the specialized epidermal cells of
the glandular trichome at early stages of development
(Figures 13, 14, 17 and 18). It was also noted that there
were numerous highly elongated granular structures
which were considered to be modified plastids. These
plastids seemed to occupy most volume of the cytoplasm
of the cells above stalk cells, but below the apical cells of
the developing trichome (Figures 17 and 18). When the
glandular trichome was fully mature, the upper surfaces
of the oil gland cells were covered with a cuticular sac
(Figures 19 and 20). This cuticular sac appeared to be a
modified cell wall of the glandular cell(s) which occurred
on the terminal position. The subcuticular sac became
distended due to the accumulation of the essential oils
which were produced by the oil gland cells (Figure 15).
As the progressive production of the essential oil
continued, it resulted to the slow disintegration of the
subcuticular sac. The essential oil was subsequently
released through pores of the cuticle or more likely after
the rupturing of the cuticular sac (Figures 11, 12, 16 and
19).

DISCUSSION

S. repens is characterized by non-glandular and glandu-
lar trichomes. The distribution of these trichomes varies
on different organs of the same plant. Non- glandular
trichomes appeared to be more abundant to all plant
organs than glandular trichomes. During the early stages
of organ development, these non-glandular trichomes
appeared to be distributed in a random fashion, whilst at
maturity stage the pattern of distribution changed. For
example, in the leaf, the non-glandular trichomes ap-
peared to be more concentrated around the leaf veins.
This observation supports the argument that the epider-
mal trichomes in the epidermal layer of young developing
organs are associated with defensive strategy to protect

Figure 16. A transverse section of a mature glandular
trichome after realizing essential oil. EC = Epidermal cell,
H = Head cell, B = Basal cell, MS = Mesophyll cell.

Figure 17. A young developing glandular tichome with
a periclinal division of a gland head. EC = Epidermal
cell, S = Stalk cell, H = Head cell.

these organs against the insects, herbivores and also to
changing environment (Nguefack et al., 2004; Auge et al.,
2003; Tan et al., 2002; Basio et al., 1999).

The resistance to changing temperature appeared to be
depended solely on tissue morphology and on mecha-
nical properties of cell wall (Wagner 1991; Fahn, 1986;
Uphof and Hummel, 1962). Such proposition is supported
by the characteristic nature of the anatomy, leaf morpho-
logy and highly specialized mechanical properties of the



Figure 18. A developing glandular tichome at high
magnification. EC = Epidermal cell, S = Stalk cell, H = Head
cell.

Figurel9. This is an electron micrograph of S. repens
leaf at maturity showing well organized three celled head
of a glandular trichome. BC = Basal cell, S = Stalk cell, H
= Head cell, CS = Cuticular sac.

epidermal cell walls. This same pattern of the leaf
morphology and cell dimension has been demonstrated
by various workers (Basio et al., 1999; Benayoun and
Fahn 1979; Fahn and Shimony, 1998; Antunes and
Sevinate—Pinto, 1991; Dudai et al.,, 1988), and these
characteristic features appeared to be applicable to S.
repens.

Figure 20. An enlarged electron micrograph of S. repens leaf at
high magnification. S = Stalk cell, H = Head cell, CS = Cuticular
sac.

Therefore, the overall function of these non-glandular
trichomes appeared to have a protective function in these
areas of development, by covering the layer of epidermis
in response to these environmental changes. This dis-
tribution pattern might also be regarded as an adaptation
associated with the environmental pattern and habitats of
specific plants within the same species (Afolayan and
Meyer 1995; Fahn 1988; 1986).These non-glandular
trichomes were also assumed to have an effect on tran-
spiration by influencing the water diffusion boundary layer
of the transpiring leaf. Although, studies of the effect of
plant trichome upon loss of water have not pro-duced
uniform results, it is believed that these non-glandular
trichomes insulate the mesophyll cells from excessive
heat. Sometimes these fibrous ends of the non-glandular
trichome which are also present in S. repens seem to
have a cooling effect to the leaves. In addition, they might
also indirectly influence the water economy of the leave
or stem at early stages of de-velopment through
temperature. This might also occur either through
reduction energy dissipation by non-glandular trichomes,
which have high reflectance pro-perties (Gates, 1968).
These non-glandular trichomes are considered to shield
the stoma and oil glands from intensive heat during the
dry and hot season as they had shown high distribution
and surround the stoma. Such basic phenomena involved
in characterization of the boundary layer resistance have
also been shown in xeromorphic species (Fahn 1986;
Johnson 1975; Chafe and Wardrop, 1972; Gates, 1968).
Such relationship between the stomatal and boundary
layer resistance was also of great significance in



attempting to assign an adaptive role to the indumentum
layer shown by S. repens.

At maturity, some of the organs of the plants that have
undergone secondary development are more likely to
have less number of the non—glandular trichome than
glandular trichome. In most cases where there was a
change in distribution of the trichome, the layer of the
primary epidermis was replaced by a periderm which was
a secondary tissue and was harder than the epidermis. It
was also noted that, in plant parts where secondary
development has not yet occurred, the plant retained the
similar arrangement of high distribution of non-glandular
and glandular trichomes mechanical strategy (Ascenséo
et al.,, 1995; Wagner, 1991). For example, since leaves
do not undergo secondary development, the epidermal
layer was highly populated with these non-glandular and
glandular trichomes on the abaxial surface of the leaf. In
addition to these features, they appeared to serve as a
protective barrier between the inner layers of epidermal
cells to the outside environment. Since the leaf is the
most delicate organ of the plant, there is a continuous
growth of non-glandular and glandular trichomes. Con-
sequently the plant had to withstand the environmental
challenges such as pest, herbivores and mechanical
damages. Hence this is a continuous cycle of production
of non-glandular and glandular structures for the conti-
nuous existence and well-being of the plant during its
active life cycle (Harbone, 1990).

The glandular trichomes of S. repens were multicellular
and uniseriated. Their shape ranged from oval to club,
and they were composed of a basal cell, stalk cell and a
three to four sided glandular head. This was a cha-
racteristic feature of glandular trichome of a peltate type
of glandular trichome.

The orientation of these glandular trichomes was not
uniform, however, a different orientation of glandular tri-
chomes was observed in the leaves. The distribution of
these glandular trichomes appeared to be high during the
vegetative growth prior to flowering period. Some of these
glandular trichomes appeared in mature stems even
where primary growth has been substituted by secondary
development. However the distribution freque-ncy was
much low in the stems than in the mature leaves.

The mode of glandular trichome development and

differentiation appeared to be different from that of the
stem. It appeared that, these types of glandular trichomes
exist throughout the life of the leaf, however, most of the
glandular trichomes in the stem appeared to be
disintegrated as the plant undergoes secondary deve-
lopment. In the case of the leaf, this distribution of these
glandular trichomes changed, at early stages of plant
development they occur on both side of the leaf.
However, at maturity stage, the glandular trichomes are
more on the lower surface of the leaf than on the upper
surface. What is still not yet known in literature, is whether
the existence of the new glandular trichome is through

regeneration from the old glandular trichome, but there is
a strong evidence that, after the essential oil have been
released due to the rupturing of the cuticular sac, there is
a regeneration or formation of the new glandular trichome
which would replace the old one. Studies on ultra-
structure, chemical composition of the essential oil,
microbial activity of the crude extract are on the way.

REFERENCE

Afolayan AJ, Meyer JIM (1995). Morphology and ultrastructure of
secreting and nonsecreting foliar trichomes of Helichrysum
aureonitens (Asteraceae). Int. J. Plant Sci. 156(4): 481- 487.

Antunes T, Sevinate-Pinto | (1991). Glandular trichomes of Teucrium
scorodonia L. Morphology and Histochemistry. Flora 185: 65-70.

Ascenséo L, Marques N, Pais MS (1995). Glandular trichomes of Vege-
tative and Reproductive Organs of Leonotis leonurus (Lamiaceae).
Annals Bot. 75: 619-626.

Auge RM, Stodola AJW, Moore JL, Klingeman WE, Duan X (2003).
Comparative dehydration tolerance of foliage of several ornamental
crops. Scientia Horticult 98: 511 —516.

Bayrak A, Akgul A (1987). Composition of essential oil from Turkish
Salvia species. Phytochem. 26: 846 — 847.

Basio A, Corallo P, Gastaldo G, Romussi G, Ciarallo N, Fontana N, De
tommasi P (1999). Glandular Hairs and Secreted Material in Salvia
blepharophylla Brandege ex Epling grown in Italy. Annals of Bot. 83:
441 — 452.

Benayoun J, Fahn A (1979). Intracellular transport and elimination of
resin from epithelial duct-cells of Pinus halepensis. Annals Bot. 43:
179-181.

Chafe SC, Wardrop AB (1972). Fine structural observation on epi-
dermis. |. The epidermal cell wall. Planta 107: 269-278.

Croteau R, Felton M, Karp F, Kjonaas R (1981). Relationship of cam-
phor biosynthesis to leaf development in sage (Salvia officinalis).
Plant Physiol. 67: 820 — 824.

Dudai N, Werker E, Putievsky E, Ravid E, Palevitch D, Halevy AH
(1988). Glandular Hair and Essential oils in the leaves and Flowers of
Majorana Syriaca. Israel J. Bot. 37: 11-18.

Fahn A (1986). Structural and Functional properties of trichomes of
Xeromorphic leaves. Annals Bot. 57: 631-637.

Fahn A (1988). Secretory tissues in vascular plants. New phytol. 108:
229-257.

Fahn A, Shimony C (1998). Ultrastructure and Secretion of the se-
cretory cells of two species of Fagonia L. (Zygophyllaceae). Annals
Bot. 81: 557-565.

Gates DM (1968). Transpiration and leaf temperature. Annual Rev.
Plant Physiol. 19: 211-238.

Germishuizen G, Meyer NL (2003). Plants of Southern Africa: an
annotated checklist. Strelizia 14. National Botanical Institute, Pretoria
Goldblatt P, Manning J (2000). Cape plants. A conspectus of the Cape
flora of South Africa. Strelizia 9. National Botanical Institute, Cape
Town.

Harborne JB (1990). Role of secondary metabolites in chemical defense
mechanisms in plants. Bioactive compounds from plants. Ciba Foun-
dation Symposium. Wiley, Chichester 154: 126 — 139.

Johnson HB (1975). Plant pubescence:an ecological pespective. Bota-
nical Review 41: 233-258.

Koschier EH, Sedy KA (2003). Labiate essential oil affecting host se-
lection and acceptance of Thrips tabaci lindeman. Crop protection 22:
929-934.

Lima FF, Carvalho F, Fernandes E, Basto ML, Santo-Gomes PC,
Fernandes-Ferreira M, Pereira-Wilson C (2004). Evaluation of
toxic/protective effects of essential oil of Salvia officinalis on freshly
isolated rat hepatocytes. Toxicology in Vitro 18: 457 — 465.

Moujir L, Gutierrez-Navarro AM, San Andres L, Luis JG (1993).
Structure-antimicrobial activity relationships of abietane diterpenes

from Salvia species. Phytochem. 34: 1493-1495.

Nguefack J, Leth V, Amvam Zollo PH, Mathur SB (2004). Evaluation of
five essential oils from aromatic plants of Cameroon for controlling



food spoilage and mycotoxin producing fungi. Int. J. Food Microbiol.
94: 329 — 334.

Serrato-Valenti G, Bisio A, Cornara L, Ciarallo G (1997). Structural and
Histochemical Investigation of glandular trichomes of Salvia aurea L.
Leaves, and Chemical Analysis of the Essential oil. Annals Bot. 79:
329-336.

Senatore F, De Fusco R, De Feo V (1997). Essential oil from Salvia
spp. (Lamiaceae), I. Chemical composition of the essential oils from
Salvia glutinosa L. growing wild in the Southern Italy. J. essential oil
Res. 9: 151 — 157.

Spurr AR (1969). A low-vescosity epoxy resin embedding medium for
electron microscopy. J. ultrastructure Res. 26: 31-43.

Tan N, Kaloga M, Radtake OA, Kiderlen AF, Oksuz S, Ulubelen A,
Kolodziej H (2002). Abietane diterpenoids and triterpenoic acid from
Salvia cilicia and their antileishmanial activities. Phytochem. 61: 881
— 884.

Uphof JCTH, Hummel K (1962). Plant Hairs. Berlin :
natreger.

Valant—Vetschera KM, Roitman JN, Wollenweber E (2003). Chemodi-
versity of exudates flavonoids in some members of the Lamiaceae.
Biochem. Systematics Ecol. 31: 1279 — 1289.

van der Walt L (2003). Growing Salvia repens. Kirstenbosch National
Botanical Garden.

van Wyk B, Oudtshoorn B, Gericke N (1997). Medicinal plants of South
Africa. Briza Publications, Pretoria.

Gebruder Bor-

Wagner GJ (1991). Secreting glandular trichome. More than just Hairs.
Plant Physiol. 96: 675-679.

Werker E (1993). Function of essential oil-secreting glandular Hiars in
Aromatic Plants of the Lamiaceae- Review. Flavour Fragrance J. 8:
249-255.

Werker E, Ravid U, Putievsky E (1985a). Glandular Hairs and their
secretions in the vegetative and reproductive organs of Salvia
Sclarea and S. Daminica. Israel J. Bot. 34: 239-252.

Werker E, Putievsky E, Ravid U (1985b). The essential oil and glandular
Hair in Different Chemotypes of Origanum vulgare L. Annals Bot. 55:
559-56.

Wink M (2003). Evolution of secondary metabolites from an ecological
and molecular phylogenetic perspective. Phytochem. 64: 3 — 19.



