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Abstract: The use of Rosmarinus officinalis, and other wild plant
species, in the Mediterranean area is an interesting solution in
order to avoid the desertification and rapid soil erosion, because
of their good resistance to environmental conditions. Previous
articles have described experiments designed to determine the
impact of water stress at the plant level in this species, but more
knowledge is required at the subcellular and ultrastructural lev-
els. An anatomic and ultrastructural study of the leaves was con-
ducted on Rosmarinus officinalis plants growing under different
water treatments. In the leaves of water-stressed plants, the leaf
water potential and turgor decreased, and leaf osmotic poten-
tial became more negative with respect to control plants. The
anatomic investigations showed that both the mesophyll inter-
cellular spaces and the epidermal cell size were reduced signifi-
cantly under the more intense drought stress conditions. At the
subcellular level, chloroplasts accumulated plastoglobuli and
lipid bodies, and cuticle thickness was increased under water
stress. In our experiment, the anatomic and ultrastructural mod-
ifications of Rosmarinus officinalis could be considered an addi-
tional adaptation to drought stress together with physiological
and biochemical modifications as antioxidant accumulation.

Key words: Rosmarinus officinalis, chloroplasts, leaf anatomy,
water stress, water relations, ultrastructure, plastoglobuli.

Introduction

Desertification is a serious problem in the Mediterranean area
and generates a progressive reduction in vegetation cover, cou-
pled with rapid soil erosion (Naveh, 1987). To combat this, the
use of wild Mediterranean plant species such as Rosmarinus of-
ficinalis may be an interesting solution because of their resis-
tance to environmental conditions (Savé et al., 1993; Sánchez-
Blanco et al., 1998; Franco et al., 2000).

Under severe drought stress, electron transport to O2 and in-
creased quenching of excitation energy in the PSII antennae
may be unable to dissipate the excess excitation energy in the

PSII antennae, and photodamage to PSII will result. However,
the accumulation of antioxidant compounds and/or the in-
creased activity of antioxidant enzymes can prevent the sub-
cellular damage induced by free radical formation in this pro-
cess (Foyer et al., 1994; Munné-Bosch et al., 2001). In previous
papers, some authors have demonstrated that Rosmarinus offi-
cinalis accumulates the lipid-soluble antioxidant α-tocopherol
by about 15-fold, and carotenoids by 25% under water stress
without photochemical damage to PS II (Munné-Bosch et al.,
1999).

Drought stress is characterised by specific changes in plant
anatomy and cell ultrastructure, including chromatin conden-
sation, swelling of chloroplasts, a decreased amount of starch
grains, accumulation of plastoglobuli in the stroma, and dis-
tortion of thylakoids (Ristic and Cass, 1991; Pääkkönen et al.,
1998; Eymery and Rey, 1999; Munné-Bosch et al., 2001). Many
of the subcellular modifications observed under drought stress
are similar to those observed in developmental leaf senescence
(Inada et al., 1998) and have been related to leaf senescence in-
duced by drought stress (Munné-Bosch and Alegre, 2004).

The aim of this work was to investigate the water relations in
Rosmarinus officinalis and anatomic and ultrastructural modi-
fications which could be correlated with the capacity of this
species to survive under drought stress.

Materials and Methods

Plants of Rosmarinus officinalis, obtained from cuttings in Oc-
tober 1999, were planted in 12 cm diameter pots with peat as
substrate and fert-irrigated with nutrient solution (NO3

–

9.12 mM; H2PO4
– 0.96 mM; SO4

2– 16.04 mM; K+ 5.44 mM; Ca2+

17.0 mM; Mg2+ 6.74 mM; Fe2+ 35.2 mM; Mn2+ 19.8 mM; Zn2+

3.64 mM; Cu2+ 15.74 mM) daily. The plants were transferred
to a greenhouse 3 months before the experiments took place.
The experiments were conducted in a polyethylene-covered
greenhouse equipped with a cooling system, and a drip irriga-
tion system with one emitter per plant provided 2 l h–1. The en-
vironmental conditions during the experimental period were
33/18 8C maximum/minimum average temperatures and the
relative humidity ranged between 30 and 90%. The average
maximum photosynthetically active radiation (PAR) was
1250 μmol m–2 s–1.
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From 1 May to 30 October 2000, groups of 51 plants were sub-
mitted to one of three different treatments: 400 ml irrigation
water per pot supplied daily (control); or on 4 days per week
(WD1 treatment); or on 2 days per week (WD2 treatment).

Volumetric water content of the soil was measured every few
days at midday using time-domain reflectometry (TDR) equip-
ment (Tektroix 1502C cable tester, Redmon, Ore.). A 10-cm TDR
probe was inserted into the wet root zone of 5 pots per treat-
ment.

The volume of water applied to control plants (400 ml a day)
was enough to recover the daily loss of water, and thus in
well-watered plants the soil water content was maintained
around 60% during the experiments. In the other treatments,
the amount of water in the soil decreased (30% and 20% for
WD1 and WD2, respectively).

On three occasions (15 May, 20 July and 25 October), 4 plants
per treatment were harvested and plant biomass was mea-
sured. Plant growth was expressed as dry weight (DW).

Leaf water potential (Ψl), leaf osmotic potential (Ψs), leaf tur-
gor potential (Ψp), and leaf osmotic potential at full turgor
(Ψos) were measured at midday on 5 plants per treatment, at
three different times (May, July and October). The leaf water
potential was estimated according to the method described
by Scholander et al. (1965), using a pressure chamber (Soil
Moisture Equipment Co., Santa Barbara, CA, USA). For these
measurements, leaves were enclosed in a plastic bag and
sealed in the chamber within 20 s of collection and pressurised
at a rate of 0.02 MPa s–1 (Turner,1988). Leaves from the Ψl mea-
surements were frozen in liquid nitrogen. After thawing, the
osmotic potential (Ψs) was measured in the extracted sap us-
ing a Wescor 5500 vapour pressure osmometer (Wescor Inc.,
Logan, UT, USA), according to Gucci et al. (1991). Estimates of
leaf turgor potential were based on the difference between Ψl

and Ψs. Leaf osmotic potential at full turgor (Ψos) was estimat-
ed as indicated above for Ψs, using leaves excised, placed in
plastic bags with their petioles in distilled water and allowed
to reach full turgor overnight.

Transmission electron microscopy

Leaf samples, 10 per treatment, were collected at the end of the
experiments and from the same position and age (fully ex-
panded leaves from the apical shoots). Leaf samples were fixed
for 2.5 h at 4 8C in a 0.1 M Na phosphate-buffered (pH 7.2) mix-
ture of 2.5% glutaraldehyde and 4% paraformaldehyde (Mo-
rales et al. 2001). Tissue was post-fixed with 1% osmium te-
troxide for 2 h. The samples were then dehydrated in a graded
alcohol series and embedded in Spurr’s (Spurr, 1969) resin.
Blocks were sectioned on a Leica ultracut microsystem (Leica
Mikrosysteme, Hernalser Hauptstraße, Vienna, Austria). Ultra-
thin sections (60 – 70 nm) for electron microscopy were placed
on copper grids and stained with uranyl acetate followed by
lead citrate (Reynolds, 1963). The ultrastructure of the tissue
was observed with Zeiss EM10 and Zeiss EM109 electron mi-
croscopes (Oberkochen, Germany).

Semi-thin sections (0.5 μm) from the same blocks were stained
with 0.5% toluidine blue in borate buffer and examined with a
Leica DMR light microscope (Leica, Wetzlar, Germany) as de-

scribed by Olmos and Hellin (1998). For morphometric analy-
sis, a minimum of 10 different leaves per treatment were stud-
ied. Parameters were measured using a Leica QM500 imaging
analysis system (Q500MC; Leica, Wetzlar, Germany), as de-
scribed previously by Olmos and Hellin (1998).

Statistical analysis

The means were compared by analysis of variance and using
the Duncan multiple range test at p < 0.05.

Results

Plants submitted to drought stress showed a reduction in
growth during the experiment, this being more discernible in
plants receiving the lowest irrigation doses (Table 1). Drought
stress treatments promoted significant differences in stressed
plants versus control plants in relation to midday leaf water
potential (Ψl). Leaf osmotic potential (Ψs) became more nega-
tive and leaf turgor potential (Ψp) decreased under water defi-
cit, particularly in WD2 plants (Table 1). However, no impor-
tant changes were observed in leaf osmotic potential at full
turgor (Ψos).

The leaf anatomy of control Rosmarinus officinalis plants is
shown in Fig.1 A. The anatomic modifications were more evi-
dent in WD2 than in WD1 plants (Figs. 1B– G). We observed

Table 1 Leaf water potential, leaf osmotic potential, leaf turgor po-
tential and total dry weight of Rosmarinus officinalis during the experi-
mental period, for the control and two water stress treatments, WD1
and WD2

May July October

Total dry weight
Control 4.17 ± 0.88 25.64 ± 4.13 a 147.4 ± 9.4 a
WD1 – 12.64 ± 1.80 b 49.36 ± 6.78 b
WD2 – 6.80 ± 1.30 c 19.62 ± 1.69 c

Leaf water potential
Control – 0.95 ± 0.01 – 0.93 ± 0.05 a – 0.93 ± 0.06 a
WD1 – – 1.18 ± 0.08 b – 1.15 ± 0.08 b
WD2 – – 1.51 ± 0.04 c – 1.50 ± 0.06 c

Leaf osmotic potential
Control – 1.23 ± 0.10 – 1.17 ± 0.03 a – 1.16 ± 0.04 a
WD1 – – 1.23 ± 0.01 b – 1.28 ± 0.01 b
WD2 – – 1.53 ± 0.08 c – 1.53 ± 0.08 c

Leaf turgor potential
Control 0.28 ± 0.01 0.24 ± 0.04 a 0.23 ± 0.05 a
WD1 – 0.05 ± 0.02 b 0.13 ± 0.03 b
WD2 – 0.02 ± 0.01 c 0.03 ± 0.02 c

Leaf osmotic potential at full saturation
Control – 0.74 ± 0.05 – 0.91 ± 0.04 a – 0.90 ± 0.08 a
WD1 – – 0.92 ± 0.04 a – 0.93 ± 0.04 a
WD2 – – 0.91 ± 0.03 a – 1.00 ± 0.06 b

Mean values ± SD (n = 5). The means were compared by analysis of variance and
using the Duncan multiple range test at p < 0.05. Significant differences between
treatments are indicated by different letters.
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an incremental lignification and thickening in the collenchyma
and sclerenchyma tissues (Fig. 1F, Table 2, phloem fibre cell
wall). Moreover, this thickening was greater in the vascular
fibres from the main vein (Figs. 1 C,E, G, Table 2). We also re-
corded a significant reduction in the size of epidermal cells
from the adaxial and abaxial sides of the leaf (Figs. 1 B,D, F,
Table 2). Similarly, we observed a significant reduction in the
intercellular spaces in the spongy mesophyll only in treatment
WD2.

Peltate glandular hairs are composed of one secretory head
and eight cells distributed in a circle around a central tube
connected with the secretory head; the gland is joined to the
epidermis by one basal cell and is covered by a thick cuticle
(Figs. 2 A, B). These glands were highly affected in both the
WD1 and WD2 treatments. We noticed that the secretory cells
collapsed in both WD1 and WD2 plants, the basal cell was
flattened, and, in many cases, the cuticle was disrupted
(Figs. 2 C,D). Capitate glandular hairs are composed of only 1
secretory cell covered by a thick cuticle and two basal cells

Fig. 1 (A) Transverse section of control leaf
from Rosmarinus officinalis. Transverse sec-
tions from Rosmarinus officinalis control (B),
WD1 treatment (D), and WD2 treatment (F),
showing magnification of the main vein.
Transverse sections from Rosmarinus officina-
lis control (C), WD1 treatment (E), and WD2
treatment (G), showing details of the main
vascular bundles. C = Cambium; Epi = abaxial
epidermis; Eps = adaxial epidermis; Fb =
phloem fibres; Gc = capitate gland; Gp = pel-
tate gland; Co = collenchyma; LM = lacunar
mesophyll; Ph = phloem; PM = parenchyma
mesophyll; Sc = sclerenchyma; V = main vas-
cular bundle; Vs = secondary vascular bundle;
X = xylem. Bars: A = 250 μm, B, D, F = 100 μm,
C, E, G = 50 μm.

Table 2 Quantitative analysis of morphometric data from control, WD1 and WD2 treated plants of Rosmarinus officinalis

Lagunar paren.
inter space (%)
(n = 10)

Lipid bodies
area (μm2)
(n = 40)

Cuticle (μm)
(n = 15)

Epidermal cell (ab)
area (μm2)
(n = 40)

Phloem fibre
cell wall (μm)
(n = 15)

Control 36.9 ± 1.9 a 2.5 ± 0.5 c 2.2 ± 0.4 b 230.8 ± 26.2 a 0.9 ± 0.1 c
WD1 33.5 ± 3.2 a 21.1 ± 1.4 b 5.7 ± 0.3 a 221.3 ± 35.5 a 1.7 ± 0.3 b
WD2 24.5 ± 2.2 b 26.4 ± 1.6 a 5.9 ± 0.3 a 108.7 ± 7.5 b 3.1 ± 0.4 a

Mean values ± SD. The means were compared by analysis of variance and using the Duncan multiple range test at p < 0.05. Significant differences between treatments
are indicated by different letters.
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(Fig. 2 E). In these glands, the effects of treatments WD1 and
WD2 on the structure of the gland were not evident.

Ultrastructure

The palisade mesophyll cell ultrastructure shows a central vac-
uole surrounded by a thin layer of cytoplasm rich in chloro-
plasts, mitochondria and peroxisomes (Fig. 3 A). Treatment
WD1 slightly affected this general ultrastructure (Fig. 3 B), but
the WD2 treatment significantly modified the ultrastructure
of these cells (Fig. 3 C): the vacuole filled with dense material
and we observed frequently the presence of dense bodies. The
cytoplasm of the palisade mesophyll cells frequently con-
tained a small lipid body (Fig. 4 A, Table 2). However, we ob-
served a large lipid body in the cytoplasm of many cells from
WD1 and WD2 plants (Table 2), normally protruding into the
vacuole but always surrounded by the tonoplast (Figs. 4 B,C).
This lipid body had a highly developed membrane system on
its cytoplasmic side (Fig. 4C); this membrane system could be
smooth endoplasmic reticulum. Interestingly, this lipid body
was also seen in the basal cells of capitate gland hairs from
WD2 plants (Figs. 3 H, I).

The ultrastructure of chloroplasts was slightly affected in both
WD1 and WD2 plants; the thylakoid ultrastructure was unal-
tered and we only recorded a significant increase in the num-
ber and size of the plastoglobuli in WD2 plants (Figs. 3 D – F).
The sclerenchyma cells had a very low number of plastids, nor-
mally one or two per cell section, with typical ultrastructure,
having a small, dense body, while the dense body in WD2
plants was larger, occupying a high percentage of the stroma
(Fig. 3 G).

The cuticle thickness and ultrastructure were highly affected
in both drought treatments. WD1 and WD2 plants had thicker
cuticles (Table 2) and two different zones in control and
drought treatments were noted, but in WD1 and WD2 plants,
these zones showed different electron density and thickness
compared with the control (Figs. 4 D –F). An interesting result
was that the abaxial epidermal cells had a well-developed cu-
ticle in the internal epidermal cell wall in contact with the
substomatal cavity in both drought treatments (Figs. 4 G– I).
Moreover, the cell area of these abaxial epidermal cells was re-
duced greatly in WD2, but no differences were observed be-
tween the control and WD1 plants.

Fig. 2 Optical sections of capitate and pel-
tate glands from Rosmarinus officinalis con-
trol, WD1 and WD2 treatments. (A) Longitu-
dinal section of a peltate gland from a control
plant. (B) Transverse sections of the head of a
peltate gland from a control plant. Longitudi-
nal sections of a peltate gland from WD1 (C)
and WD2 (D) treated plants. Longitudinal sec-
tions of a capitate gland from control (E),
WD1 (F), and WD2 (G) treated plants. Cb =
basal cell; Cs = secretory cell; Csb = secretory
head; Epi = abaxial epidermis; N = nucleus.
Bars = 25 μm.
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Discussion

Plants submitted to drought stress had lower biomass at the
end of the experiment than control plants, as found in many
species submitted to drought stress (Chaves and Pereira,
1992; De Herralde et al., 1998; Sánchez-Blanco et al., 2004 a,
b). During the experimental period, there were important re-
ductions in the leaf water potential of water stressed plants
with respect to control plants. The leaf osmotic potential of
WD1 and WD2 plants was more negative as a consequence
of tissue dehydration leading to a reduction in turgor, which
is often considered to be responsible for growth. Several au-
thors have reported the capacity for osmotic adjustment of
Rosmarinus officinalis plants under drought stress conditions
(Sánchez-Blanco et al., 2004 a). This capacity was enhanced
when rosemary plants were inoculated with Glomus desertico-
la (Sánchez-Blanco et al., 2004 b). However, in this experiment
no leaf osmotic adjustment ability was observed, perhaps be-
cause the water stress intensity sustained by the plants was
lower than in the previous experiments. A relationship be-
tween drought and oxidative stress has been shown in several
Mediterranean plants: species that show resistance to drought,

such as R. officinalis or Cistus clusii, show lower oxidative stress
than species sensitive to drought stress (Munné-Bosch et al.,
2001). Such model systems have allowed the establishment of
a positive relationship between antioxidant production and
the degree of water stress tolerance and, as rosemary plants
show a high production of antioxidant compounds (Munné-
Bosch et al., 1999), it can be considered that this is part of a
natural tolerance to water deficit. Nevertheless, tolerance to
drought stress is linked not only to a higher antioxidant ca-
pacity but also to other mechanisms (i.e. structural changes,
stomatal control, light absorption) that permit plants to toler-
ate drought (Munné-Bosch et al., 2001).

Anatomic studies of Rosmarinus officinalis demonstrated that
long-term drought stress modified the structure of the leaves,
and that the plants adapted to such conditions in different
ways. (I) Leaves of stressed plants had an abaxial epidermis
that was wrinkled compared with control plants. This strat-
egy allows stressed plants to reduce transpiration and thus
water loss. (II) Similarly, we observed that the cuticle was
modified in size and structure, reducing epidermal conduc-
tance and, therefore, non-stomatal transpiration. (III) The re-

Fig. 3 Electron micrographs from mesophyll
cells of control (A), WD1 (B), and WD2 (C)
treated plants. Ultrastructure of chloroplasts
from mesophyll cells of Rosmarinus officinalis,
(D) control plants, (E) WD1 plants, and (F)
WD2 plants. (G) Detail of a plastid from a scle-
renchyma cell of a WD2 plant. Capitate glands
of control (H) and WD2 (I) treated plants.
Chl = chloroplast; DB = dense body; Dm =
dense material; LB = lipid body; N = nucleus;
Pt = plastoglobuli; V = vacuole. Bars: A, B, C,
H, I = 5 μm, D, E, F, G = 1 μm.
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duction of cellular size of the adaxial epidermal cells and in-
creased cell wall size and increased lignification of the collen-
chyma and sclerenchyma could help to reduce cellular collapse
induced by long-term drought stress (Oertli et al., 1990). Xylem
and phloem structures were unaffected but phloem fibres
were highly lignified, increasing resistance of the vascular
structure.

In drought-stressed plants we also observed a significant re-
duction in intercellular air spaces in the spongy mesophyll.
This may affect CO2 diffusion from the substomatal cavities to
carboxylation sites. It is known that CO2 assimilation is regu-
lated by the photosynthetic capacity of the mesophyll and the
conductance of CO2 from the ambient air to the carboxylation
sites in the chloroplasts (Syvertsen et al., 1995). The physio-
logical data obtained by Munné-Bosch et al. (1999) demon-
strate that, for Rosmarinus officinalis under conditions of se-
vere drought (about – 3 MPa), CO2 assimilation was reduced
by about 80%.

Munné-Bosch and Alegre (2000) observed that Rosmarinus of-
ficinalis avoids subcellular damage to the photosynthetic ap-
paratus during long periods of drought stress. They proposed
that this capacity was mediated by activation of the xantho-
phyll cycle and accumulation of tocopherol, avoiding damage
induced by the production of free radicals in drought-stressed
plants (Munné-Bosch and Alegre, 2000). However, chlorophyll
content was highly reduced in rosemary plants (65 – 85%) un-
der drought conditions (Sánchez-Blanco et al., 2004 a). This
decrease may be caused by a degradation of chlorophyll by
photo-oxidation, and this may be a protective adaptive mech-
anism in stressed plants (Kyparissis et al., 1995). In our experi-
ments, we observed that the ultrastructure of thylakoids and
stroma was unaffected by either of the two stress conditions.
However, in drought-stressed plants of Rosmarinus officinalis,
a higher number of large plastoglobuli was observed in chloro-
plasts compared to well-watered plants. The number and size
of plastoglobuli increase substantially in leaf chloroplasts fol-
lowing exposure to stresses such as high levels of ozone (Sa-
kaki et al., 1990; Oksanen et al., 2001), fungal infection (Losel,
1978), viral infection (Hernández et al., 2004), chilling (Nordby
and Yelenosky, 1984), freezing and thawing (Nordby and Ye-

Fig. 4 Details of electron micrographs from
mesophyll cells showing the presence of lipid
bodies in control (A), WD1 (B), and WD2 (C)
treated plants. Ultrastructure of cuticle from
epidermis of control (D), WD1 (E), and WD2
(F) treated plants. Detail of cuticle of the in-
ternal cell wall of abaxial epidermal cells in
control (G), WD1 (H, arrow), and WD2 (I, ar-
row) treated plants. Chl = chloroplast; Ct1 = in-
ternal zone of cuticle; Ct2 = external zone of
cuticle; CW = cell wall; LB = lipid body; Sb =
substomatal cavity; SER = smooth endoplas-
mic reticulum; V = vacuole. Bars: A, D = 1 μm,
C = 0.5 μm, B, E, F, G, H, I = 5 μm.
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lenosky, 1985), salinity (Hernández et al., 1995; Morales et al.,
2001), and drought (Pääkkönen et al., 1998; Eymery and Rey,
1999; Mäkelä et al., 2000; Munné-Bosch et al., 2001). It is as-
sumed that plastoglobuli function in the storage of thylakoid
components such as lipids, plastohydroquinone, and tocopher-
ol (Steinmüller and Tevini, 1985). It is possible that, under
drought stress, plastoglobuli can be used as a storage site for
thylakoid compounds degraded during stress (Eymery and
Rey, 1999). There is also evidence for accumulation of triacyl-
glycerols in the leaves of some species following ozone or
drought stress that is coincident with increases in plasto-
globuli size and abundance (Sakaki et al., 1990; Pääkkönen et
al., 1998). However, they may also function in the synthesis
and recycling of lipophilic products arising from oxidative me-
tabolism during stress. Recent proteomic analyses have re-
vealed that Arabidopsis leaf plastoglobuli contain more than
30 proteins that are probably involved in the metabolism of
molecules derived from the isoprenoid and lipid pathways, as
well as in carotenoid cleavage (Ytterberg et al., 2006).

In the cytoplasm of stressed plants we observed a lipid body
that increased in size with the duration of stress. Lipid body
enlargement occurred at a single cytoplasmatic site within
mesophyll cells. At the base of this lipid body a well-developed
tubular membrane system is frequently observed that could be
smooth endoplasmic reticulum. Accumulation of lipids is a
common sign of stress (Holopainen et al., 1992). These lipid
bodies also accumulate in Picea abies under drought and ozone
stress (Kivimäenpää et al., 2001). The biochemical composi-
tion of this structure is unknown. However, analysis of similar
structures in the seeds and mesocarp of fruits indicates that
such lipid bodies are rich in triacylglycerols (Rangel et al.,
1997). Therefore, it can be speculated that lipid bodies can be
used as a reservoir for energy under severe drought stress, and
can be metabolised by β-oxidation in the peroxisomes.

Peltate glandular hairs were highly affected by both stress
treatments. These glands accumulate mixed secretions, with
a major hydrophilic component and a minor lipophilic compo-
nent containing essential oils (Bottega and Corsi, 2000). Pel-
tate glandular hairs are probably involved in mechanical and
chemical defence against herbivores and pathogens. However,
the structure of capitate hairs (Types I and II) was slightly af-
fected by drought stress. It is difficult to classify the capitate
hairs into distinct types, since some differences are more
quantitative than qualitative (Werker et al., 1985). Type I capi-
tate hairs are similar to peltate hairs in relation to mode and
type of secretion and probably supplement peltate hairs in
mechanical defence. Type II capitate hairs are typical lipophilic
glandular hairs. The fact that they contain large quantities of
flavonoids combined with alkaloids suggests that they func-
tion in chemical defence (Bottega and Corsi, 2000).

In conclusion, the results presented here stress the importance
of anatomic and ultrastructural studies in elucidating possible
major mechanisms of resistance to drought in many wild spe-
cies adapted to Mediterranean drought conditions. In this arti-
cle, Rosemary has shown important anatomic and ultrastruc-
tural adaptations for resistance to drought. Such adaptations
make this plant a useful subject to cultivate for drought ame-
lioration in the Mediterranean area.
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