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ASSTRACl. The anatomical characteristics of leaves of seven 
xerophytic species namely: Artemisia monospenna. Zilla spinosa. 
Farsetia aegyptia, Launaea spinosa, ZygophyUum coccineum, 
Panicum turgidum, and Lasiurus hirsu/Us are described. Artemisia 
monosperma, Zilla spinosa and Farselia aegyptia develop 
multilayered palisade tissue on both sides of their leaves with compact 
cells and narrow inter-cellular spaces. The leaves of Zygophyllum 
coccineum show large, highly vacuolated, water-storage cells lacking 
chloroplasts in addition to the photosynthetic mesophyU. Panicum 
turgidum, Lasiurus hirsutus, Zilla spinosa and Farsetia aegyptia show 
slightly sunken stomata, whilst in Launaea spinosa and Artemisia 
monospenna stomata are deeply sunken. 

The desert vegetation is by far the most important of natural plant life of Egypt. It 
covers vast areas and is formed mainly of xerophytic shrubs and undershrubs 
(Zahran and Willis 1992). 

Desert plants show many xeromorphic structural adaptations such as: salt 
glands, water-storage parenchyma, increased succulence, thickening of cuticle, 
sunken stomata, inrolled leaves, hairy leaf surfaces and early occurrence of 
lignification (Shields 1951 a, Metcalfe, 1960, Fahn 1964, Esau 1977, Fahn 1983 and 
Evenari 1985). 

Extensive work has been carried out on the distribution, germination, growth 
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and water relation of the Egyptian desert plant, but little work has been done on the 
anatomical adaptations of these plants e.g. Abdel-Rahman et at. (1976) who 
classified some xerophytes according to their xeromorphic anatomical characters and 
their means of standing xeric conditions into the following groups: 

a) Succulent species (e.g. Zygophyllum coccineum and Reaumuria hirtella) 
depend for standing xeric conditions on water storage due to presence of 
large thin walled cells with large vacuoles. 

b) Non-succulent perennials (e.g. Heliotropium arbainense and Achillea 
fragrantissima) depend on the restriction of water expenditure by dense 
cover of hairs protecting the transpiring surface from air currents and also 
on the multilayered palisade tissue on both sides with compact cells and 
narrow intercellular spaces. 

c) The grass (e.g. Pennisetum dichotomum) exhibits some xeromorphic 
characters that help restriction of water expenditure. These characters 
include the rolling of leaves enclosing the upper surface with the distributed 
stomata in a closed atmosphere, i.e. the stomata become isolated from the 
dry external atmosphere. 

d) The rocky species (e.g. Capparis aegyptia) growing under extremely dry 
conditions exhibits the highest ratio of internal to external surface 
represented by the multilayered palisade tissue comprising 6 layers of 
palisade cells with extremely narrow intercellular spaces. 

e) The ephemeral species (e.g. Senecio desfontainei) characterized by a reduced 
conducting tissue, widely spaced spongy tissue with wider intercellular 
spaces which accounts for the higher transpiration rate exhibited by 
ephemeral plants. 

Zahran et al. (1993) investigated the anatomical adaptations of some native 
Egyptian plants growing under saline and/or low soil moisture condition and found 
that xerophytes are adapted to live under drought either by leaf succulence or by the 
great reduction in water expenditure. 

In the current work, leaf anatomical characteristics were investigated by light 
and Scanning Electron Microscopy (SEM) in seven xerophytic plant species, 
namely: Artemisia monosperma, Zilla spinosa, Farsetia aegyptia, Launaea spinosa, 
Zygophyllum coccineum, Panicum turgidum, and Lasiurus hirsutus to reveal what 
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are the different ways by which these selected species can adapt themselves against 
salinity and drought. 

Materials and Methods 

Four species namely: Artemisia monosperma, Zilla spinosa, Farsetia aegyptia 
and Zygophyllum coccineum have been collected from Cairo-Suez Desert Road 
located in the northern part of the Arabian desert of Egypt during May 1991. Whi Ie 
three species namely Launaea spinosa, Panicum turgidum and Lasiurus hirsutus 
have been collected from Wadi Hagoul located in the northern part of the coastal 
desert plain of the Red Sea region of Egypt during June 1991. Voucher specimens 
are deposited in the herbarium of the Botany Department, Faculty of Science, 
Mansoura University. 

For the preparation of thin leaf sections of the studied species, the paraffin 
method of Johansen (1940) was followed. Pieces from fresh leaf material, 0.5 cm 
long obtained from the middle portion, were immediately fixed and preserved in 
formalin: acetic acid: ethyl alcohol, (FAA) 5:10:85, followed by dehydration using 
tertiary butyl alcohol. 

Infiltration was carried out by melted paraplast and for embedding wax paper 
boat was made and materials in vials poured in it; after cooling blocks of specimens 
were kept in a refrigerator until sectioning. Sections 15 J.!m thick were made using 
rotary microtome. For staining, safranin and fast green were used and the slides were 
mounted in Canada balsam. The sections were observed, measurements were made 
using calibrated ocular micrometer. Photographed were taken by using a research 
microscope. 

Material for scanning electron microscopy was fixed in 3% gluteraldehyde in 
0.2 M phosphate buffer for 12-16 hours. It was then rinsed in the same buffer (3 
times for 15 min. changes). The material was then post fixed in 2% osmium 
tetraoxide, for 2-4 hours, rinsed in distilled water (4 times 15 min. changes), and 
block stained in 0.5% uranyl acetate for one hour. The material was then dehydrated 
through a graded acetone series to lOO% acetone and critical point dried. The critical 
point dried material was mounted on aluminium stubs, on double-sided carbon 
coated sellotape, and sputter coated with gold palladium. The samples were 
examined in a Philips S500 Scanning Electron Microscope at 3 Kv. 
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Table 1. Anatomical characteristics of seven Egyptian xerophytes. Each value is the mean for three sections in the same leaf. Units in microns (~m) 

Cuticle TrichomesThickness of Epidermis Main Vascular 
bundleleaf in T.S. 

:>hairlgland PP SP CL.P L RLad/ab ad/ab Sci MXerophytes o 

8middle ends height width 3 
is' 
~ 

-/ P -27/27 8.4/8.4 183 153 S 218 291674 502Artemisia + * :> 
nwnosperma fr 

'9. 
."g.-17.617 .6 38 G - 11323/17 31 S 77257Zilla spinosa 331 + * o 
'" o-,181 - -6.4/6.4 +1 80 G 245 159429 20120Farsetia aegyptia 626 + * 
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- - 233-/ 66 30 G 208613 24/24 818686 ~Launaea spinosa + * 
trl 
~P -21/21 7.6 -/ 392 S 200 1682830 1838 -ZygophyLLum + * '9. 
~.coccineum 
;>< 

PV CD 
- -- - - 1093.2/5 +1 10924124Panicum {urgidum 272 184 ++ a 

"0 
::r 
'< - -- PV- - 6917/17 +1 983.2/5262 I35 ++Lasiurus hirsutu .~ 0
'" 

CL.P. = Chlorophyllic parenchyma S = Succulent RL = Rolled leaf - = Absent M = Mesophyll G = Ground 

PP = Palisade parenchyma P = Peripheral ab = Abaxial + = Present Sci = Sclerenchyma L = Leaf type 

SP = Spongy parenchyma • = Isobilateralleaf ad =Adaxial ++ = Abundant PY = Around the vascular bundle 
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Results 

Data of anatomical measurements and leaf characteristics of the investigated 
xerophytic plant species are shown in Table (1). 

Artemisia monosperma 

This is a desert shrublet (Family Compositae) with finely dissected leaves. As 
seen in cross section (Fig. la), the leaf thickness at the middle is 674 ~m and 502 
~m at the margins whilst the epidermis is 27 ~m and covered by 8.4 ~m cuticle. 

The leaf is isobilateral with upper and lower palisade layers (183 ~m thick) 
enclosing a water-storage large-celled parenchyma layer 153 ~m thick. There are 
8-10 vascular bundles with the large central one 218 ~m high and 291 ~m wide. 

SEM of the leaf surface shows higher stomatal density on the abaxial surface 
compared to the adaxial. The stomata in both cases are slightly sunken (Fig . I band 
c). 

Zilla spinosa 

This is a spiny desert shrub (Family Cruciferae), with deciduous fleshy leaves. 
The leaf thickness is 331 ~m in the middle and 257 ~m at the margins. The 
epidermal cells vary in thickness from 17 ~m to 23 ~m and are covered with a 7.6 
~m cuticle. 

The leaf is isobilateral with palisade, layers on both sides (31 ~m thick) 
enclosing a central compact storage parenchymatous layer 38 ~m thick. The height 
and the width of the vascular bundle are 113 ~m and 77 ~m. 

SEM of the leaf surface shows sunken stomata (Fig. 2). The epidermal cells and 
the guard cells are covered with wax deposits in the form of granules. 

Farsetia aegyptia 

It is a desert shrublet (Family Cruciferae), with narrow leaves covered by white 
hairs. The leaf thickness is 626 ~m in the middle and 429 ~m at the margins. The 
epidermal cells are 20 ~m and covered with a 6.4 ~m thick cuticle (Fig. 3a). 

The leaf is isobilateral, the palisade parenchyma is differentiated into upper and 
lower layers (l81 ~m thick) which extend to the mid-rib, enclosing a layer of storage 
parenchyma 80 ~m thick. The largest vascular bundle in the centre of the leaf (245 
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fl. 

A 


Fig. 1. Artemisia 
mono.rpenna, (A) leaf 
cross section (x26) 
showing the water 
storag layer (arrow). 
(8) SEM (x960) of the 
adaxial surface of the 
leal and (C) SEM 
(x960) of the abaxial 
surl ace of the leaf 
showing higher stomatal 
density on the abaxial 
surface (C) compared to 
th adaxial (B) and the 
stomata in both cases 
are slightly sunken. 
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Fig. 2. Zilla spinosa, (A) SEM 
(x960) of abaxial leaf surface 
showingsunken stomata and the 
guard cells are covered with wax 
deposits in the form of granules . 

A 

Fig. 3. Farsetia 
aegY{Jtia, (A) leaf cross 
section (x26) , (8) 
S M of leaf su rface 
(x960) covered with 
horizontally extended 
hairs (arrow). 
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11m high and 159 11m wide) is accompanied on both sides by smaller ones. 

SEM of the leaf surface (Fig. 3b) shows it to be covered with hairs which extend 
horizontally to cover the surface which may protect the stomata from the direct heat 
of the sun. The surface of the hairs is covered with wax deposits. 

Launaea spinosa 

This is spinescent shrub with milky sap (Family Compositae). It has evanescent 
deciduous leaves. The thickness of the leaf is about 686 11m in the middle and 613 
11m at the margins . The epidermis is 24 11m thick and is covered with 8 11m thick 
cuticle (Fig. 4a). 

The leaf is isobilateral, the mesophyll is differentiated into upper and lower 
palisade layers (66 11m in thickness) enclosing a narrow layer of spongy parenchyma 
(30 11m). The largest vascular bundle is 233 11m high and 208 11m wide. 

SEM of the leaf surface (Fig. 4c-f) shows that the stomata are deeply sunken on 
both the adaxial and the abaxial surfaces. The surface of the leaf is heavily cutinized. 

Zygophyllum coccineum 

This is a succulent xerophyte (Family Zygophyllaceae), with fleshy cylindrical 
leaves. The diameter of the leaf ranges between 1838 (..Lm and 2830 11m (Fig. 5a). 

Examination of the internal structure of the leaf reveals that there are three 
distinct tissues : photosynthetic tissue represneted by an outer palisade mesophyU 
layer 392 11m thick, water-storage tissue represented by large storage parenchyma 
(992 (..Lm thick) and conducting tissue represented by a large vascular bundle at the 
center with height and width 200 (..Lm and 168 (..Lm respectively, and small bundles 
forming a ring between the palisade mesophyll and the storage parenchyma (Fig. 
5a). The epidermis is 21 (..Lm thick and covered by a cuticle 7.6 (..Lm thick. 

SEM of the leaf surface (Fig. 5b) shows numerous stomatal apertures which are 
slightly sunken below the level of epidermal cells. Each is surrounded by two guard 
cells . A little wax is present on the leaf surface (Fig. 5b), especially on stomatal 
apertures. 

Panicum turgidum 

It is a tussocky desert grass with reduced leaves (Family Gramineae). The 
thickness of the leaf (Fig. 6a) ranges between 184 (..Lm and 272 (..Lm. The leaf margin 
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Fig. 4. Launaea spinosa, 
(A) leaf cross section 
(x64) A 

Fig. (c-t). SEM leaf 
surface shows the 
stomata are deeply 
sunken and the leaf is 
heavily cutinized. 

Fig. (c). (x320) of the 
adaxial leaf surface, (d) 
enlarged part of (c) 
x960. 

Fig. (e). (x320) of the 
abaxial leaf surface and 
(t) is magnified part of 
(e) x960. 

• 
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Fig. 5. Zygophyllum 

(' ()cc ine!!m, (A) leaf cross 
section (x64) showing storage 
parenchyma (arrow) and (8) 
SE'v1 of leaf surface (x960) 
showing slightly sunken. 

is supported by a strand of sclerenchyma. The thickness of the epidermis is 24 flm 
and it is covered by about 4.1 flm thick cuticle. Small girders of adaxial 
sclerenchyma are associated with the vascular bundles. Chlorophyllous parenchyma 
surrounds the vascular bundles in a Kranz formation (Fig. 6a*). Bulliform cells are 
well developed on the adaxial epidermis while on the abaxial surface are very short 
hairs (scale-like). The height and the width of the vascular bundles are similar (109 
flm). 

SEM of the leaf surfaces (Fig. 6b-e) shows parallel flat ribs on the abaxial 
surface carrying scale-like hairs whilst the stomata lie in rows in the sides of these 
ribs towards the furrows. The adaxial surface of the leaf shows rows of stomata 
running lengthwise and appear to be of two kinds, the first type is on the ribs while 
the second is in the furrows. 
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A , 

Fig. 6. Panicum turgidum, (A ) 

T.S . of the leaf baJde (x 18), 
(A *) part of leaf cross section 
(x70) showing Kranz structure, 
(b) SEM of adaxial surface 
(x350), (c) magnIfied part of 
(b) x I 050, showing scale-like 
hairs and stomata lie in rows. 
(d) SEM of abaxial leaf surface 
(x350) and (e) magnified part 
of (d) x I 050 showing rows of 
stomata of two kind s, the first 
type is on the ri bs while the 
second is in the furrows . 
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Lasiurus hirsutus 

This is a xerophytic perennial grass (Family Gramineae), with inrolling leaves 
(Fig. 7a). The thickness of the leaf ranges between 135 11m and 262 11m. The 
epidermis is 17 11m thick and is covered with a thin adaxial cuticle and thick abaxial 
cuticle (3.2 11m and 5 11m thick respectively). The bulliform cells are well developed 
on the adaxial surface. Fig. 7a shows that chlorophy llous parenchyma surrounds the 
vascular bundles in a Kranz formati on. 

Fig. 7. Lasiurus 
hirsutus. (A) part of 
leaf cross secti on 
(x960) 

The large vascular bundles alternate with smaller ones: the large vascular 
bundles are 98 11m and 69 flm in height and width respectively. They are supported 
adaxially and abaxially by sclerenchyma but the smaller vascular bundles are 
supported abaxially only or are without sclerenchyma support. 

SEM of the leaf surfaces (Fig. 7b and c) shows short trichomes on the ribs of the 
adaxial epidermis. The stomata are present in one row in the sides of the ribs and 
wax deposits occur on the leaf surface and also trichomes. While Fig. 7d and e 
shows that, the abaxial leaf surface is flat, covered with wax and the stomata are 

arranged in parallel rows . 
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Fig. (b). (x320) and c 
(x960) SEM of adaxial 
leaf surface shows short 
trichomes on the ribs, 
and the stomata in rows 
(arrow) . Wax deposits 
on leaf surface and 
trichomes. 

Fig. (d). (x320) and e 
(x 960) SEM of abaxial 
leaf su rface is flat , 
covered with wax and 
slightly sunken stomata 
me arranged in parallel 
rows. 

Discussion 

On the basis of leaf structure, the species investigated showed some similar 
adaptive characteristics whilst others showed particular characters related to drought 
and salinity stress. 

The thickness of the cuticle varied on the leaf surface of only two species 
(Lasiurus hirsutus and Panicum turgidum) which showed a thicker cuticle on the 
abaxial than the adaxial surface of the leaf whilst other species (Artemisia 
monosperma, Zilla spinosa, Farsetia aegyptia and Launaea spinosa) have the same 
thickness of cuticle on both sides of the leaf. 
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Some authors found little correlation between xeromorphic adaptation and the 
thickness of the cuticle and the amount of wax present on plant surface (Priestley 
1943, Kurtz 1958), while others (Lee and Priestley 1924, Mc Nair 1931, Bleckman 
et at. 1980) believe that some environmental conditions , such as high light 
intensities or reduced soil moisture content, stimulate the formation of a thick cuticle 
and wax deposition. 

The thickness of the epidermal layer is the same on the abaxial and the adaxial 
side in all the species studied except in Zilla spinosa where the adaxial epidermal 
layer is thicker than the abaxial epidermis. 

Imolled leaves is a well known adaptation of xerophyes (Shields 195 1b, 
Metcalfe 1960, Oppenheimer 1960, H ansen et al. 1976) especially in grasses. in the 
present study, the two xerophytic grasses (Panicum turgidum and Lasiurus hirsu fus) 
do not show the truly rolled leaf; this may be related to the reduction in thei r leaf 
blade . 

Nauti yal and Purohit (1 980) stated that plant responses to environment are 
main l f intl uenced by its effect on the qualitative and quantitati ve behaviour of 
stomata and on the structural pattern of leaves. P sition and hape of the sto mata in 
the leaves of the selected species seem particularly well suited for the ex istence of 
these plants in arid and semi-arid habitats. 

The stomata in some of the investigated xerophytes are slightly sunken 
(Pa nicum turgidum, Lasiurus hirsutus, Zilla spinosa and Farsetia aegyptia), whilst 
in other species the stomata are deep1y sunken (Launaea spinosa and Artemisia 
rnonospirma). 

Succulence in many species is regarded as a physiological adaptation to the dry 
conditions that develop where there are high level of sodium chloride and other salts 
(Poljakoff-Mayber 1975, Saad Eddin and Doddema 1984). Succulent leaves show 
large, highly vacoulated, water-storage ceJls lacking chloroplasts in addition to the 
photosynthetic mesophyll. In the most xerophytic species the succulence develops 
from the time of germination and provides a water. reservoir for the leaf during times 
of drought (Crawford 1989). This condition was observed in seedlings of 
Zygophyllum coccineum and Zilla spinosa. 

Trichomes are commonly found on leaves of plants growing in more xeric 
habitats (Esau 1977), and papillae, especially overarching ones. These could playa 
similar role in reducing the transpiration gradient of a leaf. In Farsetia aegyptia 
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trichomes cover both sides of the leaf, but other species (Zilla spinosa, Launaea 
spinosa and Artemisia monosperma) do not have such trichomes. The xerophytic 
grasses Panicum turgidum and Lasiurus hirsutus have very short scale-like 
trichomes on the abaxial surface of the leaf. 

The distribution of C3 and C4 plants is apparently affected by temperature and 
aridity (Terri and Stowe 1976, Stowe and Terri 1978, Kaufman et at. 1985). Kranz 
formation is considered as an adaptation mechanism of plants to environment with 
water defici t (Bjorkman 1973, Mooney et at. 1975, Osmond et al. 1980 and Kemp 
et at. 1983). C4 plant usually have higher "water use efficiency" than species with 

photosynthesis, i.e. they show higher ratios of CO2 assimilation or dry matterC 3 

production (Winter and Troughton 1978). Terri and Stowe (1976) claimed that the 

xerophytic grasses Panicum turgidum and Lasiurus hirsutus possess the C4 pathway. 

These two species have short scale-like hairs on the abaxial side of the leaf. 

Although both have high frequencies of bulliform cells, they do not show true 

inrolment. of the leaf. 


The development of several layers of chlorenchymatous cells in Zvgophyllum 
coccineum increases photosynthetic acti vity (Fahn 1983). 

SEM studies give considerable information about leaf surfaces in relation to 
habitat conditions. The side surfaces of the cuticle seem to be quite different in 
Pamcum lurgidum and Lasiurus hirsutus. However, in others they are ciosely similar 
e.g. Artemisia monosperma, Launaea spinosa and Zilla spinosa. 
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