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Keywords Abstract: There are 22 species of the genus Globularia L. (Plantaginaceae) in the
Globularia sp., world. This genus is represented by 11 taxa in Flora of Turkey. Five of these 11 taxa
Stem anatomy, are endemic to Tiirkiye. The aim of this study is to examine stem and leaf anatomy
1];?;; ;na;;(;?g;e of four taxa of Globularia (Globularia davisiana 0. Schwarz, G. aphyllantes Crantz, G.
Tﬁrkiyge ’ alypum L.ve G. orientalis L.) in Tiirkiye. Stem and leaf sections of the taxa were taken

with a Leica slide microtome. The anatomical features of plants were examined
under a light microscope and their photographs were taken with a Leica DFC 290
digital camera attached to the microscope. According to the study results, the
studied taxa has the equifacial leaves and anomocytic type of stomas. The stem and
leaves of them have covering secretion trichomes. The related anatomic characters
on stem and leaf were discussed and the anatomical features of the species were
compared with each other according to these characters.

Tiirkiye'de Yetistirilen Bazi Globularia L. (Plantaginaceae) Taksonlarinin Gévde ve Yaprak Anatomileri
ve Sistematik Onemi

Anahtar Kelimeler Ozet: Globularia L. (Plantaginaceae) cinsinin diinyada 22 tiirii bulunmaktadir. Bu
Globularia sp., cins Tirkiye Florasinda 11 taksonla temsil edilmektedir. Bu 11 taksonun 5'i
Govde anatomisi, Tiirkiye'ye endemiktir. Bu calismanin amaci Tirkiye'de Globularia'ya ait dort
Yaprak anatomisi, taksonun (Globularia davisiana 0. Schwarz, G. aphyllantes Crantz, G. alypum L. ve G.
Plantaginaceae,

orientalis L.) govde ve yaprak anatomisini incelemektir. Taksonlarin gévde ve
yaprak Kesitleri Leica slayt mikrotomuyla alinmistir. Bitkilerin anatomik 6zellikleri
151k mikroskobu altinda incelendi ve mikroskoba takilan Leica DFC 290 dijital
kamera ile fotograflari ¢ekilmistir. Arastirma sonuglarina gore, incelenen taksonlar
es yizli yapraklara ve anomositik tipte stomalara sahiptir. Bunlarin goévde ve
yapraklarinda ortiicli salgi trikomlar1 bulunmaktadir. Gévde ve yaprakdaki ilgili
karakterler tartisilmis ve tilirlin anatomik oOzellikleri bu karakterlere gore
birbirleriyle karsilastirilmistir.

Tiirkiye

*This article is derived from Serhan Koray CIFCI's master's thesis.

1. Introduction
family Plantaginaceae, nativeto central and

The genus Globularia L. is a member of the southern Europe, Macaronesia, northwest Africa
Plantaginaceae family. Under the old Cronquist and southwest Asia (1-8).

system of plant classification, they were treated

in their own family, Globulariaceae, but genetic The genus Globularia L. (Plantaginaceae) is
evidence has shown that the genus belongs in the represented by approximately 22 species in the
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World. The genus is represented by 11 taxa in the
Flora of Tiirkiye. In Tiirkiye, some woody species
belonging to the genus Globularia grow naturally
and some of them are endemic [1]. And Tiirkiye
hosts the highest number of Globularia taxa after
the European continent.

The genus is called “Sphere Flower” and
members of the genus are seen in the
Mediterranean, Euro Siberian and Irano Turanian
phytogeographic region in Tiirkiye. They spread
in temperate regions in Tiirkiye and are generally
found in calcareous lands, slopes and rock piles
among stone piles. They are usually small shrubs
and evergreen perennial herbs (2-9).

Most genus species are known asglobe
daisies or globularias. The flowers are produced
in dense inflorescences (capitula) held above the
stem with numerous tightly packed purple, violet,
pink or whiteflowers. Some genus species are
used as food plants by thelarvae of
some Lepidoptera species including Coleophora
virgatella. Several members of the genus, such
as G. cordifolia and G. punctata, are cultivated and
sold for garden use (10).

Some of them are traditionally used as diuretics,
laxatives, carminatives and tonics and for the
treatment of hemorrhoids (11-12) Various
publications on this genus in recent years have
revealed that there are some taxa that secrete
various chemical compounds (13).

An important part of the information about the
stem and leaf anatomical features of Globularia
taxa was given for the first time by Metcalfe and
Chalk [14]. The focus of the researchers was
especially glandular hairs. Leaf anatomical
features were studied by Kupfender [15] and
Heckel [16], and their work was particularly
valuable for Globularia. Luhan [17], in his study,
revealed that the arrangement of idioblasts in the
shell of stem cells is in the form of a wall mesh. In
addition, the stem structure of G. salicina was
studied by Carlquist [18].

In today, plant taxonomical studies on leaf and
stem anatomies have a very important place in
defining systematic relationships. As a result of
the literature review, no study was found on the
leaf and stem anatomy of Globularia’s taxa. The
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aim of this study is to determine the anatomical
characters of the Globularia species (G. davisiana,
G. aphyllantes, G. alypum and G. orientalis) and to
contribute to the understanding of their kinship
relationships and systematic value.

2. Materials and Methods

Plants belonging to Globularia genus; G.
davisiana, G. aphyllantes, G. alypum and G.
orientalis taxa (Figure 1A-D) were collected from
their natural environments (by Associate
Professor Dr. G. Akgiil) (Table 1). Photographs
were taken during the collection.

Anatomical studies were carried out on the
samples kept in alcohol 70%. Similarities and
differences between the species were revealed in
terms of anatomical features according to the
characters related to epidermis, stomata,
mesophyll tissue, vascular bundles, leaf thickness
and trichome types.

Paraffin method was applied to stem and leaf
samplesin 70% alcohol [19]. 10-12 pm from stem
samples and 8 -10 um thick sections from the leaf
samples were taken with a Leica slide microtome.
Leaf and stem sections of the taxa were stained
with fast green-safranin [19], and the sections
were closed with canadian balsam. The
anatomical features of plants were examined
under a light microscope and their photographs
were taken with a Leica DFC 290 digital camera
attached to this microscope.

The hard structure and porosity of the woody
stems of G. davisiana, G. alypum, G. orientalis and
G. aphyllantes, which are in the Globularia genus,
and the inability to saturate with paraffin
sufficiently caused the sections to rupture and
fragment. Therefore, hand sections were also
taken with a razor blade and stained with 10%
safranin. In the studies carried out with the
sections taken from the surface, 20 superficial
sections were taken manually, separately from
both surfaces of 5 randomly selected leaf samples
from each species, both upper and lower. Stoma
index and stoma index ratios were calculated by
determining the number of epidermis and
stomata in mm?2 on both surfaces of the leaf. Leica
Application Suite (LAS) v3.4 program was used in
the measurements.
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Figure 1A. Habitat images of G. davisiana B. G. aphyllantes C. G. alypum D. G. orientalis (Photos taken by G. Akgiil).

Table 1. The localities of Globularia taxa.

Taxon Locality Collector
G. davisiana* | Antalya-Kemer
G. aphyllantes istanbul
G. alypum izmir: Mordogan | G. Akgil
G. orientalis Nevsehir

* Endemic to Tiirkiye

3. Results

Dicotomic key for the species according to
anatomic characters
1.Tracheal elements mostly surrounded by few
parenchyma cells and sponge paranchyme
contains fewer chloroplast than the palisade
............................................... G. aphyllantes
1. Tracheal elements not as above and sponge
paranchyme contains less chloroplast than the
palisade
2. Stomatal
Davisiana
2. Stomatal density less than 1
3. Mesophll thickness 155 pm.....G. orientalis
3. Mesophll thickness 83 pm...........G. alypum

density greater than 1.G.

3.1. Leaf and stem anatomical features of G.
davisiana

In the samples collected from Antalya-Kemer
(Table 1), the stem has a secondary structure
(Figure 2A). The long rectangular shaped
epidermis cells covered with a thick cuticle
(Figure 2B). The epidermis has stomata and
glandular hairs. In the cortex below the epidermis
there are 5-6 rows of cells. The cortex is usually
thick-walled and consists of polygon-shaped
sclerenchyma cells in groups, with fewer
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squamous or oval parenchyma cells (Figure 2C).
The cambium consists of 2-3 rows of thin-walled
cells. Cambial cells are not prominent. The
phloem covers a narrower area than the xylem.
The stem has a large parenchymatic pith in the
center (Figure 2D). The cells are arranged
radially on top of each other and are usually
rectangular in shape. Although tracheal elements
surrounded by  parenchyma cells are
encountered in the xylem, the majority are
sclerenchyma cells (Figure 2E).

The upper and lower epidermal cells are similar
to each other (Figure 2F). The stomata are of the
mesomorph type (Figure 2G), There are short-
stalked peltate glandular hairs on the lower and
upper surfaces of the leaves (Figure 2H). The
mesophyll consists of sponge parenchyma, which
is located irregularly between the two palisade
parenchyma. Palisade parenchyma cells are in 4-
5 rows. The leaf is isolateral. The cylindrical and
long palisade parenchyma contains abundant
chloroplasts. Sponge parenchyma occupies less
space. It is seen that prominent parenchymatic
bundle sheath cells seen in the sponge tissue
surround the small vascular bundles arranged in
the tissue. The large collateral central vascular
bundle is located in the midrib of the leaf (Figure
2I). The average thickness of the mesophyll is
296,851 um (Table 2).

In the sections taken from the lower and upper
surfaces of the leaves, there are epidermal cells
with polygonal shape, slightly wavy walls and
simple passages that can be easily observed.
Amaryllis type stomas are seen in sections taken
from the leaf surface (Figure 2J-L). The
neighboring cells of the stoma are the same as the
epidermal cells and their number varies between
4-5. Stomas are of anamocytic type, with an
average of 77,519 on the upper surface and
78,895 on the lower surface in mm? (Table 2).
The leafis amphistomatic. The average number of
epidermis cells on the upper surfaces of the
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leaves is 848,708 per mm?, and 887,573 on the
lower surface (Table 2). In the section taken from
the upper surface of the leaf, it is seen that the
palisade parenchyma cells are round and oval in
shape (Figure 2K). Chloroplasts are arranged

along the cell wall and are dense. Sponge
parenchyma cells have more intercellular spaces
and contain less chloroplasts than palisade
parenchyma (Figure 2M).

Figure 2. G. davisiana A. Stem in cross section, Bar=200 pm, B. epidermal and cortex cells, Bar=50 um, C.
scleranchyma cells, Bar=50 pm, D. xylem and pith, Bar=200 um, E. cambium, phloem and xylem, Bar=50
um. F. leaf cross-section, Bar= 20 pm G. leaf cross-section stomata in epidermis, Bar 2 um. H. leaf peltate
glandular hair in epidermis in cross-section, Bar=50 pum. I. large vascular bundle (middle vein) in mesophyll
tissue in leaf cross-section, Bar=2 pm. J. epidermis and stoma in leaf upper tangential section, K. palisate
parenchyma in upper leaf tangential section, L. epidermis and stoma in leaf lower tangential section, M.
sponge parenchyma in leaf lower tangential section, (J-M) Bars=50 pm.

Abbreviations :

Ep: Epidermis, Co: Cortex, Cu: Cuticle, Ca: Cambium, Xy: Xylem, Ph: Phloem, Sc:

Sclerankima, St: Stoma, pp: Palisate parenchyma, sp: Sponge parenchyma, LEp: Lower epidermis, UEp:
upper epidermis, vb: vascular bundle, Tr: Trichome, pi: Pith.

3.2. Leaf and stem anatomical features of G.
aphyllantes

In the samples collected from Istanbul (Table 1.),
the stem is in a secondary structure (Figure 3A).
There are 4-6 wing-like protrusions on the stem.
A thick cuticle layer covers the rectangular and
elongated epidermis cells. Stoma and glandular
hairs were occasionally found in the epidermis
(Figure 3B-C). There is a cortex with 6-7 cell rows
under the epidermis. In the cortex, mostly thick-
walled, polygonal shaped sclerenchyma cells are
In the transverse section of the leaf, the upper and
lower epidermis are similar to each other (Figure
3F). Cells are almost similar in shape and size. The
mesophyll consists of sponge parenchyma, which
is located irregularly between the two palisade
parenchyma. Palisade parenchyma cells are in 4-
6 rows. Sponge parenchyma occupies a lesser
area (Figure 3G). The average thickness of the
mesophyll is 242,389 um (Table 2). The leaf is
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located in bundles throughout the stem (Figure
3D-E). Phloem is easily distinguished by its thin-
walled cells. The phloem consists of thin-walled
cells, while the cambium consists of 1-2 rows of
thin-walled cells. The xylem covers a larger area
than the phloem. Cambial cells are not prominent.
The xylem also contains tracheal elements,
mostly surrounded by few parenchyma cells
(Figure 3E). It is seen that the stem occupies a
large space in the center and the pith is
parenchymatic (See Figure 3D).

equifacial (isolateral). The cylindrical and
elongated palisade parenchyma contains
abundant chloroplasts. There are a row of
parenchymatic bundle sheath cells around the
vascular bundle. In the middle mesophyll, there
are vascular bundles that appear to be arranged
regularly at regular intervals. The bundles are
collateral type. Distinct parenchymatic bundle
sheath cells surround the small vascular bundles.
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The large collateral central vascular bundle is
located in the midrib of the leaf (Figure 3H).

In the upper and lower superficial sections of the
leaves, there are polygonal epidermal cells with
slightly wavy walls. The stomata seen in the
sections taken from the leaf surface are of the
amaryllis type (Figure 3I-K). The neighboring
cells of the stoma are the same as the epidermis
cells and their number varies between 4 and 5.
Stomas are of anamocytic type, with an average of
118,343 on the upper surface and 157,790 on the

lower surface in mm? (Table 2). The leaf is
amphistomatic. The average number of
epidermis cells on the upper surfaces of the
leaves is 111,111 per mm?Z, and 143,459 on the
lower surface (Table 2). In the section taken from
the upper surface of the leaf, the part with oval
and round shaped cells represents the palisade
parenchyma (Figure 3]). They have dense
chloroplasts arranged along the cell wall. Sponge
parenchyma cells contain fewer chloroplasts than
the palisade (Figure 3L).

Figure 3. G. aphyllantes A. Stem in cross section, Bar=50 um, B and C. Protrusion regions and cortex cells
on stem, Bar=50 pum, D. Scleranchyma cells and pith region, Bar=200 pum, E. Xylem, Phloem and cambium,
Bar=50 pm, F. Leaf cross-section, Bar= 10 pm G. Mesophilic tissue in leaf cross-section, Bar=50 pm. H. Large
vascular bundle (middle vein) in mesophyll tissue in leaf cross-section, Bar=50 pum. I. Epidermis and stoma
in upper leaf tangential section, J. Palisade parenchyma in upper leaf tangential section, K. Epidermis and
stoma in leaf lower tangential section, L. Sponge parenchyma in leaf lower tangential section, (I-L) Bars=50

pm.

3.3. Leaf and stem anatomical features of G.
alypum

In the samples collected from izmir-Mordogan
(Table 1), the stem is in a secondary structure
(Figure 4A). There are 4-6 wing-shaped
projections on the stem (Figure 4A-E). There is a
thick cuticle layer on the long rectangular
epidermis cells. The stem has a large
parenchymatic pith in the center (Figure 4A-D).
There is a cortex with 6-7 cell rows under the
epidermis. In the cortex, mostly thick-walled,
polygonal shaped sclerenchyma cells are located
in bundles throughout the body (Figure 4F).
Phloem is composed of thin-walled cells. It is
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striking that the cells form a radial shape by
stacking them on top of each other. The cells
forming the cambium appear to have 1-2 rows of
thin-walled structures. The area occupied by the
phloem is much narrower than the area of the
xylem. There is no distinct cambium. In the xylem,
a large number of sclerenchyma and a small
number of tracheal elements between
parenchyma cells are seen (Figure 4G).

In the cross-section of the leaf, the lower and
upper epidermis cells are similar (Figure 4H).
Mesomorph type stoma is seen on the both
surface. The average thickness of the mesophyll is
82,796 um (Table 2).
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The mesophyll consists of sponge parenchyma,
which is located irregularly between the two
palisade parenchyma. Palisade parenchyma cells
are in 4-5 rows (Figure 4H). The leaf is isolateral.
The long cylindrical palisade parenchyma
contains  abundant chloroplasts.  Sponge
parenchyma occupies less space (Figure 4I).
There are short-stalked peltate glandular hairs
on the lower and upper surfaces of the leaves
(Figure 4.J-K). Bunch sheath cells surrounding
the vascular bundles are seen in the sponge
tissue. Vascular bundles are seen in the midrib of
the leaf (Figure 4L)

In the sections taken from the upper and lower
surfaces of the leaves, there are epidermal cells
with polygonal shape, slightly wavy walls, and
simple passages can be observed. The stomata
seen in the sections taken from the leaf surface
are of the amaryllis type (Figure 4M-0O). The
neighboring cells of the stoma are the same as the
epidermal cells and their number varies between
4 and 5. The stomata are of anamocytic type, with
an average of 157,790 on the upper surface and
198,807 on the lower surface per mm? (Table 2)
The leaves are amphistomatic.

The average number of epidermis cells on the
upper surfaces of the leaves is 1527,272 per mm?,
and 710,059 on the lower surface (Table 2). In the
section taken from the upper surface of the leaf, it
was observed that the palisade parenchyma cells
were round and oval shaped. (Figure 4N). There
are dense chloroplasts lined up along the cell
walls. Sponge parenchyma chloroplast amount is
less than the palisade (Figure 4P).

3.4. Leaf and stem anatomical features of G.
orientalis

In the samples collected from Nevsehir (Table 1),
the stem is in a secondary structure (Figure 5A-
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B). Epidermal cells have a thick cuticle layer
(Figure 5C). There is a cortex with 6-7 cell rows
under the epidermis. In the cortex, mostly thick-
walled, polygonal sclerenchyma cells are located
in bundles throughout the stem (Figure 5D).
Phloem is composed of thin-walled cells similar
to other species. Cells are mostly rectangular in
shape. Tracheal elements can be observed in the
xylem, surrounded by a few parenchyma cells,
mostly sclerenchyma (Figure 5E). The stem has a
large and parenchymatic pith in the center.

In the cross section of the leaf, the upper and
lower epidermal cells are similar (Figure 5F).
Mesomorph type stoma is present. The mesophyll
consists of sponge parenchyma, which is located
irregularly  between the two palisade
parenchyma. Palisade parenchyma cells are in 4-
5rows. The leafis isolateral. Vascular bundles can
be observed in the leaf mesophyll (Figure 5G).

The epidermis cells seen in the sections taken
from the upper and lower surfaces of the leaf
have a polygonal shape and slightly wavy walls.
Amaryllis type stomata are seen in leaf superficial
sections (Figure 5H-]). The neighboring cells of
the stoma are the same as the epidermis cells and
their number varies between 4-5. Stomas are of
anamocytic type, with an average of 109,890 on
the upper surface and 177,514 on the lower
surface in mm? (Table 2).

The leafis amphistomatic. The average number of
epidermis cells on the upper surfaces of the
leaves is 1276,595 per mm?2, and 1005,917 on the
lower surface (Table 2). In the section taken from
the upper surface of the leaf, oval-shaped and
rounded palisade parenchyma cells are observed
(Figure 5I). Chloroplasts are dense and arranged
along the cell wall. Sponge parenchyma contains
less chloroplasts than the palisade (Figure 5K).
The average thickness of the mesophyll is
155,443 pm (Table 2).
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Figure 4. G. alypum A-B. Stem in cross section, (A) Bar=10 um, (B) Bar=2 pm, C-D. Pith region on stem, (C)
Bar=500 um, (D) Bar=200 um, E. Protruding wings on stem Bar=50 pm, F. Sclerenchyma cells, Bar=50 pm,
G. Xylem, phloem and cambium, Bar=50 pm, H. leaf cross-section, Bar=500 pm I. Leaf cross-section,
mesophyll tissue, Bar=200 um. J. Leaf peltate glandular hair in cross-section, Bar=50 um. Enlarged form of
K. peltate glandular tricome. Bar=20 um. L. Large vascular bundle (middle vein) in mesophyll tissue in leaf
cross-section, Bar=50 pm. M. Epidermis and stoma in leaf upper tangential section, N. Palisade parenchyma
in upper leaf tangential section, 0. Epidermis and stoma in leaf lower tangential section, P. Sponge
parenchyma in leaf lower tangential section, (M-P) Bars=50 pm.

Figure 5. G. orientalis A-B. Stem in cross section, (A), Bar=10 pm, (B), Bar=50 um, C. Epidermis cells in
stem, Bar=500 um, D. Cortex and pith, Bar=200 pum, E. Xylem, phloem and cambium, Bar=50 pm, F. Leaf
cross-section Bar=200 um G. Large vascular bundle (middle vein) in mesophyll tissue in leaf cross-section.
Bar=50 pm. H. Epidermis and stomata in leaf upper tangential section. I. Palisade parenchyma on leaf upper
tangential section J. Epidermis and stoma on leaf lower tangential section K. Sponge parenchyma on leaf
lower tangential section. (M-K) Bars=50 pm.
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Table 2. Mesophyll thickness, stoma in mm?, epidermis numbers and stoma index, stomatal density in

Globularia taxa.

mesophyll Section NuSTob:lg of Eplg;{?al stomatal | stomatal
Taxa names Thickness Surface (piece/mm2) | (piece/mm2) index density
(nm)
Upper surface 77,519 848,708 0,0836
G. davisiana 296.851 1,0245
Lower surface 78,895 887,573 0,0816
Upper surface 118,343 111,111 0,5157
G. 242.389 0,9849
aphyllantes Lower surface 157,790 143,459 0,5236
Upper surface 157,790 1527,272 0,0936
82.796 0,4279
G. alypum
Lower surface 198,807 710,059 0,2187
Upper surface 109,890 1276,595 0,0792
155.443 0,5283
G. orientalis Lower surface 177,514 1005,917 0,1499

4. Discussion and Conclusion

In this study, stem and leaf anatomies of some
Globularia L. (Plantaginaceae) species
distributed in Tiirkiye were examined for the first
time and discussed. The epidermis, stomata,
mesophyll tissue, vascular bundles, leaf
thicknesses and tricome types of four species (G.
davisiana, G. aphyllantes, G. alypum and G.
orientalis) belonging to the genus Globularia were
investigated anatomically. According to the
results of this study, it was seen that these four
species belonging to the genus Globularia showed
some similarities and differences in terms of leaf
and stem anatomies.

In all of the four species examined, it was
observed that the epidermis cells were usuallly
similar to each other in the cross-sections of the
stem and were single-row and rectangular in
shape.

Although there are winged protrusions on the
stems of G. aphyllantes and G. alypum, no such
protrusions were found in G. davisiana and G.
orientalis.

An important part of the information about the
stem and leaf anatomical features of Globularia

In the upper and lower superficial sections of the
leaves of the four species belonging to the genus
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taxa was given for the first time by Metcalfe and
Chalk [14]. The focus of the researchers was
especially the glandular hairs. Leaf anatomical
features were studied by Kupfender [15] and
Heckel [16], and their work was particularly
valuable for Globularia. Luhan [17], in his study,
revealed that the arrangement of idioblasts in the
shell of stem cells is in the form of a wall mesh. In
addition, the stem structure of G. salicana was
studied by Carlquist [18]. Carlquist’'s s work is
stated Globulariaceae proved to have distinctive
wood anatomy. In leaf, small glandular hairs with
a short stalk cell and a head of two or four cells in
one plane are characteristicc Branched
sclerenchymatous idioblasts are known from the
mesophyll of G. orientalis. The structure of the
principal vein has been used as a systematic
character. The fascicle is either connected to the
epidermis on both sides by collenchyma, or it is
surrounded by mesophyll (15, 16).

In this study, in leaf cross-section, vascular
bundles are collateral type in all the species and
the phloem surrounds the xylem. In the
conduction bundles, the sclerenchyma has the
appearance of an arc. There are covering
glandular hairs in all the species. In terms of leaf
thickness, G. davisiana and G. alypum have the
smallest value (See Table 2).

Globularia, the epidermis cells are slightly wavy-
walled or polygonal.
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In G. alypum, the number of epidermis cells per
mm?2 on the upper surface was higher than the
lower surface, while in other species, the number
of epidermis cells per mm? on the lower surface
was higher than the upper surface (See Table 2).

Anatomically, the leaves have some similarities.
The leaves of all the taxa have amphistomatic type.
It was determined that there were amaryllis type
stomata in the species examined, and it was
explained that it could be anomocytic type
depending on the condition of its neighboring
cells. All the taxa have equifacial (isolateral) type
leaves.

The taxa are divided into two main groups
according to the dichotomic key obtained in the
study according to anatomical characters of the
stem and leaves. The number of chloroplasts in
the sponge parenchyma of G. davisiana, G.
orientalis and G. alypum in the first group is less
compared to the palisade, and few in G.
aphyllanthes in the second group. Three species
(G. davisiana, G. orientalis, G. alypum) in the first
group differ from each other according to
stomatal density and mesophyll thickness. This
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