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ABSTRACT

The comparative study on anatomical structure
of stems and leaves in 12 wild Solanum taxa re-
vealed that the outline of cross sections of stem
and petiole, presence or absence of hypodermis,
structure of cortex, pericycle and types of steles
vary considerably in different studied taxa. It was
also evident that other anatomical features of leaf
including mesophyll types, arrangement and num-
ber of the bundles at the mid-rib region, presence
or absence of bundle sheath and idioblast cells as
well as the vascular system of petiole are important
diagnostic characters in the proposed key for iden-
tification. A key including variations in anatomical
characters of stems and leaves of the investigated
taxa is provided

INTRODUCTION

The genus Solanum is represented in Egypt by
nine species, of which S. villosum Mill. is repre-
sented by two subspecies and S. nigrum L. is rep-
resented by three varieties (Hepper, 1998 and
Boulos, 2002).

The species have variable morphological char-
acteristics, both vegetative and floral ranging from
herbs to small trees plants with alternate entire or
lobed leaves. Flowers in lax racemes or cymes,
pedicel prickly or non prickly. Corolla white or vio-
let. Fruit variously colored (Tackholm, 1974; Hep-
per, 1998 and Boulos, 2002).

Although the literature on the anatomical struc-
ture of Solanum taxa growing elsewhere other than
Egypt is extensive (Metcalfe & Chalk, 1950;
Seithe, 1962 & 1979; Son, 1979; McCauley &
Evert, 1988; Cosa & Bruno, 1998; Luna-
Cavazos & Garcaia-Moya, 2002; Elias et al
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2003; Falcdo et al 2003; Granada-Chacon &
Benitez de Rojas, 2004; Chiarini & Barboza,
2007 and Mbagwn et al 2007), this aspect of
anatomy in wild Solanum taxa growing in Egypt is
not yet properly projected. Therefore, our
knowledge about the anatomy of these plants is
only meager. So far only a few Egyptian taxa have
been worked out, Al-Nowaihi & Khalifa (1974);
Al-Nowaihi & Mourad (1999) and Mohamed &
Al-Gohary (2007).

The present study, basically yielding infor-
mation on the anatomical structure of stems and
leaves of Egyptian Solanum to evaluate their taxo-
nomic significance as key characters for differen-
tiation.

MATERIALS AND METHODS

Twelve samples of Solanum taxa were collect-
ed fresh from field work during the years 2000-
2002 of which nine taxa namely, S. coagulans
Forssk. S. elaeagnifolium Cav, S. virginianum L,
S.incanum L., S. forsskaolii Dunal, S.villosum (L.)
Mill. ssp. villosum, S. villosum (L.) Mill.ssp. minia-
tum (Bernh.ex Willd) Edmonds, S.nigrum L. var.
elbaensis TOackh. & Boulos and S. schimperia-
num Hochst.ex A. Rich. were collected from Gebel
Elba, while S.nigrum L. var. nigrum was collected
from El-Sharkia, S. nigrum L. var. incisum TOackh.
& Boulos from Ismailia and S. sinaicum Boiss. from
wadi El- Nasb, Sinai. The samples were identified
according to keys of Tackholm (1974); Hepper
(1998) and Boulos (2002) and compared with
samples from herbaria of Desert Research Center
(CAIM) and Cairo University (CAl).

For anatomical investigation each specimen
was fixed according to (Nassar & El-Sahhar,
1998) in F.A.A. (formalin - glacial acetic acid - 70%
ethyl alcohol) with the ratio of 5: 5: 90 by volume.

The stems were hand sectioned at 20-30p in
thickness in the concerned organs taken from 2"
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and 4" internodes below the apex, while the
leaves were microtomed at 10-15p after being de-
hydrated in n-butyl alcohol series and embedded in
paraffin wax (m.p.56-58%). The sections were
stained according to Dilcher (1974) in safranin
(1% solution in 50% ethanol), and light green (1%
solution in 96% ethanol), mounted in Canada bal-
sam and photographed using Zeiss Research Mi-
croscope.

The terminology concerning the mesophyll type
is given according to Fahn (1974) and Metcalfe &
Chalk (1979).

RESULTS

The different anatomical features of stems and
leaves (petioles and blades) of Solanum taxa were
extensively studied to imitate the importance of
these characters (Tables 1 and 2) and (Plates1, 2
and 3).

A. Stem Anatomy (Tablel, Plate 1)

The cross sections of stems are terete in some
studied taxa, but angular with wavy margin in S.
villosum ssp. villosum (Platel, Fig. 4) and
S.virginianum while folded to ovoid with wavy mar-
gin in S. villosum ssp. miniatum, S. nigrum var.
nigrum, S. nigrum var. incisum and S. nigrum var.
elbaensis. Epidermal cells are radially elongated
interrupted by papillose cells in all studied taxa
except in S. nigrum var. nigrum the epidermis con-
sists of radially elongated intermixed with tangen-
tially cells. Cuticle is thick in 8 taxa and thin in the
remainders. Hypodermis presents in the form of
one layer of parenchyma in most taxa but absent
in S. elaeagnifolium, S. nigrum var. incisum and
S.sinaicum. Cortex consists of two types of cells in
most studied taxa: the outer 2-5 layers of collen-
chyma, and the inner 3-6 layers are parenchyma-
tous cells. However, the cortex is composed of 4-6
layers of collenchyma in S.virginianum, S. incanum
and S. villosum ssp. miniatum. Pericycle is com-
posed of parenchymatous cells in 7 taxa, but inter-
rupted by small groups of lignified fibers in the re-
mainders (Table 2).

Vascular system consists of a central cylinder
which is formed of an outer phloem and a wide
lignified xylem. Cambium forms an irregular wavy
ring. Vascular cylinder is siphonostele in most spe-
cies, but eustele (about 8-14 bundles) in the two
ssp. of S. villosum and the three variety of S.
nigrum (Plate 1, Fig. 6). Pith is wide or narrow and
consists of round to polygonal thin walled paren-
chymatous cells, Schizogenous canals are ob-
served in S. coagulans, S. elaeagnifolium, S. in-

canum, S.villosum ssp.villosum (Plate 1, Fig. 4)
and S. nigrum var.elbaensis, while Idioblasts are
recorded only in 4 Solanum taxa and absent in the
remainder.

B. Leaf Anatomy (Table2, Plates 2 & 3)

1- Blade (Table 2, Plate 2)

The lower and upper epidermal cells are radial-
ly oriented with papillose in six studied taxa or tan-
gentially intermixed with radially in the remainders
.Cuticular layer is thick in six taxa and thin in the
rest. The mesophyll is dorsiventral in the majority
of the studied taxa and isolateral in S. schimperia-
num or bilateral in S. coagulans and S. elaeagnifo-
lium.

The palisade tissue is consisted of 1-2 rows of
narrow small length chlorenchymatous cells being
discontinuous at midrib region in all studied taxa.
Spongy tissue is represented by 2-5 layers of thin
walled parenchymatous cells. Mechanical tissue in
the form of collenchyma situated abaxially and
adaxially at midrib region in the investigated taxa
as shown in (Table 2) or situated abaxially in S.
forsskaolii, S.nigrum var. incisum and S. nigrum
var.elbaensis .The vascular supply of the mid-vein
is crescent form and consists of number of vascu-
lar bundles. The bundle sheath is recorded only in
S.sinaicum and S. schimperianum and absent in
the remainder taxa. Idioblast is recorded in most
studied taxa.

2- Stomatal types

Anomocytic and / or anisocytic being in ac-
cordance with (Mohamed& Al-Gohary (2007)

3- Foliar trichomes

Diversity of glandular, nonglandular and stellate
in agreement with (Mohamed & Al-Gohary
(2007).

4- Petiole (Table 2, Plate 3)

The petiole outline in cross sections of the
studied taxa is crescent in S. coagulans, S.villosum
ssp. miniatum and S. nigrum var. elbaensis, Y-
shaped in S. elaeagnifolium, angular with wavy in
S. incanum and S. forsskaolii, folded with or with-
out wings in the rest. The epidermal cells are radi-
ally elongated intermixed with papillose (Plate 3,
Fig. 4) in most studied taxa or tangentially with
papillose in S.incanum and S.nigrum var. incisum
(Plate 3, Fig. 12). Ground tissue is in the form of
two types of cells; collenchyma and parenchyma in
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all studied taxa.
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Plate 1.Transections of stems

3-S.incanum

S. sinaicum

2
5

1-Solanum coagulans

S.villosum ssp. miniatum  6-S.nigrum var. elbaensis

4- S.willosum ssp. Villosum
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Plate 2.Transsections of leaf blade

1-S. elaeagnifolium 2- S.villosum ssp. miniatum 3- S. nigrum var. incisum
4- S .nigrum var. elbaensis 5 -S.vllosum ssp.villosum 6- S. nigrum var. nigrum
7- S. incanum 8-S. coagulans
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Plate 3. Transsections of petiole

4-S.sinaicum

3-S. forsskaolii

2- S.incanum

1- S.coagulans

(cont.)

6-S.schimperianum

5- S. nigrum var. nigrum
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Plate 3 Cont.: Transsections of petiole
7- S. virginianum 8- S. elaeagnifolium 9- S. villosum ssp. villosum
10- S. villosum ssp. miniatum  11- S. nigrum var.elbaensis ~ 12- S. nigrum var. incisum
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The petiole vascular system is crescent shape
in all of the investigated taxa. The number of me-
dian bundles ranged between 3 dissected bundles
in S.villosum ssp.villosum and 13 bundles in S.
coagulans. Lateral or subsidiary bundles ranged
between 2-3 (Plate 3, Fig. 5) in all studied taxa.

DISCUSSION

A summary of the anatomical differences of
stem, petiole and blade between the twelve stud-
ied Solanum taxa is given in Tables (1&2).

The morphology of Solanum taxa in Egypt and
diagnostic characters of their differentiation were
reported by Tackholm (1974), Edmonds and
Chweya (1997), Hepper (1998) and Boulos
(2002). The criteria used for the above studies
were some morphological characters which were
not clear distinction for critical identification, partic-
ularly as at the subspecies and varieties levels.
Therefore, it is pertinent to considerations of dy-
namic phylogeny to point out that the determina-
tion of detailed micromorphological features of
each taxon are frequently of major importance in
solving problems associated with speciation, evo-
lution and correlation.

Mohamed & Al-Gohary (2007) studied some
microscopic characteristics such as trichome mor-
phology, stomata and leaf sculpture of Egyptian
Solanum which were proved to be of systematic
value.

The anatomical structure of the stem and
leaves in Solanum taxa generally agree with the
feature of the axis and leaves in Solanceae as
described by Metcalfe & Chalk (1950) and Al-
Nowaihi & Khalifa(1974).

This investigation of the anatomical structure of
the stems and leaves in Solanum taxa has shown
that some micromorphological features proved to
be diagnostic for the identification of the species,
subspecies and varieties viz, the outline in cross
sections of stem and petiole, presence or absence
of hypodermis, cortical composition and types of
steles, in addition to some anatomical features of
leaf including mesophyll types, the humber of the
main bundles at the mid-rib region, presence or
absence of the bundle sheath. On the basis of
these micromorphological diagnostic attributes, the
following key is suggested for the identification of
the studied Egyptian Solanum taxa.

A- Vascular cylinder eustele
B- Stem angular
C- Cortex of two types of cells, hypodermis,
schizogenous canals and idioblast present,

petiole folded .............ccooiiiiiiiii,
....................... S. villosum ssp. villosum
BB- Stem folded
C- Cortex of one type of cells, hypodermis
present, schizogenous canals and idio-
blast absent, petiole crescent
.................. S. villosum ssp. miniatum
CC- Cortex of two types of cells
D- Hypodermis present
E- Schizogenous canals and idioblast
absent, petiole folded...................
...................... S. nigrum var. nigrum
EE- Schizogenous canals and idioblast
present, petiole crescent .............
............ S. nigrum var. elbaensis
DD- Hypodermis absent Schizogenous
canals and idioblast absent, petiole
fold-

AA- Vascular cylinder siphonostele

B- Stem angular,

C- Cortex of one type of cells, schizogenous
canals and idioblast absent, petiole fold-
€d i S. virginianum

BB- Stem terete
CC- Cortex of two types of cells

D- Mesophyll isobilateral
E- Hypodermis absent, petiole Y-shaped,
with one bundle....S. elaeagnifolium
EE- Hypodermis present, petiole cres-
cent, with 13 separate bundles
............................ S. coagulans
DD- Mesophyll dorsiventral, hypodermis

present
E- Petiole angular, bundle sheath ab-
SENL...ueiiiiiiiiieieieieeeeeenn S. forsskaolii
EE- Petiole folded, bundle sheath pre-
=] 0| S. sinaicum
DDD- Mesophyll isolateral, hypodermis
present
E- Petiole folded, bundle sheath pre-
sent .............. S. schimperianum
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