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ABSTRACT

Chemical study of Echium horridum Batt. and E. rauwolfii Del. reveals isolation of echimidine and different picture of minor

alladonds. Thus, the mucro - and micromorphological characters of roots, stems,
s>l 1 e caren , . e
rawwolfii el are presented with the aim of finding out the charactenstic fe

leaves and flowers of Echium horridum Batt. and E.
ature by which the plants could be identified and

dilferentiated from cach other in both entire and powdered forms, and from other closely related specics.

INTRODUCTION

Genus Fchium  belongs to family Boraginaceae
and is represented in Egypt by 7 species V. Chemical
study concerning the alkaloidal contents of  Echium
horridum Batt.and E, rauwolfii Del. lead to the isolation
of echimidine as a major pymolizidine alkaloid as well
as 12 minor alkaloids identifiecd by GLC - mass
spectrometry ). As other plants containing 1, 2 -
unsaturated pyrrolizidine alkaloids, Echium plants
considered to be  hepatotoxic , mutagenic and
carcinogenic in live stock and humans @,

Literature review on Echium horridum Batt. and
E. rauwolfii  Del. revealed that only few brief
morphological notes were reported in different {loras
(1,45 1y this study, the macro- and micromorphological
characters of the roots, stems, leaves and flowers of
these plants are presented in order (o show the
diagnostic characters by which the plants could be
identificd and differentiated both in the entire and
powdered forms .

EXPERIMENTAL

Plant material :

The material used for this work was collected
from plants cultivated in the experimental garden of
medicinal plants, Faculty of Pharmacy, University of
Zagazig, Egypt. The plants were kindly authenticated by
Dr. A.El-Hadidi, Department of Botany, Faculty of
Science, Cairo University, to whom the authors are
indebted .

Fresh materials and samples kept in 70%
glycerol were used .

1-Macromorphology :

Echium horridum Batt. (Fig. 1 A) is an erect,
annual herb, reaches up to 50 cm in height, covered by
spreading bulbous based setae (glabrous between the
setae) and having one to many flowering stems. The

plant shows large imegular flowers in terminal, simple
or branched cymes.

The root (Fig. 1, A | ) is a dark brown tap root,
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bearing several short tapering lateral roots and measures
16-20 cm in length and 0.3 - 0.5 in diameter . The fresh
root is flexible, while the dry breaks with short fructure.

The stem (Fig. 1 A and A3) is herbaceous, erect
and cylindrical with green surface, covered with stifl
while tubercle - based prickles or bristles. The stem s
one to several and often branched monopodially from
the base into alternate branches. The internodes measure
2.0 - 3.0 cm in length and 0.3 - 0.4 in diameter. The
fresh stem is flexible, but the dry breaks with a fibrous
[racture.

The leaves (Fig. 1A and A2) are simple, cauline,
alternate and exstipulate with entire margin. They arc
elleptic to lanceolate and measure 5 -15 cm in length
and 03 - 0.7 in breadth the leaves have green surfaces
covered with stiff white bulbous based setae and show
ciliale margins, acute apices, symmertic bases and
papery texture. They have rcticulate pinnate venation
with prominent midrib and main veins on the lower
surface only. The lower lcaves are tapering to pertiolate,
while the upper are sessile .

The inflorescence (Fig. 1A and 2A) is a bracteate
cyme forming a pancile with violet to blue flowers
measuring 1.1 - 2.2 cm in length and 03 - 0.5 cm in
diameter . Bracts are foliaceous, similar to the leaves, but
somewhat shorter, they measure 2.2 - 3 cm in length and
0.2 - 0.3 cm in breadth. The calyx consists of 5-partite,
linear lanceolate with setose segments, enlarged in the
fruiting stage and measure 11.5 - 12 mm in length and
1.5-19 mm in breadth. The corolla is violet,
zygomorphic , infundibular with 5 - lobed limbs, necked
throat and unequal short lobes; it is pubscent and
measure 18 - 20 mm in length . The corolla tube
measure 15 - 16 mm in length and the lobes measure 34
mm in length . The androecium consists of 4 or 5
unequal exseried, free cpipetalous stamens formed of
yellowish white filaments, measuring 6 - 8 mm in length
and dorsifixed, bilobed, oblong obtus bluish- black
anthers, measuring 1 mm long. The gynaecium is
yellowish white, formed of superior yellowish- green, 4
lobed ovary, a filiform gynobasic style, two  third of
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which covered with bulbous - based setae, and short
bifid stigma. The ovary measures 0.9 - 1.6 mm in
diameter, the style measures 14 - 20 mm in length and
030 031 mm in diameter while the stigma measurcs
030 - 032 mm in length . The plant flowers from
March to April.

Echium rauwolfii Del. (Fig. 1B and 2B) has
similar characters in the morphological features, as E.
horridum Batt. (Fig. 1A and 2A) but the main
differcnces are summarized in Table (1).

II-Micromorphology :
The root :

The trasverse section in the root of Echium
horridum Batt. (Fig. 3A) is circular in outline showing
an outer brownish cork followed by a wide
parenchymatous phelloderm  surrounding a central
cylinder of vascular tissue . The vascular tissue
comprises a narrow phloem and a wide xylem with a
central diarch primary xylem.

The cork (Fig. 3B and D) is narrow , consists of
about 3-4 layers of polygonal moderately thick - walled
suberized, tangentially clongated cells arranged in radial
rows . They measure 37 to 74 p in length and 28 to 44 p

in breadth.

The phelloderm (Fig. 3B) is wide , formed of 12
- 13 rows of thin - walled , more or less tangentially

clongated parenchymatous cells.

The vascular tissue (Fig. 3B) is formed of an

outer cellulosic phloem and a wide Jignified central
xylem; the cambium is almost indistinguishable . The
xylem is formed mainly of fibers (Fig. 3B and E) having
moderately thick lignified walls with few oval or slit-
like pits, narrow or wide lumen and having acute to
blunt apices. They measure 215 to 225 p in length and
15 to 18 y in diameter. Vesscls (Fig. 3 B and E) are
diffused either isolated or in radial or oblique rows; they
are mostly pitted or occasionally spiral and annular and
measure 17 to 44 u in diameter. Tracheids (Fig. 3E) are
few showing moderately thick lignified walls with
numerous oval bordered pits and measure 160 to 171 u
in length and 15 to 17 in diameter. Wood parenchyma
are diffused and formed of moderaely thick - walled
pitted and lignified polygonal axially elongated cells.
The meduallary rays (Fig. 3B) are 2 to 3 cells wide
being cellulosic in the phloem and lignified in the
xylem. .

Powdered root :
’.I'be powdgred root (Fig. 3D and E) is brownish -
yellow in color with bitter taste and characteristic odour,

It is characterized microscopically b i
s pically by the following

1-Fragments of brownish cork showing polygonal cells

with moderately thick suberised walls.

2-Fragments of lignified spiral , annular and pigeq
vessel: few pitted tracheids are observed.

3. Numerous fragments of lignified wood fibres having
moderately thick walls, wide lumen and acute

apices.

4- Fragments of lignified polygonal and moderately
thick - walled pited wood parenchyma.

5- Calcium oxalate crystals and strach are absent.

The transverse section of the root of £. rauwolfii
Del. (Fig. 3C) is circular in outline showing an outer
brownish cork cells followed by a narrow
parenchymatous  phelloderm surrounding a central
cylinder of vascular tissue . The micromorphological
differences between the root of E. rauwolfii Del. and E.
horridum Batt. are shown in Tables 2 and 3.

The stem :

The transverse section in the stem of Echium
horridum Batt. (Fig. 4A and B) is more or less circular
in outline . It shows an outer epidermis surrounding a
relatively narrow parenchymatous cortex with outer 34
rows of collenchyma lined by differentiated endodermis
enclosing a ring of vascular bundles surrounding a wide
non- lignified pith.

The epidermal cells (Fig4D) are polygonal
axially elongated with straight anticlinal walls and
covered with thick smooth cuticle . They measure 36 to
88 y in length, 12 to 28 y in breadth and 17 to 22 p in

height.

Stomata (Fig4D) are few of the anomocytic
type, each is surrounded by 5 to 6 cells and measures
22 to 29 y in length and 16 to 21 y in breadth.

Bulbous based bristles (Fig.4E) are present .
They are long ensiform , unicellular, covered with thick
warty cuticle , having wide lumen and subacute apices.
They measure 606 to 1617 y in length and 43 to 69 y in
diameter. Glandular and non- glandular trichomes are
absent .

The cortex (Fig4 A and B) is parenchymatous
with subepidermal layer of collenchyma. The
collenchyma consists of 3 to 4 rows of small thick -
walled cellulosic cells . The parenchyma is formed of 7
to 10 rows of large thin - walled cells with narrow
intercellular spaces.

Thc_z endoc'lermis is well differentiated and having
no caspanan strip. The pericycle (Fig. 4A and B) is
parenchymatous.

The vascular tissue consists of an outer cellulosic
phlocm. and a wide Ignified xylem; the cambium is
almost indistinguishable . The xylem is formed of fibers
(Fig. 4B and E) having moderately thick - lignified
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Table 1: The main macromorphological differences between Echium horridum Batt. and E.

rauwolfii Del.

Echium horridum Batt.

E. rauwolfii Del.

1-The root

2 - The leaves

3-The inflorescence
a- The bract

b- The calyx

¢- The corolla

d- The androecium

¢- The gynaecium

Length: 16 -20 cm
Breadth: 0.3 -0.5cm

Elleptic to lanceolate and
measure 5 - 15 cm in length and
0.3 - 0.7 cm in breadth.

The midrib and main veins are
prominent on the lower surface

only.

Narrowly  lanceolate and
measures 2.2 - 3 cm in length
and 0.2 - 0.3 cm in breadth.

Linear lanceolate white setose
segments and measures 115 -
12 mm in length and 1.5 -1.9
mm in breadth.

Violet to blue in colour and
measures 18 - 20 mm in length.
The dried corolla is deep blue in
colour.

Stamens are 4 - 5 in number and
the anthers measures 1 mm in

length.

The overy measures 0.9 - 1.6
mm in diameter.

The style measures 14 - 20 mm
in length and two third of which
covered with bulbous based

setac.

The stigma is shortly bifid and
measures 0.3 - 032 mm in
length.

Length: 11-15¢cm
Breadth: 0.3 - 0.4cm

Narrowly lanceolate to oblong
and measure 5 - 12 cm in length
and 03 - 0.6 cm in breadth.

The midrib and main veins are
prominent on both surfaces,
being more prominent on the
lower surface.

Lanceolate and measure 1.9-2.3
cm in length and 0.3 - 0.31 cm
in breadth.

Lanceolate densely white setose
segments especially at the lower

and measures10 - 11 mm in
length and 1-1.2 mm in breadth.

White in colour and measures
12 - 15 mm in length. The dried
corolla is buff in colour.

Stamens are 3 - 4 in number and
the anthers measure less than 1
mm in length.

The overy measures 0.8 - 1 mm
in diameter.

The style measures 12 -16 mm
in length and two three quarters
of which covered with bulbous

based setae.

The stigma is distinctly bifid,
sometimes with two unequal
lobes and measures 0.6 - 0.64
mm in length.

—
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Table 2: The main micromorphological differe

can differentiate between Echium horridum

Batt. and E. rauwolfii Del

nces that

Table 3: Cell d
and leal ©

rauwolfii Del.

imensions in microns in the root, g,
{ Echium horridum Batt. ang

(v - .
E. harridum E. rauwolfii
Batt. Del.
1-The root :
-the phelloderm | wide(12-13 rows). | narrow (7-8 rows).
.medullary rays | 2-3 cells wide. 3 - 4 cells wide.
2 - The stem :
-subepidermal
collenchyma 3 - 4rows 2-3 rows
-parenchymatous
cortex 7 - 10 rows 5.6 rows
- medullary rays | present absent
3- The leaf :
-subepidermal .
collenchyma | present abutting | absent.
the lower
epidermis of the
midrib.
4 - The setae of
the calyx : | numerous on both | more  dense and
surfaces and | longer on both sur-
measures 140 -|faces especially at
930y in length and the basal marginal
21 - 55 p in diam- | regions and mcas-
eter. ures 1386-1980 u
in length and 59-
60 p in diameter.
\ H e

walls, narrow or wide lumen and acute apices. They

measure 1951 to 2739 y in length and 251031 pin

diameter . Vessels (Fig. 4B and E) are lignified, diffused
cither isolated or in radial rows being spiral , annular
and pitted and measure 22 to 44 u in diameter
“Tracheids (Fig. 4E) are few , lignified and showing
numerous pits. Wood parenchyma (Fig. 4D) is diffused
and formed of moderately thick-walled, pitted and
lignified polygonal axially clongated cclls. The
medullary rays (Fig. 4A and B) are 2 to 3 wide cells
being cellulosic in the phloem and lignified in the
xylem,

The Pith (Fig. 4 A and B) is formed of
;nodemtcly cellulosic parenchyma with narrow
intercellnlar spaces.

Powdered stem :

The powdered stem (Fig. 4 D and E) i 1
: em (Fig. i) is green in
colour bzfvmg characteristic odour and bitter taste and
characterized microscopically by :

/’____,.————"p——""""
E, harridum E. M
Batt. Del.
_—_—______._———-——"‘__——"-——'-__ B
1 - The root:
- cork cells L [37-74 59-81
B |28-4 29 - 66
2 - The stem:
-epi 1 cell
epidermal cells U 688 17162
B |12-28 15-29
- the setae L | 606-1617 |821- 2055 |
D |34-69 41- 69
3 - The leaf:
-upper epidermis L |22-88 22-71
B |21-55 18-40
H |15-21 18-21
- lower epidermis L |29-96 37-83
B |19-59 18 -41
H |18-25 19-22
- neural epidermis [ L 74 - 96 81-179
B | 16-27 18-37
H [10-29 18 -28
- stomata L |19-22 16-24
D |12-18 12-18
- the setae L |221-240 |[273-606
D |26-29 20-30
- the palisade L |32-43 44 - 60
D |6-15 15-25
N J

L, length; B, breadth; D, Diameter ; H, height

1-Fragments of epidcrmal cells; polygonal , axially
elongated with straight anticlinal walls, covered
with thick - smooth cuticle and showing few
anomocytic stomata.

2-Numerous bulbous based bristles; long ensiform,
unicellular covered with thick warty cuticle and
having wide lumen and subacute apices.

3-Fragments of lignified spiral, anular and pitted
vessels; few tracheids are present .

4-Fregments of wood {ibers and wood parenchyma.
5-Caleium oxalate crystals and starch are absent .

The transverse section of the stem of Echium
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Fig. (1): Sketches of the flowering plants
A - Echium horridum Batt, (X 0.2)
Al- The root (X 0.3) A2-The leal (X 0.4)  A3- Part of the stem showing the setae (X 1.6)

Ad4-The flower (X 1.4) AS- The sepal (X 2)  A6- Opend corolla (X 1.4)
AT7- The gynaecium (X 3)

B - Echium rauwolfii Del. (X 0.3)
Bl-The root (X 0.3) B2- The leaf (X 0.6) B3- The sepal (X 2)  B4- The gynaecium (X 3 6)

an., androecium; br., bract:cor.. corolla: [, flower: f1.. film

nent: If, leaf; o.cor, opend corolla; ov., ovary;
5., selac, st stem; sg., stigma; sty., style.
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Fig. 2:Photographs of the flowers:
A-Echium horridum Batt. (X 2.5)
B-Echium rouwolfii Del. (X 2.5)
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Fig. (3): The root )

A- Diagrammatic transverse section of the root of Echium horrodium Batt. (X 23).

B- Detailed transverse section of the root Echium horrodium Batt. (X 122).

C- Diagrammatic transverse section of the root of Echium rauwolfii Del (X30).

D- Cork cells in surface view (X 201) E- Isolated elements of the root (X 201)

ck., cork; c., cortex; m.r., medullary ray; pd., phelloderm; per., pericycle; ph., phloem; t., tracheid; v.,
vessel; w.f., wood fibre; w.p., wood parenchyma; xy., xylem.
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4C) shows an outer cpfdcr:ms
nchymatous cories with 2 to
' by ditferentiated
vascular  bunles
pon-  lignified pith.  The
al can differentiate the stem of
horridum Batt. are

Dl (g
a narmow parench .
collenchyma lmul'
a rng o

rauwolfil

sumounding
1 rows of .
cododermis enclosing
a  wide
aspects th :
Ifii Dil. from Echium

cod
currounding

microscopical
Echium raune
listed in Tables (2and 3).

The leaf : .
The transyerse section of the Teal (Ig. 5 Aand

B) of Echium horridum  Batt. shows do:';ulcnuzl
structure with 8 single  TOW of upper p:wlmt e x:ma
interrupted in the midnb region. 'I'l.xc midnib projects on!
the lower side only and shows a single crescent-shapec
vascular bundle; the pericycle is collenchymatous.

cells of the leaf (Fig. 6 A)

The upper epidermal f (b _
are formed of a tabular, polygonal nearly isodiametric
cells having slightly wavy anticlinal walls and covmfd
with thick smooth cuticle. They measure 22 to 88 pm
fength , 21 to 52 y in breadth and 15 to 21 p in height .
The lower cpidermis of the leaf (Fig. 6B) consists of
tabular , polygonal, isodiametic cells with wavy
anticlinal walls and covered with thick smooth cuticle.
They measure 29 to 9% y in length , 19 to 59 p in
breadth and 18 to 23 pin height.

The upper and lower neural epidermal cells (Fig.
6 C) are polygonal axially clongated with straight
anticlinal walls and covered with thick , smooth cuticle.
They measure 74 to 96 y in length , 16 to 27 y in
breadth and 10 10 29 y in height .

Stomata (Fig. 6A and B) are present on both
epidermises of the leaf being more numerous on the
upper epidermis of the leaf and absent in the neural
region. They are anisocytic rarely of anomocytic type.
The measure 19 to 22 y in length and 12 to 18 x in
breadth.

Bulbous - based bristles (Fig. 6 C ) are
present . They are ensiform, unicellular, covered with
thick , warly cuticle and having wide Iumen and
subacute apices, They measure 221 1o 240 4 in length

ad 26 0 29 y in diame
) ter . Glandul -
glandular tricomes are absent ar and non

a:t:: mcsop‘hyll (Fig. 5A and D) is dorsiventral
elongatcdpf:]r palisade fom?ed of one row of radially
o meamlgxzmar cells }Vlth straight anticlinal walls
o 10 43y in length and 6 1o 15 ¢ in

) potemzyted by Parenchyma in the midgb
FOWS of thig, a‘;i);li;?; (Fig. 5 D) is formed of 4 1o 6
with wide intcrcellular spac?:rs less Pechymatous cels

The coriex
X of .
Parenchymatoys m‘thmc :eaf (Fig.

collenchyma ayue
utting Jow i :
103 rows of thicy, . wal(l):dc::l?mde.ms 20d formed of 2
8.

with

SA and B) is

Fhe perieycle (Fig. 5
arcs of collenchymatous ¢e

A ang B) Coma
Ils aboy,

vascular bundle . g bel, By
W

The vascular bundle (Fig. s
consists of cellulosic pholem of: 'ﬂ‘. A a
and xylem formed of lignifie H-walleg
vessels, 10 to 28 p in (i
cellulosic parenchyma .

Powdered leaf :

The powedered leaves (Fig. 6)
colour and having bitter taste ang ch: o dark
The powder is chamcterized micro.
following features :

[-Numerous f{ragments of the upper
epidermises showing polygonal eclls ‘a'nd lowey
anticlinal walls, covered with thick sy, o sy
and showing stomata of anisocytic 0r°°lh Coute]y

type on both surfaces. Anomocye

2-Fragments of bulbous - based bristles bejy 1
ensiform , unicellular | covered with uﬁcf “f\ng,
cuticle and having wide lumen and subacyge api::)

5.

3- Fragments of lignified spiral and anular vessels

4-Calcium oxalate crystals and starch granules gy
absent.

The transerse section in the leaf of E rauwolsi
Del. (Fig. 5C) shows a dorsiventral structure with a
single row of upper palisade being interrupted in the
midrib region. The midrib projects on both surfaces and
shows a crescent - shaped vascular bundle with a
collenchymatous pericycle. The micromorphelogica
differences between the leaf structures of £, rawveifi
Del. and E. horridum Batt. are shown in Tables2 ad3.
while differences in the microscopical numerical values
between both species are listed in Table (4).

Table 4: Microscopical pumerical values of EH’—‘:—"—*
horridum Batt. and E. rauwolfii Del. leaves

. e
The numerical value | E. harridum | BT ‘1‘:{
Batt. o
A___._——'.—-—‘/
Stomatal index of j07- 18
upper epidermis 23-%
Stomatal index of 121-1
lower epidermis 20-23
09-1-
Palisade ratio 13-19 o
3-0
Vein- islet number 5-8
z {
Veinlet termination 32
number 610 _/

4 Spiral gy e
At A ar Oy
ameter gng thinld y,,
* Wy
od

. 0§
"cterigtic Odm;"
scopl(‘ally by ﬂte

|
|
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E
Fig. (4): The stem

A- Diagrammatic transverse scction of the stem of Echium horrodium Batl.
B- Df?tailed transverse section of the stem of Echium horrodium Batt.
C Dlagrammalic transverse section of the stem of Echium rauwolfii Del.
AIII) - Epidermal cells of the stem - E- Isolated elements of the stem. 4
) co(r)l(clfw)lexwpt A (X 56) and C (X 64). N
péziq-c;:.' ;101 N clfluc"‘fmm; end,, endodermis; ep., epidermis; m.r., medullary ray; p., pith; per 0
Xlem, phloem; s, seta; t., tracheid; v., vessel; w.f, wood fibre; w.p., wood parenchyma; XY-.
36. '
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Fig‘. (6); The leaf
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an baoth surfaces, especially oo the nuddic regon; they

A 18 10 27w length and 1210 22 4 in diameter

- Bulbous based setae (g R) are DUNCIONs on
sutaces espocislly g the hasal 1

sl \ and marping

©The corolla;

The epidermises of corolla (K
unsi ) (Fg 9
comsst of poly pong, anally dmxllcdgq iu‘:ﬁ and l_‘)
cells wity slightly wy ametne

VY o1 stry il )
covered wirdy smooth mﬁd:‘mg!n antichinal wallg and

sllxm 68 jein diameter,
on both surfaces of corolla, Compledly

4. 1 he amlroecinm

Ihe epndermus of the flamem M

of polygosal aually  clogg '

i
ey "n" j\';
‘".."M antic hinal walls and v eresd Wth [ l%

e ahowng neither  omata oy m(hm‘ Oithely
measvare 01 10 154 0 m dength and 6 n I.\.‘
ot the apneal part, 13510 19050 in lenguy ad 18 M;A \
teeadth ot the muddie part, and %, 1) 0 e e
19 80 29 1 breadth at the basal pan LT

“f"!gt‘l

The epndermal colls of the anthey lobe (13, 1. ’
I3 4 '-J.\,:n(ul, a\ull_\ tl(ﬂﬁllcd anud u““:d il g
smooth cubicle, they measure 16 1o 29 4 in hn ui.r
10 9 i beeadth. The fibrous layer of the "“hr?“
10Oy s composed of hgmbied cells, Pty ponal iy y W
having  strmght and  beaded anhiclingl walls I&{
measure 17 10 26 i length and 8 1o 18 i in
Ihe podlen gramns (Fig 10 D) are spherical w

Wh wag,
cune, 1 germ pores and 3 pemunal fi

' HTOwy. &;
measure 16 10 20 3 in dameter (¢ f | he hameter o e
pollen grans of Echiem rauwolfii Del which megng,
141w 106 )
e-The gynaccium:

The ovary wall (Fig 11 A and B) s composed of
an outer and inner epidermises enclosing 3 homopene
mesophyll  transversed longitudinally by 4 @

vascular bundles. The outer eprdernus g 1o
consists of thin-walled, polygonal, isodametnc ey
with straight anticlinal walls and covered by smoott
cuticle, they measure 18 10 24 pomlength 190240

diameter and 7 10 9 j in height. The epidermms shows »
stomata or tnchomes.

The epidermis of the style (Frg. 11 D) as foemd
of polygonal to subrectangular avially clongated ol
and covered with smooth cuticle. They measure 1478
178 ji in length and 15 to 21 ;4 in breadth st te g
part, 106 10 147 5 in length and 12 1o 22 j in breadd ¥
the muddle part, and 32 10 66 s length and 1280 1:
i breadth at the basal part. Covenng bulbous b
setae (Fig. 11 D) are numerous, espectally a the mﬁ
and basal regions. They are ensiform, W“M:N_‘
covered with warty cuticle; they measure 303 0=
in length and 18 10 26 i hameter.

. ~ s formed
The epidenmis of stigma (Fig. 11 B {;“ wallt

polygonal, papillosed cells with straight amit‘:!h -
smooth cuticle and measure 9 to 22 p in oot
21 in breadth,

Powdered flower: ) bl i9 RN
The powdered flower is violet © P8 s

with no characteristic odour and slightly 5
characterized microscopically by: wing e
I-Fragments of the floral leaves she

stomata and covered by bulbous § the b
2-Fragments of the epidermal vells &

anther lobes.

h‘“ds.‘u‘. d'p( ; ‘
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Fig. (7): The bract
A - Inner (upper) epidermis.
Al-Attheapex A2 - At the middle
B - Outer (lower) epidermis.
Bl-Attheapex B2 - Atthe middle B3 - At the lower part

| C- Neural emiderm:
All X 334) ¢pidermis,

A3 - At the lower part



B4 AL kvl At and & M 13 Shwrde

Fig (8) The calyx
- A-im(ummm.
' Al - A the apex A2 - At the muddle A3 - At the lower pan
B - Outes tlower) epndonmy
. B - At the apex B2 - Al the nuddis BY.
C- Margaial setae D- Newral epidernus
All {X 540 :

4l

Al the lower pan




Fig (o
&.(9). The corolla

-]
et (upper) epidermis,

B'O'JlerA 11 “Altheapex A2 At the middle A3 - At the lower part
(ower) epidermis,

ey
Yot sﬁ;;““”ai Cpiél,::;apcx B2- Atthe middle B3 - At the Jower part
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SN’
B
Fig. (10): The androecium
A - Epidermis of the filament
Al-Attheapex A2 - At the middle 3 - A{ the base
B- Epidermis of the anther

C- The fibrous layer in surface view,
D- Pollen grains

All (X 498) except A (X 340 ).
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Fig. (11): The gynaecium
A- Diagrammatic transverse section in the ovary,
B- Detailed transverse section of the ovary wall,
C- Outer epidermis of the ovary.
D- Epidermis of the style
D1 - Atthe apex D2 - At the middle.
E- Epidermuis of the stigma
All (X 309) except A(X 40 )andB and C (X 369).
L ¢p., inner epidermis; m., mesophyl]: . ) ‘
g P 0. p., outer epidermis; oy, ovule; ph., phloem; st., style: Xy

44

D3 - At the base
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. rons of the
Table & Dimensions in mc

{ Fohm  horridum B

DN

Inner eprdermus

att and L rawwolfil Del

Outer epid

idermal cells of the bract, calyx and corolly
ep :

\

crmpg

*\"

' | Innare * Length Bread:} <
: T Breadth ' —_— e LA “
; - .lrf:.r"a‘—.l‘['/-m;n;—‘-‘i T horr E ramm E horr E oranw. L horr m‘.
1 horr : __'__"_ IS SRR ]
| The brnet — 229 [12-17:22 131622 | 193043 21-35-46 | 15233; 15-19.337
— ape [ 7842 _"'--»-'f":“’"’“"'h_l:—fli--’_ﬁ 16-23-32 22-38-52 28-32-41 16-21 29 W
s Tl 11-42-92 e
at muddle |2 — T aoan6y | 136024 182125 | 31-50-72 44-59.69 13-20-28 15793 |
| at lowes part 1 I.L!Z"':l‘_n__z'l.‘ =1 T12.1828 13-15-16 66-90-125  44-62-74 12-16-25 1314057
: newral .'j,nfl‘Hlll'r | 06 _”‘\' I,' RS
| { |
l The calyx ’ TR R 9-13-1% 7-11-16 24-45-63 37-51-6Y 16-22-29 213629 ‘.‘
| atapex "“" Ty 9-16-22 10-12-15 | 41-60-78  37-51-60 10-18-29 153757
4'\,“... ar-q -
booa maddle l - :,‘ TTRR T 13.15.22 7-11-15 24-31-44 37-45-56 16-25-37 12-20-25
alt lowe HiR sl O o 1% = s - - 9-11- L1895
| o e T TR T T T Y I KX R TR T TR BT R T R TR 115 120838
| qral eprdremins | ¥ -
f newal o .: |
' s corolls I = :
| The corolla YT 9-17-37  22-29-37 13-20-28 13-18-28 9-15-24 71013
at apex I P — - & (= BTN 9-26-32
; S (e | 991115 44719 15-22-29 24-32-40 35-54-72  37-65-74 | 16-20 I ;
- ;“}“ art | 258075 74100190 | 101527 12.25-32 35-75-112 81-120-169 | 21-27-35 27-;:40
at lower J‘.’N - e - - G0 6-22-29 22-
i' newral eprderms | S0-80-110 29-61-103 16-23-29  22-29-37 oo L I L !
-l S

3-Numerous sphenical pollen grains with 3 germ pores, 3
germinal furrows and granular exine.

4-Fragments from the fibrous layer.
S-Fragments of papillosed st gma.

Echium rauwolfii Del. and E. horridum Batt,
flowers differ also in many micromorphological aspects,

that are summarised in table 2 and in cell dimensions
listed in table § (above).

CUNCLUSION

The previous macro.
differences between Echium
rawwolfii Del. besides (he
numerical values of he leaves
their differentiation. The
the alkaloid prefile of

and micromorphological
horridum Batt. and E.

of both species help in
obtained results in addition to
E. rauwolfii De]. which vary

quantitatively from that of E. horridum Batt. ?-t;d bi)_;l‘:
absence of lycopsamine alkaloid @ P“’“.:‘s '
unambiguous differentiation between both species.
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