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ABSTRACT

Leal surface morphology of 13 species belong-
ing to 10 genera of family Apiaceae is examined
with Light microscope (LM) and Scanning clec-
tron microscope (SEM). Trichome type, epider-
mal cells, stomata, and cuticular ormamentation
revealed several interesting epidermal features that
have not previously been reported in the family.
Three types of cuticular ornamentation are re-
corded: favulanate, striate and wrinkled. Stomata
are mostly diacytic.  Trichome type has been
found to be of great diagnostic value in the studied
species. The study of the leal epidermal surface of
the studied species of Apiaceae exposed a number
ol important micro-morphological characters, and
these characters show evidence of interesting spe-
cific variations that are signilicance for identifica-
tion.

INTRODUCTION

Literature on the cuticular ormamentation, sto-
mata and trichomes types of family Apiaceae is
relatively rare although the taxonomic value of
the  epidermal morphology and trichomes is well
documented in botanical  review for some other
groups ol Angiosperms (Stace, 1965; Theobald ¢f
al 1979 and  Batterman &  Lammers,
2004).
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(Accepted October 7, 2006)

Stomata and associated cpidennal cells are
providing an increasingly important source of
taxonomic characters. The taxonomic significance
of stomata distribution and morphology in the
Epacridaceae was surveyed by Watson, (1962).
He found that trichomes and hydathodes are other
characters present on the epidermis and other or-
gans of plants that can serve as good taxonomic
tool. Hallam and Chambers, (1970) on SEM
studies of the leaf of Lucalvptus demonstrated the
potential of epicuticular wax studies to aid the
classification of a complex genus. Also there are
various reports were published on the epidermal
structure and stomata ontogeny (Karatela & Gill,
1984, 1985; Abocl-Atta, 2004; Kamel, 2004 and
Sonibare and Jaycola, 2005).

The main objective of this work was to study
the cuticular  ornamentation,  stomata  and
trichomes types of some species ol Apiaceae in
scarch of taxonomic characters that might assist in
identification and delimitation of these species.

MATERIALS AND METHODS

Plant specimens were collected fresh from dif-
ferent localitics in Egypt and also obtained dried
from herbarium of Cairo University (CAl) (Table
1). .

Studied species were identified by means of
comparison with specimens in the herbarium of
Cairo University. In addition, keys of Tackholn
(1974) and Boulos (2000) were consulted. Refer-
ence herbarium specimens of studied species were
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Table |. List of the studied species and their locality

Specics

Locality and date

1. Pycnocycla tomentosa Decne.

2. Pseudorlaya pumila (L.) Grande.

3. Coriandram sativam L.
4. Pimpinella ethaica Schweinf.

5. Deverra tortuosa (Dest.) DC.

6. Ammi mgjus L.

7. Ammi visnaga (L.) Lam.

8. Ridolfia segetum (L.)Moris.

9. Foeniculum vidgare Mill,

10. Anethum graveolens L.

VL. Eryngium campestre L.

12. Eryngium creticum. Lam.

13. Eryngium glomeratum. Lam,

-Saint Catharine, 5/2003

-Wadi Feiran, 8/ 1982 (CAl)

-Hag Eid Abu Mosaid, 5/ 1982(CAl)
-West of Alexandria — Sidi krir, 4/1989 (CAl)
-Alexandria-Burg El Arab, 4/2001
-Kom ombo, 3/1961 (CAl)
-Cairo—Alexandria Road, 4/2003

- Cairo — Alexandria Road, 4/2003
-Alexandria-Burg El Arab, 4/2001
-Cairo- Suez road, 4/2003

-Faiyum Sennuris, 12/1967(CAl)

-Al Sharkia, 1/2000

-Near Tanta road, 3/ 2003

-Al Sharkia, 2/2003

- Near Tanta road, 3/ 2003

-Nasr City-Cairo, 3/2000

- Nasr City-Cairo, 4/2002
-Cairo-Alexandria roaa, 4/2003

-Near Tanta road, 3/ 2003
-Cairo-Bahariya Road(Km. 157 & Rest House),
5/1979(CALl). (Cultivated)
-Alexandria-Burg El Arab, 4/2001
-Cairo-Alex. Desert road, 5/ 1958 (CAl)
-Ras El Hekma, 5/ 1966 (CAl)
-Nobaria, 6/ 1969 (CAl)

-BurgEl Arab 23 /3/1977

-El Dabaa, Mariut 16/4/1977

-Dekhella, 1/5/1959

-Wadi El Daiga. Isthmic desert 15/8/1951
-Wadi El Maghara, N. Sipai 1/7/1959
-Burg El Arab 24/9/1971
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prepared and kept in the herbarium of Botany De-
partment, Faculty of Science (Girls Branch) Al-
Azhar University.

The stomiaa types were determined by sirip-
ping and fixing the lower leat epidermis in 70 %
cthanol and cleared in 1% warm lactic acid before
examination by light microscope (Nassar and El-
salihar, 1998). For the study of leaf surface (cu”
ticular ornamentation, stomata, and trichomes
types) using SEM, three leaves were mounted on
metal stubs, coated, golden, examined and photo-
graphed by JEOL scanning electron microscope al
the accelerating voltage of 7 and 10 Kv. The ter-
minology of Metcalfe & Chalk (1979) Stearn
(1992), Barthlott (1981) and Munson (1995) was
followed to describe the leaf surface stomata, and
trichomes.

RESULTS AND DISCUSSION

Microcharacters of taxonomic significance ob-
tained from selected features of the leaf surfaces,
using scanning electron microscope (SEM) are
presented in Tables (2 and 3).

Trichomes

The taxonomic value of trichomes in angio-
sperm Is well recognized in botanical literature
(Theobald ef al 1979; Batterman and Lammers,
2004).

As stated by Metcalfe and Chalk (1979), the
trichomes are likely to be of considerable value in
the differentiation between most of the studied
Apiaccae species. The types of trichomes are re-
corded on the leaves ol studied species: glandufar,
nonglandular,  scales,  stellate,  dendritic  and
trichomes with special structure (Plate 1, 2 & 3
and Table 3). The following types of trichomes
are recorded on the leaves of studied taxa:

A- Glandular

. Glandular with unicellular stalk and unicellu-
lar head. e.g. Ammi visnuga (Plate 1, Fig. a).
2. Glandular with bicellular-uniseriate stalk and
umcellular head.
3. Glandular with unicellular statk and bicellular
head. e.g. Coriandrion sativian
4. Glandular with unicellular stalk and tetracellu-
lar head. e.g. Anethum graveolens
5. Glandular with unicellular stalk and multicel-
lular head. e.g. Ammi majus.
6. Glandular with multiccllular-uniseriate stalk
and multicellular head.
. Glandular with bicellular-biseriate stalk and
multicelular head.

~J

8. Glandular with multicellular-multiseriate stalk
and multicellular head. e.g. Foeniculum vul-
gare (Plate 1, Fig. b)

9. Glandular with tuberculated  multicellular-
multiseriate stalk and multicellular hicad. c.g.
Pseudorlaya pumila (PYate 1, Fig. ¢).

B- Non-glandular.

10. Unicellular papillose e.g. Eryngium campestre

1. Unicellular papillose with thick tuberculated
cell wall. e.g. Pycnocycla tomentosa (Plate 2,
Fig. a).

12. Unicellular papillose with striated cell wall.
e.g. Eryngium glomeratum.

13. Bicellular papillose. e.g. Eryngium campestre

14. Non-glandular unicellular with long broad,
acute cell. e.g. Pycnocycla tomentosa (Plate 2,
Fig. b).

15. Non-glandular with short basal cell and long
fusilorm acute apical call. e.g. Pycnocycla to-
mentosu

16. Non-glandular with short basal cell and long
blunt apical cell. e.g. Coriandrum sativum
(Plate 2, Fig. d).

17. Non-gilandular with short basal cell and long
acute apical cell. e.g. Pimpinella etbaica.

18. Non-glandular with broad short basal cell and
tuberculated long bicellular curved apical cell.
e.g. Pseudorlaya pumila (Plate 2, Fig. c).

19. Non-glandular with short basal cell and multi-
cellular-uniseriate narrow apical cell. e.g. Co-
riandrum sativin.

20. Non-giandular with two basal cell and long
acute apical cell.

C- Scales trichomes

21. Glandular scale. e.g. Eryngium creticum (Plate
3, Fig. a).

D- Stellate trichomes

22. Stellate with  four arms.
campestre (Plate 3, Fig. b).

e.g. Eryngium

E- Dendritic trichomes

23. Unicellular, branching medially. ¢.g. Foenicu-
fum vulgare (Plate 3, Fig. ¢).

F- Special structure

24, Papillae structure. e.g. Pycnocycla tomentosa
(Plate 4, Fig. a).

25, Scales structure. e.g. Pycnocycla tomentosa
(Plate 4, Fig. b).
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Plate 1 (Figs. a-c): Glandular trichomes.

Fig. a: unicellular stalk and unicellular head. e.g. Ammi visnaga.
Fig. b: multicellular-multiserate stalk and multicellular head. e.g. Foeniculum vulgare
Fig.c:tuberculated multiceHular-multiserate stalk and multicellular head. e.g. Pseudorlaya pumila
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Non-glandular trichomes.

Plate 2. (Fig. a-d)

Fig. a: unicellular papillose with thick tuberculated cell wall. e.g. Pycnocycla tomentosa
Fig. b: short basal cell and long fusiform acute apical cell. e.g. Pycnocycla tomentosa

327

Fig. c: broad short basal cell and tuberculated long bicellular curved apical cell. e.g. Pseudorlaya pumila

Fig. d: short basal cell and long blunt apical cell. e.g. Coriandrum sativum. -
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Plate 3
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a: Glundutar scale. e.g. Ervngam crencum
b Stellate with (our arms ey Lryugann compesire..
. ¢ Unicellutar, branching mediahy ¢ g Foemculua valgare.
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Plate 4 (Figs. a,b)

Fig. a: Papillae structure. ¢.g. Pycnocycla tomentosa.
Fig. b: Scales structure. ¢.g. Pycnocycla tomentosa.

Trichome Ornamentation

There are three types of trichomes ornamenta-
tion in the studied species; warty in Pycnocycla
tomentosa, Pseudorlaya pumila and Pinpinella
etbaica, striate in Eryngium glomeratum and
smooth in the remainder. .

Epidermal cells

The epidermal cells are tangentially clongated
in Deverra tortuosa, Ancthum graveolens and
Eryngium glomeratum, radially in Pscudorlaya

pumila, Eryngium campestre and Eryngium creti-
cum, and mixed (tangential and radial) in the rest
studied species. Cell shape is irregular in Ammi
majus, while polygonal in other species, except in
Eryngium species which they are + angular.

Stomatal Apparatus

Stomata leveling ranged between superficial
and semi-depressed (Table 2). Stomata are mostly
of a diacytic. The outlines of the pair of guard
cells are usually suborbiculate to eliiptical.

Annals Agric. Sci., 51(2), 2006
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Plate 5 (Figs. a-d): Cuticular ornamentation

Fig. a: Favulariate covered with smooth glossy wax. e.g. Ammi visnaga, Pimpinellu etbaica.
Fig. b: Favulariate covered with loose curled scales of wax. e.g. Eryngiuin campestre

Fig. c: Wrinkled with warty-crustose wax particles. e.g. Anethum graveolens, Ridolfia segetum.
Fig. d: Irregularly striated  parallel covered with finely warty wax. e.g. Eryngium glomeratum.
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Cuticular and wax ornamentation

According to Metcalfe and Chalk (1979),
Barthlott (1981) and Kamel (2004) stated that the
variation in the striation of the leaf cuticle might
be of taxonomic value. The cuticular patterns on
the adaxial surface of the leaf are recorded (Plate
4 and Table 2).

A. Favulariate

1. Favulariate covered with smooth glossy wax.
eg Ammi visnaga, Coriandrum sativum,
Pimpinella etbaica (Plate 5, Fig. a).

2. Favulariate plane covered with finely warty
wax. e.g. Deverra tortuosa, Foeniculum vul-
gare.

3. Favulariate covered with upright filaments of
wax. e.g. Eryngium creticum

4. Favulariate covered with loose curled scales of
wax. e.g. Eryngium campestre (Plate 5, Fig. b).

B. Wrinkled

5. Wrinkled with warty-crustose wax particles.
e.g Anethum graveolens, Ridolfia segetum
(Plate §, Fig. c).

C. striate

6. Slightly striated covered with finely warty wax.
e.g. Ammi majus

7. Paralle! striated covered with finely warty wax.
e.g. Pseudorlaya pumila

8. [lrregularly striated covered with tuberculate
wax. e.g. Pycnocycla tomentosa

9. lrregularly striated £ parallel covered with
finely warty wax. e.g. Eryngium glomeratum
(Plate 5, Fig. d).

From the observations presented, the subse-
quent key is suggested for distinguish between the
investigated species.

A- Stomata anomocytic; trichome ornamentation warty.
B- Cuticular ornamentation irregularly striate; special papil-

lae structures present ...............
Cuticular ornamentation favulariate; special papillae
structures absent ....................

BB-

............................

Pycnocycla tomentosa

Coriandrum sativum

AA-  Stomata diacytic, trichome ornamentation smooth or striate
C- Rim of stomata raisedl.
D- Cuticular ornamentation favulariate, trichome orna-

mentation smoolh.

E- Eglandulr trichome absent ........................ Eryngium creticum
EE- Eglandulr trichome present ....................... Eryngium campestre
DD- Cuticular ornamentation striate, trichome ornamenta-
HON SEFIALE ...ttt eee e saree e eiee e Eryngium glomeratum
CC- Rim of stomata tla.
F- Cuticular ornamentation tavulariate or striate; Eglan-

dulr trichome absent

G- Cuticular ornamentation slightly striate ........... Ammi majus
GG- Cuticular ornamentation favulariate ............... Ammi visnaga
FF- Cuticular  ornamentation  wrinkled;  Eglanduir
trichome present.
H- glandular with unicellular stalk and tetracellular

head present ...............

HH-

head absent ................

Anethum graveolens

glandular with unicellular stalk and tetracellular

Ridolfiu segetum

Annals Agric. Sci., 51(2), 2006
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1= Cuticular ornamentation parallel striate ............

Pseudorlaya pumila

1I-  Cuticular ornamentation favulariate
J- Cuticular ornamentation favulariate, cov-

ered with smooth glossy wax; trichome or-

namentation warty

..............................

Pimpinella etbaica

J3- Cuticular ornamentation favulariate plane
covered with finely warty wax; trichome

ornamentation smooth.

K- Epidermal

trichomes present
Epidermal cells tangentially elongated,
unicellular papillose present .. .............

KK-

DISCUSSION

The taxonomic value of trichomes in this work
was boundless. Trichome type has been found to
be of diagnostic value in the studied study.

There are 23 types of trichomes recorded in
the studied species, some of these trichomes about
twelve are specific for some genera for example:
Glandular with bicellular-uniseriate stalk and uni-
cellular head present in Coriandrum  sativum,
glandular with multicellular-uniseriate stalk and
multicellular head are present in Eryngium glom-
eratum ; glandular with tuberculated multicellular-
multiseriate stalk and multicellular head recorded
in Pseudorlaya pumila; unicellular papillose with
thick tuberculated cell wall present in Pycnocycla
tomentosa ; unicellular papillose with striated cell
wall recorded in Eryngium glomeratum; non-
glandular unicellular with long broad, acute cell
present in Pycnocycla tomentosa; non-glandular
with broad short basal cell and tuberculated long
bicellular curved apical cell present in Pseudor-
laya pumila; non-glandular with short basal cell
and multicellular-uniseriate apical cell found in
Coriandrum sativum; non-glandular  with two
basal cell and long acute apical cell found in Foe-
niculum vulgare only. Scales trichomes recorded
in Eryngium creticum only. Stellate trichomes
recorded in Eryngium campestre and absent in the
remainders. Dendritic trichomes present in Foeni-
culum vulgare and absent in the remainder studied
species.

There are three main types of cuticular orna-
mentation: Favulariate, present in Ammi visnaga,
Deverra  tortuosa,  Eryngiwm  creticum and
Eryngium campestre; Wrinkled recorded in
Anethum graveolens and striate, in -Lmmi majus,

cells

mixed;  dendritic

Foeniculum vulgare

Deverra tortuosa

Pseudorlaya pumila, Pycnocycla tomentosa and
Eryngium glomeratum.

Leaf surface characters are generally regarded
as fairly specific and might therefore be important
in assessing relationships and also provided in-
formation on specific and sectional levels.

Trichome ornamentation is rarely used in leaf
anatomical diagnoses, but is well worth considera-
tion for diagnostic value between families or gen-
era {(Metcalfe and Chalk, 1979).

The study of the leaf epidermal surface of the
studied species of Apiaceae exposed a number of
important micro-morphological characters, and
these characters show evidence of interesting spe-
cific variations that are significant for identifica-
tion.
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