
375ADANSONIA, sér. 3 • 2013 • 35 (2) © Publications Scientifiques du Muséum national d’Histoire naturelle, Paris.	 www.adansonia.com

Key words
Apiaceae,

Apioideae,
Umbelliferae,

gross morphology,
fruit morphology  

and anatomy.

Mourad M. M. & Al-Nowaihi A. 2013. — Numeric taxonomy of some Apioideae species, 
based on general morphology and carpological features. Adansonia, sér. 3, 35 (2): 375-389. 
http://dx.doi.org/10.5252/a2013n2a9

Abstract
The gross morphology as well as fruit morphological and anatomical characters 
of twenty four taxa of subfamily Apioideae was investigated to show their taxo-
nomic location as compared to Drude’s classification (1898). The classification 
of the studied taxa is summarised as follows: 1) Pimpinella L. of Drude’s tribe 
Ammineae is segregated alone in a separate branch; 2) some of the genera of 
tribe Ammineae namely Ammi L., Apium L., Petroselinum Hill, Ridolfia Moris 
and Carum L. are agglomerated in subgroup I of group I; 3) Chaerophyllum L. 
of tribe Scandicineae subtribe Scandicinae, Torilis Adans. of tribe Scandicineae 
subtribe Caucalinae and Cuminum L. of tribe Ammineae are separated in the 
form of separate branches from subgroup I of group I; 4) Bifora Hoffm. and 
Coriandrum L. of tribe Coriandreae are also separated together in subgroup 
II of group I; 5) Anethum L. of tribe Ammineae and Malabaila Hoffm. of 
tribe Peucedaneae subtribe Tordyliinae are clustered with Foeniculum Mill. 
of tribe Ammineae in subgroup III of group I; 6) Daucus L. of tribe Dauceae 
and Pseudorlaya (Murb.) Murb. of tribe Scandicineae subtribe Caucalinae are 
clustered together in group II; and 7) Deverra DC. species and Bupleurum 
semicompositum L. of tribe Ammineae are clustered together in group III. The 
obtained data were numerically analyzed by the NTsys-PC program package 
using the UPGMA clustering method. 
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Introduction

Apioideae are the largest and most taxonomically 
complex of the three subfamilies of Apiaceae, in-
cluding many familiar and edible plants. Apiaceae 
are represented by 24 genera and 49 species in the 
wild flora of Egypt (subfamilies Apioideae and 
Saniculoideae) sensu Drude (1898) and Boulos 
(2000). The current traditional treatments (De 
Candolle 1830; Bentham 1867; Drude 1898 and 
Koso-Poljansky 1916) are constructed mainly on 
the basis of morphological and anatomical charac-
ters of the fruit since it exhibits many distinctive 
variations. Comparison of the accounts of these 
treatments shows widely diverging opinions on 
the definition and composition of its tribes and 
subtribes. These characters are distinctive and 
represented by the inferior 2-carpelled ovary, the 
schizocarpic fruits with two one seeded generally 
five-ribbed mericarps, the presence of carpo-

phores, the presence of intrajugal oil ducts and 
vallecular vittae, extension of commissure, fruit 
wings and presence or absence of crystals. While 
such focus on fruit structure has been rejected by 
many (Heywood 1971; Theobald 1971; Cronquist 
1982; Spalik et al. 2001; Liu 2004; Liu et al. 
2006), the highly criticized century-old system 
of Drude (1898) remains the most commonly 
used treatment.

Several studies have demonstrated the utility 
of molecular data in elucidation of evolution-
ary relationships in Apiaceae, including studies 
at the interspecific level (Soltis & Novak 1997; 
Downie et al. 2010), at the tribal level (Downie 
et al. 1996, 2000a, b, 2010; Magee et al. 2010), 
and the subfamilial level (Downie & Katz-Downie 
1996; Downie et al. 1996, 2000a, b; Plunkett & 
Downie 1999).

Recent molecular studies, however, provided a 
radically different picture of relationships, call-
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RÉSUMÉ
Taxonomie numérique de quelques espèces d’Apioideae, fondée sur des données de 
morphologie générale et de carpologie.
La structure d’ensemble, ainsi que les caractères morpho-anatomiques du fruit 
de 24 taxons d’Apiaceae de la sous-famille des Apioideae ont été examinés 
afin de déterminer leur signification taxonomique dans la classification de 
Drude (1898). Il en résulte le nouveau classement suivant : 1) Pimpinella L. 
de la tribu des Ammineae selon Drude est isolé dans une branche séparée ; 2) 
certains  genres de la même tribu, à savoir Ammi L., Apium L., Petroselinum 
Hill, Ridolfia Moris et Carum L. sont réunis au sous-groupe I du groupe I ; 3) 
en revanche, Chaerophyllum L. de la tribu des Scandicineae (subtrib. Scandici-
nae), Torilis Adans. de la même tribu (subtrib. Caucalinae) et Cuminum L. de 
la tribu des Ammineae sont séparés du sous-groupe I du groupe I, et forment 
des branches indépendantes ; 4) Bifora Hoffm. et Coriandrum L. de la tribu des 
Coriandreae sont tous deux retirés du sous-groupe II du groupe I ; 5) Anethum 
L. (tribu des Ammineae) et Malabaila Hoffm. (tribu des Peucedaneae, subtrib.
Tordyliinae) sont rassemblés avec Foeniculum Mill. (tribu des Ammineae) dans 
le sous-groupe III du groupe I ; 6) Daucus L. (tribu des Dauceae) and Pseudorlaya 
(Murb.) Murb. (tribu des Scandicineae, subtrib. Caucalinae) sont réunis dans 
le groupe II ; et 7) Deverra DC. et Bupleurum semi-compositum L. de la tribu 
des Ammineae sont tous deux placés dans le groupe III.  Les données obtenues 
ont été analysées par le logiciel NTsys-PC, suivant la méthode de classification 
hiérarchique UPGMA.
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Fig. 1. — Fruit structure of representatives of the studied taxa: A, Ammi majus L.; B, A. visnaga L.; C, Anethum graveolens L.; 
D, Apium graveolens L.; E, A. leptophyllum (Pers.) F. Muell. ex Benth.; F, Bifora testiculata (L.) Spring. (one mericarp); G, Bupleurum 
semicompositum L.; H, Carum carvi L. Open circles, secretory oil ducts (vittae); filled circles, vascular bundles and carpophore; 
hatching, lignification. Abbreviations: c, carpophore; cv, commissural vittae; e, endocarp; en, endosperm; ird, internal rib oil duct; 
iv, irregular vittae; lb, lateral bundles; lm, lignified mesocarp; lr, lateral rib; mab, marginal bundle; mar, marginal rib; maw, marginal 
wing; meb, median bundle; mer, median rib; p, papilla; vv, vallecular vittae. Scale bars: 0.5 mm. 
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Phenetic analysis

Similarity matrix was generated by SIMQUAL 
model based on Jaccard’s coefficient (J) which is 
equivalent to Gower’s coefficient when a two-state 
character matrix is used (Sneath & Sokal 1973). 
A phenogram was constructed by the unweighted 
pair-group method, arithmetic average (UPGMA). 
In order to test reliability of results, the correlation 
coefficient (r) value which measures the distortion 
between the produced phenogram and the relevant 
similarity matrix (Sokal & Rohlf 1981) was esti-
mated as follows: the phenogram was computed 
using COPH module and compared to the related 
distance matrix using MXCOMP module.

Results and Discussion

The results are presented in Table 2 showing the 
coded gross-morphology, and morphological and 
anatomical characters of the fruit of the studied 
taxa of Apioideae. Table 1 shows the arrangement 
of the studied taxa according to Drude’s classifica-
tion (1898) of the subfamily Apioideae.

The constructed phenogram (Fig. 4) produced from 
cluster analysis of the studied taxa based on the used 
79 carefully chosen applicable attributes shows that 
the distribution of the studied taxa across the phe-
nogram is in accordance with Drude’s classification 
(1898). All the studied taxa have a highest average 
taxonomic distance value of 1.25. At the level of 1.22, 
Pimpinella anisum L. of the tribe Ammineae (Apieae) 
(Drude 1898 and Pimenov & Leonov 1993) is split 
off from all other taxa. Its most remarkable characters 
are the hairiness of the plant, the once-pinnate dis-
sected leaves with the sheaths having scarious mar-
gins, the ovoid fruit which is laterally compressed, 
the mesocarp with many unequal scattered vallecular 
vittae and the presence of rib oil ducts (intrajugal oil 
duct, intrajugal vittae, or companion canals) on the 
ventral side of vascular bundles (Fig. 3E). Pimpinella 
L. species are also isolated from other apioids into a 
separate clade by the work of Downie et al. (2000a, 
b) on the basis of molecular data. Danderson & 
Downie (2007) stated that, within the apioid su-
perclade (Plunkett & Downie 1999), seven tribes 
are confirmed as monophyletic (Apieae, Careae, 

ing into question the utility of fruit characters. 
They also concluded that fruit anatomy closely 
corresponded with phylogenetic position of the 
genera, as suggested by molecular studies. A few 
recent studies have made important contribu-
tions to the study of micro-morphological and 
anatomical characters, particularly fruit anatomy 
(e.g., Spalik et al. 2001; Liu 2004; Liu et al. 2006: 
Magee et al. 2010). For this the present study aims 
at evaluation of the gross-morphology and the 
morphological and anatomical characters of the 
fruit for understanding the classification of the 
studied taxa of the largest and more complicated 
subfamily, the Apioideae. 

Materials and methods

23 species and one variety belonging to 18 genera 
of wild and cultivated Egyptian representatives of 
Apioideae were collected and identified by the aid 
of the Flora of Egypt (Täckholm 1974) and Boulos 
(2000). The studied taxa (Table 1) were collected either 
from living or from herbarium specimens kept in Ain 
Shams University herbarium, Seed Bank of Flora and 
Cytotaxonomy Department, Cairo Museum (CAIM). 
The gross morphology and the external aspects of the 
fruit were investigated with Zeiss stereomicroscope. 
For anatomical studies, fresh and dry herbarium fruits 
were rehydrated and placed in FAA for a minimum 
of 24h and then treated according to the customary 
methods of infiltration and embedding of Johansen 
(1940), sections were cut at 8-12 µm, then stained 
in a safranin-fast green combination and mounted 
in Canada Balsam. Drawings were done using a 
camera lucida. Focus was made on mericarp shape, 
wings, ribs, intrajugal secretory ducts, presence or 
absence of small vittae scattered in the mesocarp, 
presence or absence of lignifications of the mesocarp 
and endocarp, commissural width, carpophores and 
endosperm shape (Figs 1-3). 

Data preparation

The data editor program NT edit 2.2 was used for 
creating the matrix of computation, whereas the 
program NTSYS-pc 2.2 was used in all subsequent 
analysis (Rohlf  2005). Multistate characters were trans-
formed to two-state characters in coding and the raw 
data matrix was standardized with STAND module.
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Fig. 2. — Fruit structure of the studied taxa: A, Chaerophyllum bulbosum L.; B, Coriandrum sativum L.; C, Cuminum cyminum L.; 
D, Daucus aureus Desf.; E, D. carota L.; F, D. carota var. boissieri Schweinf.; G, Deverra tortuosa (Desf.) DC.; H, D. triradiata Hochst. 
ex Boiss. Abbreviations: h, hairs; ilw, inter-rib lateral wing; imw, inter-rib marginal wing; ord, outer rib duct; vb, ventral bundle; vr, val-
lecular rib; vv, vallecular vittae; vw, vallecular wing (other abbreviations as in Fig. 1). Scale bars: 0.5 mm.

A

D

G

B
iv

h

cv

c

c

vb

vb

mab

meb
lm

mer

h

c

c

c

ord

c

vr

lr

vrmer

vv

mar

cv

cv

vw
meb h

lb

mab

mab

lb
vr (vw)

cv

lr

ilw

imw

E

C

F

H

lb



380 ADANSONIA, sér. 3 • 2013 • 35 (2)

Mourad M. M. & Al-Nowaihi A.

Downie et al. (2000a, b) and Katz-Downie et al. 
(1999) placed Chaerophyllum L., Cuminum L. 
and Torilis Adans. in tribe Scandiceae subtribes 
Scandicinae, Daucinae and Torilidinae respectively 
on the basis of molecular data sets. Downie et al. 
(2000c) placed Ammi L., Apium L., Petroselinum 
Hill, Ridolfia Moris with Anethum L. and Deverra 
DC. in a separate clade (Apium clade) on the basis 
of molecular data. Shiha et al. (2008) stated that 
Torilis Adans. species were splitted from the rest 
of the apioid taxa, on the basis of fruit sculpture. 

The second subgroup contains Bifora testiculata 
(L.) Spreng. (Fig. 1F) and Coriandrum sativum L. 
(Fig. 2B) which clustered together at the level of 
0.87 due to their membranous sheath margins, 
lacking of bracts, fruit glabrous and have irregu-
lar vittae (with different sizes), shallowly concave 
endosperm and single carpophores. Drude (1898) 
and Pimenov & Leonov (1993) placed the two 
taxa in tribe Coriandreae. Plunkett & Downie 
(1999) placed Coriandrum L. in Angelica group 
and Bifora Hoffm. in an uncertain group on the 
basis of molecular data.

The third subgroup contains Anethum graveo-
lens L. (Fig. 1C) and Malabaila suaveolens Delile 
(Fig. 3C) which grouped together at the dissimilar-
ity level of 0.99 due to their narrow leaf segments, 
lacking of bracts and bracteoles, the marginal ribs 
(of primary ribs) are more projecting (forming 
wings) than median and dorsal, single continu-
ous lignified layer of endocarp, regular vittae and 
carpophore of two opposite vascular bundles. The 
two species are clustered with Foeniculum Mill. spe-
cies (Fig. 3A, B) at high dissimilarity level of 1.01 
due to the following syndrome: lacking of bracts 
and bracteoles, single, continuous and lignified 
layer of endocarp and number of vallecular and 
commissure vittae. Drude (1898) placed Anethum 
L. and Foeniculum Mill. in tribe Ammineae and 
Malabaila Hoffm. in tribe Peucedaneae subtribe 
Tordyliinae. Pimenov & Leonov (1993) placed An-
ethum L. in tribe Peucedaneae, Malabaila Hoffm. 
in tribe Tordylieae and Foeniculum Mill. in tribe 
Apieae. Downie et al. (2000c) placed Anethum L. 
and Foeniculum Mill. in Apium clade and Mala-
baila Hoffm. in Heracleum clade, the latter clade 
coincides with Drude’s classification (1898). 

Echinophoreae, Pimpinelleae, Pyramidoptereae, 
Selineae, and Tordylieae). After Shiha et al. (2008), 
as a result of a phenogram based on fruit sculpture, 
Pimpinella L. species are grouped together and sepa-
rated from the rest of the apioid taxa. Downie et al. 
(2008) supported four monophyletic tribes (Apieae, 
Selineae, Tordylieae, and Pimpinelleae) as a result 
of previous molecular data sets and phylogenetic 
analysis of only ITS sequences. 

The remaining taxa are clustered in three major 
groups at the dissimilarity levels of 1.11, 1.14 & 
1.17 respectively. The first major group (1.11) in-
cludes 16 taxa; the second (1.14) includes Daucus 
L. species and Pseudorlaya pumila (L.) Grande; the 
third (1.17) includes Bupleurum semicompositum L. 
and Deverra DC. species.

Within the first major group, taxa are clustered 
in three subgroups at the dissimilarity levels of 
1.05, 0.87 & 1.01 respectively (Fig. 4). The first 
subgroup (1.05) includes Ammi majus L. (Fig. 1A), 
Petroselinum crispum (Mill.) Nym. (Fig. 3D), 
Apium graveolens L. (Fig. 1D) and A. leptophyl-
lum (Pers.) F. Muell. Ex Benth. (Fig. 1E). These 
taxa were then grouped (clustered) with Ridolfia 
segetum (L.) Moris at the dissimilarity level of 
0.86 due to their linear leaf segments, narrow 
sheath, glabrous fruit surface, 2-cleft carpophore, 
and a single layer of endocarp. Ammi visnaga (L.) 
Lam. (Fig. 1B) and Carum carvi L. (Fig. 1H) were 
grouped together (0.9) and clustered with Chaero-
phyllum bulbosum L. (Fig. 2A) at the dissimilarity 
level of 0.99 due to the following characters: 2-3 
pinnately dissected leaves, linear segments, conic 
stylopodium, glabrous fruit and single lignified 
layer of endocarp. Torilis radiata Moench (Fig. 3H) 
and Cuminum cyminum L. (Fig. 2C) forms two 
separate branches of high dissimilarity levels of 
1.02 and 1.05 respectively, and clustered with the 
previous taxa of the first subgroup due to their 
conic stylopodium as well as regular vallecular 
vittae: 1) furrow; and 2) commissure. 

The first subgroup includes taxa belonging to 
tribe Apieae (Drude 1898): Ammi L., Apium L., 
Carum L., Cuminum L., Petroselinum Hill, Ri-
dolfia Moris). Pimenov & Leonov (1993) placed 
Cuminum L. in tribe Caucalideae with Daucus 
L., Torilis Adans. and Pseudorlaya (Murb.) Murb. 
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Fig. 3. — Fruit structure of the studied taxa: A, Foeniculum capillaceum Gilib.; B, F. vulgare Mill.; C, Malabaila suaveolens Delile; D, Pet-
roselinum crispum (Mill.) Nym.; E, Pimpinella anisum L.; F, Pseudorlaya pumila (L.) Grande; G, Ridolfia segetum (L.) Moris; H, Torilis 
radiate Moench. Abbreviation: inv, intrajugal vittae. Other abbreviations as in Figures 1 and 2. Scale bars: 0.5 mm.
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letic Torilidinae (Torilis Adans.) from which a 
monophyletic Daucinae subtribe (Cuminum L., 
Daucus L., Pseudorlaya (Murb.) Murb, etc.) is 
derived. Scandicinae subtribe (Chaerophyllum L.) 
is maintained as monophyletic, sister to Daucinae 
plus Torilidinae. 

The third major group is represented by Deverra 
DC. species (Fig. 2G, H) which grouped together 
at the dissimilarity level of 0.75, clustering with 
Bupleurum semicompositum L. (Fig. 1G) at a high 
dissimilarity level of 1.17 due to the following 
syndrome: absence of leaf petiole, presence of 
bracts and bracteoles, conic stylopodium, 2-cleft 
carpophores. Drude (1898) and Pimenov & Le-
onov (1993) placed the two genera in tribe Am-
mineae (Apieae). Downie et al. (2000a) found 
strong molecular evidence showing the isolated 
position of Bupleurum L. within Apiaceae and 
concluded that Bupleurum L. should be included 
within the monogeneric tribe Bupleureae Spreng. 
Downie et al. (2008) showed that, among ten 
erected or confirmed monophyletic tribes, tribe 
Bupleureae is one of them as a result of molecu-
lar data sets. Shiha et al. (2008) stated that most 
Bupleurum L. species are clustered with Deverra 
DC. species, on the basis of fruit sculpture, the 
genus Bupleurum L. exhibiting moreover many 
similarities and/or relationships with most of 
the studied taxa of Apioideae. This is mainly 
because Bupleurum L. diverged early in the his-
tory of Apioideae, and its relationships to other 
genera remain uncertain as reported by Neves & 
Watson (2004). However, more studies are still 
needed on the relationships of this genus with 
other genera of the Apioideae. 

Conclusion 

The classification of the studied taxa compared 
to Drude’s classification (1898) of the Apioideae 
on the basis of general morphology and fruit 
morphological and anatomical characters is 
summarised as follows: Pimpinella of Drude’s 
Ammineae tribe is segregated alone in a separate 
branch. Pimpinella species are also isolated from 
other apioids into a separate clade or tribe by 

The second major group includes Daucus L. 
species (Fig. 2D-F) and Pseudorlaya pumila (L.) 
Grande (Fig. 3F) which grouped together (1.14) 
due to their sharing of the following characters: 
hairiness of the plant, presence of bracts and 
bracteoles, fruits hairy and prickly, entire car-
pophores, secondary ribs more projecting than 
primary ribs, single, continuous and lignified 
layer of endocarp and presence of regular vittae 
(1/furrow and 2/commissure). Drude (1898) 
placed Daucus L. in tribe Dauceae and Pseudor-
laya (Murb.) Murb. in tribe Scandicineae subtribe 
Caucalinae. Pimenov & Leonov (1993) placed 
the two genera in tribe Caucalideae. Downie 
et al. (2000a, b) and Katz-Downie et al. (1999) 
placed the two genera in tribe Scandiceae subtribe 
Daucinae. Plunkett & Downie (1999) stated that 
the two genera were grouped together in group 
Daucus subgroup Daucus on the basis of molecu-
lar data. Lee & Downie (1999) and Shiha et al. 
(2008) stated that the genus Daucus L. may not 
be monophyletic, with some of its species closely 
allied to Pseudorlaya (Murb.) Murb. 

Lee et al. (2001) mentioned that previous 
molecular studies have indicated that the spiny-
fruited umbellifers (Apiaceae tribe Caucalideae 
sensu Heywood 1971) comprise two major line-
ages, recently delimited as Scandiceae subtribes 
Daucinae (Daucus L., Pseudorlaya (Murb.) Murb., 
Cuminum L.) and Torilidinae (Torilis Adans.), 
with the former including representatives of 
tribe Laserpitieae sensu Drude (1898). These 
taxa are allied with the monophyletic Scandiceae 
subtribe Scandicinae (Chaerophyllum L.) whose 
members lack spiny fruits. The relationships 
among these three subtribes are equivocal when 
nuclear ribosomal DNA internal transcribed 
spacer sequences are compared. Evidence from 
plastid DNA, however, suggests that Daucinae 
and Torilidinae are sister taxa. They provided 
results of a phylogenetic study of these spiny-
fruited umbellifers based on morphology in order 
to study the evolution of these characters and to 
ascertain their utility for resolving relationships 
by comparison to the result of previous molecu-
lar analysis. Maximum parsimony analysis of 56 
morphological characters resulted in a paraphy-
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Caucalinae are clustered together in group II. 
Deverra species and Bupleurum semicompositum 
of tribe Ammineae are clustered together in 
group III. 

Our study is one of only a few studies incorpo-
rating such data, adds to the existing and growing 
database of information on Apioideae. While these 
data, like others, are singularly insufficient to resolve 
relationships among closely related taxa. Results 
based on the morphological, carpological studies 
and phylogenetic analyses recognize seven tribes in 
subfamily Apioideae. Further sampling and study are 
necessary before they can be treated formally. These 
results, and those presented in phylogenetic analysis, 
provide the necessary framework and explicit phy-
logenetic hypotheses from which future revisionary 
and other systematic studies can proceed.

many workers. Some of the genera of Drude’s 
Ammineae tribe, Carinae subtribe namely Ammi, 
Apium, Petroselinum, Ridolfia, Cuminum and 
Carum are agglomerated in subgroup I of group 
I. Chaerophyllum of tribe Scandicinieae subtribe 
Scandicinae, Torilis of tribe Scandicinieae subtribe 
Caucalinae and Cuminum of tribe Ammineae 
are separated in the form of separate branches 
from Subgroup I of group I and maintained as 
monophyletic, sister to Daucinae plus Torilidinae. 
Bifora and Coriandrum of tribe Coriandreae are 
also separated together in subgroup II of group 
I. Anethum of tribe Ammineae and Malabaila 
of tribe Peucedaneae subtribe Tordyliinae are 
clustered with Foeniculum of tribe Ammineae in 
subgroup III of group I. Daucus of tribe Dauceae 
and Pseudorlaya of tribe Scandicineae subtribe 

1 Ammi majus L.
Petroselinum crispum (Mill.) Nym.
Apium graveolens L.
A. leptophyllum (Pers.) F.Muell. ex Benth.
Ridolfia segetum (L.) Moris
Ammi visnaga (L.) Lam.
Carum carvi L.
Chaerophyllum bulbosum L.
Torilis radiata Moench
Cuminum cyminum L.
Bifora testiculata (L.) Spreng.
Coriandrum sativum L.
Anethum graveolens L.
Malabaila suaveolens Delile
Foeniculum capillaceum Gilib.
Foeniculum vulgare Mill.
Daucus aureus Desf.
Daucus carota L.
Daucus carota var. boissieri Schweinf.
Pseudorlaya pumila (L.) Grande
Bupleurum semicompositum L.
Deverra tortuosa (Desf.) DC.
Deverra triradiata Hochst ex. Boiss.
Pimpinella anisum L.

Average taxonomic distance
1.25 1.01 0.77 0.54 0.30
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Fig. 4. — UPGMA phenogram based on 79 characters (gross morphology and fruit morphology and anatomy), illustrating the average 
taxonomic distance (dissimilarity) between the studied taxa of Apioideae.
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Table 1. — Classification of the studied taxa of Apioideae according to Drude (1898) and its collection data. Abbreviations: *, Taxa intro-
duced from seed bank exchange; Alex, Alexandria; APNI, Australian Plant Name Index; ASUH, Ain Sham University herbarium; CAIM, 
Seed bank of flora and cytotaxonomy department (Cairo Museum); GRIN, Germplasm Resources Information Network; IK, Index Kewensis.  

Tribe Subtribe Genus Species Locality

Ammineae
(Apieae)

Carinae

Seselinae

Ammi L.

Apium L.

Bupleurum L.

Carum L.
Cuminum L.
Deverra DC.

Petroselinum Hill

Pimpinella L.
Ridolfia Moris

Anethum L.
Foeniculum Mill.

A. majus L. – Sp. Pl. 2 1753 (APNI)
A. visnaga (L.) Lam. – Flore Françoise 3 

1778 (APNI).
A. graveolens L. – Sp. Pl. 2 1753 (APNI).

A. leptophyllum (Pers.) F. Muell. ex 
Benth. – Fragmenta Phytographiae 
Australiae 4 1864 (APNI).

B. semicompositum L. – Demonstr.  
Pl. 7. 1753 (IK)

C. carvi L. – Sp. Pl. 1: 263. 1753 (IK)
C. cyminum L. – Sp. Pl. 1: 254. 1753 (IK).
D. tortuosa (Desf.) DC. – Prodr. [A. P.  

de Candolle] 4: 143. 1830 (IK).
D. triradiata Hochst. ex. Boiss. 

– Fl. Orient. [Boissier] 2: 861. 
[Dec. 1872 or Jan. 1873] (IK).

P. crispum (Mill.) Nym. – Conspectus 
Florae Europae 1882 in obs. (APNI).

P. anisum L. – Sp. Pl. 1: 264. 1753 (IK).
R. segetum (L.) Moris – Ind. Sem. Hort. 

Taur. (1841); Fl. Sard. ii. 212. t. 75 
(1842). (IK).

A. graveolens L. – Sp. Pl. 2 1753 (APNI).
F. vulgare Mill. – Gard. Dict., ed. 8. n. 1. 

1768 (IK).
F. capillaceum Gilib. – Fl. Lit. Inch. ii. 40. 

1782 (IK).

East. Med. Coast. region 
East. Med. Coast. region

Med. Coast. Strip (Alex-
Matouh)

Cult. Botanical garden 
ASUH

Alalmin-Wadi Natron 
road sides

Cult. Seed Bank (ASUH)
Cult. Seed Bank (ASUH)
Wadi Talaa St. Kathreen 

Sinai
Wadi Talaa St. Kathreen 

Sinai

Cult. Botanical garden 
ASU

Cult. Seed Bank (ASUH)
CAIM

Cult. Seed Bank (ASUH)
Cult. Seed Bank (ASUH)

 CAIM

Coriandreae Bifora* Hoffm.

Coriandrum L.

B. testiculata* (L.) Spreng. – Systema 
Vegetabilium 6 1820 (APNI)

C. sativum L. – Sp. Pl. 1: 256. 1753 (IK).

CAIM

Cult. Seed Bank (ASUH)

Dauceae Daucus L. D. aureus Desf. Fl. Atlant. – 1: 242,  
t. 61. 1798 (IK).

D. carota L. – Sp. Pl. 2 1753 (APNI)
D. carota var. boissieri Schweinf. – 

D. carota L. subsp. sativus (Hoffm.) 
Schübl. & G. Martens var. boissieri 
Schweinf. Synonym of Daucus carota 
L. subsp. sativus (Hoffm.) Schübl. & 
G.Martens var. atrorubens Alef. (GRIN) 
Gartenflora 53: t. 1527.

Burg El-arab (Alex)

Cult. Seed Bank (ASUH)
Cult. Seed Bank (ASUH)

Peucedaneae Tordyliinae Malabaila Hoffm. M. suaveolens Delile - Bull. Soc. Bot. 
France 19:82. 1873 (IK).

CAIM

Scandicineae Caucalidinae

Scandicinae

Pseudorlaya 
(Murb.) Murb.

Torilis Adans.

Chaerophyllum L.

P. pumila (L.) Grande – Nuovo Giorn. 
Bot. Ital. 1925, n. s. xxxii. 86. (IK).

T. radiata Moench – Methodus (Moench) 
103. 1794 (IK).

C. bulbosum L. – Sp. Pl. 1: 258. 1753 (IK).

CAIM

CAIM

CAIM

APPENDICES
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Table 2. — Data matrix of the gross morphology (1-28) and fruit morphological and anatomical characters (29-79) of the studied taxa 
of Apioideae with their coded numbers. Taxa studied: 1, Ammi majus L.; 2, A. visnaga (L.) Lam.; 3, Anethum graveolens L.; 4, Apium 
graveolens L.; 5, A. leptophyllum (Pers.) F. Muell. ex Benth.; 6, Bifora testiculata (L.) Spreng.; 7, Bupleurum semicompositum L.; 8, Carum 
carvi L.; 9, Chaerophyllum bulbosum L.; 10, Coriandrum sativum L.; 11, Cuminum cyminum L.; 12, Daucus aureus Desf.; 13, D. carota 
L.; 14, D. carota var. boissieri Schweinf.; 15, Deverra tortuosa (Desf.) DC.; 16, D. triradiata Hochst. ex Boiss.; 17, Foeniculum capil-
laceum Gilib.; 18, F. vulgare Mill.; 19, Malabaila suaveolens Delile; 20, Petroselinum crispum (Mill.) Nym.; 21, Pimpinella anisum L.; 
22, Pseudorlaya pumila (L.) Grande; 23, Ridolfia segetum (L.) Moris; 24, Torilis radiata Moench.

Taxa
 Attributes 	 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Gross morphology

Habit
1 – Herb (1), Shrub (0) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1

Duration 
2 – Annual
3 – Biennial
4 – Perennial

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
1

0
1
0

1
0
0

1
0
0

1
0
0

0
1
0

1
0
0

0
0
1

0
0
1

0
0
1

0
0
1

0
0
1

0
1
0

1
0
0

1
0
0

1
0
0

1
0
0

Tap root 
5 – Normal (1), Tuberous (0) 1 1 1 1 1 1 1 0 0 1 1 1 0 0 1 1 1 1 1 0 1 1 1 1

Stem texture 
6 – Smooth (1), Hairy (0) 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 1 1 1 0 1 0 0 1 0

Leaf Composition 
7 – Once pinnate
8 – 2-3 pinnate
9 – 3-4 lobed or parted 
10 – Simple linear
11 – �Filiform with tipped division
12 – Capillary (reduced)

0
1
0
0
0
0

0
1
0
0
0
0

0
0
1
0
0
0

1
0
0
0
0
0

0
1
0
0
0
0

0
1
0
0
0
0

0
0
0
1
0
0

0
1
0
0
0
0

0
1
0
0
0
0

0
1
0
0
0
0

0
1
0
0
1
0

0
1
0
0
0
0

0
1
0
0
0
0

0
1
0
0
0
0

0
0
0
0
0
1

0
0
0
0
0
1

0
0
1
0
0
0

0
0
1
0
0
0

1
0
0
0
0
0

0
1
0
0
0
0

1
0
0
0
0
0

0
1
0
0
0
0

0
1
0
0
0
0

1
0
0
0
0
0

Leaf segments shape
13 – Narrowly lanceolate
14 – Linear
15 – Obovate
16 – Long filiform
17 – Ovate-lanceolate

1
0
0
0
0

0
1
0
0
0

0
1
0
1
0

0
0
1
0
0

0
0
0
1
0

0
1
0
0
0

0
0
0
0
0

0
1
0
0
0

0
1
0
0
0

0
1
1
0
0

0
0
0
1
0

0
1
0
0
0

0
1
0
0
0

0
1
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
1
0

0
0
0
1
0

0
0
0
0
1

1
0
1
0
0

0
0
0
0
1

0
0
0
0
1

0
0
0
1
0

1
0
0
0
0

Leaf margin
18 – Serrate (1), Entire (0) 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0

Leaf Sheath
19 – Membranous margin
20 – Narrow
21 – Scarious margin
22 – Petiole-sheathing throughout
23 – Leaves reduced to sheath

0
1
0
0
0

0
1
0
0
0

0
1
0
1
0

0
1
0
0
0

0
1
1
0
0

1
0
0
0
0

0
0
0
1
0

0
1
0
0
0

0
0
0
1
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

0
0
0
0
1

0
0
0
0
1

0
0
0
1
0

0
0
0
1
0

0
1
0
0
0

0
1
0
0
0

0
0
1
0
0

0
1
0
0
0

0
1
0
0
0

0
1
0
0
0

Petiole
24 – Present (1), Absent (0) 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1

Bracts
25 – Present (1), Absent (0) 1 1 0 0 0 0 1 0 0 0 1 1 1 1 1 1 0 0 0 1 0 1 0 0

Bracteoles
26 – Present (1), Absent (0) 1 1 0 0 0 1 1 0 1 1 1 1 1 1 1 1 0 0 0 1 1 1 0 1

Inflorescence (Flower unit) – 
Umbel
27 – Compound (1), Simple (0)

1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Taxa
 Attributes 	 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Flower color

28 – White (1), Coloured (0) 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 1
Stylopodium base

29 – Conic (1), Slender (0) 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fruit shape

30 – Ovoid, laterally compressed
31 – Ellipsoid, dorsally flattened
32 – �Ellipsoid, lat. compressed
33 – Globose
34 – Ovoid
35 – Oblong-cylindrical
36 – Flattened-lens shaped
37 – �Oblong-linear,  

laterally compressed

1
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0

0
1
0
0
0
0
0
0

0
0
0
1
0
0
0
0

0
0
0
1
0
0
0
0

0
0
0
1
0
0
0
0

0
0
0
1
0
0
0
0

0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
1

0
0
0
1
0
0
0
0

0
0
1
0
0
0
0
0

0
1
0
0
0
0
0
0

0
1
0
0
0
0
0
0

0
1
0
0
0
0
0
0

0
0
0
1
0
0
0
0

0
0
0
0
1
0
0
0

0
0
0
0
0
1
0
0

0
0
0
0
0
1
0
0

0
0
0
0
0
0
1
0

1
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0

0
0
0
0
0
0
1
0

0
0
0
0
0
0
0
1

1
0
0
0
0
0
0
0

Fruit texture 
38 – Glabrous
39 – Hairy
40 – Prickly
41 – Setulose
42 – Tuberculate

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

0
0
0
0
1

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

0
0
0
1
0

0
1
1
0
0

0
1
1
0
0

0
1
1
0
0

0
1
0
0
0

0
1
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

0
1
0
0
0

0
1
1
0
0

1
0
0
0
0

0
0
1
1
0

Carpophore
43 – 2-cleft (2-parted) (1), Entire (0) 1 0 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 0 1 1

Mericarp symmetry
44 – Homomorphic (1), Hetero. (0) 0 1 1 1

 
1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

Fruit ribs
45 – 1ry ribs more or less equal 
46 – Median ribs more projecting
47 – Marginal ribs more projecting
48 – 2ry ribs present (1), Absent (0)
49 – �2ry ribs more proj. than 1ry 

(1), as long as 1ry ribs (0) 

1
0
0
0
0

1
0
0
1
0

0
0
1
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
1
0

1
0
0
0
0

1
0
0
0
0

1
0
0
1
0

1
0
0
0
0

1
0
0
1
0

1
0
0
1
1

1
1
0
1
1

1
0
0
1
1

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

0
0
1
0
0

1
0
0
0
0

1
0
0
0
0

1
0
0
1
1

1
0
0
0
0

1
0
0
1
0

Fruit wings
50 – �Present (1), Absent (0)

Wings origin
51 – From ribs (1), Absent (0)
52 – From furrows (1), Absent (0) 

0

0
0

0

0
0

0

0
0

1
 
1
0

0

0
0

0

0
0

0

0
0

0

0
0

0

0
0

0

0
0

0

0
0

1

0
1

1

0
1

0

0
0

0

0
0

0

0
0

0

0
0

0

0
0

1

1
0

0

0
0

0

0
0

1

0
1

0

0
0

0

0
0

Mesocarp
53 – Thin walled (1), thick lignified (0) 1 0 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1

Endocarp
54 – One cell layer (1), more (0)
55 – Lignified (1), not lignified (0)
56 – �Continuous lignified (1), 

discontinuous (0)

1
0
0

1
1
1

1
1
1

1
1
0

1
0
0

1
1
1

1
0
0

1
1
1

1
1
1

0
1
0

1
0
0

1
1
1

1
1
1

1
1
1

1
0
0

1
1
0

1
1
1

1
1
1

1
1
1

1
0
0

1
0
0

1
1
1

1
0
0

1
1
1

Vascular bundles/mericarp
57 – Five (1), more than 5 (0) 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 2. — Continuation.
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Taxa
 Attributes 	 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Vittae/mericarp

58 – Regular (1), irregular (0)
Occurrence

59 – �Vallecular and commissural 
vittae (1), Dispersed 
continuously (0) 

Number of vittae
60 – One/furrow
61 – Two/furrow
62 – More than two/furrow
63 – �Two/commissure (1), 

Four/commissure (0)

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

0

0

0
0
1
1

0

0

0
0
1
1

1

1

1
0
0
1

1

1

1
0
0
1

0

1

0
1
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

0

0

0
0
1
0

0

1

1
0
0
1

1

1

1
0
0
1

1

1

1
0
0
1

Rib oil ducts (intrajugal ducts)
64 – Present (1), Absent(0)

 Occurrence
65 – Outside vascular bundles
66 – Inside vascular bundles
67 – Both sides of the v.b.

1

0
1
0

0

0
0
0

1

0
1
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

1

1
0
0

0

0
0
0

1

1
0
0

1

1
0
0

0

0
0
0

0

0
0
0

1

1
0
0

0

0
0
0

0

0
0
0

1

0
0
1

1

0
0
1

0

0
0
0

1

1
0
0

1

0
1
0

1

1
0
0

0

0
0
0

1

1
0
0

Endosperm shape along the 
commissural face of each 
mericarp
68 – Flat
69 – Shallowly convex
70 – Shallowly concave
71 – Deep commissural groove

1
0
0
0

0
1
0
0

0
1
0
0

1
0
0
0

1
0
0
0

0
0
1
0

0
0
0
1

0
1
0
0

0
0
0
1

0
0
1
0

0
0
1
0

0
1
0
0

0
0
1
0

0
1
0
0

1
0
0
0

0
1
0
0

0
1
0
0

0
1
0
0

1
0
0
0

1
0
0
0

0
1
0
0

0
1
0
0

0
0
1
0

0
0
0
1

Commissure
72 – �Occupies roughly the entire 

width of the fruit
73 – �Greater than 50% (less than 

100%) of the fruit width
74 – �Less than 50% of the fruit 

width

1

0

0

0

1

0

1

0

0

0

0

1

0

1

0

0

0

1

0

0

1

0

0

1

0

1

0

1

0

0

1

0

0

0

1

0

0

1

0

0

0

1

1

0

0

0

0

1

1

0

0

1

0

0

0

0

1

0

0

1

0

1

0

0

1

0

1

0

0

0

1

0

Ventral bundles
75 – Present (1), Absent (0) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Carpophore bundle(s)
76 – One
77 – Two fused 
78 – Two opposite one another

0
1
0

0
0
1

0
0
1

1
0
0

1
0
0

1
0
0

0
0
1

0
1
0

1
0
0

1
0
0

0
0
1

0
0
1

0
0
1

0
1
0

0
1
0

0
0
1

0
0
1

1
0
0

0
0
1

1
0
0

1
0
0

0
0
1

0
0
1

1
0
0

Druses Crystals
79 – Present (1), Absent (0) 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Table 2. — Continuation.


