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ABSTRACT

The objective of this investigation is to clarify the relationships among some
taxa of genus Vicia (representing 3 different sections) namely; V. narbonensis var.
jordanica, V. narbonensis var. affinis, V. johannis and V. faba var. major (section
Faba); V. anatolica (section Hypechusa) and V. sativa var. sativa (section Vicia),
through analysing the morphological characters using the cluster analysis technique.
Characters were scored on 70 herbarium specimens and 90 fresh plants representing
the studied taxa.

Results of the phenetical analysis reveal that, within section Faba, both
varieties of V.narbonensis were more close to each other than to the other two taxa of
the same section; V.johannis and V.faba var.major, by sharing many characters, i.e.
stipule entire shape, tendrillous leaf apex, purple standard petal, violet wing petal,
spherical and brown seed and oval hilum shape. V.faba var.major was very distinct
taxon and characterized by some unique characters did not found in other taxa, i.e.,
translucent stipule, mucronate leaf apex, white standard, white wing with black spots,
oblong seed shape, round and black hilum. These characters lead this taxon to be a
very recognized species within section Faba. Taxa of the other two sections have also
some characters varied between each other and with the taxa of section Faba. These
characters, which ranked these taxa in separate sections, are branched tendrillous
leaf apex, spherical to round seed shape, yellow-brown seed colour and elongated
hilum shape (in V.anatolica). While, V.sativa var.sativa has mucronate to slightly
tendrillous leaf apex, ellipsoid seed shape, matt seed out look, elongated to oval hilum
shape and yellow colour of hilum groove.

INTRODUCTION

The genus Vicia L. (Vicieae, Fabaceae) comprises 166 species (Alkin
et al.,, 1986), chiefly located in Europe, Asia and North America, and
extending to temperate South America and tropical Africa. The genus was
revised by Kupicha (1976). Who commented that; Vicia species have been
grouped into four main species clusters; Cracca, Vicia, Ervum and Faba.
Vicia contains species agriculturally important; Faba bean (V.faba L.),
common or field vetch (V.sativa L.), narbon vetch (V.narbonensis L.) and their
close wild relatives, such as V.johannis (Stankevich, 1983 and Tzvelev,
1980).

The description of genus Vicia as provided by Kupicha (1976) is as
follows: “Annual or perennial plants. Leaves hypostomatic to hypo-
amphistomatic, paripinnate, usually tendrillous, occasionally mucronate;
stipules monomorphic, always with a glandular nectariferous pit on the
abaxial side. Inflorescence one to several flowered, peduncle very rarely
longer than subtending leaf, commonly shorter than the flower, flower
sometimes sessile. Calyx regular or irregular Vexillum platonychioid or
stenorychioid, rarely pubescent on abaxial surface. Style with hairs all round
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apex or only on abaxial side, always tufted abaxially. Legume not stipitate,
containing = well-developed “woolly” parenchymatous tissue between seeds;
pods oblong, rhomboidal or linear. Seeds with long to short hila, testa smooth
or rarely rough; lens near hilum or on opposite side of seed. Canavanine
absent”.

The general aim of this study is to clarify the relationships among
taxa from different sections on genus Vicia using the available morphological
characters.

MATERIALS AND METHODS

The current investigation was carried out during seasons
2000/2001and 2001/2002. Seeds of the wild taxa of different sections were
received from the Gene Bank of Biology Department, Southampton
University, U.K. Seeds of the cultivated taxon; V.faba var. major, were
obtained from the Agronomy Department, Faculty of Agriculture, Cairo
University, Giza, Egypt. Seeds were sown on 10 t October 2000 and at the
same date on 2001, in green house of Botany Department, Faculty of
Agriculture, Cairo University, in plastic pots, 30 cm in diameter filled with Jiffy
7 pet pellets at 5 seeds per pot, and 5 pots per taxon. The plants were kept
till maturity to collect fresh plants for morphological (phenetical) analysis.

For the phenetical investigation 70 herbarium specimens (Table 1)
representing the studied taxa were examined. Specimens were borrowed
from BM, K, E, SPN and CAI (abbreviations follow Holmgren et al., 1990) and
this material was used in conjunction with 90 fresh plants (3 plants from each
pot of each taxon) collected from the above growing seeds. Each specimen
was scored, where possible, for 75 variable characters, these includes 25
vegetative, 20 inflorescence, 15 legume and 15 seed features. These
characters were selected from the literature (Plitmann (1967); Ball (1968);
Davis & Plitmann (1970) and Kupicha (1976)) and from personal
observations on the specimens. The characters and character states used in
this study were listed below in Table (2). The data were analyzed using the
program called LINKAGE (Wirth et al., 1966). The program uses only those
characters for which data is present and ignoring the missing data.

Table (1): List of Vicia taxa included in the study.

Taxon Code Authority Locality Section

V.faba var. major 1-5 Linnaeus C. Spain Faba
6-10 Guatemala
11-15 S.America
16-20 Portugal

V. narbonensis var.jordanica | 21-25 Schéfer H. France Faba
26-30 Spain

V.narbonensis var. affinis 31-35 Korn.exAsch & Belgium Faba
36-40 Schweinf Turkey

V.johannis 41-45 Tamamschjan Turkey Faba
46-50 Cyprus

V.anatolica 51-55 Turrill Turkey Hypechusa
56-60 Syria

V.sativa var.sativa 61-65 Linnaeus C. Spain Vicia
66-70 France
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Table (2): List of morphological (phenetical) characters and character states

used in the study.

o

Characters

Characters states

Life form

Annual, perennial

Growth habit

Erect, ascending, procumbent

Plant height mm

Stipule shape

Entire, semihasitate, semisaggitate, lanciniate

Stipule edge

Translucent, not translucent

Stipule colour

Green, green with purple, purple

Leaf length mm

Petiole length mm

O||N|o|G| A (WN|F(Z

Leaflet length mm

Leaflet width mm

Tendril length mm

Petiolule length mm

Leaf apex

Mucronate, tendrillous, terminal leaflet

Upper leaflet margin

Entire, serrate, lobed

Lower leaflet margin

Entire, crenate

No.of leaflets per leaf

Leaflet shape

Linear, elliptic, ovate, oval

Leaflet apex shape

Retuse, mucronate, emarginated, acute, obtuse

Leaflet distribution pattern

Unpaired, paired

N T e IR e T Rl =
O|w|o|~N|o|ul|A|w|N|-|o

Leaflet adaxial hair density

Absent, more

21 Leaflet adaxial hair length mm

22 Leaflet abaxial hair density More, less

23 Leaflet abaxial hair length mm

24 Petiole hair density More, less

25 Stem node colour Green, purple, green/purple

26 Peduncle length mm

27 Flower length mm

28 Ratio of peduncle to flower mm

29 No.of flower/inflorescence

30 Calyx tube length mm

31 Calyx base shape Not gibbose, slightly gibbose, strongly gibbose.
32 Calyx tube shape Truncate, obligue

33 Calyx teeth reflexing Absent, present

34 Calyx exterior nectarines Absent, present

35 Calyx hair distribution Absent, on teeth, general coverage

36 Calyx colour Green, purple, purple teeth, green/purple

Standard length mm

Standard face colour

Creamy, white, yellow, pink, lilac, violet, purple

Standard back colour

As above

Standard shape

Platonychioid, stenonychioid

Wing colour

White, creamy, yellow, pink, lilac, violet, purple

Wing length mm

Wing spot colour

Brown, black, purple, inapplicable

Wing shape

Keel shape

Ovary length mm

Style length mm

Ovary shape

Linear, intermediate, oblong

DIAIDID SIS SIS0 0|
O[N] U1~ W|N| | O]~

Stigma shape

Globose, conical, discoid

50 Ovary pubescence Glabrous, sutures only, all coverage
51 No.of ovules/ovary

52 Legume length mm

53 Legume colour Yellow, brown, black

54 Legume cobration Uniform

55 Legume shape Linear, rectangular, oblong

56 Legume surface Smooth, ridged

57 Legume venation Absent, reticulate, longitudinal

58 Legume hair position Inapplicable, sutures, all coverage
59 No. of seed/legume

60 Legume twisting Loose, tight

61 Seed length mm

62 Hilum length mm

63 Seed shape Spherical, cubical, ellipsoid, oblong
64 Seed shape in side view Laterally compressed, not laterally com.
65 Seed colour Yellow, brown, black, black/brown
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Table (2 cont.): List of morphological (phenetical) characters and
character states used in the study.

66 | Seed out look Shiny, matt, variable

67 Seed surface Smooth, tuberculate, pitted

68 | Hilum shape Round, oval, elongated, erect

69 Hilum surface profile Convex, concave

70 Hilum colour Yellow, brown, black

71 | Colour of Hilum groove Yellow, brown, black, dark brown, red brown, beige, white
72 Hilum position End, corner, side

73 | Lens position Opposite hilum, confluent to hilum

74 | Colour of center strip of hilum White, red brown, beige

75 Lens colour Yellow, brown, black, varied

RESULTS AND DISCUSSION

Throughout the results presentation, taxa will be identified using
numerical codes and symbols, which indicate the sections to which each
taxon belongs (Table 1). The interpretation of the linkage diagram requires
introduction. At any similarity level each pair of taxa will link and this is
demonstrated in the diagram by a line connecting them. This connecting line
occurs in three kinds: a single line indicating relationship already established
at a higher level of similarity, a double line indicating a new relationship
established at that certain similarity level and a broken line which indicates a
new internal (within cluster) link at that similarity level. To simplify
interpretation of the diagrams, highly inter-connected cluster are encircled.
The criterion for inclusion in a circle is that each taxon should has at least
three links with other members of the same cluster.

The linkage diagram in Fig. (1) shows twelve clusters of taxa. At that
similarity level (0.03), nine clusters are referable to section Faba; two clusters
to Hypechusa and one cluster to Vicia. Each cluster contains the taxa of the
same section, which are very similar and mostly close to each other. All
specimens of V.faba var. major from different locations were linked together,
except those from Portugal (coded 16 to 20), which will link at similarity level
0.05. Although the specimens from Guatemala (coded 6 to 10) belonging to
V.faba var.major, they are remaining as isolated specimens from the other
V.faba var. major till the last level of similarity. The reason for that is
inapplicable.

Clusters of section Faba, which include the wild taxa, all the
specimens of V.narbonensis var.affinis from Belgium were linked in one
cluster and have a new relationship with the specimens from Turkey, which at
level 0.04, specimens of both locations were linked in one large cluster.
Specimens of V.narbonensis var.jordanica from Spain were linked also at
level 0.03 separately from those of France. The two clusters of section
Hypechusa, which includes specimens of V.anatolica were linked separately
at this level and started to link together in the next level of similarity. The
cluster of section Vicia, which include specimens of V.sativa var.sativa,
remaining as a separate cluster till level 0.07, when it starts to link with the
cluster of section Hypechusa.



s ol LS

The next linkage diagram (Fig. 2), similarity level 0.04, shows the
linking of the clusters; one encircled cluster contain 10 specimens of
V.narbonensis var.affinis, two encircled clusters of V.faba var.major
specimens (coded 1-5 & 6-10), one encircled cluster of V.anatolica linked
through specimens coded 56 to three specimens of the same taxa coded 52,
54 and 55. The rest of the clusters still without any obvious change from the
previous level.

At similarity level 0.05 (Fig. 3), there are nine clusters; three encircled
clusters included 15 specimens of V.faba var.major and the other specimens
link in separate cluster, one encircled cluster of 10 specimens of V.anatolica,
one cluster of 9 specimens of V.johannis and the tenth specimens (coded 41)
has three links with them, one cluster of all the specimens of V.narbonensis
var.affinis started to link with the clusters of V.narbonensis var.jordanica
through the specimens coded 23 and 29 and finally two separate clusters of
V.sativa var.sativa.

Fig. (4) shows the similarity at level 0.06, where the cluster includes
the specimens of V.faba var.major (coded 2, 4 and 5) has three links with a
specimen coded 12 in the other cluster as step to be in one large encircled
cluster at the next similarity level. In addition, the specimen of V.faba
var.major coded 16 links with three specimens (coded 11, 13 and 14) of the
other encircled cluster. Meanwhile, the cluster includes specimens from
Guatemala still as isolated encircled cluster. At that level also, the specimens
of V.sativa var.sativa coded 62, 63 and 64 have three links with a specimen
coded 70 of the same taxon. Specimens of V.narbonensis var.affinis and
V.narbonensis var.jordanica become in one large encircled cluster, the same
occurred with the specimens of V.anatolica

At similarity level 0.07 (Fig. 5) new relationships recognized, between
the cluster includes specimens of V.johannis (coded 41, 42, 43 and 50) and
the cluster includes both varieties of V.narbonensis, through the specimens of
V.narbonensis var.affinis (coded 32, 35, 36 and 40) as a step to be in one
large cluster at the next level. At level 0.07, the cluster of V.anatolica
specimens has a new relationship with the cluster of V.sativa var.sativa
specimens (coded 58, 59 and 60) through the specimen coded 61.

Fig. (6) shows the similarity at level 0.10, where all the specimens of

V.anatolica and V.sativa var.sativa become in one large cluster. In addition,
all the specimens of V.faba var.major (except those from Guatemala) sharing
in one large cluster. This cluster starts to have a new relationship through
specimens coded 20 with the cluster includes specimens of V.johannis and
both varieties of V.narbonensis.
At similarity level 0.13 (Fig. 7), all the specimens of V.narbonensis
var.jordanica and V.narbonensis var.affinis, V.johannis and V.faba var.major
(except those from Guatemala) become in one main cluster. They started to
have a new relationship through specimen (coded 31) with some specimens
of V.anatolica (coded 51, 52 and 53) and through specimen (coded 41) with
specimens of V.sativa var.sativa (coded 61, 67 and 70) to become in one
cluster at the next similarity level. The cluster of Guatemala specimens starts
to have a new relationship with the main cluster through the specimen (coded
9).
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fig8

In the last level of similarity 0.20 (Fig. 8) all the specimens
representing the studied taxa become in one large cluster. The linkage
cluster analysis dendrogram for the studied taxa represents in (Fig. 9).

The previous phenetic results were in accordance with those
obtained by Maxted et al. (1991); Plitmann (1967) and Khattab (1987) on taxa
from different sections of genus Vicia.
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fig9
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CONCLUSION

Referring to the phenetic results and from the morphological features
varied among taxa of genus Vicia (Table 3), it could be concluded that:

table3
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V.faba var.major is considered a distinct and isolated taxon, by its unique
characters, from the other wild taxa either in section Faba or in the other
sections. V.anatolica and V.sativa var.sativa, separately, are considered as
distinct taxa, which differ from all wild and cultivated taxa of section Faba, so
they ranked in different sections. Both varieties of V.narbonensis;
var.jordanica and var.affinis, in addition to V.johannis, were overlapping in
many of the studied characters or there was no much difference among them.
For these reasons, these taxa were either ranked under V.narbonensis
complex (Plitmann, 1976 and Cubero, 1982) or as separate taxa in the same
section (Kupicha, 1976, Khattab, 1987 and Maxted et al., 1991).

REFERENCES

Alkin R.; D.J. Goyder; F.A.Bisby and R.J.White (1986). Names and synonyms
of species and subspecies in the Vicieae: Issue 3. Vicieae Database
Project, Publication 7.

Ball, P.W. (1968). Vicia L. In: Tutin T.G. et al. Eds. Flora Europaea,
Cambridge and London: Cambridge University Press, 2: 129-136.
Cubero, J.I. (1982). Interspecific hybridization in Vicieae “faba bean
Improvement” Haustin. G. and Webb, C. (Eds.) 91-108. Martinus

Nijhoff, the Hague.

Davis, P.H. and U. Plitmann (1970). Vicia L. In: Davis P.H., ed. Flora of
Turkey, Edinburgh: Edinburgh University Press, 3: 274-325.

Holmgren N.H.; P.K. Hdmgren and A. Barnett (1990). Index herbariorium I:
The herbaria of the world, 8 ™ Editions, New York Botanical Garden.

Khattab, A.M. (1987). Taxonomic studies on the close wild relatives of the
Faba bean (Vicia faba L.) in section Faba. Ph. D. Thesis, Southampton
University, Southampton, England, U.K. p. 402.

Kupicha, F.K. (1976). The infrageneric structure of Vicia. Notes from the
Royal Botanic Garden. Edinburgh, 34: 287-326.

Maxted, N.; A.M. Khattab and F.A. Bisby (1991). Domesticated legumes and
their wild relatives: Newly discovered relatives of Vicia faba L. do little
to resolve the enigma of its origin. Botanika Chronike., 10:129-159.

Plitmann, U. (1967). Biosystematical study in the annual species of Vicia of
the Middle East. Hebrew Univ. of Jerusalem,16: 89-105.

Stankevich, A.K. (1983). The genus Vicia L. and its position in the tribe
Fabeae (Fabaceae). Bulletin of Applied Botany, Genetics and Plant
Breeding (Leningrad) 79:3-10.

Tzvelev, N. (1980). Systema specierum generis Vicia L. in Parte Europaea
URSS. Novosti Sistematiki Vyssih Rastenij, 17:200-208.

Wirth M.; G.F. Estabrook and D.J. Rogers (1966). A graph theory model for
systematic biology with an example for the Oncidiinae (Orchidaceae).
Systematic Zoology, 15: 59-69.



e poilud LS

Vicia Jodll guia (e dpiiiall) lidl) (any Ao 4 jehia clliada
(ol sl Al

el 3 gasa Juols

aa =B - daldll 3:.4&.—39\)}\3,\15—“9\)\}3\ Ql.,tme.ué

i (e Al L s s A sedaal) cilEall jledal 1) Al ol sk Cangs
GA}ML\M&-}LCM Y LA\ GAE.'\'.\'U."\S\JVicia d}sl\
V.narbonensis var.jordanica, V.narbonensis var.affinis, V.johannis and -
Faba glkd &y V.faba var.major
Hypechusa g8 &5 V.anatolica -
Vicia glkd &y V.sativa var.sativa -
33y o piiall Jolath) 45l oSl b pal) laall (6 selaall Jatl SR (e
sl A Baall (e ¥+ ) Adiaall &bl liall e dn gl sall cliall s
La Ll 5 Leman o3 il (e 4 ) ) el T A6Leally Gl 5l < il
A sall 4 a3 (e
¢l Faba g sl ddiail) Ul 4 5l 68 ) gall ciliall (g siall Julaill il <y gl
Vfaba ) ide Gandl Laguand Ul ,3SY) LIS onarbonensis g sl (il
cliall e el 8 LegS) 3i8Y | b o Ul uds JAls V. johannis s) var.major
Ry Lial g alal Ak — BN A 0 A - pal LIS LAY IS Jia
V.faba var.major il G JSAl Ly B puall 5 sl A 9 B uvisa 3,00 — o)
Wb ol baa g al g say dll cliall G Caal o | o gl el i
Loy alall AL — A8xiouall 48 5l Aad — il A6 Jie Ul Guiis s Al Adia
i B e o) pans Byl 5 Ay gl B3N — ol s Aay S el L) AT —
Lagin Adlisall ciliall (e 22aly Hypechusa and Vicia <leladlly o) AW e sill
o i A8an 48,5l b sl 33 (pn . Faba g Unds duiiatl ) (g (mnc
£ 3l LaS ke s 5l (3l i 5,500 — 508 1 tione 301 OS5 —
8Dl ) 48yl 48 ) 6l 448y v sativa var.sativa —aiall i Win | V.anatolica
bl (538 ye 3ol cld g Aldatie ) Ascan b ) g Ada giiaa 3,00 —

Sk Forr e gl UK



