
International Journal of Environment 
ISSN: 2077-4508 

Volume : 04 | Issue : 04 | Oct.-Dec. | 2015 
 Pages: 262-270 

 
 

Corresponding Author: Hanan Salama Abd El Mksoud, Flora & Phytotaxonomy Researches Department, Horticultural 
Research Institute, Agricultural Research Centre, Dokki, Egypt. 

                                          E-mail: salamaflora@gmail.com 
262 

Numerical Taxonomy of the Tribe Cassieae (Leguminosae: Caesalpinioideae) in Egypt 
 
Nael M. Fawzi; Hanan S.A. and A.A. Mohamed 
 
Flora & Phytotaxonomy Researches Department, Horticultural Research Institute, Agricultural Research 
Centre, Dokki, Egypt. 

 
ABSTRACT 
 

This study inspects the morphological variation and taxonomic relationships among 23 taxa of tribe 
Cassieae in Egypt, belonging to three genera Ceratonia, Cassia and Senna, using 59 morphological characters. 
The work is based on morphometric studies of fresh material and herbarium specimens as well as information 
from the literature. The purpose of the study was to get a better knowledge of the taxonomic status and 
conservation of Cassieae species in Egypt. The cluster analysis reveals three major clusters; the first contains the 
unique species Ceratonia siliqua, the second including Cassia species and the third including the Senna species. 
The data obtained from the cluster analysis are compared with the current taxonomic position of all studied taxa. 
Results attained from the present study showing the importance of numerical analysis for taxonomic 
relationships in the tribe Cassieae. Keys and phenogram are provided for all taxa studied.  
 
Key words: Ceratonia, Cassia, Senna, Cassieae, Caesalpinioideae, Leguminosae, Cluster analysis, Numerical 

taxonomy and Morphological characters. 

 

Introduction 
 

Tribe Cassieae (Leguminosae: Caesalpinioideae) was divided by (Irwin and Barneby, 1981) into five 
subtribes [Ceratoniinae (monogeneric), Dialiinae (13 genera), Duparquetiinae (monogeneric), Cassiinae (3 
genera) and Labicheinae (2 genera)]. The 20 genera of tribe Cassieae sensu (Irwin and Barneby, 1981) remained 
unchanged in (Polhill, 1994). In Egypt, the tribe Cassieae represented by 3 genera. Genus Ceratonia belonging 
to subtribe Ceratoniinae and both of Cassia and Senna belonging to subtribe Cassiinae. The subtribe Cassiinae is 
the largest with 730-740 species. It includes Cassia L. senso stricto, Senna P. Mill. and Chamaecrista Moench. 
which were previously included in one genus Cassia L. senso lato but were separated into three genera by 
(Irwin and Barneby, 1981, 1982). This concept had found wide recognition (Randel, 1988, 1989,1990; Lock, 
1988; Laxmikanta, et al., 2011; George and Hussein, 2014). 

The genus Cassia Linnaeus, Sp. Pl. 1: 376. 1753, nom. cons. consists of about 30 species in tropical 
regions (Wu et al., 2010); five species were introduced as ornamental plants in Egypt. The genus Senna Miller, 
Gard. Dict. Abr., ed. 4. 1754 comprises of about 350 species and is distributed throughout the world (Marazzi et 
al., 2006); 17 species; 4 wild and 13 introduced as ornamental plants in Egypt. Several species of Cassia and 
Senna are economically important and have medicinal properties as laxative, expectorant, antimalarial and anti-
inflammatory (Ajagbonna and Mojiminiyi, 2001;Tona and Mesia, 2001). The genus Ceratonia Linnaeus, Sp. Pl. 
2: 1026. 1753. was long considered monotypic, but a second species, Ceratonia oreothauma, was recorded in 
Oman and Somalia (Hillcoat, et al., 1980). Ceratonia siliqua is native to the Mediterranean region and 
cultivated for its sweet fruits.  

Numerical taxonomy is a classification system which deals with the grouping of taxonomic units by 
numerical technique based on their character states (Sneath and Sokal, 1973). Cluster analysis technique 
commonly used in numerical taxonomy to produce a hierarchical classification of entities based on the similarity 
matrix. It represents a logical means of expressing the relationships existing between taxonomic units. 
Numerical taxonomy received considerable attention for species relationships in different genera (Bolourian and 
Pakravan, 2011; Bello et al., 2013). Many studies were carried out in different groups of Leguminosae, for 
example, Cassia (Deshmukh, 2011), Desmodium (Rahman and Rahman, 2012),  Papilionoideae (El-Gazzar et 
al., 2013), Senna (Rahman et al., 2013), Onobrychis (Noori et al.,  2014). In this study, numeric taxonomic 
methods have been applied to classify 23 taxa belonging to tribe Cassieae, on the basis of morphological 
characters. The purpose was to get a wider understanding of the circumscription of the species that occur in the 
country. 

 

Materials and Methods  
The present study was based on a sample of 23 taxa representing 3 genera of the tribe Cassieae in Egypt. 

The number of fresh and herbarium specimens of individual species being represented by five to ten specimens 



Int. j. Environ., 4 (4):  262-270, 2015 
ISSN: 2077-4508 

263 

each. The specimens are collected from some of the local botanic gardens (Orman, Agricultural Museum, 
Zohria and Aswan Gardens) and the major local herbarium CAIM of the Flora & Phyto-taxonomy Researches 
Department, Agricultural Research Center, Giza, as well as information from the literatures. Nomenclature of all 
taxa was updated according to the two major online websites (www.tropicos.org; www.theplantlist.org). The 
herbarium vouchers and fresh materials subjected to more detailed studies of the variation in several 
morphological parameters. Observations were made using a dissecting microscope on selection of 
morphological characters, such as the variation in size, shape, hairiness and colour in selected organs, e.g., 
leaves, flowers, pods and seeds. Keys to genera and species were prepared primarily using easily assessed 
characters. Full valid names of all studied taxa with their taxonomic position, as reported by (Irwin and 
Barneby, 1982), are presented in Table 1. 

Fifty nine characters recorded comparatively for the studied taxa is given in Table 2. Characters and 
character states were determined through examination of both living and herbarium specimens and were coded 
as multistate characters. The data matrix was analysed using multistate matrix. The data matrix was subjected to 
cluster analysis using UPGMA (Unweighted pair group method with arithmetic mean) and a phenogram was 
constructed to show the relationship among the taxa. Morphological variation among the studied taxa based on 
squared euclidean distance was prepared in Table 3. All analyses were carried out using the program Past 
(Version 2.17c) (Hammer et al., 2001). 

 
Table 1: Full valid names of taxa with their taxonomic position, as reported by (Irwin and Barneby, 1982). 

Subtribe Genus Section Series Taxa 
Cassiinae 

Cassia 

 
Cassia 

Cassia fistula L., Sp. Pl. 1: 377–378 (1753). (= Bactyrilobium 
fistula Willd.) 

Grandes 
Cassia grandis L.f., Suppl. Pl. 230 (1781 [1782]). (= Cassia 
brasiliana Lam.) 

Obolospermae 

Cassia javanica L., Sp. Pl. 1: 379 (1753). (= Cassia bacillus 
Gaertn.) 
Cassia javanica L. subsp. nodosa (Roxb.) K. Larsen & S. S. 
Larsen, Nat. Hist. Bull. Siam Soc. 25(3–4): 205 (1974). (= 
Cassia nodosa Roxb.) 
Cassia renigera Benth., Trans. Linn. Soc. London 27: 518 
(1871). (= C. javanica subsp. renigera (Wall. ex Benth.) K. 
Larsen 

Senna 

Psilorhegma 

Interglandulosae 
Senna surattensis (Burm.f.) H.S.Irwin & Barneby, Mem. New 
York Bot. Gard. 35: 81(1982). (= Cassia galuca Lam.; C. 
surattensis Burm.f., Fl.) 

Subverrucosae 

Senna artemisioides (Gaudich. ex DC.) Isely ex DC., Native 
Natural. Legum. U.S. 44 (1998) subsp. artemisioides (=Cassia 
artemisioides Gaudich. ex DC.; C. eremophila Cunn. ex J. 
Vogel) 

Chamaefistula 

Bacillares 
Senna bacillaris (L.f.) H.S.Irwin & Barneby, Mem. New York 
Bot. Gard. 35: 111 (1982). (= Cassia bacillaris L.f.) 

Basiglandulosae 

Senna hirsuta (L.) H.S.Irwin & Barneby, Phytologia 44(7): 499 
(1979). (= Cassia hirsuta L.) 
Senna ligustrina (L.) H.S.Irwin & Barneby, Mem. New York 
Bot. Gard. 35: 409 (1982). (= Cassia ligustrina L.) 
Senna occidentalis (L.) Link, Handbuch 2: 140 (1829). (= 
Cassia occidentalis L.; C. planisiliqua L.) 
Senna sophera  (L.) Roxb., Fl. Ind. 2: 347 (1832). (= Cassia 
sophera L.) 

Coluteoideae 

Senna bicapsularis (L.) Roxb., Fl. Ind. 2: 342 (1832). (= Cassia 
bicapsularis L.) 
Senna multiglandulosa (Jacq.) H.S.Irwin & Barneby , Mem. 
New York Bot. Gard. 35: 357 (1982). (= Cassia tomentosa L.f.) 
Senna septemtrionalis (Viv.) H.S.Irwin & Barneby, Mem. New 
York Bot. Gard. 35: 365 (1982). (= Cassia laevigata Willd.) 

Floridae 
Senna siamea (Lam.) H.S. Irwin & Barneby, Mem. New York 
Bot. Gard. 35: 98. 1982. (=Cassia florida Vahl; C. siamea Lam.) 

Trigonellokkae Senna tora (L.) Roxb., Fl. Ind. 2: 340 (1832). (= Cassia tora L.) 

Senna 

Pictae 
Senna didymobotrya (Fresen.) H.S.Irwin & Barneby, Mem. New 
York Bot. Gard. 35: 467 (1982). (= Cassia didymobotrya 
Fresen.) 

Senna 

Senna alexandrina Mill., Gard. Dict. (ed. 8) no. 1 (1768). (= 
Cassia acutifolia Delile; C. senna L.) 
Senna holosericea (Fresen.) Greuter, Willdenowia 15(2): 429. 
1986. (= Cassia holosericea Fresen.) 
Senna italica Miller, Gard. Dict. (ed. 8) no. 2 (1768). (=Cassia 
italica Mill; C. obovata Collad.) 

Peiranisia Excelsae 
Senna spectabilis (DC.) H.S.Irwin & Barneby, Mem. New York 
Bot. Gard. 35: 600 (1982). (= Cassia spectabilis Candolle) 

Ceratoniinae Ceratonia   Ceratonia siliqua L., Sp. Pl. 2: 1026 (1753). 

http://www.tropicos.org/
http://www.theplantlist.org/
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Results and Discussion  
 
Numerical taxonomic studies are significant for documenting and discovering new morphological 

characters and character states, and many studies have been made in this regard for understanding taxonomic 
relationships in different groups of plants (Soladoye et al., 2010; Deshmukh, 2011; Rahman and Rahman, 2012; 
El-Gazzar et al., 2013). In the present study, 23 taxa were evaluated on the basis of data matrix generated from 
59 characters by using numerical analysis. The complete data matrix for studied taxa including the characters 
and character states as well as its value for each taxa are listed in (Table 2). Numerical taxonomy of the studied 
taxa were determined according to the phenogram resulting from the UPGMA clustering (Fig. 1). The data 
obtained from the phenogram compared with the taxonomic position of all studied taxa as reported by (Irwin 
and Barneby, 1982) (Table 1). 
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Fig. 1: Phenogram showing the relationships within the tribe Cassieae in Egypt. 

 
The resulted phenogram separated the studied taxa into three major groups; the first contains Ceratonia 

siliqua, the second includes Cassia species and the third includes the Senna species. The delimitation of 
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Ceratonia siliqua L. in a separate group from all studied taxa agrees with the exclusion of genus Ceratonia in 
the monogeneric subtribe Ceratoniinae. Moreover Ceratonia siliqua showed high morphological variation (6.6-
9.5) with Cassia and Senna species. 

The separation of Cassia and Senna species into two different clusters verify the segregation of the genus 
Cassia L. senso lato into three distinct genera namely Senna P. Mill., Cassia L. senso stricto and Chamaecrista 
Moench. This findings are significant and support the results obtained on the basis of  the molecular data by 
(Ghareeb et al., 1999; Laxmikanta, et al. 2011; Tripathi and Goswami, 2011; George and Hussein, 2014). 

Within Cassia group; C. fistula separated firstly and followed by C. grandis, the other three taxa C. 
javanica, C. javanica. ssp. nodosa and C. renigera linked together. This extremely agrees with the series level 
by (Irwin and Barneby, 1982). They involved C. fistula within series Cassia, C. grandis within series Grandes 
and the other three within series Obolospermae. C fistula varies from the other Cassia species by pendulous 
inflorescence, yellow flowers, leaflet relatively large, lanceolate and number of leaflets 3-8 pairs.  

Within Senna group; S. alexandrina, S. holosericea and S. italic linked together indicating that they are 
closely allied. They showed low morphological variation (2.4-4.1). The three species placed together in series 
Senna (Table 1). Similar results has been attained by (Ghareeb et al., 1999). Also phenogram appeared a close 
relationships between S. ligustrina, S. occidentalis and S. sophera. While S. hirsuta separated from them, 
although (Irwin and Barneby, 1982) keep the four species together in series Basiglandulosae. This is evidenced 
by the presence of specific characters in S. hirsuta; young branches, petioles, and rachises, leaflets and sepals 
are densely villous. Legume long up to 20 cm, densely hirsute, seeds exareolate. The grouping of S. 
artemisioides with S. surattensis agree with including them belonging to section Psilorhegma, within two series 
Subverrucosae and Interglandulosae, respectively as shown in (Table 1). 

S. bicapsularis, S. multiglandulosa and S. siamea are clustered together. (Irwin and Barneby, 1982) 
arranged them in section Chamaefistula; S. siamea in series Floridae and both S. bicapsularis and S. 
multiglandulosa in series Coluteoideae with S. septemtrionalis. Also the phenogram showed S. siamea has more 
affinity to S. bicapsularis than S. multiglandulosa. Moreover S. septemtrionalis and S. spectabilis appeared has 
more attraction to both of S. ligustrina, S. occidentalis and S. sophera. S. didymobotrya delimited early from all 
Senna species and showed less affinity to S. alexandrina, S. holosericea and S. italica, although all of them 
placed belonging the same section but in different series. S. tora recorded the lowest morphological variation 
(4.8) with S. bicapsularis both of them belonging to section Chamaefistula, in separate series; Trigonellokkae 
and Coluteoideae, respectively. Additionally S. bacillaris in series Bacillares and S. hirsuta in series 
Basiglandulosae belonging to section Chamaefistula grouped together with morphological variation (5.5). 
Finally the arrangement of the studied taxa in the phenogram congruent, to a great extent, with (Irwin and 
Barneby, 1982). Keys are provided for subtribes, genera and species to facilitate the identification of the studied 
taxa. 

 
Key to the subtribes of tribe Cassieae: 
1a. Flowers polygamo-dioecious, apetalous, with a fleshy hypogynous disc wider than the calyx 

...................................................................................................... subtribe Ceratoniinae (Ceratonia siliqua) 
1b. Flowers hermaphrodite, petaliferous, lacking hypogynous disc ……………………......... subtribe Cassiinae 
 
Key to the genera of subtribe Cassiinae: 
1a. Filaments of 3 abaxial antesepalous stamens sigmoidally curved and many times longer than their anther; 

pod indehiscent, up to 60 cm length, with woody valves ………………………………………........... Cassia 
1b. Filaments of all stamens straight or simply incurved and either shorter than or not over twice as long as their 

anther; pod dehiscent .............................................................................................................................. Senna 
 

Key to the species of genus Cassia: 
1a. Inflorescence pendulous with yellow flowers ..................................................................................... C. fistula 
1b. Inflorescence erect with pink or dark red flowers, fading to white ................................................................(2) 
2a. All stamens pink to purple, all filaments not swollen in the middle, fertile anthers woolly pilosulous 

........................................................................................................................................................... C. grandis 
2b. All stamens yellow, 3 long stamens having filaments swollen in the middle into a globose or ellipsoid 

nodule, anthers of fertile stamens glabrous or thinly hairy ...........................................................................(3) 
3a. Ovary glabrous …………………………………………………………………………............... C. renigera 
3b. Ovary hairy .................................................................................................................................................... (4) 
4a. Stipules 5 mm long, linear, leaflets acute, glabrous or with scattered hairs beneath…………….............. 

......................................................................................................................... Cassia javanica subsp. nodosa 
4b. Stipules 12-15 mm long, leafy, leaflets usually obtuse, silky beneath ............................................ C. javanica 

 
 

http://www.kew.org/science-conservation/research-data/resources/legumes-of-the-world/publication/cassieae-bronn
http://www.kew.org/science-conservation/research-data/resources/legumes-of-the-world/publication/cassieae-bronn
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Table 2: Morphological characters and character states used in the numerical analysis. 

Characters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taxa 
 

P
lan

t: herb 1/ shrub 2/ tree 3 

D
ioecious 1/ H

erm
aph

rodite 2 

S
tem

: glabrous 1/ hairy 2/ villous 3/ tom
entose 4 

L
eaves length in cm

: L
ong ( 30

-40
) 1/ m

edium
 (20

-30 
cm

) 2/sho
rt (less than 20 cm

) 3 

L
eaflet pairs num

ber: num
erous (15

-20) 1/ m
any (6-12) 

2/ few
 (2-4) 3 

L
eaflets shape: obovate 1/  oblong 2/ ovate 3/  

lanceolate 4/ linear 5 

L
eaflet apex: em

arginate 1/ not em
arginate 2 

L
eaflet apex: obtuse 1/ acute 2/ acum

m
inate 3 

L
eaflet base:  obtuse 1/cuneate  2 

L
eaflet m

argin: entire 1/ undulate 2 

L
eaflet thick and leathery 1/ not so 2 

U
pper su

rface of leaflet: glabrous 1/ hairy or sparingly 
hairy  2/ villous 3 

L
ow

er su
rface of leaflet:  glabrous 1/ hairy or sparingly 

hairy  2/ villous 3/  tom
entose 4 

L
eaflet length in cm

: L
ong ( 10

-14
) 1/ m

edium
 (5

-9 
cm

) 2/sho
rt (2

-4) 3 

L
eaflet w

idth in cm
: (less than 1) 1/ (1

-2) 2/ (2.5
-3.5) 3/ 

(m
ore than 6) 4 

R
hachis have glands betw

een so
m

e or all pairs of 
leaflets 1/  rhachis eglandular 2 

R
hachis teret 1/ channelled 2 

P
etiolar glands: present 1/ absent 2 

S
tipule: persistent 1/ cauducous 2 

S
tipules shape: linear to lanceolate 1/deltoid to ovate 2/ 

kidney shaped 3 

Inflorescence: m
any

-flow
ered 1/ 1–

3
-flow

ered 2 

Inflorescence length in cm
: (less than 10) 1/ (10

-15
) 2/ 

(20
-25

) 3/ (m
ore than 25) 4 

F
low

ers pedicellate 1/ flow
ers sessile or nearly so 2 

B
ract shape :  linear to lanceolate 1/ ovate 2/ leafy 3 

S
epals sh

ape: ovate 1/ lanceolate 2/ orbicular 3 

S
epals colour: green or yellow

ish-green 1/ redish
 

2/dark brow
n to blackish green 3 

S
epals length in m

m
: (1-2) 1/ (5-7) 2/ (8

-10) 3 

S
epals: glabrous 1/ hairy 2/ densely velvety 3/ villous 4

 

Cassia fistula  3 2 1 1 2 3 2 2 1 1 2 1 2 1 4 2 1 2 2 2 1 4 1 2 1 1 3 2 

Cassia grandis 3 2 2 1 1 2 2 1 1 1 2 2 4 2 2 2 1 2 2 2 1 3 1 1 1 2 2 3 

Cassia javanica  3 2 2 1 1 2 2 1 1 1 2 2 2 2 2 2 1 2 2 3 1 3 1 2 1 2 2 3 

Cassia ja. ssp. nodosa  3 2 2 1 1 2 2 2 1 1 2 2 2 2 2 2 1 2 2 1 1 3 1 2 1 2 2 3 

Cassia renigera 3 2 2 1 1 2 2 1 1 1 2 2 4 2 2 2 1 2 2 3 1 3 1 3 1 2 2 3 

Ceratonia siliqua 3 1 2 3 3 1 1 1 2 2 1 1 2 2 3 2 1 2 2 1 1 3 2 1 3 1 1 1 

Senna alexandrina  1 2 2 3 2 4 2 2 1 1 2 2 2 3 2 1 2 2 1 1 1 2 1 2 1 1 3 1 

Senna artemisioides 2 2 2 3 2 5 2 1 2 1 2 1 1 3 1 1 2 1 2 1 1 2 1 1 1 1 2 1 

Senna bacillaris  2 2 2 2 3 3 2 2 1 1 2 2 2 1 4 1 2 2 2 1 1 2 1 3 1 1 3 1 

Senna bicapsularis  2 2 1 3 3 1 2 1 2 1 2 2 2 3 2 1 2 2 2 1 1 2 1 1 1 1 3 1 

Senna didymobotrya  2 2 2 1 1 2 2 2 1 1 2 2 2 3 2 2 1 2 2 2 1 3 1 2 1 3 3 2 

Senna hirsuta  2 2 3 2 2 4 2 3 1 1 2 3 3 2 3 2 2 1 2 1 1 2 1 2 1 1 3 4 

Senna holosericea  2 2 2 3 2 1 2 1 2 1 2 2 2 3 2 1 2 2 1 1 1 2 1 2 1 1 3 1 

Senna italica  1 2 2 3 2 1 2 1 2 1 2 2 2 3 2 1 2 2 1 1 1 2 1 2 1 1 3 1 

Senna ligustrina  2 2 2 3 2 4 2 3 1 1 2 1 1 2 2 2 2 1 2 1 1 2 1 1 1 1 3 1 

Senna multiglandulosa  2 2 4 3 2 2 2 2 1 1 2 2 4 3 2 1 1 2 2 1 1 2 1 1 1 1 3 2 

Senna occidentalis  2 2 1 3 2 4 2 3 1 1 2 1 1 2 3 2 1 1 2 1 1 2 1 1 1 1 3 1 

Senna septemtrionalis  3 2 1 3 3 3 2 3 1 1 2 1 1 1 3 1 2 2 2 1 1 2 1 1 1 1 3 1 

Senna siamea  3 2 2 2 2 2 1 1 1 1 2 2 2 2 2 2 2 2 2 1 1 3 1 1 1 1 3 2 

Senna sophera   2 2 1 3 2 4 2 3 1 1 2 1 1 2 2 2 1 1 2 1 1 2 1 1 1 1 3 1 

Senna spectabilis  3 2 2 1 1 4 2 3 1 1 2 2 2 2 2 2 1 2 2 1 1 3 1 2 1 1 3 2 

Senna surattensis  2 2 2 3 2 2 2 1 1 1 2 2 2 2 2 1 2 1 2 1 1 2 1 1 1 1 2 1 

Senna tora  1 2 1 3 3 1 2 1 2 1 2 2 2 3 2 1 1 2 2 1 2 1 1 1 1 1 3 2 
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Table 2: Cont. 

 Characters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taxa 
 

P
etals absent 1/ present 2 

P
etals shape: obovate 1/ oblong-obovate 2 

P
etals: pink 1/ yellow

 2 

P
etals length in cm

: (less than 1.5) 1/ (1.5 - 2) 2/ (up to 
3.5) 3 

S
tam

ens num
bers: (5) 1 /S

tam
ens (10) 2 

S
tam

ens colou
r: yellow

 1/ pink to purple 2 

Intra-stam
inal disk present 1/ absent 2 

3 abaxial stam
ens, having filam

ents sw
ollen in the 

m
iddle 1/ n0t so 2

 

3 abaxial stam
ens up to 3-4 cm

 long 1/ not so 2 

O
vary: glab

rous 1/ hairy 2/ hirsute 3 

P
od length in cm

: (up to 50 or m
ore) 1/ (20

-30) 2/ (10
-

15
) 3/ (4

-6) 4 

P
od w

idth in cm
: (less than 1) 1/ (1-1.5) 2/ (1.6

-2) 3/( 
up to 2.5) 4 

P
od colour: brow

n 1/ dark brow
n 2/golden brow

n 3/ 
blackish 4 

P
od: slightly curved or curved 1/ straight 2  

P
od:  glabrous 1/hairy or sparsely hairy  2/ hirsute 3/ 

densely granular-papillate 4 

P
od apex: rounded

 1/ acute 2/ acum
inate 3 

P
od: terete 1/sub

-terete 2/ flattened 3 

P
od valves: papery 1/ w

oody 2/ thick and fleshy 3 

P
od: dehiscent 1/ indehiscent 2 

S
eed enveloped by a finally detached suberous disc 1/ 

not so 2 

S
eeds em

bedded in black, glutinous substance 1/ not so 
2 S

eed num
ber: num

erous (m
ore than 30) 1/ m

any (from
 

10 t0 30) 2/ few
 (less than 10) 3 

S
eed shape: obovate-elliptic 1/obovate-oblong 2/ 

rhom
boid 3 

S
eed: length in cm

: (less than 0.6) 1/ (0.6-0.8) 2/ (less 
than 0.6) 

S
eed color: yellow

ish 1/ brow
n 2/ dark brow

n 3/ 
olivceous 4 

S
eeds separated by transverse papery septa1/ not so 2 

seeds arranged transversly 1/ not so 2 

S
eed su

rface: sm
ooth 1/ rough 2 /  w

rinkled 3 

seeds areolate 1/exareolate 2 

S
eeds narrow

ed at hilum
 end and obviously

 protrude 1/ 
not so2 

seed w
ith em

arginate end 1/  obtuse-truncate 2 

Cassia fistula  2 1 2 3 2 1 2 2 1 2 1 4 2 2 1 1 1 2 2 1 1 1 1 3 2 1 1 1 2 2 2 

Cassia grandis 2 1 1 3 2 2 2 2 1 2 1 4 2 2 1 1 2 2 2 1 1 1 1 3 2 1 1 1 2 2 2 

Cassia javanica  2 1 1 3 2 1 2 1 1 2 1 4 2 2 1 1 1 2 2 2 2 1 1 3 2 1 1 1 2 2 2 

Cassia ja. ssp. nodosa  2 1 1 3 2 1 2 1 1 2 1 4 2 2 1 1 1 2 2 2 2 1 1 3 2 1 1 1 2 2 2 

Cassia renigera 2 1 1 3 2 1 2 1 1 1 1 4 2 2 1 1 1 2 2 2 2 1 1 3 2 1 1 1 2 2 2 

Ceratonia siliqua 1 0 0 0 1 1 1 2 2 2 2 4 2 1 1 1 3 3 2 1 2 2 1 3 3 2 2 1 2 2 2 

Senna alexandrina  2 2 2 2 2 1 2 2 2 2 4 3 1 1 2 1 3 1 1 1 2 3 2 2 1 2 2 3 1 1 1 

Senna artemisioides 2 2 2 2 2 1 2 2 2 2 3 2 2 2 2 1 3 1 1 1 2 2 2 2 3 2 2 1 1 2 2 

Senna bacillaris  2 2 2 2 2 1 2 2 2 2 3 1 1 1 4 2 2 1 1 1 2 2 2 1 3 1 1 1 1 2 2 

Senna bicapsularis  2 1 2 2 2 1 2 2 2 1 3 2 1 1 1 1 2 1 1 1 2 2 1 1 2 2 1 1 2 2 2 

Senna didymobotrya  2 1 2 2 2 1 2 2 2 2 3 3 4 1 2 2 3 1 1 1 2 2 2 2 4 2 2 1 1 1 1 

Senna hirsuta  2 1 2 2 2 1 2 2 2 3 2 1 1 2 3 2 2 1 1 1 2 1 1 1 2 2 1 1 2 2 2 

Senna holosericea  2 2 2 1 2 1 2 2 2 2 4 3 1 1 2 1 3 1 1 1 2 3 2 2 1 2 2 3 1 1 1 

Senna italica  2 2 2 1 2 1 2 2 2 2 4 3 2 1 2 1 3 1 1 1 2 3 2 2 3 2 2 3 1 1 1 

Senna ligustrina  2 1 2 1 2 1 2 2 2 2 3 2 1 1 1 2 2 1 1 1 2 2 1 1 2 2 1 1 1 2 2 

Senna multiglandulosa  2 1 2 2 2 1 2 2 2 2 3 2 1 1 1 2 2 1 1 1 2 2 1 1 2 2 1 1 1 2 2 

Senna occidentalis  2 1 2 1 2 1 2 2 2 2 3 2 1 1 1 2 2 1 1 1 2 2 1 1 2 2 1 1 1 2 2 

Senna septemtrionalis  2 1 2 2 2 1 2 2 2 1 3 2 1 1 1 1 2 1 1 1 2 2 1 1 2 2 1 1 2 2 2 

Senna siamea  2 1 2 2 2 1 2 2 2 2 2 2 1 1 2 2 3 2 1 1 2 2 1 2 2 2 2 1 1 2 2 

Senna sophera   2 1 2 1 2 1 2 2 2 2 3 2 1 1 1 2 2 1 1 1 2 2 1 1 2 2 1 1 1 2 2 

Senna spectabilis  2 1 2 2 2 1 2 2 2 1 2 2 2 1 1 1 2 2 1 1 2 2 1 1 2 2 1 1 1 2 2 

Senna surattensis  2 1 2 2 2 1 2 2 2 2 3 2 2 2 2 1 3 1 1 1 2 2 2 2 3 2 2 1 1 2 2 

Senna tora  2 2 2 2 2 1 2 2 2 2 3 1 1 1 2 3 2 1 1 1 2 2 3 1 4 2 2 1 1 2 2 
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Table 3:Morphological variation among 23 studied taxa based on squared euclidean distance. 

Taxa 

 C
assia  fistula 

 C
assia  grandis 

 C
assia  javanica  

 C
assia  j. ssp. nodosa 

 C
assia  renigera 

 C
eratonia siliqua 

 Senna alexandrina  

 Senna artem
isioides  

 Senna bacillaris 

 Senna bicapsularis  

 Senna didym
obotrya  

 Senna hirsu
ta 

 Senna holosericea 

 Senna italica 

 Senna ligustrina  

 Senna m
ultiglandulosa

 

 Senna occidentalis 

 Senna sep
tem

trionalis 

 Senna siam
ea 

 Senna. sophera 

 Senna spectabilis  

 Senna surattensis 

 Senna tora 

Cassia  fistula 0.0                        

Cassia  grandis 4.7 0.0                       

Cassia  javanica  4.4 3.3 0.0                      

Cassia  j. ssp. nodosa 4.2 3.5 2.2 0.0                     

Cassia  renigera 5.0 3.3 2.4 3.3 0.0                    

Ceratonia siliqua 7.8 7.5 7.7 7.5 8.2 0.0                   

Senna alexandrina  8.2 8.3 8.4 8.1 8.7 8.8 0.0                  

Senna artemisioides  7.9 7.9 7.9 7.7 8.6 8.2 5.1 0.0                 

Senna bacillaris 7.3 8.5 8.3 8.0 8.5 9.0 6.2 6.4 0.0                

Senna bicapsularis  7.3 7.1 7.2 7.0 7.6 7.2 5.8 5.8 6.1 0.0               

Senna didymobotrya  7.1 6.6 6.5 6.4 6.9 8.1 6.8 6.5 7.0 6.8 0.0              

Senna hirsuta 7.3 7.2 7.4 6.9 7.7 9.5 7.0 6.9 5.5 7.0 7.3 0.0             

Senna holosericea 8.5 8.1 8.2 8.0 8.5 7.8 3.6 6.2 6.6 4.8 6.7 7.9 0.0            

Senna italica 8.6 8.2 8.3 8.1 8.7 7.7 4.1 5.9 6.5 5.0 5.7 8.0 2.4 0.0           

Senna ligustrina  7.1 7.9 7.7 7.2 8.4 7.9 5.2 4.6 5.7 5.0 6.7 5.7 6.2 6.3 0.0          

Senna multiglandulosa 7.7 6.6 7.2 6.9 7.2 8.0 5.8 6.3 6.2 4.7 6.5 5.4 5.7 5.9 5.0 0.0         

Senna occidentalis 6.7 7.9 7.7 7.3 8.5 7.9 5.5 5.1 5.6 5.1 6.8 5.9 6.4 6.6 1.7 5.5 0.0        

Senna septemtrionalis 6.3 7.7 7.5 7.1 8.2 7.7 5.9 5.7 5.3 4.1 7.3 6.5 6.3 6.6 3.5 5.7 3.3 0.0       

Senna siamea 6.1 5.7 6.0 5.7 6.6 6.6 5.8 5.5 5.6 4.5 5.7 5.6 5.4 5.7 4.8 4.7 5.1 5.0 0.0      

Senna sophera 6.9 7.9 7.7 7.2 8.4 7.9 5.4 4.8 5.8 5.0 6.7 6.0 6.3 6.5 1.4 5.4 1.0 3.5 5.0 0.0     

Senna spectabilis  5.6 6.1 6.0 5.4 6.3 8.1 6.2 5.8 6.1 5.8 5.7 5.4 7.0 7.1 4.4 5.3 4.5 4.8 4.5 4.4 0.0    
Senna surattensis 7.1 6.6 6.9 6.6 7.4 6.9 5.2 3.9 5.3 4.1 5.4 6.2 4.9 4.5 4.7 4.8 5.0 4.9 3.9 4.9 5.6 0.0   
Senna tora 8.9 8.6 8.7 8.5 9.1 8.7 6.9 6.2 5.8 4.8 6.7 7.2 6.2 5.5 6.3 5.7 6.2 6.5 5.7 6.2 7.4 4.9 0.0 
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Key to the species of genus Senna: 
1a. Pod thin, flattened compressed, All seeds lying with broad areolate faces toward the valves……………... (2)  
1b. Pod turgid, subterete, seeds mostly lying with broad faces to the septa ........................................................ (8) 
2a. Petiole and rachis of leaves without glands ................................................................................................... (3) 
2b. Petiole or rachis of leaves with glands ........................................................................................................... (4) 
3a. Tree, 10-15 m tall, leaflets 6-10 pairs, bracts green ............................................................................ S. siamea 
3b. Shrub, 2.5-3 m tall, leaflets 8-16 pairs, bracts dark brown or black ……………………........ S. didymobotrya 
4a. Leaflets linear ............................................................................................. S. artemisioides ssp. artemisioides 
4b. Leaflets not so ................................................................................................................................................ (5) 
5a. A shrub to small tree, 2 -3 m tall, pod 10-20 cm long, seeds 20-30 ............................................. S. surattensis 
5b. Suffruticose, 20-120 cm tall, pod less than 10 cm long, seeds less than 10  ……………………..……....... (6) 
6a. Pod on both sides with a crest of elevated projections along the middle.............................................. S. italica 
6b. Pod not longitudinally crested ........................................................................................................................(7) 
7a. Leaflets apex obtuse .................................................................................................................... S. holosericea 
7b. Leaflets apex acute ..................................................................................................................... S. alexandrina 
8a. Petiole and rachis of leaves without glands ................................................................................... S. spectabilis 
8b. Petiole or rachis of leaves with glands............................................................................................................(9) 
9a. Glands present on petiole only...................................................................................................................... (10) 
9b. Glands present on rachis only....................................................................................................................... (13) 
10a. Young branchlets, leaflets, petiole and rachis of leaves densely villous; legume densely hirsute on surfaces 

of valves ............................................................................................................................................ S. hirsuta 
10b. Young branchlets, leaflets, petiole and rachis of leaves glabrous or subglabrous; legume glabrous…… (11)  
11a. Petiolar glands slenderly ovate or lance-attenuate in profile, acute or subacute, including stipe (not always 

present) 1.7-3.5 x 0.4-1 m m ; racemes mostly 5-30-fld............................................................... S. ligustrina  
11b. Petiolar glands (sessile or almost so) obovoid, depressed-hemispherical or globose, obtuse, 0.5-1.5 m m; 

racemes 1-5-fld............................................................................................................................................ (12) 
12a. Leaflets 4-6 pairs, petiolar gland globose or ovoid, at basal joint; pod somewhat flattened ...  S. occidentalis 
12b. Leaflets up to 12 pairs, petiolar gland clavate to subulate, above basal joint; pod turgid ……….... S. sophera 
13a. Seed areolate............................................................................................................................................... (14) 
13b. Seed exareolate........................................................................................................................................... (16) 
14a. Leaflets 6-8 pairs................................................................................................................ S. multiglandulosa 
14b. Leaflets 2-4 pairs ....................................................................................................................................... (15) 
15a. Leaflets relatively small, 2-6 × 1.5–2.5 cm, obovate, apex broadly rounded, seeds rhomboid…….… S. tora 
15b. Leaflets relatively large, 8-15 x 3-9 cm, ovate, seeds obovate ..................................................... S. bacillaris 
16a. Rachis of leaves with a gland between lowest pair of leaflets ................................................. S. bicapsularis 
16b. Rachis of leaves with a gland between each pair of leaflets ............................................... S. septemtrionalis 

 
In conclusion, our study shows the importance of numerical analysis for detecting variation and 

taxonomic relationships among studied taxa. Additionally the obtained results consent with giving more weight 
to the numerous characters differences than to a single character with delimitation of species, series or sections. 

 
Acknowledgement 

 
The authors are thankful to the Director of the Herbarium in Flora & Phyto-taxonomy department, 

Agricultural Research Centre, Giza for allowing to use herbarium facilities. 
 

 
References 

 
Ajagbonna, O.P. and F.B.O. Mojiminiyi, 2001. Relaxant effects of the aqueous leaf extract of Cassia 

occidentalis on rat aortic rings. African J. Biomed. Res., 4(3): 127. 
Bello, A.O., Oladipo O.T. and S.A. Saheed, 2013. Numerical taxonomic  study of some Solanum L. species 

(Solanaceae) using vegetative and floral morphological characters. Ife J. of Sci., 15(3): 523- 534. 
Bolourian, S. and M. Pakravan, 2011. A morphometric study of the annual species of Alyssum (Brassicaceae) in 

Iran based on their macro- and micromorphological characters. Phytologia Balcanica,17(3): 283-289. 
Deshmukh, S.A. 2011. Morphometrics of the genus Cassia L. from Kolhapur district. The Bioscan, 6(3): 459-

462. 



Int. j. Environ., 4 (4):  262-270, 2015 
ISSN: 2077-4508 

270 

El-Gazzar, A., M.M. Abdel Ghani, N.M. El-Husseini and A.A. Khattab, 2013. Classification of the 
Leguminosae-Papilionoideae: A numerical re-assessment. Not. Sci Biol., 5(4):499-507. 

George, N.M.  and H.A. Hussein, 2014. Biochemical and molecular criteria of some Egyptian species of Cassia 
and Senna (Subfamily: Caesalpinioideae-Leguminosae); with reference to their taxonomic significance. 
Life Sci. J., 11(10): 1055-1062. 

Ghareeb, A., S.F. Khalifa and N. Fawzi, 1999. Molecular systematics of some Cassia species. Cytologia, 64: 
11-16. 

Hammer, Ø., D.A.T. Harper and P. D. Ryan, 2001. PAST: paleontological statistics software package for 
education and data analysis. Palaeontologia Electronica, 4(1): 9. 

Hillcoat, D., G. Lewis and B. Verdcourt, 1980. A New Species of Ceratonia (Leguminosae-Caesalpinioideae) 
from Arabia and the Somali Republic. Kew Bulletin, 35(2): 261-271.   

Irwin, H.S. and R.C. Barneby, 1981. Cassieae Bronn. In: Advances in Legume Systematics,  Polhill, R.M.  and 
P.H. Raven, (Eds.). Royal Botanic Gardens, Kew, pp: 97-106. 

Irwin, H.S. and R.C. Barneby, 1982. The American Cassiinae: a synoptical revision of Leguminosae tribe 
Cassieae subtribe Cassiinae in the new world. Mem. New York Bot. Gard., 35(1): 1-918. 

Laxmikanta, A., M.A. Kumar and P.P. Chandra, 2011. Separation of the genera in the subtribe Cassiinae 
(Leguminosae: Caesalpinioidae) using molecular markers. Acta Bot. Bras., 25( 1 ): 223-233.  

Lock, J.M., 1988. Cassia senso lat. (Leguminosae-Caesalpinioideae) in Africa. Kew Bulletin, 43: 333-342. 
Marazzi, B., K.P.  Endress, L.P. de Queiroz and E. Conti, 2006. Phylogenetic relationships within Senna 

(Leguminosae, Cassiinae) based on three chloroplast DNA regions: Patterns in the evolution of floral 
symmetry and extrafloral nectaries. Am. J. Bot., 93(2): 288-303. 

Noori, M., Dehshiri, M.M. and  M. Sharifi, 2014. Numerical taxonomy of Onobrychis Miller (Hedysareae, 
Fabaceae) from Markazi Province, Iran using pod and seed morphological characters. Int. J. of Modern 
Bot.,  4(2): 40-47. 

Polhill, R.M., 1994. Classification of the Leguminosae & Complete synopsis of legume genera. In: 
Phytochemical Dictionary of the Leguminosae: Plants and their constituents, Bisby, F.A., J. 
Buckingham and J.B. Harborne, (Eds.). Chapman & Hall, London, pp: xxxv-lvii.  

Rahman, M.O., MD. Zahidur Rahman and A. Begum, 2013. Numerical taxonomy of the genus Senna Mill. from 
Bangladesh. Bangladesh J. Plant Taxon., 20(1): 77-83 

Rahman, M.Z. and M.O.  Rahman, 2012. A morphometric analysis of Desmodium Desv. (Fabaceae) in 
Bangladesh. Bangladesh J. Bot., 41(2): 143-148. 

Randel, B.R. 1988. Revision of the Cassiinae in Australia. 1. Senna Miller Sect. Chamaefistula (Colladon) Irwin 
& Barneby. J. of the Adelaide Botanic Garden, 11: 19-49. 

Randel, B.R. 1989. Revision of the Cassiinae in Australia. 2. Senna Miller Sect. Psilorhegma (J. Vogel) Irwin & 
Barneby. J. of the Adelaide Botanic Garden, 12: 165-270. 

Randel, B.R. 1990. Revision of the Cassiinae in Australia. 1. Senna Miller Sect. Chamaefistula. J. of the 
Adelaide Botanic Garden, 13: 1-16. 

Sneath, P.H.A. and R.R. Sokal, 1973. Numerical taxonomy — the principles and practice of numerical 
classification. W. H. Freeman: San Francisco. 

Soladoye, M.O., M.A. Onakoya, E.C. Chukwuma, and M.A. Sonibare, 2010. Morphometric study of the genus 
Senna Mill. in South-western Nigeria. African J. Plant Sci., 4(3): 44-52. 

Tona, L. and K. Mesia, 2001. In vivo antimalarial activity of Cassia occidentalis, Morinda morindoides and 
Phyllanthus niruri. Ann. Trop. Med. Parasitol, 95: 47-57. 

Tripathi, V. and S. Goswami, 2011. Generic relationship among Cassia L., Senna Mill. and Chamaecrista 
Moench using RAPD markers. Int. J. Biodvers. Conserv., 3: 92-100. 

Wu, Z.Y., P.H. Raven and D.Y. Hong, 2010. Flora of China (Fabaceae). Science Press, pp: 28–33. 


	Hammer, Ø., D.A.T. Harper and P. D. Ryan, 2001. PAST: paleontological statistics software package for education and data analysis. Palaeontologia Electronica, 4(1): 9.
	Hillcoat, D., G. Lewis and B. Verdcourt, 1980. A New Species of Ceratonia (Leguminosae-Caesalpinioideae) from Arabia and the Somali Republic. Kew Bulletin, 35(2): 261-271.  



