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Abstract: Morphological characters of seeds from 23 Cassia L. sensu
lato species from Sudan were examined with the aid of Stereo
Microscope in order to clarify their taxonomic status. The seeds of all
members of the genus Senna (with the exception of S. bicapsularis) were
areolate, whereas the seeds of Cassia sensu stricto and Chamaecrista
species were not areolate and the shapes of the latter two genera were
ovate-elliptic and rhombic, respectively. The seeds are described, an
indented identification key is presented, and the unique taxonomic
position of S. bicapsularis is discussed. The results supported the division
of the genus Cassia L. sensu lato into three allied genera (Cassia sensu
stricto, Chamaecrista and Senna).

Key words: Seed morphology; Cassia; Chamaecrista; Senna; areolae;
Caesalpiniodeae.

INTRODUCTION

The genus Cassia L. {Family: Fabaceae/ Leguminosae, subfamily:
Caesalpinioideae (APG 2003)} is one of the largest genera of flowering
plants. It occurs naturally in the tropics and subtropics (Pechsri and
Boonkerd 2003). It is an important genus because of its various
economical uses, especially for medicinal purposes. The laxative
properties possessed by various species of the genus are well-known for a
long time, and it is included in several pharmacopeias and studies
(BHMA 1983). Taxonomically, some species are difficult to identify due
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to the presence of morphological complexes. Accordingly, this genus was
divided by some workers into three allied genera; namely, Cassia L.
sensu stricto, Chamaecrista Moench and Senna Miller. However, some
authors still place all species in a single genus, i.e. Cassia L. sensu lato
(Pechsri and Boonkerd 2003).

A taxonomic revision of the genus Cassia L. sensu lato in Africa was
made by Brenan (1958a, 1958b, 1967). Irwin and Barneby (1981, 1982),
working on the taxonomy of Cassia L. in America, raised the genus to the
level of sub-tribe and elevated previous subgenera to generic ranks, viz.
Senna Mill. and Chamaecrista Moench, in addition to Cassia sensu
stricto, under the tribe Cassieae Bronn ex Irwin and Barneby of
Caesalpinioideae. The previous work was based mainly on the
characteristics of the filaments and the presence or absence of bracteoles.
The concept of Irwin and Barneby (1981, 1982) has also been followed
by Lock (1988, 1989), Randell (1988, 1989, 1990) and Larsen and Hou
(1996) in their works on the revision of sub-tribe Cassiinae Irwin and
Barneby from Africa, Australia and Malaysia, respectively (Singh 2001),
where the genus Cassia sensu lato was divided into three allied genera:
Cassia sensu stricto, Chamaecrista and Senna.

Seed morphology, as a character for clarifying the taxonomic status of a
taxon, was used by many workers, such as Newell and Hymowitz (1987),
Gonzalez-Anders and Ortiz (1995) and Zhu (2007). Studies on seed
morphology of the species belonging to the family Fabaceae/
Leguminosae include those of Bhandari et al. (1985), Butler (1988) and
Kirkbride et al. (2003). In particular, studies on Cassia sensu lato seed
morphology were carried out by workers like Bragg (1985) and Bravo et
al. (1986).

In Sudan, there are 23 species belonging to the genus Cassia L. sensu
lato, 16 of which are indigenous and 7 are exotic (Andrews 1952; El
Amin 1981; Abdalla 2008). According to the latest classification of the
genus (Irwin and Barneby 1982), members of Cassia L. sensu lato in
Sudan are distributed between the following allied genera: Cassia sensu
stricto (8 species), Chamaecrista (3 species) and Senna (12 species). In a
recent taxonomic revision of the genus Cassia L. sensu lato in the Sudan
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(Abdalla 2008), various characters were examined to justify or otherwise
the division of the genus into three allied genera.

The present study aimed to use seed morphology as a primary character to
reveal the taxonomic status of the genus Cassia L. sensu lato in the Sudan
and to support or otherwise the present taxonomic treatments of the
genus. The study will also provide visual as well as descriptive
morphological data of seeds which will contribute positively to Sudanese
medicinal plants' monographs.

MATERIALS AND METHODS

Fresh plants {collected mainly from Khartoum State, west Kordofan (El
Fula and Babanosa) and Blue Nile State (Dinder)} as well as herbarium
specimens deposited at various Sudanese herbaria were used to study the
seeds of the various members of the genus Cassia L. sensu lato in the
Sudan. Fully mature seeds belonging to 23 different species (including 16
indigenous and 7 exotic) were examined. Seed morphological characters
were examined under Adac M6C-10 Stereo microscope and photographed
with Sony Cyber-shot 7.2 mega pixels digital camera attached to the same
microscope.

Herbarium specimens for each species under investigation were prepared
and deposited at the Herbarium of the Medicinal and Aromatic Plants
Research Institute, National Centre for Research, Khartoum.

RESULTS

An indented identification key was constructed, followed by a brief
description of seeds from all allied genera and species studied.

Identification key for the allied genera and species of Cassia L. sensu
lato using seed morphological characters:

A | Seeds areolate .. ... Senna
B. Seeds more or less deltoid-rhombic, areolae displaced to the hilum end
........................................................................... S. alata
BB. Seeds circular to ovate-oblong, areolae not displaced:
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C. | Seeds circular ........cccccemieniinienienieiiesicesieee S. singueana
CC | Seeds ovate-oblong:
D. Seeds reticulate-rugose:
E. | Seedsoblong........................ S. alexandrina
EE. | Seedsovate..........cccceiiiiiinininnnnnn. S. italica
DD Seeds smooth:
F. | Seeds with linear areolae ........... S. obtusifolia
FF. | Seeds with oblong areolae:

G. Seeds ovate-suborbicular:

H. | Testae minutely pimpled; areolae c. 2.5
x1.5mm................ S. occidentalis

HH | Testae smooth:

L. Areolacc. 1.5x 1mm.........
......... S. sp. aff. occidentalis

I Areolae c. 4-5 x 2.5 mm......
..................... S. petersiana

GG Seeds oblong:

J. Seeds truncate at both ends . S. siamea

JJ. | Seeds apiculate at hilum end:

K. Seeds tomentose; arcolae small
(less than 1 x 0.3 mm), situated
below the middle on both faces
................ S. holosericea

KK Seeds glabrous; areolae

relatively large (greater than 2.4
x 1 mm), situated on the middle
of both faces:
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LL

cConvex:

Seeds' bases rounded,
margins more or less

M.

Seeds' apices
abruptly
narrowed
towards hilum

...S. auriculata

MM

Seeds' apices
gradually
narrowed
towards hilum

AA

Seed

s not areolate:

Seeds ovate-elliptic, globular or compressed

0. Seeds embedded in pulp

00

Seeds not embedded in pulp:
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P. | Seeds globular not compressed:
Q. Seeds smooth ..............cccceiiiiiiiin.nn. C. fistula
QQ Seeds with slight reticulate cracking:
R. Seeds biconcave to plano- or concavo-
COMVEX 1uvurinrinrannannaneannanennn, C. grandis
RR. | Seeds ellipsoid or ovoid-ellipsoid:
S. Seeds broadly ovate, 5-7 x 4-6 x 3-4
mm....... C. javanica subsp. nodosa
SS. | Seeds ellipsoid or ovoid-ellipsoid, 8-9
x4.5-7x2.5-4mm ... C. sieberiana
PP | Seeds compressed:
T. | Seeds ovoid or obovoid, slightly compressed:
U. Seeds ovoid ........ccveiiiinn... C. arereh
UU. | Seeds obovoid ............cenenee... C. mannii
TT | Seeds elliptic to sub-reniform, clearly compressed

Senna bicapsularis
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Seeds rhombic or sub-rhombic, clearly compressed ....Chamaecrista

V. Seeds with faint dots on both surfaces, black glossy
vvveeenennes C. absus

VV | Seeds smooth, brown:

W. Seeds rhombic or oblong, 2-3 x 1-2 mm

....................................... C. mimosoides

WW. | Seeds obovate or rhombic, 2.5-4 x 1.5-2.5 mm

......................................... C. nigricans

A brief description of the seed morphology of Cassia L. sensu lato
species in the Sudan

1- Cassia arereh Del.: Seed ovoid, slightly compressed, ¢. 10 x 7 mm,
brown, without areole.
2- C. fistula L.: Seed ovate, 8-10 x 6-8 mm, with a shallow longitudinal
depression on both faces, glossy brown, smooth, without areole.
3- C. grandis L.f.: Seed elliptic, biconcave to plano- or concavo-convex,
7- 15 x 5-10 mm, reticulately veined, smooth, brown, without areole.
4- C. javanica L. subsp. nodosa (Roxb.) K. & S. Larsen: Seed broadly
ovate, 5-7 x 4-6 x 3-4 mm, with a shallow longitudinal depression on
both faces, glossy brown, with slight reticulate cracking, without areole.
5- C. mannii Oliv.: Seeds flattened, obovoid, compressed, 9-10 x 6 x 3-4
mm, brown, transversely cracked.
6- C. sieberiana DC.: Seed ellipsoid or ovoid-ellipsoid, 8-9 x 4.5-7.0 x
2.5- 4.0 mm, brown, smooth with slight reticulate cracking, without
areole.

7- C. thyrsoidea Brenan: Seeds embedded in pulp, ovate-elliptic, 6-7 x 5- 6
mm, brown.

8- Chamaecrista absus (L.) Irwin & Barneby: Seed sub-rhombic,

flattish, 4.0-5.5 x 3.5-4.5 mm, with faint dots on both surfaces, black,
glossy, without areole.

9- C. mimosoides (L.) Greene: Seed rhombic or oblong, narrowed at
hilum end, 2-3 x 1-2 mm, brown, without areole.
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10- C. nigricans (Vahl) Greene: Seed obovate or rhombic, narrowed at
hilum end, 2.5-4.0 x 1.5-2.5 mm, brown, without areole.

11- Senna alata (L.) Roxb.: Seed flattened, more or less deltoid-rhombic,
acuminate at the hilum end, with a longitudinal ridge along each face,

4-8 x 2-5 x 1.0-2.5 mm, areole 2-3 mm long, displaced on the edge
near the hilum.

12- S. alexandrina Mill.: Seed more or less compressed, oblong,
apiculate near hilum, 5-7 x 3.5-4.0 x 1.5-2.0 mm, reticulate or rugose,
with a small areole; 1-2 x 0.5-0.7 mm, on each face.

13- 8. auriculata (L.) Roxb.: Seed compressed, ovate-oblong, 4-9 x 3-5
mm, purplish-brown, with a distinct areole; 3.0 x 0.5 mm, on each
face.

14- S. bicapsularis (L.) Roxb.: Seeds many, olive brown, compressed,
elliptic to subreniform, 5-6 x 3.5-4.5 mm; areole absent.

15- 8. didymobotrya (Fresen.) Irwin & Barneby: Seed more or less
compressed, oblong, apiculate at hilum end, 8-9 x 4-5 x 2-3 mm, with
an oblong areole; 4.0 x 1.5 mm, in centre of each face.

16- S. holosericea (Fresen.) Greuter: Seeds 5.0-5.5 x 3-4 mm, obovate-
oblong, emarginated at broader end, narrowed towards hilum, smooth,
tomentose, grey-white; areole c. 0.7 x 0.2 mm, oblong, situated below
the middle on both faces.

17- 8. italica Mill.: Seed more or less compressed, ovate, apiculate near
hilum, 5-7 x 2-4 x 1.0-1.25 mm, reticulate-rugose, with a small

18- S. obtusifolia (L.) Irwin & Barneby: Seed more or less rhombic or
ovoid, 4.5-6.5 x 2-4 mm, brown; areole linear, very narrow, 3.0-4.5 x
0.3-0.5 mm.

19a- S. occidentalis (L.) Link: Seed compressed, ovate-suborbicular, 4-5

x 3.5-4.5 mm, grey-brown; testa minutely pimpled, with an elliptic
areole; 2.5 x 1.5 mm, on each face.

19b- S. sp. aff. occidentalis: Seed slightly compressed, ovate-

suborbicular, sometimes triangular, 3.0-3.5 x 2.5-3.0 mm, grey-
brown; testa smooth, with an elliptic areole; 1.5 x 1.0 mm, on each
face.
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20- S. petersiana (Bolle) Lock: Seeds many, somewhat compressed,
ovoid or suborbicular, 5-7 x 4-6 mm, brown, with an olive areole
coloured, c. 4-5 x 2.5 mm on each face or marginal.

21- 8. siamea (Lam.) Irwin & Barneby: Seed oblong, flat, truncate at
both ends, 7-10 x 4-6 mm, light brown; areole elliptic, 2-3 mm long.

22- 8. singueana (Del.) Lock: Seed circular and flattened when mature
and irregular in shape when immature, 4-6 mm in diameter, dull
brown, with a small areole; 2.0-2.5 x 1.0-1.5 mm, on each face.

23- §. surattensis (Burm.f.) Irwin & Barneby: Seed oblong, narrowed

towards the hilum, 5-7 x 2.5-4.0 x 1.0-1.5 mm, shiny black; areole
oblong, 2.5-4.0 x 1.0-1.6 mm, in centre of each face.

- Cassia fistula 2- C. orandis

4- C. sieberiana

3- C. iavanica subsn. nodosa

Fig.1. Seed morphology of some Cassia L. sensu stricto
species in the Sudan
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1- Chamaecrista absus 2- C. mimosoides

3- C. nioricans

Fig.2. Seed morphology of Chamaecrista species in the Sudan
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i

1- Senna alata 2- 8. alexandrina

3- S. auriculata

4- S. holosericea 5- 8. italica

6- S. obtusifolia

i

7- S. surattensis

8- S. occidentalis

i

I P

9- 8. so. aff. occidentalis

Fig.3. Seed morphology of some Senna species in the Sudan
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DISCUSSION

The present study on the seed morphology of various members of the
genus Cassia L. sensu lato in the Sudan supported the latest taxonomic
treatment of the genus which was made by Irwin and Barneby (1982). On
the basis of seed morphology, members of Cassia sensu lato were divided
into three main groups coinciding with three allied genera; namely,
Cassia sensu stricto, Chamaecrista and Senna. Among the various
features of seed morphology, the presence/ absence of areolac was
considered an important primary diagnostic character to distinguish
between the allied genera of the genus Cassia L. sensu lato. Areolate
pattern, as a unique seed morphological character, was previously used by
Siddiqui (1993) and Sebastian et al. (2002) to distinguish between two
groups within the genus Euphrasia L. (Scrophulariaceae) and to identify
different clones of Hevea brasiliensis Muell. Arg. (Euphorbiaceae),
respectively. Other morphological characters used to distinguish the
species were seed shape, texture and colour.

In the material examined, the presence of areolae was not clearly
recognized in all members of the genera Cassia sensu stricto and
Chamaecrista, whereas it was quite distinct in the genus Senna (with the
exception of S. bicapsularis). Using only seed morphological characters,
it seems that the latter species (S. bicapsularis) is more related to the
genera Cassia sensu stricto and Chamaecrista than to members of its own
genus. Further studies on S. bicapsularis are needed to elucidate its
affinity within the genus Cassia sensu lato.

REFERENCES
Abdalla, W.E. (2008). Taxonomical Revision of the Genus Cassia L.
sensu lato in the Sudan. Ph.D. thesis. Sudan Academy of

Sciences, Khartoum, Sudan.

Andrews, F.W. (1952). Flowering Plants of the Anglo-Egyptian Sudan,
Vol. 2, 107-248. T. Buncle and Co., Ltd., Arbroath, U.K.

232



Wail E. Abdalla et al.

APG (2003). An update of the angiosperm phylogeny group (APG)
classification for the orders and families of flowering plants:
APG 1I. Botanical Journal of the Linnean Society 141, 399-
436.

Bhandari, M.M.; Gehlot, M.S. and Anand, S.K. (1985). Identification of
Indian desert species of Tephrosia (Linn.) Pers. by seed
characters. Journal of Plant Anatomy and Morphology 2(2),
41-50.

BHMA (1983). British Herbal Pharmacopoeia. British Herbal Medicine
Association (BHMA), Bournemouth, U.K.

Bragg, L.H. (1985).Testa characteristics of selected Cassia
(Leguminosae) species. American Journal of Botany 72(6),
808.

Bravo, L.D.; Agullo, M.A. and Palacios, R.A. (1986). Additional notes on
Senna crassiramea, S. rigidicaulis and seeds of series
Aphyllae (Caesalpiniaceae). Brittonia 83, 269-272.

Brenan, J.P.M. (1958a). A cultivated species of Cassia allied to C.
javanica. Kew Bulletin 13, 180.

Brenan, J.P.M. (1958b). New and noteworthy Cassia from tropical
Africa. Kew Bulletin 13, 231-252.

Brenan, J.P.M. (1967). Leguminosae, subfamily Caesalpinioideae. In:
Flora of Tropical East Africa, pp. 1-103. E. Milne-Redhead
and R.M. Polhill (Edts.). Crown Agents for Overseas
Governments and Administrations, U.K.

Butler, E.A. (1988). The SEM and seed identification, with particular
reference to the Vicieae. In: Scanning Electron Microscopy in
Archeology, pp. 215-224. S.L. Olsen (Edt.). BAR International
Series 452, Oxford, U.K.

233



Seed Morphology of Cassia L. sensu lato in the Sudan

El Amin, HM. (1981). Trees and Shrubs of the Sudan. Ph.D. thesis,
Faculty of Science, University of Khartoum, Khartoum,
Sudan.

Gonzalez-Anders, F.and Ortiz, J.M. (1995). Seed morphology of
Cytisophyllum,  Cytisus, Chamaecytisus and  Genista

(Fabaceae: Genisteae) species for characterization. Seed
Science and Technology 23(2), 289-300.

Irwin, H.S. and Barneby, R.C. (1981). Tribe Cassicaec Bronn. In:
Advances in Legume Systematic, pp. 97-106. R.M. Polhill and
P.H. Raven (Edts.). Royal Botanic Gardens, Kew, U.K.

Irwin, H.S. and Barneby, R.C. (1982). The American Cassiinae - A
synoptical revision of Leguminosae, tribe Cassieae, subtribe

Cassiinae in the New World. Memorial New York Botanical
Garden 35, 1-918.

Kirkbride, J.H.; Gunn, C.R. and Weitzman, A.L. (2003). Fruits and seeds
of genera in the subfamily Faboideae (Fabaceae). United

States Department of Agriculture, Technical Bulletin No.
1890.

Larsen, K. and Hou, D. (1996). Caesalpiniaceae, In: Flora Malesiana
12(2): 556-570, 673-691. D. Hou, K. Larsen, S.S. Larsen, J.E.
Laferriere and B.E.E. Duyfjes (Edts.). Foundation of Flora
Malesiana, Netherlands.

Lock, J.M. (1988). Cassia sensu lato (Leguminosae-Caesalpinioideae) in
Africa. Kew Bulletin 43(2), 333-342.

Lock, J.M. (1989). Legumes of Africa, A Check-list. Royal Botanic
Gardens, Kew, London, U.K.

Newell, C.A. and Hymowitz, T. (1987). Seed coat variation in Glycine
Willd. subgenus Glycine (Leguminosae) by SEM. Brittonia
30, 76-88.

234



Wail E. Abdalla et al.

Pechsri, S. and Boonkerd, T. (2003). Numerical taxonomy of Cassia L.
sensu lato in Thailand. The Thailand Research in Biodiversity
(BRT) (2546), 77-87.

Randell, B.R. (1988). Revision of the Cassiinae in Australia. 1. Senna
Miller sect. Chamaefistula (Collad.) Irwin and Barneby.
Journal of Adelaide Botanical Garden 11 (1), 19-49.

Randell, B.R. (1989). Revision of the Cassiinae in Australia. 2. Senna
Miller sect. Psilorhegma (J. Vogel) Irwin and Barneby.
Journal of Adelaide Botanical Garden 12 (2), 165-170.

Randell, B.R. (1990). Revision of the Cassiinae in Australia. 3. Senna
Miller sect. Senna. Journal of Adelaide Botanical Garden 13,
1-16.

Sebastian, T.; Saraswathyamma, C.K. and Thomas, V. (2002).
Morphological studies on seed coat of certain clones of Hevea
brasiliensis Muell. Arg. using SEM. Indian Journal of Natural
Rubber Research 15(1), 40-43.

Siddiqui, T.H. (1993). Taxonomic Studies of Genus Euphrasia L. from
Pakistan and Adjoining Areas. Ph.D. thesis. University of
Karachi, Pakistan.

Singh, V. (2001). Monograph on Indian Subtribe Cassiinae
(Caesalpiniaceae). Scientific Publishers, Jodhpur, India.

Zhu, X.(2007). Pollen and seed morphology of Gueldenstaedtia and
Tibetia (Leguminosae) - with a special reference to the
taxonomic significance. Nordic Journal of Botany 23(3), 373-
384.

235



£2010 ¢ 33al — i Gal8l slaal) el ;31 shall oyl 30 Gl s

Cassia L. sensu lato bS53 5 alal) JS)
G g gﬁ

Ll oy cudall Jlaa 5 dbl e abial) il
A Sl s 5 Phaes sl Jlall ae

i gagll a il 38 pall g phaal) g Aplal) L Glagl agaa
2 gaad) = gha A

G e g 5323 sl Aalg sl cliall Gy Gl Ja g
Ay amaa jee pldiuly gl S Cassia L. sensu lato '\
Senna b (sin 8 S j5h Gsda) | Avall Laiag i)
i) oy g et al lain e ddla e (S bicapsularis ¢Eub)
Y e Cassia sensu stricto WS s Chamaecrista G S8
ey alla) - sban G oY) Cpdall Hghy JISET sl i
st LS e et gl dae s Lyl cimy i sl ol
aitl Ll Syl S bicapsularis g s edl) Giviaill aca )
(Cassia s e pial 336 ) Cassia sensu lato bs\Sll Luia

. sensu stricto, Chamaecrista and Senna)

203 gl gy jal) ASlaal) 53y 5 capeadl) daala —laY) 5 o slall A0S
Ol sl - ey al sk Al Arala Ay il 482

236



