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The occurrence of Eleusine africana Kennedy O'Byrne in India and its
significance in the origin of Eleusine coracana
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Abstraet. Thisstudy reports the occurrenceof Eleusine africana Kennedy O'Byrne for the
first time in India. This wild taxon is believed to be the putative parent of the cultivar
Eleusine coracana (L.) Gaertn. Eleusine africana has been repeatedlyconsidered by earlier
workers to be non-existent in India. Its identity has been established by morphological,
cytological,statistical and scanning electron microscopicstudies. The discoveryof Eleusine
africana has led to va¡
possibititiesregarding the ofigin of Eleusine coracana.
Keywords. Eleusine; crop; origin.
1.

Introduction

The small genus Eleusine has 9 species (viz E. indica, E. africana, E. coracana,
E. multiflora, E. tristachya, E. floccifolia, E. compressa, E. reniformis and E. jaegeri)
which are annuals or perennials (Anonymous 1952; Philips 1972). Out of these, 5
occur in the tropical and warm temperate regions of India, and only E. coracana is
cultivated as an important food crop. It has been considered that E. coracana
originated in Africa (Mehra 1963a). The wild species, E. indica or E. africana are
thought to be the immediate progenitor of E. coracana. E. africana has also been
reported to grow as a weed in the cultivation of E. coracana, especially in Uganda
(Mehra 1963b). Earlier E. africana was considered to be a tetraploid form of E. indica.
Kennedy O'Byrne (1957) separated this taxon from E. indica and raised it to a specific
rank. This has been supported by Chennaveeraiah and Hiremath (1974). However,
Philips (1972) considered these two wild species as subspecies of E. coracana, because
the morphological characters are not suffŸ
to justify their specific ranks.
Different views exist about the origin of E. coracana such as DeCandolle (1886)
indicated that it originated in India, and Burkill (1935) suggested that this species is a
cultigen of the wild species E. indica and its early selection by man took place first in
India. Mehra (1963a) mentioned that E. coracana originated in Africa, while Chandola
(1959) pointed out that it o¡
in India. Hilu and Wet (1976) and Hilu et al
(1979) considered it to be of African origin. These unsettled views about the origin of
E. coracana prompted us to investigate the origin and domestication of E. coracana
with the discovery of E. africana in India. Furthermore, an attempt has been made to
settle whether E. coracana originated in Africa or in India.
2.

Materials and methods

The samples examined are from different geographical regions (table 1). The study
mainly for
on seeds and plants of the 3 related species, E. indica, E. africana and
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Table 1. The geographical locations of Eleusine species examined in
this study (all collectionsare available at BSIP herbarium).
Eleusine

species

E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. coracana
E. cora.cana
E. africana
E. africana
E. africana
E. indica
E. indica
E. indica
E. indica

Details
Coll. no. 28, Dharwar, Karnataka, India
Coll. no. 39, Birur, Karnataka, India
CoI1.no. 222, Orissa, India
Coll. no. 28, Kalimpong, Darjeeling, India
CoU. no. 307, Lindok, Sikkim, India
Coll. no. 330, Ethiopia
Coll. no. 321, Uganda
Coll. no. 328, Ethiopia
African coU.(Kew Herb.)
CoU. no. 350, IARI, Delhi, India
Garhwal, India
Calcutta, India
VR 250-6 (Simhadri) Vizainagaram, India
VZM-2, Vizainagaram, India
VZM-1, Vizainagaram, India
Sarada (AKP-7), India
AKP-2, India
Godavari, (PR 202), India
Coll. no. 399, India
Itarsi, India
Kew Hrb. England
Itarsi, India
Garhwal, India
Calcutta, India
Lucknow, India

E. coracana. The diagnostic characters of these were analyzed on morphological,
cytological, statistical and SEM of the seeds, and for the other species it was established on the basis of morphological studies only as these showed sharp contrasting
characters among them (Dixit n› Sharma 1983).

3.

Results

Description of seeds and plants of E. indica, E. africana and E. coracana are given
below:
(i) E. indica (L.) Gaertn. (figure 1): Seeds narrowly oblong, obtusely trigonous;
0.9-1"5 x0.6--1.1 mm, rugose ornamentation pattern on the seed coat, obliquely
striated with 16-20 protruded striations extending from the embryo over the entire
grain surface, space between the striations filled with 2-4 small granules fused along
the margins forming horizontal rows.
Morphological characteristics of seeds of all the 4 collections are identical (table 1).
The plants examined are non-robust, spikes narrow slender arranged in digitate
inflorescence (figure 7). A diploid species (2n = 18) characterized by shattering habit.
(ii) E. africana Kennedy O'Byrne (figures 2 and 3): Seeds broadly oblong; 1.1-1.7 x
0-8-1.2 mm; rugose ornamentation pattern on the seed coat; 6-8 oblique striations
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Figures I-6. Scanning electron micrographs of 3 species of Eleusine showing rugose ornamentation pattern on the seed surface. 1. E. imlica showing oblique stri•tions ([tarsi). 2.
E. ali'icana showing 6 or more striations (ltarsi}. 3. E. ql?icana (Africn}. 4. E. corucana
category 1 seed. 5. E. coracana category II seed. 6. E. coracane, catcgory 111 seed.
discernible on the seed surface with densely s t u d d e d a n d p r o t r u d c d g r a n u l e s a r r a n ged irregutarly, granules not fusing as in E, indica. T h e 3 collections e x a m i n e d (table
1) d o not reveal any significant m o r p h o t o g i c a l differences as to c a t e g o r i z e them
separately. However, size variation has been o b s e r v e d in the col[ections which
a t t r i b u t e s to their g e o g r a p h i c a l origin.
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Figures7-8. 7. PlantofE. indica (Itarsi). 8. Plantof E. coracana (Garhwal).
E. aJ'ricamt is a robust plant with digitate inflorescence, spikes erect 2-3 in number
(figure 9), measuring in length upto 18-35 cm. It is a tetraploid (2n=36) and the
immediate progenitor of E. coracana, having the same number of chromosome and
being genetically compatible (Mehra 1963c). To confirm the ploidy of E. africana, its
seeds were raiscd and from their floral buds ir was confirmed to be tetraploid
(2n = 36) as E. a/i'icana. The raised plants were found to be exactly similar to the
parent plant (figure 10).
The phmts of E. ~~'icam~ were found between Hoshangabad and Betul region in
Madhya Pradesh (22" 36' N, 77 ~~"53' W). The region is shown in the rectangle (figure
11). The forest area along this region is dry deciduous dominated by TectonaTerminalia.
The plants were first discovered in the months of July-August 1981, when we were
collecting the ethnobotanical information about the wild seeds and fruits consumed
by the tribes (Gonds and Baigas) inhabiting the region around Itarsi, MP. About 150
plants were collected and brought to the laboratory for identification. The identity of
plants was also confirmed by Kew Herbarium, England, UK. In July-August 1982 a
second plant collection trip was organised to cover the land area around Tawa
(figure 11). E. qt¡
plants are found growing along the roadsides, railway tracks
and also in the lawns growing with the other common lawn grasses. The plants of
E. c~'icana are annuals, and grow under warm conditions. It flowers in the warm
months and becomes dry before thc arrival of winter.

(iii) E. coracana (L.) Gaertn. (figures 4-6): Narrow-broadly oblong, subglobose to

Occurrence of Eleusine africana in India

,,..

":.

a.....

9

g,.

r

'/~{*

/"

9

Figures 9-10. q. Plant of E. al~'icana (Itarsi). 10. Plant of E. africana raised from the
seeds of E. al~'icana (ltarsi), with 12n = 36) chromosome number.

globose seeds; rugose orrmmentation pattern on the seed coat. A considerable variability has been observed in the seeds of the plants co•lected from different geographical regions (table 1). This resulted in the categorisation of E. coracana seeds on
the basis of dimensions (length x breadth), shape and ornamentation pattern (table 2).
Category I (figure 4): Seeds narrow to broadly oblong; 1.0-1.8 x0.7-1.7 mm,
flattened and trigonous. Ornamentation pattern rugose with 4-6 or more striations
prominent in the smaller seeds than the larger ones. The space between the striations
is filled with protruded granules arranged more or less in horizontal or vertical rows.
Granules not fused. The pattern compares with that of E. ~~'icana.
Category II (figure 5): Grains sub-globose; 1.0-1.5 mm; ornamentation pattern
rugose with less marked striations than in category I; granules suppressed and
scattered. Majority of the seeds of E. coracana fall in this category.
Category III (figure 6): Seeds more or less globose; t-5-2.0 mm, pattern rugose;
granules suppressed and fused.
The percentage of each category was calculated (table 2). Seeds falling under
category I are about 18-20~o, under II are 50-60~ and under III are 35-40~,
irrespective of their geographical locations. However, in few collections categories I
and III were absent.
The plants of E. coracana are variable, robust with digitate inflorescence (figure 8).
The Metroglyph graph (Anderson 1957) shows the character association pattern in
the seeds demonstrating interrelationship between several variables (figure 12). AII 13
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Figure 1 I,

Localion map of lndm sho~~ing the atea of E, q/ricana collection.

plotted glyphs represent different plants. The characters ate represented by rays,
short, medit, m and a Iong ray represents the Ÿ237 of the character. The left and
the right rays represent the shape and ornamentation pattern of the grain.
Group I has seeds of two collections of E. indica with prominent rugose ornamentation pattern and narrow to broadly oblong seeds. The I1 group consists of
E. coracana and shows variations in the dimensions of the seeds andas stated earlier
comprises of 3 categories. Category I occupies a wider range whereas the other two
have localized ranges. Group fil consists of E. africana showing oblong shape and
rugoso ornamentation pattern.
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Table 2. Dimensions of modern E. coracana seeds in mm (based on
60-150 seeds) with the percentages of 3 categories from different geographical locations (L = length; B = breadth).
Geographical
location

Cat. I

Cat. It Cat. III
DiameterDiameter

L

B

Kalimpong,
Darjeeling

1.1-1-8

0-9-1.5

1.3-1-5

Dharwar,
Karnataka

1.0-1-6

0-9-1'5

Birur,
Karnataka

1.0-1.4

Orissa

1'1-1-8

I

1][

III

1.5-1.8

32

49

19

1.1-1-5

1.5-2.0

13

37

50

0-9-1"3

1.1-1.5

I'5-2.0

13

27

60

1.0-1-6

1.1-1.5

1'5-2.0

16

27

57

1.0-1,5

1.5-2.0

91

9

1'5-1.9

17

45

38

33

67

Sikkim
I.A,R.I,
Delhi

1"3-1.8

1-0-1-7

1,3-1.7

Pretoria
herb.

1"0-1.2

0,7-0.9

1,0-1.4
1-1-1.5

1"5-2'0

1"0-1-5 0-9-1.3

1.1-1.3

1'5-1.8

Uganda
Ethiopia

Percentages

8

43

57

68

24

Table 3, Comparative account of the characters of (i) putative parent
and (ii) E. africana (Itarsi collection).
Characters

Putative parent

E. africana (Itarsi)

Habit
Plant height
Nodes
Leaves

Tufted
10-45 cm
Several
Glabrous, closely
ribbed
Linear, apex acute
30 cm x 1-5 mm
Digitate to
subdigitate, 10 cm
long
2-7, erect
4-7 cm x 1-3 mm
2.5-4.5 x 1-2 mm,
closely imbricate,
orate
2.5-3.0 mm
2-3.5 mm
I or more
Oblong
0.75 • 0.5 mm

Tufted
13-35 cm
2-4
Glabrous, closely
ribbed
Linear, apex acute
22-30 cm • 1-6 mm
Digitate to
subdigitate,
3.0-10.0 cm long
2-3, erect
3-9.5 cm x 3-6 mm
4.5-5.0 x 2-2.5 mm
closely imbricate,
ovate
2-4 mm
3-4 mm
2-3 nerved
Oblong
1-1.7 • 0'8-1.2 mm

Blades
Rachis width
lnflorescence

Spike no.
Spike L • B
Spikelets

Lower gtume
Lemma length
Nervation
Seed shape
Seed dimension

T h e ligule s t u d y i n d i c a t e d d i f f e r e n c e s in all t h e 3 I n d i a n Eleusine s p e c i e s e x a m i n e d
(figure 13). E. indica h a s a c o n t i n u o u s n a r r o w b a n d like s t r u c t u r e , o n e e n d s m o o t h
a n d c o m p l e t e a n d t h e o t h e r e n d u n e v e n l y d i s s e c t e d . E. africana h a s a m e m b r a n o u s
b a n d w i t h n u m e r o u s h a i r Iike s t r u c t u r e s w h i l s t E. coracana h a s fine s m a | [ h a i r like
structures present uniformly on the thin membranous band.
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Figure 12. Metroglyph analysis of seeds of Eleusine species showing the character association pattern.

+r 44 __;91
1

E.INDICA

2

E.CORACANA

3

E.AFRICANA

Figure 13. Ligule of 3 Eh, u~ine species.

A comparative morphological study was also carried out and the characters
compared with the considered putative parent (Mehra 1963c). This shows resemblance between the putative parent and that of E. africana.
4.

Discussion and conclusions

The metroglyph graph analysis suggests that the plants of E. africana discovered from
ltarsi rcgion (MP; figure li) rail in the group of E. @'icana collectcd from elsewherc
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(table 1). The species shows the same set of characters as of E. africana, thus confirming its identity. The study also suggests that E. indica and E. africana should be
treated as species of Eleusine as they show sharp contrasting morphological characters and supports the views of Kennedy O'Byrne (1957) and Chennaveeraiah and
Hiremath (1974).
The ligule study also showed difference in E. indica from E. africana and E. coracana,
but indicated similarity between the latter two. This suggests that E. africana has
been involved in the origin and domestication of E. coracana. Our findings support
the scheme proposed by Chennaveeraiah and Hiremath (1974) that E. indica has not
been involved in the origin and evolution of E. coracana or in the origin of the
immediate ancestor of E. africana. The cytological study confirmed that the discovered plants were tetraploids (2n = 36) and had resemblance with the so considered
putative parent. The absence of E. africana from India and its profuse occurrence in
Africa, that E. africana originated in Africa and was introduced subsequently in
india, are the main reasons for considering Africa as the home for its origin (Hilu and
Wet 1976). It is therefore believed that it was domesticated in Africa, if and when is
still not known with certainty, but probably around 3000 years BC the cereal was
introduced into India (Harlan 1977; Davies and Gray 1977). Since the African dates
are questionable (Hilu et al 1979), it is difficult to predict with certainty about the
African records. The discovery of E. africana in India is indeed important in this
regard. It seems not to have localized in the region of its discovery but tetraploid
forms have been reported from South India (Chennaveeraiah M S, unpublished
results).
The antiquity of E. coracana is well established in India and dates to 1800 BC at
Hallur (Vishnu-Mittre 1974, 1977). At the present state of knowledge this is the
oldest record for E. coracana from India. This has led to various possibilities: (i)
Although Hilu et al (1979) suggested that India can be a secondary centre for the
origin of E. coracana, we think that the lack of consistent dates from Africa do not
fully support their theory, (ii) our study supports the views proposed by DeCandolle
(1886) and Burkill (1935) that E. coracana originated in India, and (iii) it may also be
of interest to draw attention to the views of Vavilov (1951) who considered India as
one of the centres for the origin of E. coracana,
Pennisetum typhoides and Sorghum reached India at later dates not earlier than 2000
years ago (Davies and Gray 1977), but the lndian record of E. coracana predates all
the African records. Indeed further work is required to provide additional evidence
to support our theory.
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