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Achene anatomical studies in subtribes Melampodiinae, Zinniinae and Ecliptinae showed a basic pattern of seed coat and pericarp
hund ltff a |'0D' Hh "  fT 1" nae iS characterised by the Presence of a single-layered epidermis, a 2 layered hypodermis, and fibre
frorn other 0W " T  parenchyma Cell of the seed coat show fibrous thickenings. Potymma of subtribe Melainopodiinae, however, differs
M » l !  I Til" ‘he presence of 2-4 layered hypodermis, continuous fibre zone and absence of fibrous thickening in the seed coat cells

r e a f̂ ‘,ptinaeSh0W S,r0ng Similarity in pericarp and seed coat differentiation. The two subtribes differ fromeachotherm the presence orabsenceoffibrous thickenings in the seed coat cells. In Zinniinae thickening is absent whileinEcliptinaeitis present. 
Key W ords : Ecliptinae, Melampodiinae, Zinniinae, Seed coat, pericarp.

Tribe Heliantheae is one of the largest and mor
phologically most diverse tribe of the Compositae. 
Heliantheae has received considerable attention of
embryologists butstructrual anatomy of seed coat and
pericarp has been studied only in limited taxa 
(Pandey, 1976; Maheswari Devi & Ranjalkar, 1980; 
Saenz, 1981; Pandey & Singh 1982; Pandey et al, 
1986; Pandey and Kumari, 1987; Pandey & Jha, 
1992). subtribal grouping of taxa within Helian
theae has received attention of several systematists. 
Stuessy (1977) recognised 15 subtribes, but Robin
son (1981) transferred a numberof taxa recognised by 
stuessy to different subtribes and also created mono
generic subtribes. This resulted in recognition of 35 
subtribes. Robinson’s classification ofHeliantheae is 
mainly based on achene morphological characters. To 
ascertain the systematic position of various taxa 
within subtribes Melampodiinae, Zinniinae and Eclipti
nae the present work has been undertaken on 11 genera 
belonging to these three subtribes.
m a t e r ia l s  a n d  m e t h o d s

Meterials for the present study were obtained from 
the Seed Herbarium of the National Botanical Re
search Institute, Lucknow and the Herbarium of the 
Ohio State University, Columbus.

Mature achenes were kept in 70% ethanol for 
a week. Customary methods of dehydration in Terti- 
ary-Butyl-alcohol series and embedding in paraffin 
wax were followed. Microtome sections cut between 
12-20 ^m  thickness were stained in safranin- fast 
green combination. Mature seed-coat were dissected
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out from the achenes and were studied for thickening 
pattern.
OBSERVATIONS
MELAMPODIINAE

Pericarp: Anatomically, the mature paricarps of 
Acanthospermum hispidum, Melampodium america- 
num. M. bibracteatum, M. cupulatum, M. divaricula- 
tum, M. glabrum, M. longifolium, M. longipes, M. 
leucanthum, M. nutans, M. perfoliatum, Polymnia 
canadensis and Sigesbeckia jorullensis are distin
guishable into five distinct zones: epidermis, hypo
dermis, phytomelanin layer, fibre zone and parenchy
matous zone. The epidermis is single- layered and 
composed of thin-walled parenchymatous cells. The 
epidermis is followed by a hypodermis which is two- 
layered in Acanthospermum, Melamampodium and 
sigesbeckia, but becomes 2-4 layers thick in Polymnia 
(Fig. 1A B, C). In all genera the hypodermis is com
posed of large slightly radially elongated cells. The 
hypodermis is followed by a phytomelanin layer. In 
Achanthospermum, Melampodium and Sigesbeckia 
the phytomelanin layer in discontinuous due to pres
ence of parenchymatous ray like, uniseriately 
arranged cells, but in Polymnia the phytomelanin 
layer is continuous. Below the phytomelanin layer a 
fibre zone is present which is composed of thick 
walled fibres. The fibre zone is continuous in Polymnia 
(Fig IB) but is discontinuous in Acanthospermum 
(Fig. 1A), Melampodium and Sigesbeckia (Fig. 1C) 
forming fibre bundles. These bundles are separated 
fromone another by bands of parenchymatous ray-like
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Table 1: 
Taxon

Comparison o f pericarp and seed coat anatomy
Pericarp Seed coat

Acanthospermum
Melampodium
Polymnia
Sigesbeckia
Heliopsis
Zinnia
Aspilia
Blainvellia
Eclipta
Melanthera
Wedelia

Hypodermis 
(no. of 
layers)

2 
2
2-4 
2
4*6 1
multi 
4-6 
multi 
multi 
multi

Phytomelanin Fibre 
layer zone

discont.
discont.
cont.
discont.
cont.
cont.
cont.
cont.
cont.
cont.
cont.

discont.
discont.
cont.
discont.
cont.
cont.
cont.
cont.
cont.
cont.
cont.

Parenchy
matous
layer

4-8 
2-4 
2-4 
4-8

No. of 
layers

Thickening
(+/-)

1-2

2-4
2-4
2-4
2-4
111111
1

++

+++++
(discont: discontinuous, cont.: continuous,-: absent, +  : present)

cells which connect hypodermal cells towards outer 
and inner  parenchymatous zone towards inner side.
The innermost zone is composed of 2-8 layers of par
enchymatous cells (Table 1).
Seed coa t:

The mature seed coat is represented by 2-4 layers 
of cells. The epidermis of the seed coat is the most 
prominent layer. In surface view,the cells of the seed 
coat show fibrous thickening in Acanthospermum, 
Melampodium and Sigesbeckia (Fig 2A). Thicken
ings are, however, absent in the seed coat cells of
Polymnia (Fig. 2B).
ZINNI1NAE

Pericarp : The mature pericarps of Heliopsis 
scabra and Zinnia peruviana are distinguishable 
into four distinct zones: epidermis, hypodermis, 
phytomelanin layer and fibre zone (Fig. ID). The 
epidermis is single-layered and composed of small 
parenchymatous cells. The underlying hypodermis is 
single-layered in Zinnia, but is 4-6 layers thick in 
Heliopsis (Fig. ID). The hypodermis is followed by 
a continuous phytomelanin layer which is undrerlain 
by continuous fibre zone composed of 2-3 layers of 
thick-walled cells.

Seed coat: The mature seed coat is composed of 
2-3 layers of thin-walled cells. The cells of the seed 
coat in the two genera studied do not show any type
of thickening (Fig. ID).
ECLIPTINAE

Pericarp: The pericarp anatomy of four genera

viz., Aspilia silphioides, Blainvellia biaristata, Eclipta 
prostata and Wedelia glauca show similar pattern of 
pericarp differentiation. The mature pericarp is dis
tinguishable into four zones : epidermis, hypodermis, 
phytomelanin layer and fibre zone (Fig. IE, G). In 
Melanthera latifolia, however, parenchymatous zone, 
present below the fibre z o n e ,  was also observed (Fig.
IF). The epidermis is single layered and is composed
of parepchymatous cells. The number of hypodermal
layers varies in different taxa. It is 4-6 cell-layers thick 
in Blainvellia (Fig. lG )b u tit becomes more than 10 
cell layers thick in other genera (Table 1). The 
hypodermis is followed by continuous phytomelanin 
layer which is underlain by continuous fibre zone. This 
zone is composed of 4-6 layers of thick-walled cells
(Fig. 1 E, F, G).

Seed coat: The seed coat is composed of 1 -2 layers 
of cells. The mature seed coat of all the genera studied 
show fibrous thickenings (Fig. IE, F).

DISCUSSION
The pericarp anatomy of the four genera of Mel- 

ampodiinae is basically similar with five distinct 
zones observable : epidermis, hypodermis, 
phytomelanin layer, fibre zone and parenchymatous 
zone. T h e  epidermis is single layered in all the species, 
but the number of hypodermal layers varies. It is 2-
layered in Acanthospermum, Melampodium and Si- 

' gesbeckia but becomes 2-4 layered in Polymnia. The 
fibre zone is in the form of fibre bundles in Acan- 
thospermum, Melampodium and sigesbeckia but is 
continuous in Polymnia.
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Figure 1. A-G, Achene anatomy. A. Acanthospermum hispidum.
B. Polymnia canadensis. C. Sigesbeckia jorullensis. D. Heliopsis
scabra. E. Wedelia glauca F Melanthera latifolia G. Blainvellia 
biaristata
ep-epidermis, Ib-fibre bunble, fe-fibre zone, hy-hypodermis, p- 
phytomelanin layer, pc-pericarp, pz-parencymatous zone, sc-seed 
coat.

The substribe Melampodiinae is characterised by 
2-4 cell layers thick seed coat. The cells of the seed 
coat show fibrous thickenings in Acanthospermum, 
Melampodium and Sigesbeckia, Polymnia, however, 
differs from the above three genera in absence of 
thickening in the cells of seed coat.

Subtribes Zmniinae and Ecliptinae share a similar 
pericarp anatomy. The hypodermis is single-layered in 
Zinnia, 4-6 layered in Heliopsis &nd%lainvellia and 
multilayered in Aspilia, Eclipta, Melanthera and 
Wedelia. Taxaof both Zinniinae and Ecliptinae show 
a continuous fibre zone. In this feature Zinniinae 
and Ecliptinae differ from Melampodiinae (except 
Polymnia) where the fibre zone is in the from of fibre 
bundles.

The mature seed coat in members of the 
Zinniinae and Ecliptinae is usually single- layered, but

A , B 
0 .05 mm

Figure 2 A-B. Seed coat in surface view. A. Sigesbeckia jortdlensis. 
B. Polymnia canadensis.
these subtribes differ in the presence or adsence of 
fibrous thickenings on the seed coat cells. All the 
genera of Ecliptinae show fibrous thickenings in the 
epidermal cells of the seed coat but members of Zin
niinae do not show such thickenings.

Although Polymnia shares a similar basic pattern 
of seed coat and pericarp differentiation with other 
members of Melampodiinae it, however, differs from 
them in characters like: (i) 2-4 layered hypodermis, 
(ii) continuous phytomelanin layer, (iii) continuous 
fibre zone and (iv) seed coat cells devoid of any type 
of thickening. Stuessy (1977) placed Polymnia in the
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subtribe Melampodiinae. Robinson (1981) trasferred 
Polymnia from Melampodiinae to a new subtribe 
polymniinae. The morphological characters of 
Polymnia resemble to a great extent with other 
members of Melampodiinae therefore, we support 
Stuessy's placement of this genus in subtribe Melam
podiinae.

Robinson (1981) transferred Sigesbeckia from 
Melampodiinae to subtribe Milleriinae. Our observa
tions on the achene anatomy of the genus suggest that 
Sigesbeckia shows close similarity with other members 
of Melampodiinae viz., Acanthospermum and 
Melampodium in sharing features such a s : a single
layered epidermis, a 2-layered hypodermis, discon
tinuous phytomelanin layer, fibre zone in the form of 
fibre bundles, the presence of parenchymatous zone 
and seed coat cells having fibrous thickenings.

Robinson (1981) dismantled subtribe Zinniinae 
and transferred all the genera to subtribe Ecliptinae. 
Although taxa of both the subtribes show similar 
patterns of pericarp and seed coat differentiation, they 
d i f f e r  in the presence or absence of fibrous thickenings 
in the seed coat cells. In Heliopsis and Zinnia 
(subtribe Zinniinae) fibrous thickenings are com
pletely absent, while the seed coat cells of the members 
of Ecliptinae {Aspilia, Blainvellia, Eclipta, Melan
thera and Wedelia) show fibrous thickenings. Based 
on achene anatomical features subtribes Zinniinae 
and Ecliptinae are more closely related.

The Authors are grateful to Prof. K.S. Bilgrami, 
Head, Department of Botany, Bhagalpur University 
for providing facilities. Thanks are due to Prof. Tod 
F. Stuessy, Department of Botany, Ohio State Uni
versity for providing achenes. Grant support (38 
(756)/ 89 EM RII to AKP) from CSIR, New Delhi is
thankfully acknowledged.
REFERENCES
Maheswari Devi H & M Ranjalkar 1980 Developmen

tal and structural anatomy of seeds and fruits in 
Heliantheae (Asteraceae), pp 59-71. In K. Periasamy 
(ed.), Histochemistry, Developmental and Structural 
Anatomy of Angiosperms : A Symposium. P & B. 
Publications. Tiruchirapalli.
Maheswari Devi H & N Padma 1985 Structrual and 
developmental anatomy of seeds and fruits in a few 
Heliantheae (Asteraceae), Indian Bot Reptr 4 5-11.
Pandey A K 1976 Development of seed and fruit in 
Eclipta erectah.y Geobios 3 194-195.
Pandey A K & R P  Singh 1982 Development and 
structure of seeds and fruits in Compositae. Coreopsis 
species, J  Indian bot Soc 61 417-425.
Pandey A K & Amita Kumari 1987 Development and 
structure of seeds and fruits in Compositae, Zinnia 
species, J  Jap Bot 62 168-176.
Pandey A K & Anupama Jha 1992 Achene anatomy in 
Coreopsidiinae (Heliantheae- Compositae) Rheedea 2
(1) 18-26.
Pendey A K, Suman Chopra & R P Singh 1986 
Development and structure of seeds and fruits in 
Compositae : tribe Helenieae (Sensu Bentham). J  
Indian bot Soc 65 416-421.
Robinson H 1981 A revision of the tribal and subtribal 
limits of the Heliantheae (Asteraceae) Smithsonian
contr Bot 51 1-102.
Saenz A A 1981 Anatomia y morfologia de frutos de 
Heliantheae (Asteraceae), Darwiniana 23 37-117.
Stuessy T F 1977 Heliantheae - Systematic Review. In 
V. H. HeywoodJ. B. HorbomeandB. L. Tumer(eds) 
The Biology and Chemistry of Compositae, Academic 
press London.
Stuessy T F & H Y Liu 1983 Anatomy of the 
pericarp of Clibadium, Desmanthodium and Ich- 
thyothere (Compositae, Heliantheae) and systematic 
implications, Rhodora 85 213-227.


