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ABSTRACT

Sharma B. D., Bohra D. R., Suthar O. P., Harsh R. & Purohit S. N. 2014. Abortive embryonic structures within
megaspores of Isoetes L. (Lycopsida—Pteridophyta). Geophytology 44(1): 87-90.

Isoetes L. is a herbaceous, aquatic to terrestrial lycopod in which mega and microsporangia are produced
on separate sporophylls (leaves). Megaspores are large and trilete whereas microspores are small and monolete
(in majority). Thin serial sections through the megasporangial portion show presence of abnormal embryonic
structures in the spore contents of the functional megaspores. Sterile spores do not have spore contents and are
empty. This type of abnormal embryos have been reported for the first time in the genus Isoetes L.
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INTRODUCTION

Isoetes L. (Isoetaceae) is a herbaceous, aquatic,
amphibious or terrestrial green plant with a reduced
lobed stem in the form of a corm or rhizomorph.
Roots are forked and originate in regular rows.
Leaves are ligulate and acicular and are produced
in close spirals. Leaf size ranges from 4-5 cm
(I reticulata) to 60-70 cm (I coromandelina, I
tuberculata) (Gena & Bhardwaja 1984, Sharma et
al. 1985b). A sessile mega- or microsporangium
is produced in the basal adaxial portion of every
leaf. In some species, viz. I. coromandelina and
I pantii, mixed bisexual sporangia are also rarely
reported (Goswami & Arya 1970, Singh et al.
1984, Goswami & Bhu 1998). A megasporangium
has 200-600 or more trilete megaspores which are

of two types, i.e. fertile (functional) and sterile
(non-functional). The sterile spores are of various
types, i.e. smaller spores, bigger spores, jointed
spores, fused spores and enucleated spores (Verma
1960, 1961, Pant & Srivastava 1962, Bohra et
al. 1980, Panigrahi 1981, Sharma et al. 1985b,
2008, Sharma & Purohit 2013). Ekambaram and
Venkatanathan (1933) studied sporogenesis of
I coromandelina and reported 50% fertile and
50% sterile spores in a tetrad. Pant and Srivastava
(1965) favoured this opinion. But Sharma et al.
(1985a) reported variations in this ratio of fertile
and sterile spores. A megaspore has three walls;
the outer wall (exine) is thick and irregular due
to the presence of ornamentations (tuberculate,
reticulate, spinose, etc); the middle wall is thick,
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Plate 1

A-K. Sections through the megaspores of Isoetes sp. containing apogamous abortive embryos. A, B, D, E. Various shapes of spore contents which have
isolated nucleaied cells and large dark coloured (arrow) embryonic structures, C. Lmpty sterile spore with three wall layers. F. Embryonic structures
enlarged, finger like outgrowth present, G, Cavities present in the embryo. H, Embryo with two small outgrowths. 1. A small globular embryo and the larger
curved one having a hook like outgrowth,

J Laterally elongated embryo with a cavity. K. Embryo with a cavity. (Bar: A-E =75 um, F-K = 30 um).
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hard and dark brown while the inner wall is thin
and encloses the spore content.

Goebel (1897), for the first time, reported
existence of apogamy in Isoefes. Ninan (1958)
noticed apogamy in South Indian species of
Isoetes. Pant and Srivastava (1965) observed
apomictic germination in some Indian species of
Isoeres. Srivastava et al. (1996) noticed in situ
germination of megaspores in I. panchganiensis
and /. mahadevensis. The present investigation is
based on the study of thin serial sections through
megasporangia of four species of Isoetes, viz.
I coromandelina L.F., I. tuberculata Gena &
Bhardwaja 1984, /. reticulata Gena & Bhardwaja
1984 and I rajasthanensis Gena & Bhardwaja
1984, found in Rajasthan, India. All these species
have shown more or less identical results.

MATERIAL AND METHOD

The material of the four species (mentioned
above) of Isoetes was collected from different
places, viz. Mt. Abu, Daosa, Atru, Jhalawar,
Chittorgarh, Menal, etc. Megasporangial portions
of young and mature plants were separated and
fixed in F.A.A. (formalin, acetic acid and alcohol)
and then preserved in 70% alcohol. The material
was then processed for microtomy as suggested
by Johansen (1940). Sections were stained by the
combination of safranin and haemotoxylin and
mounted in dilute canada balsam.

OBSERVATION AND DISCUSSION

In some of the megaspores, the entire circular
space 1s occupied by the spore content while in
others, it reduces to U-shaped (Plate 1, figure A),
C-shaped (Plate 1, figures B, E) oratriarch structure.
In the circular spore content, a small cavity appears
which increases in size and changes the shape of
the spore content to U, C or triarch structure. This
change in shape and size also depends on the plane
and position of sectioning of the megaspore. In the
spore content develops free floating enucleated
and nucleated cells (Plate 1, figure K). The latter

are circular with distinct dark coloured nuclei.
These are isolated as well as in group of 4-5 or
more cells. In the spore content of some of the
cells, large sized dark coloured bodies are also seen
(Plate 1, figures A, B, D, E). These are globular,
laterally elongated or irregular in shape (Plate 1,
figures F-K). Their position in the spore content is
also variable, i.e. deep in the spore content, along
the outer periphery or inner periphery or terminal.
These embryonic bodies originated from the
nucleated cells of the megagametophytes and are
of various shapes and sizes (Plate 1, figures F-K).
In many of these bodies, circular or elongated
cavity or cavities are visible (Plate 1, figures G, J,
K) identical to those drawn by Hofmeister (1862,
plate 46) in his description of development of
embryo in Isoetes. We call the bodies present in
our material as embryos or embryonic structures.
Archegonia are not seen in any megaspore. The
embryonic structures are apogamous for want of
microspores (or spermatozoids) and fertilization.
These are abortive because of their origin directly
from the free floating nucleated cells of the
megagametophyte present in the spore contents
that is, not protected by archegonia. Differentiation
of organs, like foot, root, leaves, etc., is not visible
in the embryonic structures. In one or two, a
long root like structure has been seen. Similarly,
a curved hook like structure (Plate 1, figure I),
probably a leaf primordium, is visible in few
embryos. In some ferns, like Adiantum lunularum.,
archegonia are absent and all cells of the prothallus
are capable to form an apogamous sporophyte
(Mehra & Gupta 1986, Sharma & Sharma 1992).
A similar condition has been observed in Isoeres.
The free floating nucleated megagametophytic
cells form apogamic embryonic structures. Further
investigations are required on these embryonic
bodies on their mode of origin and behaviour.
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