
GYMNOSPERMS 
Gymnosperms (Gr. gymnos=naked, sperma=seed) and angiosperms (Gr. angios=closed; sperma=seed) 

are the two sub-divisions of division Spermatophyta (Gr. sperma=seed; phyton=plant) of plant kingdom. 
Spermatophyta includes all those plants which bear seeds. 

Gymnosperms literally mean naked seed, and, therefore, this sub-division is characterized by having 
the ovules borne unprotected on the surface of megasporophylls. 

The lower gymnosperms, such as members of Cycadales, show resemblances with the higher 
cryptogams (i.e. pteridophyta) whereas the higher gymnosperms, such as Gnetales and Coniferales, resemble 
members of angiosperms to some extent. Gymnosperms thus form a bridge between the pteridophytes and 
angiosperms, and have, therefore, been referred as “Phanerogams without ovary” by Goebel.  

Gymnosperms form a small group of plant kingdom, and are represented by only about 70 genera and 
725 species. In-spite of being represented by such a small number, the representatives of this group are widely 
distributed throughout the world, and on many mountains they form a dominant part of the vegetation. 

Gymnosperms are most ancient and a history of the fossil records indicates that they once formed a 
predominant part of the earth’s vegetation. An idea of their history may be gained from Fig. 1.1, which shows 

the relative abundance of different orders during successive geological periods. 
It becomes clear from this figure that both Pteridospermales and Cordaitales first appeared in the 

Upper Devonian or Lower Carboniferous, i.e. more than 300 million years ago. In addition to 
Pteridospermales and Cordaitales, two other groups of fossil gymnosperms, i.e. Bennettitales and Pentoxylales 
have been recognized. 

Bennettitales were distributed during Mesozoic period from Middle Cretaceous to Upper Triassic 
while the Pentoxylales were distributed during Jurassic period of Mesozoic era. The living members of the 
gymnosperms are represented by Cycadales, Ginkgoales. Coniferales and Gnetales. 

 



Precisely, gymnosperms are defined as those seed plants in which the ovules are not enclosed in ovary 
and the pollen typically germinate on the surface of the ovule. There is no double fertilization in 
gymnosperms, and the xylem in these plants lacks vessels (except in Gnetales). Theophrastus, a pupil of 
Aristotle, was the first to use the word “gymnosperms” in 300 B.C. in his book “Enquiry Into Plants”. 
ORIGIN 

The major question, whether gymnosperms had one, two, three or more ancestral origins, or whether 
they represent a monophyletic, di-phyletic, tri-phyletic or polyphyletic group, remains still to be solved. 
Monophyletic Origin of Gymnosperms: 

Several botanists, including Beck (1960), believe that gymnosperms are of monophyletic origin. Plants 
grouped under Progymnospermopsida (e.g. Aneurophyton, Tetraxylopteris, Protopitys, Archaeopteris, 
Callixylon) are of definite significance in the monophyletic origin. Several characteristics of Cycadophyta are 
combined by these plants with those of Coniferophyta. 

The Progymnospermous plants also show intermediate steps in the evolution of megaphylls from 
branch systems. Progymnosperms, of course, show certain anatomical characters associated commonly with 
gymnosperms, and a full gymnospermous status may be granted to them. 

In-spite of some definite evidence the confirmation of the theory of monophyletic origin of 
gymnosperms depends upon the discovery of some more fossil genera from Devonian or Silunan penods and 
reinvestigation of some already available fossil plants of these periods. 

Sporne (1965) has also mentioned that “the evidence which is available at the moment seems to favour 

the view that gymnosperms are monophyletic. Confirmation must, however, await the discovery of further 
fossils from Devonian, or even Silurian deposits.” 
Di-Phyletic Origin of Gymnosperms: 

Some definite correlation between the anatomy of wood, form of leaf and structure of seed of two 
major groups of gymnosperms (i.e. Cycadophyta and Coniferophyta) have lead some botanists to conclude 
that gymnosperms are of di-phyletic origin. In the members of Cycadophyta. the wood is manoxylic, and it 
remains associated with the large-sized leaves(megaphylls) and radial symmetry in the seeds. 

On the other hand, in the members of Coniferophyta, the wood is pycnoxylic, and it remains associated 
with the small-sized leaves (microphylls) and bilateral symmetry in the seeds. Due to these peculiarities of 
these two major groups, gymnosperms appear to be of di-phyletic origin. 
Tri-Phyletic Origin of Gymnosperms: 

Greguss (1972), in the latest edition of his book entitled “Identification of Living Gymnosperms on the 

Basis of Xylotomy”, pleaded for a tri-phyletic origin of gymnosperms. He opined that on the basis of 
Xylotomy (wood-anatomy) three well-defined evolutionary series may be traced among the existing 
gymnospermous taxa. 

All these three series among existing gymnosperms have definite correlations with three types of 
pteridophytes, another tri-phyletic group: 
1. Cycadales (Cycas), Ginkgoales (Ginkgo), Araucariaceae, Podocarpaceae and probably Taxales showing 
correlations with Pteropsida of Pteridophytes; 
2. Cupressaceae showing correlations with Sphenopsida of Pteridophytes and; 
3. Pinaceae and Taxodiaceae showing correlations with Lycopsida of Pteridophytes. 
 
EVOLUTIONARY TRENDS OF GYMNOSPERMS: 

On the basis of the available studies of several fossil groups, although it appears that the gymnosperms 
constitute a heterogenous group, yet it is possible to delineate several over-all trends in the evolution in this 
group. 
Vascular System: 

The primary vascular system exhibits a narrow range among gymnosperms. Majority of the 
gymnosperms are monostelic, and only some exhibits polystelic condition. Some of the members also possess 
co-axial evolutionary cylinders of secondary wood which develops from the anomalous activity of cambium. 

A change from the cauline to foliar nature has been the main evolutionary trend in the stem anatomy of 
different members of gymnosperms. The primary wood is suppressed in this change from cauline to foliar 
nature. 
During this suppression the primary wood passes through various stages such as: 
(1) Solid protostele, 
(ii) Pith surrounded by mesarch strands, 



(iii) Development of endarch strands adjacent to the secondary wood, 
(iv) Mixed xylem, and 
(v) Parenchyma. 

During the entire process of these changes a gradual transference of function from primary to 
secondary wood takes place. The leaf trace system, which was associated with the primary wood in the 
earliest types, now becomes “more and more closely associated with the secondary wood”. 

In members of Cordaitales, Ginkgoales and Coniferales there is a definite increase in the secondary 
wood. In Gnetales, however, vessels replace tracheids, though not completely but only partly. 
Leaf: 

The microphylls and megaphylls are the two different kinds of leaves found in gymnosperms. The 
microphylls are small and usually possess one or two parallel veins. The megaphylls are quite large, frond-like 
leaves and possess well-branched veins. 

The gymnosperms of Coniferophyta-line possess microphylls while the members of Coniferophyta-
line bear megaphylls. Ginkgoales, however, possess neither microphylls nor megaphylls but wedge-shaped or 
fan-shaped leaves of almost normal size. 

Majority of the recently reported fossil members of gymnosperms indicate their affinities more with 
the microphylls than with the megaphylls. Several botanists consider Cycadophytes as more primitive than 
Coniferophytes. This indicates that megaphyllous leaves are more primitive than microphyllous leaves. 

Much evolutionary significance has not been attached with the leaf anatomy of gymnosperms. A little 
consideration has, however, been given to the xeric conditions of these members. It is supposed that 
inappropriate condition of water by the tracheids has been the major reason for the xeric condition among 
gymnosperms. 
Reproductive Organs: 
Some important events of the evolution of reproductive organs among gymnosperms may be listed as 
under: 

 Probably, all reproductive organs in the beginning were stachyspermous (i.e. reproductive organs 
borne on stem). Some gymnospermous genera have managed to stay as stachyspermous even today. 

 During the course of the evolution, the structures bearing reproductive organs progressively became 
more leaf-like, i.e. phyllospermous. The sporophylls were thus originated. 

 In Ptendosperms, the sporophylls were leaf-like. 
 A From the compact sporophylls developed the cone. The Cordaitales were the first to produce mono-

sporangiate cones. The tendency of bearing mono-sporangiate cones is also retained in Ginkgoales and 
Coniferales. 

 The mono-sporangiate cones or strobili evolved into bisporangiate cones or strobili during course of 
evolution. Gnetales (e.g. Welwitschia) possess bisporangiate strobili. 

 In Cordaitales, Ginkgoales and Coniferales, the sporophylls are distinctly attached to the axis, and, 
therefore, the strobili, in these groups are simple. On the other hand, compound strobili are produced 
in some more advanced groups such as Gnetales. 

Microsporophyll’s: 
In Cycadophytes, the microsporophyll’s are pinnate and peltate. They bear sori only on their lower 

surface. Due to these characters the microsporophyll’s of Cycads are very primitive. In different members of 

different groups of gymnosperms, a reduction of long sporophyll to a short discoid structure and then also to a 
filament is observed, and these all are the features of evolutionary significance. 
Some other such features include: 
(i) Formation of individual sporangia instead of synangia, and 
(ii) Fast elimination of annulus from the fern-like appearance. 
Ovules: 

Two evolutionary trends are visible in the ovules of the gymnosperms. 
These are: 
(i) Degeneration of the outer fleshy layer, and 
(ii) Appearance of two integuments. 

In most primitive type of gymnospermous ovules, the integument is single and it is also free from the 
nucellus. Three distinct layers are discernible in the integument, viz. outer fleshy layer, middle stony layer and 
inner fleshy layer. Two vascular strands supply the ovule, of which the outer strand enters the outer fleshy 
layer and the inner strand enters the peripheral region of the nucellus. 



In majority of the gymnosperms the integument remains fused with the nucellus in most of its part, 
except the micropylar region, where the nucellar beak is formed and the trilayered integument is not reduced 
at all. 

The outer fleshy layer develops quite conspicuously in the ovules of Cycadophyta-line. In the ovules 
of the Pinaceae-line, the outer fleshy layer is represented by a young ovule. Instead of one, two integuments 
are present in the ovules of Gnetales, and, therefore, it exhibits an example of a second evolutionary trend in 
the gymnospermous ovules. 
Male Gametophyte: 

The pollen grains of most of the fossil gymnosperms, except of Coniferales and Taxales, are almost 
uniform in possessing a layer of parietal cells surrounding the centrally located spermatogenous region. The 
layer of parietal cells probably represents an antheridial jacket. 

In the early stages of the evolution of gymnosperms, the vegetative prothallial cells have been in such 
a low number that the male gametophyte might be treated as a reduced form of an antheridium. A reduction in 
the antheridial jacket and the simultaneous formation of a pollen tube have been observed between the fossil 
gymnosperms and the extant forms (i.e. members still in existence). 

A homology, probably exists between the tube cell of the modern gymnosperms and the antheridial 
jacket of Palaeozoic gymnosperms The male gametophyte development appears to be quite uniform within a 
family. 

In Pinaceae, two senescent primary prothallial cells are produced from the embryonal cell of the 
microspore. This embryonal cell functions as an antheridial initial and results in the formation of a peripheral 
tube cell and a generative cell. A periclinal division in the generative cell gives rise to an outer 
spermatogenous cell and an inner sterile cell. Two male gametes are produced by the division of the 
spermatogenous cell. 

In Taxaceae, Taxodiaceae, Cupressaceae and Cephalotaxaceae there is no prothallial cell, and the 
function of the antheridial initial is performed directly by the embryonal cell. 

In Araucariaceae and Podocarpaceae, the prothallial cells show secondary proliferation. The ontogeny 
of male gametophyte in Araucariaceae resembles greatly with Pinaceae. In Araucariaceae and Podocarpaceae. 
however, the generative cell divides anticlinally and not penclinally. Very little proliferation of primary 
prothallial cells is observed in Podocarpaceae in comparison with that of Araucariaceae. 

In Gnetales (e.g. Gnetum and Welwitschia), the prothallial cells are generally absent The function of 
the antheridial initial is performed by the embryonal cell. A tube cell and a generative cell are formed. 
Division of the generative cell results in the formation of a spermatogenous cell and sterile cell. The 
spermatogenous cell divides and form two male gametes. 

The male gametes or sperms are ciliated and motile in Cycas. Probably the same condition existed in 
Ptendospermales, Cycadeoideales and Cordaitales. In Coniferales and Gnetales, however, naked nuclei are 
present in place of motile and ciliated ones. Pollen chamber also disappears simultaneously. The sperms are 
carried away by the pollen tubes. 

In Ephedra, however, a deeply situated pollen chamber is present. This is, however, an indicative of a 
secondary origin. A well- developed archegonial neck is also present in Ephedra. 
Female Gametophyte: 

In gymnosperms, the female gametophyte is a massive, multicellular body. It serves the dual purpose 
of bearing the archegonia and providing nourishment to the young embryo. 
Major evolutionary steps in the female gametophyte include: 
(i) Free-nuclear divisions, 
(ii) Vacuolation, 
(iii) Process of wall-formation resulting into the formation parietal tissues, and 
(iv) Process of wall-formation extending towards the central region and resulting into the development of 
endosperm. 

In majority of Cycadales, Ginkgoales, Coniferales and some Gnetales (e.g. Ephedra), the early 
development of female gametophyte involves a fairly uniform plan. Alveoli also appear in members of almost 
all these groups but the pattern of alveoli vanes. The archegonia develop in the female gametophyte. 

In both pteridophytes and gymnosperms, the general structure of the archegonium is almost similar. 
An egg cell, a ventral canal cell, a few neck cells and a venter are present in an archegonium of both the 
groups. 



The gametophyte is, however, parasitic on sporophyte in gymnosperms while it is free-living and 
green in pteridophytes. Neck canal cells are absent in gymnosperms while they are present in the archegonia 
of ptendophytes. 

These differences indicate some evolutionary trends showing a reducing capacity of gametophyte for 
its independent existence. On the other hand, several simulates show homologies in the structure of the female 
gametophyte of both ptendophytes and gymnosperms. 
From Which Type of Earliest Gymnosperms Developed the Modern Gymnosperms? 
The earliest gymnosperms, responsible for the evolution of this entire modern group, probably had the 
following characteristic features, according to Sporne (1965): 
1. Stems with primary solid wood, also perhaps possessing some amount of secondary wood. 
2. Plants perhaps had little distinction between leaf and stem. 
3. Pollen-bearing organs were borne fully exposed at the tips of green photosynthetic branch- lets. 
4. Seeds were also fully exposed. 
 


