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Evolution of the process of pollination- The INTRODUCTION
evolution of pollen grain and the process of pollination 
are linked with the migration of plants from aquatic to The term pollination used only in context of 

spermatophytes refers to the actual transfer of pollen terrestrial habitat. As a consequence, zooidogamous 
from the site of its differentiation to a site where its fertilization practiced by aquatic and early land plants 
function of delivery of male gametes is initiated. While was substituted by siphonogamy. The changeover was 
origin of the term pollination is not very clear, the term necessitated by non-availability of water on land and 
‘pollen’, used for fertilizing elements of flowers is consequent loss of motility of sperms. The steps 
known to have come into usage in 1750’s. The earliest involved in transition from zooidogamy to siphonogamy 
reference to the term pollination is Sprengel’s essay are not quite clear. Nevertheless, evolution of sperm 
(1793), “Das entdeckte Geheimniss der Natur im Bau carrying pollen tubes is a significant step towards 
und in der Befruchtung der Blumen”, which translates 

elimination of the hazards associated with zooidogamy. 
as, “The mystery of nature discovered in construction 

Among living spermatophytes only Cycadales and 
and pollination of flowers”. 

Ginkgoales have pollen tubes with flagellated sperms. 
In vast majority of present day angiosperms the site 

These pollen tubes considered to be largely haustorial in where pollen lands or is deposited by biotic or abiotic 
function remain in the nucellar tissue for several months. pollinators is the stigma, a localized terminal part of the 
Nevertheless, like their counterparts in angiosperms pistil specially structured to discharge the function of 
they grow through nucellar tissue and deposit the sperms receiving, recognizing and facilitating germination of 
directly above the female gametophyte. pollen grains. The stigma varies in size, morphology, 

Development of aflagellate, non- motile sperms, texture and the quality of exudates. (Heslop-Harrison & 
evolution of pollen grain (highly reduced male Shivanna 1977). 
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ABSTRACT

Evolution of closed carpel and the consequent enclosure of ovule has made pollen-pistil interaction integral part of the 

sexual cycle of flowering plants. The pistil provides the site for pollen to land, be recognized, germinate and produce 

pollen tube. In majority of angiosperms the stigma performs all these functions. The present communication reviews 

three cases in which the functions discharged by stigma are taken up by the ovary wall, stylopodium and the nectar 

disc. These cases raise plethora of questions which need to be answered. The paper also traces the evolution of stigma 

following invasion of land by plants.
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In members of Araucariaceae, pollen germinates on gametophyte), pollen tube, ovule and the carpel are all 
the ovuliferous scale or in its axil far removed from important steps in the evolutionary history of the 
ovule, In Agathis pollen tubes emerge on scales, branch phenomenon of pollination. 
and grow into the tissue of ovuliferous scales to reach Thomson (1927, 1934) proposed substitution of 
ovules. terms micro and megaspores used in heterosporous ferns 

Pollination and pollen germination in some with the terms pollen spores and seed spores in 
primitive angiosperms- Evolution of closed carpel gymnosperms. Pollination in gymnosperms involves 
deprived the ovule of its ability to receive pollen directly transfer of partially developed endosporic male 
and provide for their germination.  The job came to be gametophyte to the micropylar tip of the ovule which 
discharged by the pistil, a part of which has become encases the female gametophyte. The ovule is itself the 
specialized for the pollen to land, get hydrated, pollen reception site. In majority of gymnosperms, 
recognized and nourished for emergence of pollen tube. pollen is dispersed by wind. The wind borne pollen is 
The most primitive of such sites exist in species of entrapped by the pollination drop which comprises the 
Degeneria, and Drimys of family Winteraceae. In exudates of the micropyle. The entrapped pollen is drawn 
members of these genera pollen is deposited on and is inside by retraction of the pollen drop (Chamberlin 
held by the mat of interlocking glandular hairs present on 1935).  In some gymnosperms well developed recess - 
free margins of conduplicate carpels. This region is termed pollen chamber develops at the free apical end of 
termed the stigmatic crest. The pollen grains germinate the nucellus where the pollen germinates. 
on the stigmatic crest. The pollen tubes emerging there Well developed pollen chambers exist in ovules of 3 
from penetrate the carpel and travel to reach the ovule 

fossil orders of gymnosperms, namely Pteridospermales, 
located far away from the free capillary margins. The 

Cordaitales and Cycadeoidales. Although there is no 
family exhibits the stages in delimitation of the terminal 

evidence of pollen tube in these orders, pollen chambers 
part of the fused carpel as stigma (Lloyd & Webb 1992). 

are believed to have served as liquid- containing cavities 
The Stigma- In majority of the angiosperms, stigma 

in which pollen grains released flagellated sperms. 
is the only part of flower that receives pollen and 

Among living gymnosperms pollen chambers occur only 
provides for its germination following proper 

in the cycads, Ginkgo and Ephedra (Foster & Gifford 
recognition. Voluminous information has accumulated 

1979). 
on the process of recognition in flowering plants. There 

The mechanism of pollination in coniferales is 
is, however, no evidence to depict whether recognition 

interesting. Microspores/pollen grains are winged in 
of pollen outside the ovule is operative in gymnosperms 

Pinus. The wings, also called bladdars, increase the also? Is the pollination drop specific for pollen of its 
buoyancy of pollen which is useful in view of arboreal type, or do some events of recognition occur inside the 
habit of the species. They also help to orient pollen in the pollen chamber? Answers to these questions will throw 
micropylar canal for successful fertilization. Pinaceae light on the evolution of stigma. 
family exhibits interesting examples of progression Variability in its form not withstanding stigma 
from primitive to advanced type of pollination. During functions as a secretory organ. Exudations from its cells 
this transition the pollination drop got lost and the induce emergence of pollen tube and its growth into a 
receptive function was assumed by the free tips of ovular continuum consisting of stigmatic tissue- stylar portion 
integuments (Doyle 1945).  In Pseudotsuga, pollen (TTS/ canal) and therefrom to the placental region. Esau 
grains are wingless (Allen & Owens 1972). As they fall (1965) designates this continuum as “ stigmatoid tissue”. 
on upper surface of the bracts of female cone, they cling An interesting example of the functioning of this 
to the sticky hairs of the unequal lips of the ovular continuum is the plumose stgma of the members of 
integument. Around the same time, a depression is Poaceae, Cyperaceae and Plantaginaceae. In members 
formed on upper surface of the larger lip due to of these families the trichome laden continuing tissue 
collapsing of surface cells. Some pollen grains sink into over the ovary performs the function of pollen adhesion, 
this shallow cavity and germinate inside the micropylar recognition, germination and pollen tube growth. The 
canal rather than on surface of nucellus. silk, as it is popularly called in members of Poaceae, 
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particularly in Zea mays  and its relatives can assume a The germination of pollen grains at stigma as 
length of 75 cms or more (Raghavan 1997). It keeps on well as other three sites is profuse. Some kind of 
growing and extends much beyond its normal length in recognition process seems to operate at all the three 
search of pollen in case the same is not available at the sites as alien pollen does not germinate at any of these 
initiation of receptivity. sites.

Barring examples quoted above stigma is a It has not been possible so far to establish whether 
specialized, localized site where the events of pollen the pollen tubes that follows alternate routes to reach the 
adhesion, hydration and germination take place. All ovule actually cause fertilization or not. Though 
these events involve molecular interaction which helps sufficient seed is formed in all three cases, actual fusion 
distinguish self from alien pollen. Most important is the of male and female nuclei has not been observed so far. 
highly specific interaction between the pollen wall laden 

The seed is either the outcome of fertilization or could be 
lipid protein matrix generated by tapetum and the 

apomictic. Greater possibility is that they are sexual. 
specific proteins of the stigmatic exudates. 

Following reasons favour this conclusion.
Pollen germination at sites other than stigma- In 

First, emasculated flowers of all three taxa failed to 
angiosperms, germination of pollen on stigma surface 

set any seed when they were bagged to refuse any kind of 
is the rule (Shivanna & Tandon 2014). The few 

pollination.instances of germination at sites other than the stigma, 
Second, if sexual seed is reportedly formed after recorded from time to time were discarded as freaks 

intraovarian pollination in Papaver somniferum (Kanta previously (Maheshwari 1950). During the past decade 
1960, Kanta & Maheshwari 1963), there is no reason and half, three reports from our laboratory have 
why pollen tubes that enter the ovary on their own cannot claimed germination of pollen on parts of the pistil 
also cause fertilization and induce development of other than stigma (Sharma et al. 2001, Parihar et al. 
sexual seed.2009, Hamal & Sharma 2012 Hamal 2015). These 

Third, apomixis has hitherto not been reported in concern three phylogenetically unrelated taxa; Thlaspi 
any of the three taxa under discussion.arvense (Brassicaceae), Artemisia maritima 

The above arguments notwithstanding the actual (Asteraceae) and Daucus carota ssp. sativus 
(Apiaceae). The first two of these species grow wild fusion of egg nucleus and the sperm nucleus carried by 

and the third is cultivated. All three reports share some pollen tubes entering inside the ovary directly is 
common features. necessary and needs to be pursued.

(i) The plants practice regular pollination: pollen 
grains land at stigma surface, germinate, pollen tubes CONCLUSION
travel through style, enter the ovule and fertilize the egg.

(ii) Their flowers are so structured or open in such a Several questions arise in accepting ovary wall, 
way that pollen of some anthers lands on stigma and nectar disc and the stylopodium as alternate sites for 
those of others at the ovary wall (T. arvense), nectar disc pollen landing, pollen recognition, germination and 
capping the ovary (A. maritima) or the stylopodium (D. pollen tube formation. On the stigma, these events are 
carota ssp. sativus). facilitated by the stigmatic exudates. How are they 

Soon after landing at any of the three sites, pollen accomplished at the novel sites remains to be 
tubes emanating therefrom adopt different routes to 

investigated?
enter inside the ovary. While pollen tubes formed at 

In this connection, a few reports that have appeared 
stigma travel through the style as they do in other 

recently (Jones et al. 2013) suggest operation of 
angiosperms, those formed at the ovary wall enter 

alternate systems in special exigencies. In mutants of 
through the stomata (Sharma et al. 2001). Stomata are 

Arabdiopsis 5 and Brassica 6 and transgenic tobacco 
already known to be used by the germ tubes of number of 

which have dry stigma pollen germination is facilitated 
plant pathogens to enter inside the ovary (Mandgen et al. by the pollen kit loaded on the exine. As the pollen lands 
1996).  
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on stigma, it leaches out and discharges the function of Foster AS & Gifford EM 1979. Comparative 
stigmatic exudates. Work needs to be done to unravel the Morphology of Vascular plants. W.H. Freeman & 
actual phenomenon at work in the species investigated Co.,London.
by us.

Hamal U 2015 Studies on partitioning of resources in Studies undertaken on fiddlehead mutant of 
relation to sex-expression, breeding system and life-Arabidopsis have revealed that the uniqueness of 

stigma to support pollen germination lies in its capacity history patterns in some members of Apiaceae. Ph. D. 
to change its water permeability on contact with Thesis submitted to University of Jammu, Jammu. 
pollen. The change occurs through alteration in long 

Hamal U & Sharma N 2012. Additional site for pollen chain fatty acid synthesis. Extensive biochemical and 
germination in carrot. Curr. Sci. 103(11) 1284-1285.physiological studies are required to decipher whether 

such or similar mechanisms are active during 
Heslop-Harrison Y & Shivanna KR 1977. The receptive germination of pollen on ovary wall, nectar disc and the 
surface of the angiosperm stigma. Annals of Bot. stylopodium.
41(6)1233-1258.Considering the evolution of pollination process, the 

events of extra-stigmatic pollen germination can be 
Jones R, Ougham H, Thomas H & Waaland S 2013. The treated as evolutionary reversals also. Mangla et al. 
molecular life of plants. Wiley-Blackwell, John-Wiley (2013) while discussing structural organization of the 
& Sons, Ltd, UK.gynoecium and pollen tube growth in Hippophae 

rhamnoides have elaborated on these reversals in several 
Kanta K 1960. Intraovarian pollination in Papaver 

reproductive features in the relatively advanced flowering 
rhoeas L. Nature 188(4751) 683-684.plants. It is assumed that these reversals are influenced by 

fitness requirements under particular set of ecological 
Kanta K & Maheshwari P 1963. Intraovarian pollination 

conditions under which these species grow (Ambruster et 
in some angiosperms. Phytomorphology 13 215-230.

al. 2002, Mangla et al. 2013). Does pollen germination at 
sites other than stigma represent recapitulation remains an Lloyd DG & Wells MS 1992. Reproductive biology of a 
open question? primitive angiosperm, Pseudowintera colorata 

(Winteraceae) and the evolution of pollination systems 
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