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7.0 OBJECTIVE

The objective of this lesson is to provide the students about detailed knowledge of

structure, development & evolution of pollen type.

7.1 INTRODUCTION

The pollen grain is the first cell generation of gametophyte. Palynology, in its simple

definition, is the study of pollen grains which constitute the reproductive unit of plants. The

morphostructure of pollen grains assumes vital importance and forms the fundamental principle

underlying the evolutionary process in plants. All over the world several laboratories are involved

in studying this branch, and in India, National Botanical Research Institute, Lucknow (NBRI),

Birbal Sahni Institute of Palaeobotany, Lucknow, Osmania University, Hyderabad and Bose

Institute Calcutta are some important centers where studies on pollen of Indian flora are being

carried out with the start of 20th century.

Dr. P. K. K. Nair of N.B.R.I., Lucknow has established a modern and perfect has of

Palynology where studies are made with the help of most sophisticated apparatus such as

SEM (Scanning electron microscope).
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7.2 STRUCTURE OF POLLEN

The pollen or the microspore is a very minute unicellular form structure of pollen is studied

under different division which are as follows-

Polarity, Symmetry, apertures, Size and Shape, exine stratification and exine

Palynogram.

Polarity : Pollens are generally formed

in tetrads from their mother cells. The tetrad

stage is considered to be significant as far as

the origin of certain morphological characters

of exine are concerned. In a tetrad, the end of

a pollen directed towards the centre of tetrad

is called proximal pole while opposite is the

distal pole. The distal pole faces peripheral

side. The polar axis must always be

perpendicular with the distal pole at the apex

and the proximal pole at the base. The pollen

grains are said to be isopolar, if two faces are

similar or heteropolar if different. In heteropolar

grains, one face has an aperture while the other has none.

The exine possesses apertures (Called aperturate ) or have no apertures (inaperturate).

The apertures are either elongate (colpate) or circular (Porate) in both of which the outer and

inner surfaces are congruent (Simple aperture). Some times these are not congruent and

called compound apertures. In that case, the outer part (Ectocolpium or Ectoporium) is either

elongate (Colporate) or circular (Pororate). In the colporate apertures, the inner surface called

Endocolpium is a synonym of Ora or Endoapertyure. It may either be circular (Pororate),

longitudinally elongated (Lolongat) or laterally elongated (Lalangate).

The margin of the aperture may be thin (Tenuimarginate) or thick (Crassimarginate).

The outer aperture may be sometimes placed in dome like are (called Asphides) protruding

from the general surface of the grain, the Aspidote. The end of the colpus may be pointed or

blunt, and free or united (Syncolpate and Parasyncolpate).

Size and shape

The size of pollen grains are quite variable which may range from 5-um to 200-um as in

Cucurbitaceae. The shape of pollen may-be flat called peroblate or very elongate called

perprolate or any other standard type.

Exine stratification

The Pollen wall consists of two layers, the outer called exine and the inner called intine.

The intine which is thin and Pectocellulosic in nature is normally destroyed during acetolysis.

Fig. 7.1 : Diagram of a pollen tetrad showing polar axis. (a-
a-equatorial axis of equatorial plane and P-P-proximal pole
of each pollen grain. (Redrawn from Walker, 1976)
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Fig. 7.2 : Illustration of pollen wall

The exine is distinguishable into two layers, and outer sculptured layer called sexine and

inner non-sculptured layer, nexine. The sexine further comprises and internal layer of upright

rod-like elements the Columellae (Bacula) covered over by a roof-like layer the Tectum.

The exine is of three types -

1. Tectate : The exine consists of nexine,

columellae and the tectum in which the

tectum is continuous and roof-like.

2. Semitectate : The exine consists of

nexine, columellae and the tectum in which

the tectum is perforated.

3. Intectate or Atectate : The exine consists of nexine and columellae only and the

tectum is absent.

Exine sculpturing

The exposed surface-details of the pollen wall refers to sculpturing. The exine sculpturing

may be of various types. Some important types are Psilate (Smooth). Faveolate (Pitted),

Fossulate (grooved). Scabrate (Very fine projections), Verrrucate (warty). Baculate (Rod-like

elements), Gemmate (Sessile pillor, pilate (rod-like elements with swollen tips), Echinate

(spiny), Punciate (Minute Perforation), Rugulate (elongated elements distributed irregularly

and placed tangentially on the surface). Punctate (Minute perforations), Reticulate (elements

forming an open network), pitted, Non-pitted etc.

Morphology of some pollen grains

1. Pollen grains of Caesalpinia pulcherrima

The microscopic examination of treated pollen grains reveals following characteristic

features -

Shape of pollen grain is spheroidal :

Size ranges in between 77 and 90u pollens

3- zoniaperturate  ends of pseudocolpi united

at the poles producing a synpseudocolpate

condition ; Size of endoaperture 9.8 * 5.6 u ;

Exine farily thic 4 to 6u. thinner at

pseudocolpium region narrowing into a

thinner edge round the aperture;

Synpseudocolpi very broad, formed by

thinning of the exine, appearing as colpus

margins; Ectine surface shows a gradation

of patterns in the order areolate. Regulate and

reticulate on the mesocolpium but pilate

pattern found in psuedocolpium.

Fig. 7.3 : Palynogram of Caesalpinia pulcherrima. figure or
general appearance of pollen in polar view. B-an
enlargedposition oi polar view of pollen and C, D and E -
patterns showing areolate, regulate and reticulate
omamentation. (Diag. redrawn from Nair).
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2. Pollen grains of Althaea rosea

The microscopic observation of treated

pollen grains reveals following important

structures.

Pollens are panporate and spheroidal;

diameter ranging from 130-140u or so; Exine

thickness about 7u Exine spinate;

Columellate layer (ectine) thinner than endine;

Ends of all spines pointed; Basal cushion not

formed; Spins dimorphic, one type being of

longer height (about 20-21u) and the other of

shorter height (abouth 5-6u).

3. Pollen grains of Carica papaya

The detailed microscopic examination of

pollen grains shows following characteristic

features.

Pollen grains 3- zonicolporate. Subprolate

(range 32-35 x 28 - 32u) or rarely spheroidal (28-

35u; Ectocolpium slightly constricted in middle,

margin slightly incrassate. ends slightly rounded

or pointed; Endocolpium elongate (3 x 7u) with

lateral end slightly rounded; Exine 2u thick; Ectine

almost as thick as entine.

7.3 DEVELOPMENT OF POLLEN

In flowering plants pollen grains develop in anthers. Anatomical details of pollen

development have been investigated in a

number of taxa. Development of pollen at

least at the light microscopic level is

remarkably uniform. The following is a general

description of the the development of normal

pollen.

The young anther consists of a mass of

homogenous meristematic cells surrounded

by the epidermis. As the anther develops,

four groups of archesporial cells,

corresponding. to the four microsporangia,

differentiate in the hypodermal position.
Fig. 7.6 : Different pollens showing various types of
sculpturing.

Fig. 7.5 : Palynogram of Carica papaya. A-mian figure
in polar view and B-details exine omamentation and C-
details of zonicolpate pore.

Fig. 7.4 : Palynogram of Althaea rosea. A-main figure and
B-details of exine strata.
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Archesporial cells divide periclinally to form a primary parietal layer on the outside, and primary

sporogenous layer on the inside. Eventually, the former gives rise to the wall layers by repeated

periclinal and anticlinal divisions, and the latter to the microspore mother cells (meiocytes).

The wall layers consist of the epidermis, endothecium, middle layer, and tapetum. As

the microspore mother cells undergo meiosis, the wall layers undergo further differentiation;

the endothecium develops radial thickenings, the middle layers become flattened and are

eventually crushed and the tapetum becomes a prominent and specialized layer. The cells of

the tapetum are generally multinucleate and polyploid. These cells may remain in a parietal

position until their degeneration (secretory type), or the inner tangential and radial walls may

breakdown resulting in the formation of a plasmodium which penetrates the anther locule

between the meiocytes (invasive or amoeboid type).

The microspore mother cells become enclosed within a special callosic wall, undergo

meiosis, and give rise to tetrads of micropores. Wall formations during meiotic divison may

be successive (will developing after each nuclear division) or simultaneous (wall developing

only after the second nuclear division). The former is common in monocots, and the latter in

dicots. Microspores areusually arranged in tetrahedral or is obilateral pattern.

Microspores, after they are released from the tetrad, enlarge and undergo an asymmetric

division to give rise to a vegetative and a generative cell. In many taxa pollen grains are shed

at this stage (2 - celled pollen). In some taxa the generative cell undergoes amitotic divison

and gives rise to two male gametes before the pollen grains are shed ( 3 - celled pollen).

In some taxa, such as species of Rhododendron and Epilobium, the microspore tetrads

do not separate and each tetrad is dispersed as a single unit. In a few systems many tetrads

remains together and are released as polyads of 8, 16, 32 or 64 microspores. In members of

Asclepiadaceae and some Orchidaceae all the pollen grains of a microsporangium remain

aggregated as a single unit, the pollinium. In cyperaceae three microspore nuclei in each

tetrad degenerate so that only one develop into a functional pollen grain.

Post tetrad development

Investigations on ultrastructural aspects of pollen grains are mostly confined to mature

pollen. Only in a few systems such as Haemanthus (Sanger and Jackson 1971 a-c), and

Beta (Hoefert 1969b), has the development of microspore been followed through different

mode of development.

Division of Microspore

The microspore, soon after its release from the tetrad, contains a large nucleus in the

centre and normal cytoplasmic organelles. The microspore enlarges and prepares for its

division. At this stage the most important feature is the formation of a large vacuole with the

migration of the nucleus to the periphery. The direction of nuclear migration is often

predetermined. For example, in grasses (Christensen and Hornber 1974) as well as in

Haemanthus (Sanger and Jackson 1971a) the nucleus always moves to the side away from
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the furoow (future pore). The migration of the nucleus and subsequent asymmetrical division

are very crucial in determining the subsequent behavior of the two cells.

Soon after migration of the nucleus, cytoplasmic reorganization occurs resulting in polarity

of organelle distribution. Most of the plastids and mitochondria are displaced away from the

nucleus. Cytoplasmic reorgnization is followed by asymmetric nuclear division, which results

in the formation of the gnerative and vegetative cells. After completion of nuclear divison, a

cell plate forms between the two daughter nuclei and, eventually, fuses with the intine. A cell

wall appears between the plasma membranes of the two cells, and this also fuses with the

intine. Thus, the generative cell, when formed, is attached to the intine of the pollen grain. It

later becomes detached from the intine by inward extension of the newly formed wall between

the generative cell and the intine, in the form of a ring.

By the time the generative cell moves to the centre of the cytoplasm, the large vacuole

disappears (Sanger and Jackson 1971b). The cytoplasm of the vegetative cell has all the

normal components. The organelles increase steadily until pollen maturation when the

vegetative nucleus becomes lobed.

In most of the studies concerned with the development of pollen, the behaviour of the

adjoining tapetum has not been followed. There is a close products in the pollen (Echlin

1972, Christensen andHorner 1974). This indicates that the degradation products of the

tapetum are taken up by the developing pollen.

Differential Behaviour of Vegetative and Generative Cells

Although both the generative and the vegetative cells arise by the division of a single

parent cell, their subsequent behaviour is very different. The causative factors for this differential

behaviour are not clearly understood. Many explanations have been offered, based on both

the nuclear and cytoplasmic differences between the two cells. Soon after pollen mitosis

DNA in the generative nucleus increases to the 2C level, whereas the DNA of the vegetative

nucleus remains at the IC level. There are also differences in histones between the nucleus of

generative and vegetative cell. In Paeonia tenuifolia Sauter (1969) reported a very high

content of DNA associated lysine-rich histone in the generative nucleus, whereas in the

vegetative nucleus it was practically absent.

The generative cell possesses a true plasma sheath but does not possess a cellulose

membrane.

The generative cell may divide either-(a) in the anther resultingin three celled mature

pollen grains as in Portulaca (cooper, 1935) or (b) in the pollen grains after they have alighted

on the stigma as in haloptelea or (c) In the pollen tube (normal condition) before of after it has

reached the egg eg. Euphorbia.

Generative cell divide by the noremal mitoris and two male gametes are cut off as cells.

Unusual Pollen Development

In members of Cyperaceae three of the microspores from each tetrad degenerate, and

only one develops into a mature pollen grain.
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There is a no polarity in distribution of cell organelles in meiocytes, even after the

completion of meiosis. Soon after the division of the nucleus, the microspore mother cell,

originally spherical, becomes pear-shaped. The three nuclei destined to degenerate occupy

the taper-end of the meiocyte with a small volume of cytoplasm. The other nucleus lies towards

the broader region of the meiocyte, and possesses a larger proportion of cytoplasm. Mitosis,

although initiated in all the four nuclei, is completed only in the functional microspore. In the

other three microspores the muclei soon degenerate, and golgi bodies and other organelles

gradually disappear.

Another instance of unusual development of pollen has been reported in Ophiorrhiza

spp. (Philip and Mathew 1975, Chennaveeraiah and Shivakumar 1983). The division of the

microspore nucleus is normal, and results in a large vegetative and a small generative nucleus.

Subsequently, the vegetative nucleus fragments into a number of irregular particles. These

particles move towardsthe germ pores and eventually flow out of the germ pores to form three

spherical buds on the developing pollen grain. Pollen buds are shed off from the pollen before

the anther dehisces. Thus, the vegetative cell in the mature pollen is without a nucleus. Such

uninucleate grains germiante normally and

produce two male gametes.

Evolution of Pollen

Study of different structure of pollen

of different group is of evolutionary

significance.

The order Ericales consists of the

families Vacciniaceae, Ericaceae,

Monotropaceae, Epacridacea and

Diapensiaceae. Except for the

Diapensiaceae, all the four families are

characterised by the presence of tetrads

at maturity. In the family Monotropaceae,

both tetrads and single grains are found.

All the sporomorphs are characteristically

3-colporate with various surface

ornamentations. The presence of single

grains in the family. Diapensiaceae

supports its separation into a separate

order Diapensiales as suggested by

Cornquist (1968) also. The occurrence of

tetrads and single grains in the family

Monotropaceae suggests its separation

from Ericales.

Fig. 7.7 : Stages of anther development and microsporogenesis.
A.T.s. of young anther B. Differentiation of four rowsof
archesporial cells (shaded) in the four microsporangia. C. Primary
sporogenous cells (shaded) and parietal cells (p). D.Microspore
or pollen mother cells (P.M.C.). E. Microsporangia (pollen
chambers) showing pollen mother cells (P.M.C.) and tapetum
(t). F. Dyad stage of meiosis in P.M.G. G. tetrad stage (the fourth
necleus is behing). H. & I. Tetrahedral arrangement and
developmentof pollens. J.T.s. of mature anther.
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The order Primulales contain families Plumbaginaceae, Primulaceae and Myrsinaceae.

The pollen grains are fundamentally 3-colpotate. The grains of Primulaceae are highly

hetergoenous being colporate colpate syncolpate and parasyncolpat, with various surface

patterns. The family is known for pollen dimorphism also. In the family Plumbaginaceae, the

grains are mainly colpate. The colpate forms are considered to be primitive than the 3-colporate

forms which dominanlly occur in the family Primulaceae. The family Myrsinaceae is

characterised by colporoidate aperture. The three families being different in their apertural

types may be separated from each other and get elevated to the level of independent order,

Plumbaginales, Primulales and Myrsinales.

The order Ebenales consists of families sapotaceae, Ebenaceae and Styracaceae.

The family sapotaceae and Ebenaceae are characteristically colporate, the number being

three in Ebenaceae, but varying in sapotaceae. The styracaceae is 3-colporate (brevicolporate

in Symplocos). The family shows an array of surface patterns which forms the basis in species

identification. styracaceae by having brevicolporae form is suppose to be evolved among

the families of Ebenaceae.

The Plumbaginaceae alone contains the primitive 3-colporate forms among the families

of Heteromerae and hence is considered to be primitive within the group. The next level in the

evolutionary series is 3-colporoidate pollen type which is found in the member of

Diapensiaceae and Myrsinaceae. The rest of the families having 3-colporate are placed at a

high level of evolution. The Ebenaceae with only 3-colporate form is the most highly advanced

family preceded by sapotaceae and Primulaceae.

The families Vacciniaceae, Ericaceae and Epacridaceae by having tetrads at maturity

form a special line of evolution among the 3-colporate forms. The Monotropaceae with both

tetrad and single forms is considered to have a lower level of specialization.

7.5 QUESTIONS FOR EXERCISE

1. Describe the structure and evolution of pollen type.

2. Explain the development of pollen.

3. Write short notes on the following :–

(a) Evolution of pollen (b) Sculpture of pollen

(c) Germ pore of pollen

7.6 SUGGESTED READINGS

1. The Embryology of Angiosperms -- S.S. Bhojwani & Bhatnagar

2. An Introduction to the Embryology of Angiosperms -- P. Maheshwari

3. College Botany Vol. I -- Gangulle, Das & Datta.




