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a dithe !
here is only one !
{ one microspor:

ous stamen 18 tetrasporangiate
‘ " . -
i nicrosporangium in

anther lobe has 2 pollen sacs (microsporangia) and thus
ingium per anther

and monothecous stamen is bisporangiate. Sonu:limcs: l'

cach anther lobe, e.g., Wolffia, Moringa. Rarely there 15 Jus

(monosporunginte), e.g., Arceuthobium.

Internal Structure (Anatomy) of Anther (Fig. 7.29-C end 73045 lll)- by a shallow groove
The two pollen sacs of an anther lobe are separated from each ot ];::s z)xlpp(;ar = lic)in o

on the outside and a strip of sterile tissue internally. The four pollcn. s ther wall (ii) sporog-

four corners in dithecous anther. An anther consists of two parts— (1) an ’

enous tissue, .

()" Anther wall. It is made up of 2-5 layers. The pollen sacs a
defined common epidermis of the anther. The cells of epidermis 0
off at maturity. . ter layer of tan-

The epidermis is followed by the microsporangial wall consisting of an ou la Zr of tape-
gentially elongated larger cells called endothecium, 1—3 middle layers and mnerh y q thegial
tum. In Wolffia, Vallisneria, Lemna, middle wall layers are absent. In a FYP‘CE}I anther t he o g
cells are tangentially elongated and develop cellulose fibrous thx9kempgs on t edln"her -
radial walls and become dead. Because of the presence of fibrous thickenings, the endot ecxuhm
is also called fibrous layer, It is hygroscopic and helps in dehiscence of pollen grains. In the
shallow groove present between the two microsporangia of an anther lobe the hypoderma! cells
lying at the level of endothecium remain thin walled. They constitute the stomium or line of
dehiscence.

Cells of middle layers degenerate to provide nourishment to the growing microspc?re mother
cells. The innermost layer of the anther is the tapetum. It is derived from primary parietal cel'ls.
It is one layered and rarely many layered, e.g., Vinca. It covers the pollen sacs (microsporangia)
containing sporogenous cells/spore mother cells.

Tapetum-is-the inner most layer of anther wall. Its cells are radially elongated and become

re covered on the outside by a well
ften become stretched and shrivel

multinucleate by endomitosis or their muclei become polyploid due to or endoploidy (mostly
3n). Tapetum is of two types—amoeboid (= invasive, periplasmodium) and secretory (= glandu-
lar, parietal)'.'mboid type, the tapetal cells fuse to form a plasmodium. The walls of cells of
amoeboid tapetum breakdown and intrude between the spore mother cells. After intrusion, the

fuse with each other to form a multinucleated'mass of tapetal plasmodium. This plastodium
remains associated with pollen grains till their maturity and provides nourishment to dividing
and developing-microspore mother cells. With drying up of anther, the tapetal plasmodium gets
dehydrated and coated over the surface of pollen grains thereby helping the formation of exine.
It is found in lower monocots and some dicots. It is considered to be the primitive type of
tapetum: In glandular tapetum, which is more common type in plants, cells remain as such in
situ occupying their original position. They lose contact with each other after meiosis in MMC
and develop big vacuoles and their nuclei gradually disintegrate. Finally cell walls disappear or
collapse and cell contents get absorbed by the developing microspore mother cells (MMCs).
This tapetum occurs in higher monocots and most of dicots. It is secretory in function and
produces Ubisch granules (spheroid lipid bodies) coated with sporopollenin. Ultimately both
the types of tapetum degenerate to form a nourishing fluid. Secretory tapetum has a number of
functions : (i) Nourishment of the developing microspore mother cells and pollen grains. (ii)
Secretion of en mones like IAA. (iii) Production of Ubisch granules coated .with
sporopollenin for increasing thickness of exine of pollen grains. (iv) Secretion of pollenkitt in
case of entomophilous pollen grains. (v) Secretion of special proteins for the exine of pollen
grains to recognise compatibility. The amoeboid tapetum secretes callase to dissolve callsse b

which four pollens of a pollen tetrad are united and ultimately callase separates all the fi 4
pollens in a tetrad. It also contributes in the formation of exine. Thys tapetum is ab our
nutritive, secretory and helps in storage and transport. PSRRIV
ovaitinicu vwiui vail
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; 0. Different stages of the development of anther and microsporangium (pollen sac). (A) Flower
, F'g'. 70 2 rimordium for stamen. (B) T.S. of young anther, (C) Differentiated archesporial cells, (D)
pr|mord|un], smw‘;?,?; parietal cells and primary microsporogenous cells, (E) T.S. of young anther showing
anfer_entlated pr la a)r’] d vascular bundle, (F) Detalled structure of one young microsporangium (pollen sac),
four m|crosp0(rgf;% single pollen sac in dotall. (H) A portion of microsporangium showing detalls.
) Mg@!l,o“s Tissue. The diploid microspore molhcr.cclls or microsporocytes in microspo-
rangia devel i I layer of _93_!!95;\-4 (B-1, 2-glucan) which breaks the p}asmgdcsmal connec-
tioms amONE , he separated MCs’ri,ound off and un.dcrgo sporic meiosis to produce
tetrads of haploid microg),Q,[Q?.QLPOllfJn g.rnln?. I'he phenomenon is called microsporogenesis. One
mejosis produces gﬂp_ctwnal po}llcns ut in members of Cyperaceac, one meiosis produces only one
functional pollen grain. The pollen grains of a tetrad grow and separate from one another. The

arrangement of four pollens in 2 tetrad can be tetrahedral, decussate, T or L shape, linear, or isobilateral
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1g. 7. :
COHglpoS[:()]' :(::lgnpci o.f lc'trad are found in Aristolochia. However, they remain attached forming
grains of an antherg] %'"s n 7}’1”10,. Juncus, Anona. In Calotropis and related plan.ls'all the pollen
anthers are attachedto ¢ remain united in a single sac called pollinium. Two pollinia of. adjacent
is called pol 0 produce atr anslator (Fig. 7.32). Occurrence of more than 4 pollens in a tetrad
p/’y'smry' e.g., there are 11 spores in a tetrad in Cuscuta. o

TETRAHEDRAL ISOBILATERAL DECUSSATE T-SHAPED  LINEAR

74

Fig. 7.31. Different types of pollen tetrads. Fig. 7.32. Pair of Pollinia in Calotropis.

Dehiscence

The mature anther dries up. The sterile strip present betwen the two pollen sacs of each
anther lobe disintegrates to form a single cavity. There-
fore, the mature anther has only two chambers, one in each A%%%EPSS.EL
anther lobe. With the loss of water the differentially thick-
ened dead cells of endothecium contract from their outer
thin walls. The latter become concave. It brings their outer
radial walls nearer. As a result the endothecium shortens ~SUCCESSIVE SIMULTANEOUS
and ruptures the anther lobe wall in the region of stomium. °E TYPE
The line of dehiscence is longitudinal in such cases. The
exposed spores are picked by various agencies for pollina-
tion. Local degradation of wall occurs in other types of

dehiscence.
Development of Microsporangium (Microsporo-

genesis)
The development of the microsporangium (pollen sacs)
is eusporangiate type, i.e., it develops from a group of

cells (Fig. 7.30).

Microsporogenesis (Fig. 7.33) is the process of devel-
opment of haploid microspores (= pollen grains) from dip-
loid microspore mother cells in the 1 microsporangium. The
stamen arises as a small outgrowth of meristematic cells in
floral primordia on the thalamus and gets differentiated into
anther and filament. During the development of the microspo-
rangium, the anther is seen at first as a horpogeqous mass
of meristematic cells surrounded by an epldermn§. It then
becomes more or less four lobed. Then a procambial s}rar}:d
develops in the centre. This forms vasc;lar blundllle ll):; 1:; ‘: i 7.88, Moréporogbridi
. region of connective. Then Fertam hypo en}xa ce Shes N (A) Successive type in Mono-
epidermis in each lobe begin to enlarge to form ar(;: f cotyledonous plants,
rial initials. The pollen sacs (mmrosporangla) evelop (B) Simultaneous type in

hypodermally in anther from a strip of archesporial cells. Dicotyledonous plants.
ypo
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tions among themse nal la

coduces tetrads of 111\;05. .The Scparatedychrd;\)/f callose which breaks the plasmodermal connec:

trad may be tet loid microspores C rounds off and undergoes sporic meiosis and
te e rahedral, 1sobilat POTes (pollen grains). The arrangement of four pollens in 4
sis. One Me1osis produces 4 1, al eral, decussate, T, 1, fincar (;e cn%lirr\nvt:‘l (())n louc gfc t(:\r'ir\c-L-

roduces only one functiongl POlolld qulcn grains but in membsrs of (%y[?craczz‘:c oncymc\iosis
by callase Segreted by tapemmp en. The wall of tetrad is made up of callose. It <;n dissolution
rePresents first cell of gamiiparl?te§ all the four pollen grains in a tetrad. Each pollen grain
microgametogenesis. Ophytic generation and produces male gametophyte by

Cytokinesis

ophytn 231
he cells in g

The division of cyt
the former each Oftheyt»?/gl;ir;:;?é-b? 9f successive type or simultaneous type (Fig. 7.33). In
is formed in the center and then exu:Vgnons are followed by the. form@ti.or.\ of wall. Th.c ccll‘pl.ate
arts. In simultaneous type, now llnf ° cen_trlfugally on both S}de.s dividing the cell into similar
after meiosis 11 in the fi ’ all formation occurs after meiosis I. The wall formation occurs
. orm of 4 peripheral constrictions which gradually extend from periphery
fo centre (Ceptrl}?etally) to form four spores. Generally successive type occurs in monocots and
it produces isobilateral tetrad. Simultaneous type occurs mostly in dicots. It produces tetrahe-
dral type of tetrad which is most common type of tetrad in angiosperms.

Anther Primordium (2n)
|
] \
Epidermis (2n) Archesporium (2n)
Periclinal divisions \
Primary parietal cells (2n) Primary sporogenous cells (2n)
\ l mitosis
Anther wall
. \ | Secondary sSporogenous
Endothecium (2n) Middle layers (2n) Tapetum cells @n)
mitosis
Microspore mother cells MMCs/Pollen mother cells (PMC) (2n)
l Meiosis

Microspores/Pollen grains (n)

Graphic representation of Microsporogenesis.

Male Gametophyte : Structure and Development

Mi togenesis i the process of development of male gametophyte from microspore
icrogame nesis 19 S bmamm

(polle in) Pollen grains’h"re'produced in pollen sacs (microsporangia) during microsporo-
n grain). .

genesis.
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Structure of Pollen Grain (Fig. 7.34 & 7.35)
Il of the uumclophytlc generation, A

0 H . s
Pollen grains are haploid (n) and represent the first c¢
1le (micro) gametophyte.

pollen grain is a actually an immature/partially developed mu

IMOOTH
SURFACE

TUBERCLES SPINES

Fig. 7.34. Common pollen grain sculpturing.

It is uninucleated, one celled, iipg,tfl_i\ke, non-green, yellowish, minute (10 —200 pm), [small-
est pollen of Myosotis (2—3 “um), longest of Zostera, 2500 pm and filament like and largest in
diameter of Mirabilis (250 pm)] and_double walled. Pollens are yellow due to {lavanoids and
carotenoids in their exine. They are commonly globular in outline, though several other shapes
are also found. Their cytoplasm is rich in starch and unmsaturated oils. The latter protect the
chromosomes from radiation damage. Pollen grain protoplast is uninucleate in the beginning
but at the time of liberation it becomes 2 to 3 celled. Wall or covering of pollen grain is called
sporoderm. It has two layers, outer exine and inner intine. These terms were used by Fristsche
( 1837). The pollen grain of Zostera arc without exine. Intine is pecto-cellulosic in nature and
derived from haploid“gametophyte (vegetative cell or protoplast of pollen itself) during

microgametogenesis and hence is haploid (n). At places it contains enzymatic proteins (Knox

and Heslop-Harrison, 1971). Exine is made of a highly resistant fatty substance called sporopol-
lenin, an oxidative polymer of carotenoi o which pollens are well

ds and carotenoid esters due t
preserved for a long time in fossils (Zelisch, 1932). In addition it possesses proteins for enzy-
ity reac d from tapetum

matic and compatabil tions between pollen and stigma. Exine is derive
(sporophytic tissue) of anther during microsporogenesis and hence is diploid (2n). Actually
bodies are secreted by

lipid rich Ubisch glandular tapetal cells.
k&]__._
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Fig. 7.35 i
- (A) Sgcthn of a mature two celled pollen grain of an angiosper:
(B) Fine structure of a two celled pollen grain.

These bodi :
g o e 2 ot i sporpalens s e
nexine or endoextine. Ext liito outer ektexine (sexine or exoextm_e) an 1
discontinuous bacula£ | exine is further made up of a continuous Inner foot layer, a middle
provides a characteri f_ ayer and‘ outermost discontinuous tectum (Exoltman, 1952.). Tectum
the surface of pollen > 1C'SCu]pturmg or designs (ridges tubercles, spines, reticulations) over
their famil grain. It can help experts to identify the pollen grains and refer them to

Y, genus or species. The branch of morphological studies of pollen grains is called
palynology. Erdtman is considered to be father of palynology.
da), 5 minutes (Zea mays) 2 hour in Beta
long as 56 days in Primula and 300 days

ness of exine. Exine
d inner endexine or

Po'llen grai{ls remain viable for 3 minutes (Rese
?zulg.arzls, 12 hr in Secale, 35 days in Viola and for as
in air in Typha. This viability depends on moisture and temperature.

TECTUM

EKTEXINE
(SEXINE) BACULUM

FOOT LAYER

ENDEXIN
(NEXINE) /7

INTINE

Fig. 7.36. Fine structure of pollen wall.

Study of Pollens
(i) Geopalynology
(iii) Jatropalynolog
Study of pollen grains in honey.
Sporoderm of Pollen grain
I
b= I
Exine Intine
il .
|
Inner endexine (Nexine)

for study of fossil poll.en g.rai.n. (i) Aeropalynology for study of pollen in air.
y. Study of pollensis criminology in medical aspects. (iv) Melittopalynology.

Outer Ektexine (Sexine)
] . w
l" I |

Outer tectum Baculum Inner foot layer

Scanned with Ca;rr
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r by a yellowish sticky and oily
f lipids and carotenoids. At
d intine or deposition of

In insect pollinated pollen grains the exine is covered ove
layer called pollenkitt. It is sccreted by tapetum and composed o

certain places the exine is thin or absent. The arcas may have thickened | el
_callose. They are called germ pores (if rounded) or germinal furrows (if elongated). Pollen

\hnins are tricolpate (with three germ pores) in dicots and monocolpate (with sn‘qg.lc chl;lll{llajl
furrow) in monocots. Pollen grains are classified according to number (N), position (P) anc
character (C) of apertures. This is called NPC system.

Chemical composition of a mature pollen grain : Pr
Carbohydrates (24 — 48%) and Water (7 — 16%).

Development of Male Gametophyte (Fig. 7.37)
is the first cell of male gamecto-

)/ Pre-Pollination Development. Pollen grain or microspore ' ' :
phyte. It produces the male gametophyte. The life of male gametophyte 15 comparatively quite
short as compared to the life of the sporophyte. Development of male gametophyte is preco-
cious, (in situ) that is, it begins inside the microsporangium or pollen sac. The pollen grain
nucleus grows in size and shifls to one side near the wall. The protoplast then divides to form
two unequal cells— small generative cell and large tube or vegetative cell. A layer of callose

develops around the generative cell which separates the cell from the pollen grain wall. Later
on, callose dissolves and the naked generative cell comes to lie freely in the cytoplas'm (_)f the
tube cell. Nucleus of vegetative cell is rich in proteins and RNA. Generative nucleus is rich in

DNA poor in protein and without RNA. It is usually towards the distal end of polle'n graip but
position may be variable. The position is always fixed for a species or genus or family. It is the

tube cell that has a vacuolate cytoplasm which is rich in starch protein and unsaturated fats, the
food reserves. Its nucleus is larger but becomes convoluted. The generative cell is lenticular to
spherical in outline. It has a large nucleus with a thin layer of dense cytoplasm. In some species
the generative cell divides into two non motile male gametes prior to the dehiscence of anther
and release of the pollen.grains. Therefore, at the time of pollination, the pollen grain is usually
2-celled (tube cell + generative cell) as in dicots/70% of flowering plant or may be as in mono-
cots 3-celled (tube cell + two male gametes). This development of male gametophyte within

pollen grain is called endospordus

otein (7 — 26%), Fats (0.9 — 14.5%),

INTINE TUBE OR TUBE NUCLEUS
: VACUOLE
CYTOPLASM VEGETATIVE CELL CALLOSE
: WALL

NUCLEUS o
GERM PORE GENERATIVE CELL

GENERA
TIVE GELL MALE GAMETES TUBE
NUCLEUS

A
GERM PORE

7 DENSE
CYTOPLASM

CALLOSE  CYTOPLASMIC
PLUGS SHEATH

pollen grain and formation of male gametophyte in an angiosperm.

Fiq. 7.37. Germination of
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