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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



FLOWER- Structure
of Ant
her, Microsporogenasia And Male Gametophy!o

GYNAL Clum
P f
PRIMORDIUM .

_STAMEN b r{‘ PRIMAIY
. {;:llmou i PO MIY ;/{/\,uu TAL CLLI
SEPAL “HHoMOGENOUS o
A U - WL ¥ MASS Of N
rre af  PETAL MURIS TEMATIC
B criLs
PRIMAHY

5POROGENOUS
ceLl 2 |
PHOCAMBIAL

GTAAND

-

ARCHESPORIAL ~
CELL

CONDUCTING
STRAND ENDOTHEGIUM

POLLEN SAC
EPIDERMIS

MICROSPORE
MOTHER CELLS

EPIDERMIS

ENDOTHECIUM

MIDDLE LAYERS
S

——TAPETUM

POLLEN SAC

MICROSPORE
MOTHER CELLS

; 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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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-
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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&]__._
ouvaiiicu viui wudlT
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A VEGETATIVE  GENERATIVE
NUCLEUS NUCLEUS

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
ovaiinicu viui vail



FLOWER- Structure of Anther, Microsporogonesis And Male Gametophyte 236

Post-Pollination Development. On the stigma the pollen grain absorbs water and nutrients
from the stigmatic secretion through its germ pores and pet hydrated. The tube or vegetative
cell enlarges. It comes out of the pollen grain through one of the germ pores or germinal
“furrows to form a unbranched pollen tube. Usually from one pollen, one pollen tube arises

(monosiphonous) but in Cucurbitacene, Malvaceae, 6 to 14 pollen tubes ari

se from one pollen
(Polysiphonous). The pollen tube is covered over by intine. It secretes pectinases and other

hydrolytic enzymes to create a passage for it in the style if the latter is solid. The pollen tube
absorbs nourishment from the cells of the style for its growth. Wall of pollen tube is made up of
cellulose and pectin. It is actually tube cell and covered by intine only. It was discovered by
Italian mathematician Amici (1824) in Portulaca but term pollen tube was used by Nemec*.
Boron and calcium help in the growth of pollen tube in the style. The growth of pollen tube is
by“its tip. It shows chemotactic streaming. A pollen grain with pollen tube carrying male
gamete/s represents mature male gametophyte or microgametophyte. /f is non-motile. The pol-
len tube is glandular, secretory and absorptive, It has 4 zones— (1) Growth zone at tip called
cap block with dense cytoplasm rich in golgi bodies. (2) Subapical zone with granular cytoplasm
rich in organelle. (3) Nuclear zone containing vegetative nucleus and generative cell. (4) Vacu-

olization zone, highly vacuolated zone between active and inactive cytoplasm with a series of
callose plugs to separate older inactive parts.

Thus only the tip of pollen tube has dense cytoplasm and rest of the tube is vacuolated
and separated by callose plugs. These plugs arise as a ring on the inner side of the wall.

A mature male gametophyte of angiosperm is 3-celled (one tube cell + 2 male cells) and 3-

nucleated structure formed by one meiosis and two mitosis.

o i ————
s bt meyia

Functions of Pollen Tube (1) It carries male gamietes. (2) It secretes growth hormones. Gt
absorbs food nutrients from style.

The tube nucleus descends to the tip of the pollen tube. The generative cell (or its prod-
uets) also passes into it. It soon divides into two equal, functional, non-motile, amoeboid male
gametes if it is not already divided. Each male gamete is lenticular to spherical in outline. It has
a large nucleus which is surrounded by a thin sheath of ¢
is equal to one cell (Schnarf, 1941). The tube nucleus

The pollen tube contains

ytoplasm and hence each male gamete
may degenerate completely.

CALLOSE
dense cytoplasm only towards ~ EXINE PLUGS _—
its tip which also contains two E BLOCK
male gametes and a degener- NS \‘ _ =y
aled tube nucleus. Behind the m‘:\m%o“:_wf \
tip the cytoplasm becomes « CYTOPLASA

[ DENSE CYTOPLASM
highly vacuolate. It has plugs

of callose for separating the Flg. 7.38. Callose plug In the daveloping pollen tube.

older parts (Fig. 7.38)
| - Microspore (Pollen grain)
| |
b r .

Vegetative cell (Tube cell) Generative cell
-
Pollen tube [ =
Male gamete Male gamete

Graphic representation of germination of pollen grain to form male gametophyte.
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STRUCTURE OF PISTIL, OVULE (MEGASPORANGIUM)

AND FEMALE GAMETOPHYTE (EMBRYO SAC)

A cnrpcl (= megasporophyll) is a modified leaf bearing ovules along the margins. It arises
from the tip of the receptacle (thalamus). Morphologically carpel is a modified
leaf, foldf:d upward along its midrib with its margins fused. The margin
along which the carpel is fused is termed as ventral suture and the side
of mid rib is called dorsal suture. Ovules arise from ventral suture.

A car el constitutes a part of the gynaecium (pistil), the female re-
productive part of flower (gynae = female; pistillum = pestle). Usually a
carpel has three distinct parts : (i) A terminal receptive disc like stigma
which may be pointed, flattened, knob like, feathery, to receive pollen
grains. (11) A stalk called style and (iii) A basal hollow swollen part called
ovary in which one (e.g., Mango, Litchi) or more (thousands in poppy and
lacs in orchids) ovules (megasporangia) are produced.

STIGMA

STYLE

OVARY
OVARY IN
. . _ _ _ X~ SECTION
Stigma is the receptive part of carpel which receives pollen grains y—THALAMUS
during pollination. It is characteristic of carpel of angiosperms. The pistil
may be simple (consisting of only one carpel) or compound (having 2 or
more carpels; Fig. 7.39). A compound pistil may be apocarpous or syncar-

pous.

—

PEDICAL

Fig. 7.39. Parts of the
carpel.

Ovule (Integumented megasporangium)
“~ 1. Structure (Fig. 7.40).Itis an indehiscent integumented megasporangium, commonly called
seed bud. Itis found in spermatocytes which develops into seed after fertilization. It consists of two
parts— (i) Body and (ii) Stalk.

Body is ovoid, whitish structure, at- CHALAZA
tached to a parenchymatous cushion like _ N
tissue called placenta by a stalk called fu- :
nicle (funiculus). The point of attachment
of body of the ovule with the funicle is
called hilum. The stalk is traversed by vas-
cular supply which ends near the base (cha- .
laza) of the body from where integuments ~ VASCULAR
arise (chalazal end). Rarely vascular sup- SUPPLY

INTEGUMENTS

ANTIPODAL CELLS

EMBRYO SAC
SECONDARY

ply continues into integuments. The funicle il b EGGNUCLEUS
is fused with body of the ovule length wise SYNERGIDS

beyond the hilum. This gives rise t0 2 lon-
gitudinal ridge called raphe.

\— MICROPYLE

The body of ovule consists of a mass
of parenchymatous cells called nucellus (= Fig. 7.40. A mature anatropous ovule in L.S.
megasporangium). It is massive 1In .

~ATT
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238 ANGIOSPERMS — Structure, Development And Reproduction
crassinucellate ovule (¢.g., Casuarinaceac) or thin in tenuinucellate ov;J'lc‘(f'.;:.l;]f(fl(:f(;lr)l;)ﬁllac?
and is surrounded by onc or two or three or no imcgu!nclll- An’ (.’v“ N Sl;'r}r:{ (meclli); o
integument is called unitegmic ovule (¢.g., higher dicots of sym'])(:tillxlb gml:p o 5 o g
Myrtaceae, Ranunculaceae, Rosaceae) or two integumented ovule is called l)fl;l;"llif (‘ = 'm(’;l""cms
and primitive dicots). Tritegmic (three integumented ovule) is found in Asp s, r,:}m l({na,
Litchi. In Santalum, Loranthus, Crinum, Balanophora oviiles are Slegmie, .. ,w” SR

integument.

This third integument is consid-
ered as an outgrowth of one of the
two integuments. It sometimes is fleshy
and called aril, e.g., Litchi (Fig. 7.41).
In some plants, a small fleshy outgrowth
arises from the outer integument at mi-
cropylar end. It is called caruncle and
helps in absorption of water, e.g., Rici-
nus, Careya (Fig. 7.42). In Opuntia the
funicle grows to such an extent as to

completely encircling the ovule and look  Fig. 7.41. Origin of aril in Fig. 7.42. Caruncle in
like a third integument. the ovule of Asphodelus. the ovule of Careya.

These integuments surround the nucellus on all sides leaving only a small opening called
micropyle at the apex. The integument arises from base of ovule, i.e., at the opposite end of
micropylar end. This end is called chalaza. It is the seat of many biochemical reactions and is
most active part of ovule. The nucellus and integuments are covered by cuticle so that inner
integument remains separated from nucellus. An embryo sac (female gametophyte) develops in
the nucellus towards micropylar end. This embryo sac is female gametophyte and has an egg
apparatus, 3 antipodals and 2 polar nuclei in normal type of embryo sac.

CARUNCE

Parts olf the Ovule

| I -
Funicle Hilum Body
|
| l l l !
Chalaza Integuments Micropyle Nucellus Embryo sac
| | |
Egg ?pparatus Secondary nucleus Antipodal cells

l l
Egg cell 2 Synergids

Development of Ovule

The ovule develops from the subepidermal cells of the placenta. These cells divide periclinally

and give rise to a conical protuberance with a rounded tip. This forms the nucellus (Fig. 7.43 &

44 & 45). The protuberance clongates very rapidly so that the basal region becomes clongated

to form funicle of the ovule. The inner integument appears first as a ring shaped outgrowth

from the base of nucellar primordium. In Plumbaginaceae and Primulaceae this is the only in-

tegument. In most of the angiosperms a second integument also appears as a ring like out-

growth external to the first. In Asphodelus tenuifolius a third integument also appears external

to the second. In ovules with two integuments (Bitegmic) the integuments appear as two annu-

lar ridges enclosing the nucellar basc. Gradually the integuments grow towards the nucellar

E'» apex and completely envelope it, except at one point, called the micropyle. Micropyle is a small

ouvaitiicu viui valY




e —— ‘

FLOWER— Stryct
ure of Pistil, Ovule & Female Gametophyte 239

NUCELLUS

22 FunicLE

INNER OUTER
INTEGUMENT INTEGUMENT

W NUCELLUS__MICROPYLE
4
4,

ORES

D
FUNICULUS MEGASP

Fig. 7.43. (A-E) Various stages in the development of an anatropous ovule.

?:;ﬁtatlthe free end of the Ill}Ctillus. The inner integument usualiy outgrows the outgr integu-
{ . In most of the plants it is the inner integument which forms a micropyle. Sometimes both
{nteguments help to form micropyle. Such a micropyle developed from both the integuments, 1s
in the form of a narrow canal and is termed as a micropylar canal.

SPOROGENOUS CELL PARIETAL CELL
PARIETAL CELL

INTEGUMENTS @/
EPIDERMIS A\
—I~ MEGASPORE~L 321\
CXEF I\ MOTHER 5] )

NUCELLUS

OVULE

FUNICLE

S 3 DEGENRATING
MEGASPORES

FUNCTIONAL CHALAZAL
MEGASPORE

g. 7.44. (A-G) Showing the development of megaspores by megasporogenesis.

Fi

ucellus represents the bulk part of the ovule. The ovules are of two type—

ssinucellate and tenuinucellate depc.ndmg upon the degree of nucellar development. The
il g diffcrcntiated from the latter 1n haymg well developed parietal cells and with the
former ! of one to many Jayers of cells separating the megaspore mother cell from the epidermal
pre:senfo:he nucellus. Actually in these type of ovules, the archesporial cell divides to form
Cc!l 0 Jrietal cell and primary Sporogenous cell. Primary sporogenous cell forms megaspore
I:;(l)rtrllgry czlls (MMCS). In tenuinucellate type, no parietal cells are present and the layers of cells

The n

]
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are also oy fo

llll(l hc“\'k‘

o.r cell. In fact, in this
. " (', ln()'h(«r ll. N
¢n lllL‘ llllCC“lll' C]\i(lCl'llliﬂ ﬂll(l meg sp()r
S l\llCL‘”\lS 1

: JI1 dire functions as MMC

S thin and small and the archesporial c?ll :]cléltlf:rl):issuc gets gradually
ocBaspore Mother cell), Wit the growth of the embryo sac, the r'n Syt BT aae o
Consume( by it and finally (liqnppcx;rs altogether by the time of matur Y of mucellus may eco
Y0 sac COmes in contact ;vith the udjuc’cnt integument, chcl?qfﬂ“lo b aalletendotelius
Much before the development of embryo sac. In such cases, a nutritive laye P et
(lmcglmmm“r-" tapetum) is formed, Sometime, some nucellus is left in the ovu c. ool e s
+ and storeg food, e.g., Black Pepper, Coffee, Lotus etc. In some cases, sor: prana:ftrum,

d and stores. fats and starch. It is called chalazosperm e.g.,

OVARY
EMBRYO SAC FUNICLE K
8 NUCLEATE \
S
TAGE L A ‘
4 NUCLEATE K 5
STAGE
INTEGUMENT
NUCELLUS
TWO
NUCLEATE i
STAGE
MEGASPORE
MOTHER CELL

FUNCTIONAL
MEGASPORE

DEGENERATING
MEGASPORES

Fig. 7.45. Developmental stages of the ovule upto the formation of Embryo sac.
ig. 7.45.

ved a cup-shaped group of s ecialised lignified nucellar ce_lls

Van Tieghem (119)013 soab:; chalazalpcnd which he ‘:cmlcg as hypostase. It forms a barrier

below the ba,se of etn)n (r)y sac and prevents it from pushing into the base of the ovule. Th“s‘. B4

for the growing elm asryrotcctivc in nature. Venkata Rao (1953) considered PO s & nst;uc

supportive as wel ué)s of funicle to the embryo sac, thug helping nutrients transport. Ano tlfcr

which connects t1s5 nd at the micropylar end of the ovule iy some cases. It arises frqn: !

like tissue 15 fou d forms a cup like structure over the embryo sac. This is called epistase.

cup is of nucellus an loped from placenta or funicle along the side of ovule. It directs the
epldethlor is a tissue dcrvcardr; micropyle by acting as a bridge,

ggt:rltll-l of pollen tube to olygonum, Cucurbit), nucellus comes

out of the micropyle in the form
llar beak.
lled nuce

ases (€-8- P
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Ovule Primordium
|
Basal (Chalazy) Part) |
| Nucellus
Inner integumeny , ‘
(First integumeny) Outer integument One hypodermal ccll
(Second integument)
r\ I
one hypodermal ce|| l
is tenuinucellage ovule REamEEE
Primary arches ial ¥ '
porial cel] Primary archesporial cell
MMC | . |
.\L . Outer primary parietal cell Inner primary sporogenous cell
Meiosis | |
' \2 Parietal tissue or Wall layers MMC
Linear tetrad of 4 megaspore L
| Meiosis
| 7 | -
3 degenerates one functional megaspore Linear tetrad of 4 megaspores
l |
r |
Embryo sac 3 degenerates one functional megaspore
(Female gametophyte) "
Mitosis
A
Embryo sac

Graphic representation of the development of ovule in angiosperms.

Types (Forms) of Ovules (Fig. 7.46)

Depending upon the coﬁgurat"iqu and orientation of the body of ovule in relation to the
funiculus, six types of ovules are found in angiosperms.
.~""1. Orthotropous Ovule (Ortho = straight; fropous = turn) or straight or atropous ovule. It is
the simplest type of ovule, stra_ig}hlg in posi_ti‘p_n,,\y_itb funicle, micropyle and chalaza all in same straight
vertical line. Embry0 sac is also straight and micropyle is at upper end, e.g., Polygonum, Urtica,
Piper. _ ‘

2. Anatropous Ovule (4na = up or inverted) or inverted ovule or resupinate ovule. It is most
common type of ovule found in 8'2% of angiosperm i which funicle is elongated and the body of
ovule is jnverted at 180° so that micropyle and hilum come close to each other and chalaza lies on the
Oppasite side. Micropyle is on lower side. Embryo sac remains straight, e.g., Solanaceae, Compositae.

~3 Hemitropous or Hemianatropous or Transverse Ovule. The ovule is tumed through 90° so
that body of ovule makes a right angle with the funicle. Micropyle and chalaza lic in a transverse line.
Embryo sac is straight, ¢-8- Ranunculaceae, Cruciferae,

4. Campylotropous (Kar_nylos = Curved) or Curved ovule. 1t is similar to hemianatropous in

being placed at right angle to funicle but body of ovule is curved so that hilum, chalaza and micropyle

come nearby. Embryo sac remains nlmqsr straight and micropyle is directed towards the base of
funicle, e.g., Capsella, Mustard, Capparis and Leguminous plants.

ouvdaitimicu viuil valY



MICHIOPYLC

INTEGUMENTS

NUCELLUS

CHALAZA
FUNICLE

INTEGUMENTS

.~ NUCELLUS

FUNICLE

NUCELLUS

HALAZA

MICROPYLE

N r e i R T R

CHALAZA
EMBRYO [ - /- efes eme P\ ’
SAC ~—[_ £ Ay - |} RAPHE

|NTEGUMENrs=L._L_,f.j::-T{ g )R

NUCELLUS VS ‘
HILUM
MICROPYLE | FUNICLE
B

INTEGUMENTS  NUCELLUS

EMBRYO
SAC

MICROpYLE [ BB T/
' f CHALAZA
FUNICLE
D

‘N INTEGUMENTS

CHALAZA

Fig. 7.46. Six different types of ovules In angiosperms. o ‘
(A) Orthotropous, (B) Anatropous, (C) Hemitropous, (D) Campylotropous, (E) Amphitropous, (F) Circinotropous.

5. Amphitropous Ovule (Amphi = both). Itis externally similar to anatropous ovule. Body of
th 'le as well as embryo sac both get curved in semicircle way and the émbryo sac and body of
e ovu . ¢

X wfinre ) » ene
ovule assume a horse shoe shaped, ¢.g., Crucifers, Papaveraceae.

Circinotropous Ovule. The funicle is very large and coiled around the ovule by more thfm
r i : aigig? s v eigly i ‘
0° 6.d licr{) yle faces upwardly. The coiled funicle appears like a third integument, e.g., Opurgrgf
é&) o mThepfunicIe is free from body of ovule except for a small area of attachment at the en
actaceac. _

the funicle.

e S
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'Y TYENT STUCturg of Pistil, Ovule &, Fem
Me?};porogenesls (Fig. 7.47)
e : -
s Process of development of |
M Mm the nuce)yyg s ¢
single MMC. [y ¢, nucelly
the micropylay

ale Gametophytoe 243

aploid megaspore from diploid megaspore mother cell
alled megasporogenesis. It is Icptosporangiutc type d’cnvu'l from
end be S-(mcgﬂsporangiunl)"ﬁ single hypodermal cell below cpxdgrmls n'cur’
archesporial cq) It S OMES evident by its larger size and dense gytoplasm. It acts as primary
etal cell (primgy ' ;S diploid (2n). It divides transversely (periclinally) to form an ou’t‘cr p:ﬁr;-
etal cell usua)) . 1 cell) and an inner sporogenous cell in crassinucellate ovules. The pari-
cell (2n) acts az fémams undivided or undergo divisions to form wall layers. T_hc SPOTOZENOuS
rial cell directi megaspore mother cell (MMC). In tenuinucellate ovule, the primary archespo-
sporic meiosj )f, acts as megaspore mother cell (MMC). This MMC 1s dlplmd and undcrgoce
1 or isobil s followed by cytokinesis to form a linear tetrad of four haploid megaspores. T or
o01 alteral, or decussate may also be formed. Normally the chalazal megaspore 1n the

fetrad rema}“S functional while the remaining three megaspores degenerate. The functional
o pabore 18 also called embryo sac cell. It enlarges in size and undergoes mitosis to give rise
to haploid embryo sac (female gametophyte). The formation of female gametophyte from me-

gaspore is called megagametogenesis (discussed separately in next part of the Chapter). Some
deviations from this normal type are reported : y

PRIMARY
ARCHESPORIAL CELL INTEGUMENT

4

: /
<IN PRIMARY PARIETAL /,{g
OVULE — . ‘ CELL g
PRIMORDIUM PARIETAL
CELL
A HAPLOID rame
SPOROGENOUS B MECASPQHE? C
DEGENERATING CELL SOLAR EGG APPARATUS
MEGASPORES NUCLEUS ___ FOWAR * sEcONDARY 2,

NUCLEl __"NUCLEUS &

D- FUNCTIONAL <&
MEGASPORE g

7 ANTIPODAL
CELLS

Fig. 7.47. Development of embryo sac.

1. In Balanophora, micropylar megaspore is functional in the tetrad.

5 In Casuarina, all the four megaspores in a tetrad are equally functional and any of them or
all the four may form embryo sac. ‘

3. In Rose, second megaspore in the tetrad is functional.
4. In Aristolochia, third one is functional.
5. In Musa, all the types of tetrad are reported.

6. In Culicittium reflexum, two megaspores out of four are functional, one is micropylar and
other is chalazal. The middle two degenerate.
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FEMALE GAMETOPHYTE

(Embryo Sac/Megagametophytc)
Structure and Development of the Normal Type of Embryo Sac ) |
The most common type of embryo sac (nocmal type) is 8 m{cleated', 7 cell'elz. , mI(:nO’SPO;lc,
Polygonum type of embryo sac ‘is found in 80% of total angiospermic families. It was et
divaricatum In the nucellus, towards micropylar

described by|Strasbur 79) i m
‘ ger (1879) in Polygonu : : il
end, an archespori 1t divides once Into outer primary wall cell
sporial cell develops hypodermally her cell (MMC).

(PWC) and inner sporogenous cell (SC). The SC acts as diploid megaspore

The diploid MMC (megaspore mother cell) divides meiotically. The first and second both divi-
sions are transverse to form a linear tetra res. The three megaspores

d of 4 haploid megaspore
degenerate while the lower most (chalazal) megaspore remains functional. It eqlarges.sex'eral
times and forms a central cell. This functional chalazal megas haploid. It is the first cell

pore 1s :
of female gametophyte. In Angiosperms, it does not procee e stage but in

244

d beyond 8 nucleat
gymnosperms, it undergoes free nuclear division to form female gametophyte. The nucleus of
this functional megaspore divides mitotically into two nuclei which migrate to micropylar and
chalazal ends to form primary micropylar and the primary chalazal nuclei. Both of them
further divide mitotically twice to form 4 polar nuclei at each end. Growth is stopped at this 8
nucleated stage. One polar nucleus from each pole moves to the centre. They are called polar
form a diploid

nuclei and get surrounded by cytoplasm. The two polar nuclei may fuse to
secondary nucleus (fusion nucleus or definite nucleus). The remaining three micropylar nuclei

_get surrounded by cytoplasm and form three cells, one acts as egg cell and remaining two as
synergids. This group of 3 cells at micropylar end is collectively known as egg apparatus
(equivalent to one archegonium). Similarly the three chalazal nuclei give rise to three wall less

or walled antipodal cells (Fig. 7.47).
leated, 7 celled structure

A mature embryo sac (Fig. 7.48) is an oval, multicellular, 8 nuc
formed by one meiosis and 3 mitosis. Its cytoplasm is vacuolated and rich in starch grains. It
is covered over by a thin membrane and cellulosic wall derived from the megaspore wall. The 7

cells forms 3 distinct groups— 3 cells at micropylar end form an egg apparatus having one egg
cell (oosphere) and 2 synergid cells, one central cell having 2 polar nuclei (fuse to form a

diploid secondary nucleus) and 3 antipodal cells
at chalazal end. MICROPYLAR END
FILIFORM APPARATUS

1. Eggapparatus. In the egg apparatus all

are pyriformand arranged in a trian-
larger and farthest away

SYNERGID
VACUOLE
OOSPHERE

the three cells

gular manner, one cell is
from the micropyle and forms egg (ovum or

oosphere or female gamete) and the two others

are called synergids or helper cells or cooperative

otential eggs. Normally, they are found
gl All these cells in an

on either side of the egg cell.

egg apparatus are connected to one ,g_r)otherm and

tog the central cell by plasmodesmata. The egg cell — VACUOLE

i 13:"g€r’ind bears finger like ﬁlif.onn apparatus CECNETLFEAL

: ds embryo sac membrane, 2 micropy]ar vacu-

- leus towards chalazal end. The f:;MB?vo SAC

ole and a large nuc le gamete of (EMBRANE
cell represents the single female gamete of N ii i,

g The position of egg cell is actu- G

the embryo Sacti1 synergi ds but it hangs down ANTIPODAL CELLS

ally lateral to :s 1o appearthat theeEg cell is CHALAZAL END

0 | Fig.7.48. Normal or Polygonum type of

embrvo sac.

__below them s
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matic memb RIS in congacy v
rane, ontact wj . :
a lateral hook tcnhs cYtoplasm ¢ th the synergid but the lower part seems to have only plas-
>

- ontaing .
Minal finger like filifo s plastids for the synthesis of starch. The synergid cell bears
1€ filiform appamurm apparatus in the micropylar region, a central nucleus and a
1s of synergids arise from cell wall of synergid and penctrate

chalazal vagyg)e
into central cg) ‘to help ip (i)
. i

shock a i mdi -

burstin;z?rg;r during the pcné’x;‘:::ﬁ (t,l;‘c P;)lllcn tubg by secreting some zil.traclantf;, (i) acting as

nucellar ce] upper end during fertil pollen }ubc into .thc cmt.)ryo sac, (iii) protecting cell from
S and (v) sometim rtilization, (iv) help in obtaining nourishment from the outer

2. Antipodals. The 3 he Synergids may also get fertilized by male gamete to form cmbryo.

They are naked o thin wal chalazal cells of the embryo sac are called antipodal or vegetative cells

cells may degenerate & ed cells. The wall is first plasmatic and later on becomes cellulosic. These

cells. Sometimes ant on or take part in absorbing nourishment from the surrounding nucellar

ipod .
central cell by Plasﬂlgde:r;(;igs form chalazal haustorium. Internally they are also connected with the

3. Central Cel]

binucl (Endosperm mother cell). It is the largest cell of the 7 celled embryo sac. It 1

eated containj .
resefve Tood and ag;lffgbz polar nuclei in the middle. Cytoplasm is highly vacuolated and rich in
golgi bodies. These 2 polar nuclei fuse either before (in most of cases), during or

after the entr Y
called de ﬁnity' of the pollen tube into the embryo sac and form diploid secondary nucleus (2n), also
ve nucleus or fusion nucleus or central nucleus.

T .
centratlms,lian tl_le cells of the haploid female gametophyte (embryo sac) are haploid except the
cell which becomes diploid due to fusion of 2 polar nuclei.

Types of Embryo Sacs (Fig. 7.49)

The embryo sacs are classified on the basis of two main characters :

() nuinber of megaspores taking part in the formation of embryo sac;

(i) number of nuclei in megaspore at the end of meiosis (megasporogenesis) from which
embryo sac is derived.

P. Maheshwari (the father of Indian Plant Embryology; 1950) recognised 10 types of em-
bryo sacs into three main types :

!
— | |

Masospolic Embryo Sa¢ Bisporic Embryo Sac Tetrasporic Embryo Sac
! L i
Diploid MMC (megaspore mother cell) Diploid. MMC on meiosis The diploid MMC does not
divides meiotically to form 4 haploid forms 2 haploid mega-
s, out of which 3 degenerate
ini jonal megaspore
?: i;i;n:::;:tgé}n:n?nfztrms full %mtr:ryo sac. binucleated and forms

, 2 types : full 8 nucleated embryo
It is of 2 P sac divisions form 3 types of

‘ 8 nucleated

8 nucleated 4 nucleated
Polygomim type Oenothera 1yp¢

produce any megaspore. It

spores, one degenerates directly acts as megaspore.

megaspore

and remaining one is Its nucleus divides meiotically

to form 4 haploid nucle!
which on further mitotic

embryo sac

Allium type

8 nucleated, Adoxa type

|

4 nucleated,
Plumbagella type

I
16 nuclcated, Penaea type,
Peperomia type and

Fritillaria type,
plumbago tYP¢ Drusa type |

|

Jﬂ
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[ ' T MEGAGAMETO GENESIS
| MEGASPORO GENESIS MEGAGAMETO GENESIS

TYPE o — RS I MATURI
MEGASPORF e . osis | MITOSIS | MITOSIS EMBRYC
MOTHER | MEIOSIS | weiosis [ miosis | MITOSIS | RRICTE ple

T

!

CELL2x | DIVISION| | DIVISION Il [ DIVISION Il

MONOSPORIC
8-NUCLEATE
3+2+3
POLYGONUM TvpPE

| —

MONOSPORIC
4-NUCLEATE
J+1
OENOTHERA TYPE

BISPORIC
8-NUCLEATE
3+24+3
ALLIUM TYPE

TETRASPORIC
16-NUCLEATE
2+8+6
PEPEROMIATYPE

TETRASPORIC

16-NUCLEATE
(3+434343) +440
PENAEATYPE

TETRASPORIC
16-NUCLEATE
3+2+11
DRUSA TYPE

TETRASPORIC
B8-NUCLEATE
34(143)+(3+3+3)
OR 3+2+3
FRITILLARIA TYPE

TETRASPORIC
4-NUCLEATE

1+(143)+1(3) OR 1+241

PLUMBAGELLATYPE

TETRASPORIC
8-NUCLEATE
44440
PLUMBAGO TYPE

TETRASPORIC

8-NUCLEATE
34243

< ADOXATYPE

DR

. Diagrammatic representation of development of 10 types of embryo sacs
Fig. 7.49. Diag (after P. Maheshwari, 1950).

oric Embryo Sacs
S Mono::)e most common types of embryo sacs. Diploid megaspore mother ccl.l (}\ng
: .Thcse .+ ally into a linear tetrad of 4 haploid cells called megaspores. Wall is form
dlvcos mcllotlc(i; fuf these, three degenerate and one remains functional. This functional mC;
S 'cells. ul ated. It enlarges in size and may be called as embryo sac cell and bchav:ltc
gaopore unin:ldc t":)rm 2 types of monosporic embryo sacs. It is called monosporic embryo S

: ers
a::vl?smvclops from single uninucleated megaspore.

‘

T
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1. Polygonum ty
of embryo sac, found ixi
gametophyte). The fun
an 8 nucleated, 7 ¢elle
centre + 3 at chalaz

247
amotophyto

Pe. Itis monosporic 8 nucleated embryo sac (3 1 2 1 3). It 15 most comimon type
more than 80% of angiosperms. Itis called normal type ol'cn'lhf)"" sac (""T‘”]“
Ctional megaspore at chalazal end enlarges in size, divides by 3 mitosis to form
d embryo sac in which 8 nuclei are arranged as 3 at micropylar end + 2 the

al end. The ty - nuclei in the centre m: .o to form a diploid secondary
pucleus. Strasburge two polar nuclei in the centre may fuse p

r (1879) first described this embryo sac in Polygonum divaricatum, and hence
type (Fig. 7.50).

called polygonum

2] FUNCTIONAL
\ MEGASPORE
(CHALAZAL)

FOUR NUCLEI
(MICROPYLAR)

:53... TWO NUCLEI
(%L (MICROPYLAR)

[
%
¥

POLAR _
NUCLE| gl

4— EMBRYO SAC

MEMBRANE
EGG

FOUR NUCLEI
D (CHALAZAL)  E

Fig. 7.50. Polygonum type. Developrﬁent stages of Monosporic, 8-nucleate embryo sac.

2. Oenothera type. It is monosporic, 4 nucleated embryo sac (3 + 1). It is found in Oenothera
and other plants of Onagraceae. Four megaspores are formed from MMC by meiosis of which the
micropylar rather than the chalazal megaspore is functional. It divides by two mitosis to form only 4

nuclei of which three are organised into one egg apparatus while the fourth one becomes the polar
nucleus. There are no antipodals and second polar nucleus (Fig. 7.51).

FUNGTIONAL
MEGASPORE
(MICROPYLAR)
, 3 DEGENERATING
D 7~ MEGASPORES
7
(o]
/

MEGASPORE
MOTHER CELL

(CHALAZAL)

A B ovap  FOUR

TWO NUCLEI

FUNCTIONAL
MEGASPORE

Fig. 7.51 Oenothera type. Development stages of monosporic 4-nucleate embryo sac.

(B) Bisporic Embryo Sac (3 + 2 + 3) (Fig. 7.52)
Tt was reported by Strasburger (1879) in Allium fistulosum and hence called Allium type. It
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is found in a number of monocot families like Liliaceae, Orchidaceac and some dl.C(llt fﬂmllllcs‘ 1l|§c
Loranthaceae, Podostemonaceae, Balanophoraceae. The diploid MMC divides ""‘0 2 "apl‘)lfl
megaspore cells (dyads)-on" meiosis I. The megaspore cell towards the chalazz;l Lmi .Ln.lurges
and undergoes II meiosis to form 2 nuclei. No wall is formed ben'veer? these nuclei. 'l e second
megaspore cell at micropylar end degenerates in Allium type. This bmuclegted funcuonal me-
gaspore undergoes 2 mitotic divisions to form an 8 nucleated embryo sac In 'Wthh 3 nuclei at
micropylar end form one egg apparatus, 3 nuclei are organised to form 3 antipodal cells and 2
nuclei as 2 polar nuclei which on fusion form a diploid secondary nucleus. It is called bisporic

embryo sac as it develops from a binucleated megaspore.

UPPER MICROPYLAR
I A_ DEGENERATING CELL
MEGASPORE _| LOWER CHALAZAL
MOTHER CELL @ FUNCTIONAL
B c MEGASPORE

A 2 NUCLEATE
-

— SYNERGIDS

-

® (AN ega
POLAR NUCLE!
D F ~4~ ANTIPODAL CELL

4 NUCLEATE B NUCLEATE  MATURE EMBRYO SAC
/"Fig. 7. 52. Allium type. Developmental stages of Bisporic 8-nucleate embryo sac.

(C) Tetrasporic Embryo Sac
The diploid MMC undergoes meiosis I and II without wall formation to form 4 haploid
nuclei which lie free in MMC. No wall formation between nuclei occurs. This 4 nucleated

MMC enlarges and directly functions as megaspore or embryo sac cell to form 7 types of
embryo sacs which may be 4 or 8 or 16 nucleated. As these embryo sacs are developed from 4

nucleated megaspore, these ar¢ called tetrasporic embryo sacs.
1. 8 Nucleated Tetrasporic Embryo Sacs. These are of 3 sub types :
(a) Adoxa Type (3 +2 +3).Itisa tetrasporic 8 nucleated type, described by Jonsson (1879)

® ©6
MEGASPORE @ @@

MOTHER CELL A TWO NUCLE| FOUR NUCLEI
B ' C.
-—
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EGG

POLAR NUCLEI

ANTIPODAL CELL

EIGHT NUCLEl  MATURE empryo
D . E
g. 7.53. Adoxa type- Developmental stages of Tetrasporic, 8-nucleate embryo sac.
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