Primary endosperm nucleus 15 proautts WHEEEAR-VElops ing,, .

endosperm. ]
4. Endosperm is a nutritive tissue and provides food for the grow,

embryo, :
S.

Endosperm is sitvated in the vicinity of the embryo and p,,
food is readily available to the growing embryo.

6.  Endosperm is also a haploid tissue just 1ik€j the embryo (ny,
up of male and female components). Therefore the food is 1y,
suitable for the embryc.

7. Asendosperm is friploid, it is more vigorous i the synthesis
food.

8.  Afier double fertilization, the ovule forms the sced and the ova,
with a single or many seeds forma fruit.

SEED

Development and Maturation of a seed

or Post fertilization changes:
. @

: In angiosperms after fertilization tnany changes occur in the flower
g and as a result the seed is formed. These changes are called as post
::g fertilization changes which lead to seed formation.

After fertilization the sepals, petals, stamens, style and stigma ol
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' ly wither and fall off: But in sope pl
- Planty

i -111]1 Yy
erv> -tl s fertihizat ¢ 1

. after the 1€ ation and graw e e o,

sy eI AﬂC Browg ill()“ ’ (&

srsisten Chilli, prinjal, Datura etc. In the

o 11 ). : " = " lllc‘[ “

0 IOIUJ[ al xlsmlhc form of pappus g ll‘)u., )

| \1‘5!‘:1(:“1 ca y : H(l h(jlpq i s

(e Per lized ovule develops into a seed. Hm”v”rle M ruig
Y C Jeot . > - y 1 > . l

rhe ¢t 11111110‘*“‘1 and develops nto fruit, The ,,

5 lt:: ?1(1(, ovule are such as
punical of the ovule develops into stalk of e
; & o ntegument of the ovule develops intg the 0
' called Testa.
§. AN ipner integument of the ovule develops int, .
" coat called the Tegmen. © Inner geqq
The testa and tegmen together form the seed coatg
The n_{iplfopylc of the ovule develops into seed pore.
The zygote which is the fertilized egg of the ovule deye|
embryo of the mature seed.

P The synergids and antipodals in the embryo sac of the oy are
degenerated during the process of formation of seed.

8.  Theprimary endosperm nucleus (PEN) which s triploid develops
into endosperms of the seed.

9. Thehilumofthe ovule develops into scar of the seed.
Normally in the angiosperms, the endosperm is formed, from

the primary endosperm nucleus (PEN) after fertilization. Endosperm is
the nutritive tissue useful for the development of the embryo. Itisin

triploid condition. But in gymnosperms, the endosperm s developed
directly from the female gametophyte before fertilization and hencelt
remains in haploid condition.

h f“”'llxw

drioyg Oy,
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3 'll,”

ture Seeqd

Uter seeq o

OpS Intg

In some plants the embrvo during its developmental Stages takes
tho ovles

food from the endosperm and completely ubilizes it NO“{ which s
when converted into sced is w ithout endosperm. L edosperm.
converted into seed contains wily the embryo and nof s j

Such seeds which are wihout endosperm are ¢
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huminous seeds ag in Dolichos, Cicer

i qc(‘(ls or non al

cndosl“‘r""c ‘
Jla etc.

and Caps¢t : Ly |
.  other plants (he embryo during its developmental stages
In SOITiSs 1¢ endosperm but cannot utilizes it completely. A lftte

{nod from : . e
tukcsfood_ff Josperm 1 out in the mature seed. Now the ovule

srted 1tO seed 1s with some amount of endosperm. The

when COT% erted 1ntoO seed dontains embryo as well as some
erm. Such seeds which are with embryo and some
perm are called the endospermic seeds or albuminous
CocoS, Ricinus and Datura etc. In plants belonging to
d Trapaceae, the endosperm is not at all formed.

is led

fendosp

seeds as 1
Orchidaceac an

Embryo

Endosperm

Perispenn

y Pericarp

Non endospermic endospermic
Seed of Capsella Seed of Datura

Fig.6.14 (A-C). Different types of seeds in L.S.

As the embryo and endospefm of developing in the embryo sac,

the embryo sac also grows by absorbing the nutrients from the nucellus.
Hen;e the nucellus gets depleted when the seed reaches to maturity.
But in some seeds some amount of nucellus is left out and it is called

perisperm. The seeds with perisperm are called as perispermi
seeds.The Pen'sPerm 1S specially developed into then

on-endospermic
s_eedS, Itis, in fact, a remnant of the nucellus and is nutritive 10 function
like the endosperm. The edible part of coffee seeds is the perisperm.
Th{? seeds of members of Piperaceae and Nymphaceae arc with
perisperm. ,
ANGINSPERM EMBRYOLOGY-TT
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During, the Proccss of seed dt 1 sed from 21mf/tWo tyPe>
« nvee ( e c O -]
special outgrowths or appendages ary (,mi thC}i seed Brei
seed. These special appendages outs1de
such as
1. Anl
2. Caruncle wih geveloped
The ci : et like outhsr? aturc
he circular or annular integumetit 2 i1. The M

from the funicle or hillum of a fertilized ovule‘iS calleC Myrist s

‘ ; : aril of /
seeds of Pithecolobium dulce are with arl . Th’erl % aﬂ} COveI'S th
fragrans is called as Mace and is used as a SP1C€- 1 W hird
seed completely. Some times the aril 18 considere
itegument.
! i
Pericarp Al Caruncle

Seed of Myristica Seed of Ricinus

Fig.6.15 (A-B). Different types of appendages in a seed

In the seeds of plants belonging to the Euphorbiaceae, a sponge
like cuthgrowth arises from the integumentary cells at the micropylar
region. Itis called € aruncle. It helps in the absorption of water during
germination of seed as in Ricin gsicons LS.

structure of a Mature Seed:

Qeed is 2 mature, ripened ovule which contains the embryo or
¢ miniature of a plant body. Seeds of ditferent plants var- R e -
ar.d shape. However, the general plan of structural organizatiop -

~ed remains almost the same.
5 ANGIOSPERM EMBRYOLOGY-H
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i e “ Scaritis called hilfyy, There j, . "EF
i o PYle or seed pore Whlchlupresents the k i
B S Seeds also show the place of origi), Uthmp '\\
Ad the part of funicle fised with seed waj| (laphe) s
: The seed coat encloses an embryo which differensi,, .
l‘?ldiCie, Plumule and cotyledons. The radicle whcn elongaltzteﬂ
rse to primary root where as the plumuie gives seral g B

The number of cotyledons or seed }@am may be ong 1S

monocotyledons or two as in dicotyledons. Sometimes they s‘w e
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pl
Hillum (scar of funicle)
]
1. Micropyle the
(beed pore) for
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Entire seed Germinating seed
Epicotyl ; n
— Plumule 1
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ed codl

Hypocotyl ficot (Gram)
* ature dicot (Gram) seed
Gtructure of a m
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Cob '0.1; Se'e.d
Fig.6.17 (A-C). Structure of a monocot (Maize) seeq |
. |

Entire seed LS.

o food materials as in Gram, Pea, Almond, Cashew

syl CEEE L seedling. The part ofgsbetc'gr |

| s netween the radicle and the point of attachement Ofcotylezim-c |

1 called hypoco’tyle. Similarly the part of embryonic axis betWeeniﬁS \
| d the point of attachment of cotyledons is called epicotyle

plumule an

| — ENDOSPERM |
During the process of fertilization, one male gamete fuses with i
the diploid secondary nucleus of the embryo sac and results into the
formation of 2 triploid nucleus called the primary endosperm pucless |
(PEN). The PEN divides and redivides and results into the formation |
of a multicellular structure called the endosperm. The endosperm \

containsrich amount of food matental It provides Food tothe developne

embryo and growing seedlings. The Jevelopment of endosperm begs

before the development of the embryo-

The endosperm 10 angiosperms@eVE i
manners. Accordingly it is of three types suchas

jetd

1. Nuclear endosperm wﬁ a
2.  Cellular endosperm 6\‘3?\]\?\
3. Helobial endosperm P N
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Embryg
Radicle

Coleorhiza

Entire seed L.S. of Seed

C;Ibig 617 A-C). Structure of a monocot (Maize) seed

2ol materials as in,Qram, Pea, Alrpond, Cashewnut etc. or
reserve hotosynmeﬁc organs in young seedling. The part of embryonic
qerve asP e radicle and the point of attachement of cotyledons is
o edhypo cotyle. Similarly the part of embryonic axis between the

[umule and the point of attachment of cotyledons is called epicotyl.
P

" ENDOSPERM
ocess of fertilization, one male gamete fuses with

During the Pt .
the diploid secondary nucleus of the embryo sac and results into the

formation 0f 2 friploid nucleus called the primary endosperm nucleus
3 EN). The PEN divides and redivides and results into the formation

cellular structure called the endosperm. The endosperm

ffood matenial. It provides food to the developmg
f endosperm begins

of a mult1

contains rich amount o
embryoand growing seedlings. The developmento

hefore the development of the embryo.
The endosperm 1n angiospenns@in three different

manners. Accordingly it i of three (ypes such as

1. Nuclear endosperm

2. Cellular endosperm \ p\w

3.  Helobial endosperm DY




mulns;perm:

‘} Nu(‘l@lll'

){'Ik‘)rmulmnul'nnrlv:n endosperm, the primary

1e me‘L‘Sb (
divides first and result into the formation

‘, > g
L > 1doqpmmnuclcus(‘%n)(l EN) |
| o l | ‘lC'lCh l)lA\Vl“Uhllllgl'ill('.‘) l()\thl(If') the two crids 1.€, o
/0 NUC ab |
I e Tm' \rds the micropyle and another towards the chalaza. The
~leus ¢ ; e
| tod lei undergo several free divisions and result Into the formation
two nucit bt , e vy
rthousands of nuclel without wall tormation between them. At th
y{ thouse ; :
etime a Jarge central vacuole 18 developed in the embryo sac due
sam ‘
i & & ¢ 141 & e s [ Iar
1o which all the free nuclel arranged along the per iphery. Generally
more nuclei are aggregated towards the micropylar and chalazal end
and a very few nuclei at the remaining sides of the embryo sac. It is
+ G
Epidermis
5 < Antipodal cells
4 * i
/ Embryo sac !
1 2 > PENS
' *
= \ n Ni -tus
' O :
Zygot
o B Large
nuclei
C /6
M { i Crmall
A :
Ovule with MMC
i Nuclear
endosperm
: Developing
embryo
G D
: lear
i - - ment of nU
| Fig.6.18 (A-D). Different stages 11l the develop
endospe
¢ perm .
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different plants. In |
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the endosperm becomes € R Coc coS Met fl‘
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a
i the coconul the p 1m 'y

lClCc ['d‘-
; s filled w1th

The development of the cn(lospc.
erc 1l
number of freen
mains
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Palmae deserves spectal mention. He
endosperm nucleus (PEN) undergoes
When the fruit is about 50mm long, the embry0 54¢ 1
awatery fluid or milk containing free nucle and fine cytop length, the
At a later stage, when the fruit becomes about 100mm in let l ;” i
liquid shows several free cells in addition to the free nuglet, ¢a¢H - free
enclosed with variable number of nuclm Gradually these cells and T(;
nuclei set at the periphery of the embryo sac due to central large vacuoic
and forms several layers of cellular endosperm. The several Ia)'fer ed
cellular endosperm later on becomes the coconut meat. At maturity of
coconut the endosperm does not have free nuclei or cells.

The nuclear endosperm formation is very common type and found
in Maize, Wheat, Rice, Sunflower etc.

Cellular Endosperm:

During the process of development of cellular endosperm, the
primary endosperm nucleus (PEN) divides and results into the formation
of two nuclei. The first division is followed by several nuclear divisions.
But here each and every nuclear division is followed by the cell wall
formation between them. Thus the embryo sac is divided into severa]
chambers. Some of which may contain more than one nucleus. The
first division is usually transverse but some times vertical or oblique and
in some other cases, plane of division is not constant. Thus the entire

endosperm ultimately becomes cellular. In plants like Petunia, p
Pepromiaetc. the PEN divides many times. Each nyc]

followed by cytokinesis so that the endosperm is celly]

begining.
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A
Ovule with MMC

Fig.6.19 (A-D). Different stages in the development of celluly
endosperm

Helobial Endosperm:
The Helobial endosperm is frequently found in the membersof

the order Helobiales. It ‘s the intermediate type between the nuclear
and cellular endosperni.
During the process of development of the helobial endosperm,

the PEN divides first and immediately followed by the formation ofa
and results into the formation of two chambers in the

endosperm, namely the micropylar chamber and chalazal

chamber.The micropylar chamber is larger than the chalazal
chamber.Nucleus of the smaller chalazal chamber divides further and

results 1nto the formation of very few only 4-6 nuclei. These nucle!
pever divide further and finally they degenerate. The nuéleus of the |
Jarger micropylar chamber divides further by free nuclear divisions and
results Into the formation of many nuclei. The multinucleate micropyl&
ANGIOSPERM Em
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. itself represents the endosperm as the Chalazy
ate. 11e helobial endosperm formation founc in 'I Nucle
pid Limunopliyton, Sremuirus etc Plants |jke
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Eremurus the PEN divides transversely and fop,,
[ﬂl;u‘ and smaller chalazal chamber. Free nuclegy divic A larger
Ne) : . ‘ P ; ; : S
bt are more rapid in micropylar chamber. Thug Whe,
o formed in chalazal chamber, eight nuclej gy for 1 foyr
i +mber. When the chalazal chamber ha Uiimed i
o lar chamoss. : . : S C1ght nycle I
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‘) 3 ¥ _3
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quclet ¥ berof nuclei. In older ovules, the chalaza] champe, % ly
alard ~r111erates_ Finally, when cell formation takes place ingigs
_ : ; ;
(0 48 {ar chambe; the chalzal chamber is almost crusheg and shoy,
T 2 clei. N S
.nlll ke Jisorgaiszed nu
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Development of Embryo0 0T Embryogeile§i3;

The process of develppment of §111bry0 i1s called embryogenesis,
After fertilization the fertilized €gg 15 called zygote or oospore. Tl
zygote develops into an embryo- The zygote under goes a period ¢!
rest which varies from few hours t0 few months. Generally the zygo!:
divides mmediately just after thefirst division of primary endosp}! m
nucleus. The first division of zygote 18 always followed by wall formation
and results into the formation of two celled zygote. This two celled
zygote 1S called as proembryo. Practically there is no fundamental
difference in the early stages of development of the embryos of
dicotyledonous and monocotyledonous plants, but in later stages there
:s 2 marked difference between the embryos of dicot and monocots.

Development of Embryo (Embryogenesis) in Dicotyledons:

On the basis of origin of the four celled proembryo and the
contribution made by each of these cells, the embryos in dicotyledons
are of five types such as

18 Grucifentype

2 Asterad type

3 Solanad type

4. Caryophyllodtype
5 Chenopodiad type
Crucifer types

In this type of embryo, the terminal cell of the two celled
proembryo divides by longitudinal wall. The basal cell plays little or ne
role in the development of the embryo.The terminal cell plays ImpOrtart
role in the development of embryo.

Asterad type:

In this type of embryo, the terminal cell of two cel]ed pr-oem};rly:
divides by longitudinal wall. The basal ond terminal cellsplay af PR
role in the development of the embryo.

ANGIOSPERM EMBRYOLOGY-11



-lled
w() C(J
yolanad type! nal ¢! Or,“; A
SUIALIR Ly 7= , termil a WO
n this type of embryo, lh‘j (Lﬂ.,c pasal OC‘” p 108 of
proembryo divides by transverse w‘h Llsuall}’ orms ¢
role in the development of embryO:
or more cells. ; roerﬂbry
Caryophyllod type: o cello (WO celle p
l the term -
~ Inthisype of embryo, | cell divides
divides by transverse wall. The basa
celled P Oem;ry

Chenopodiad type:

: »]] of tWO
In this ype of embryo, the terminal c¢l Oni- inal €
divides by transverse wall. Both basal and tert

the development of embryo.

DevelopmentofCrucifertypeofDicotE )
The process of development o fREMBE tein in

embryogenenesis. The dicot embryo is first studied py Hans £

1870 in Capsella brussa pastoris belonging to the family Crue! Com:
(Brassicaceae). Hence it is considered as typical dicot embryO and
termed 1t as Crucifer type of embryo.

During the process of development of Crucifer type of dicot
embryo, the diploid zygote formed by the fusion of male and female
f;rzztzz Zzzritrej ?I;vall around it. Now the zygote with cellular wall is
el intoEthe 1.-"0 mfa%c;?girriilongates in size and divides taqsversley.

. o cells. The cell towards the micropylar
e1nd 1s called as Basal cell or suspensor cell and the cell towards th
_cﬂa.lazal end as terminal cell or embryonal cell, The emb e
is directed towards the cavity of the embryo sac | gl o
suspensor cell further divides and redivides trans;e : Baterhe:
the formation of an elongated filamentouys mult; HFSEIy andresultinto
the suspensor. The suspensor is/compose(l og ebular BT called
suspensor pushes the embryonal cell into the end(): out8-10 cells. The
%311 (13 c;]f the suspensor next to thg embwonal cell is kn . The 10W€rmost
; ypophysis by further divisions glves ri OWnas Hypg P
apex (root cap). The uppermost ce]j of th Tse to the radicle o 3

€ Suspeng oy - root
arger than
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Fig.6.21 (A-J). Different stages in the d'evelopment ofa Crucifur’

of dicot embryo
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pl;oembryogicomes heart shaped. The two lobes dE{Vf |
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}a'rﬁs"fhe piumule. All the eight cells of the heart shaped octant g; id
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i similar in all respect. But in monocotyledonousp
i ~ toproduce three cells i.e. basal cell, midd
4 | basalcell is near the micropylar end. It enlarg
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The mass of these eight cells is calleq
5 i . a aS ¢ .
roembryo or octant. The four cells of the oct £m\“'nnl l
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periclinally and result into the formation of outer and inner ce|]
outer cells divide further by anticlinal division anm%;he
of a peripheral layer of cells called the dermatogen. The inner ce(ljlns
divide by longitudinal and transverse divisions and result into the
formation of two layers of cells. The layer of cells just beneath the
dermatogen is called periblem and the layer of cells below the periblem
towards the central region is called plerome. Now the proembryo
with radicle, hypocotyle, two cotyledons, plumule, dermatogen,
periblem and plerome,gggﬁwﬂgg_r_ldrﬁnall_y behaves as the embryo. As
the embryo grows, the suspensor de generateigradually.

Development of Monocot Embryo: :

The process of development of dicot and monocot embrlyF>1
|ants, the zﬁg_ot/@@des
le cell and (erminal cell. The

es and forms the suS

mes to form few $4°

n

cell. The middle cell divides many ti : mﬂama
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—p= Endosperm

Nucellus
Zygote
A Ovule with MMC
Embryonal cell Hypophysis el
Middle suspensor cell u-g

Basal
@ suspensor } Suspensor
cell Haustorium E $— F
Oospore
Three celled oospore
Anterior m Cotylcdon
octant %:
Posterior \ :.% Radicle
octant &1
r——'
G
H \
Embryo
Fig.6.22 (A-H). Different stages in the development of a monocot
embryo
gives rise to the cotyledon. The cotyledon s terminal in position while
the radicle and plumule are diagonally placed in depressions.
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