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ceveral theoribs have been put forwar
~onation of the shoot apices Some important ONe€s o discussed here:: |
(iit)
Ha

1. Apical cell theory :
This theory was put torward by Nageli in 1858. According to this theory, ,

solitary apical cell is the structural and functional unit of apical meristem. It wy procamb
z <::1e~:. shat the plant body arises ¢rom this single cell and its derivatives. Such ' Tunic
single cell ocours only in higher algae, bryophytes and some pteridophytes, but n(; Tk
i higher plants. Re@t@vestigaﬁons also showed that different parts of the plar{\ the sho
inate independently. So this theory is not applicable to th extrem
phytes is usually four sideg (t)}fxéegl
]

body in higher plants ongind
of sead plants. The apical cell of pterido
Azolla) the apical cell is three. g;yigi
sic
divisic

n
e
shoot apicss

s three cutting § i '
cutting faces. But in some taxa (Salvia,

wWIa 1

Sdad with two cutting faces only

_ . Fig. 1-7 - Two fiorms of an apical
O cell - i
1 - . (A) pyramidal ; (B) lenticular
T Seory was proposed by in i
proy v Hanstein in 1870. He distinguished three distind

e 2 ke apex Each feld
 z histogen {or) tissue builder. Ih:ﬁ:mmmsm.‘g of a group of initials
gens arise from separate sets of
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initials and have different courses of development. The major histogens found at the
root and stem apices are - dermatogen (outermost uniseriate layer), periblem (the
n}lc.ldle layel.‘) and plerome (central massive core). The dermatogen (skin) cells
divide anticlinally and give rise to the epidermis. The periblem (clothing) forms the
cortex and the plerome (to fill) gives rise to the primary vascular tissues and pith.

Dermatogen

Periblem

Plerome

|

Fig. 1-8 : Shoot apex of a dicot : Histogen theory (Arrows indicate direction of growth)

Histogen theory is inadequate to explain the shoot apex of seed plants
because --

(i) In many gymnosperms and angiosperms, distinction between periblem and
plerome is absent. oA

(ii) Therr .s no sharp distinction between dermatogen and periblem and

(iii) th. . rigin of different regions from the histogens can not be demonstrated.

Haber!andt (1914) proposed the terms protoderm, ground meritstem and
procambium for dermatogen, periblem and plerome respectively.

3. Tunica - Corpus Theory :

This theory was proposed by Schmidt (1924) to explain the organization of
the shoot apex. According to this theory, two distinct zones of tissues occur at the
extreme tip of the stem. The peripheral zone, tunica, consists of one or more layers
of regularly arranged cells. The central core of cells covered by the tunica is termed
the corpus. These two zones can be distinguished on the basis of plane of cell
division. The cells present in tunica are smaller and show predominantly anticlinal
divisions. The cells present in the corpus are larger and show irregular divisions.

| .1 Fig. 1-9 : Shoot apex of dicot : Tunica-corpus theory
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mantie includes all the outer layers of the apex. Tunica 1s €O oundeddb e
lavers of mantle which divide anticlinally. The mass of cells surt U

was termed as core. ;
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- Central moﬁer
~ r']< cell zone (core)
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= <
5\

=

N7
o X
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only gives Tise iqg .  inert and do not
n lar tissues may L,  waiting meriste;
ike cortex. endodermis productive stag
es and even in, Ouilding the g
considers merjg;
eriodicity. Howey, 2 apical initia},

meristem

Cambium | 5. Newma
? like zone
Peripheral

initial cell
which fu
meristen
shoot api

Fig. 1-10 : Shoot apex of a dicot : Mantle - core concept
4. Theory of Waiting meristem : )

This theory was developed by the French School: (Plantefol, 1947; Buva
1952). They recognized three zones in the apical meristéms, based on the rate ¢
mitotic activity. ‘

(i) the anneau initial (peripheral active zong), .+

. (ii) the meristem 'd' attente (the waiting meristem which becomes active on!
~ during the formation of terminal flower or inflorescence) and

(i) the meristeme medullaire (the central pith reéion).

| Meristem d'attente consists of two parts, the ';;T'O,meristeme sporogene ar
promeristeme receptacularie which thus contain part of tunica (except annue initia
Wpattof corpus (except meristeme medullaire, i.e.

T : : ‘ "

% T { anneau initial
Promeristem_e. sporogene

{ Promeristeme receptaculaire } metisteme d' attente.
Promeristeme medullaire
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They believed that the distal group of cells at the shoot apex, are relatively
inert and do not divide during the vegetative growth. This inert zone is termed as
waiting meristem (meristeme d’ attente); because it becomes active only during re-
prodqcti\’e stage. The peripheral meristem (anneau initial) alone play main role in
't:uilc'iing the shoot. This theory was challenged by many workers, because it
considers meristeme d' attente as waiting meristem which was previously regarded
as apical initials.

Promeristeme
Promeristeme sporogene
receptaculaire
Promeristeme

eceptaculaire

Meristeme.d
attente

Anneau
initial

1 =1 = =171 -\ meristeme medullaire
M i = == T

Fig. 1-11 : Shoot apex of dicot : Waiting meristem theory

5. Newman's Concept :

Newman (1965) believed that there is nothing like a group of permanent
initial cells in the shoot apex. Instead, there is a sequence of meristematic cells
which function as initials over a period of time. He called them as continuing
meristermatic residue. On the basis of the form of this meristem, he classified

shoot apices into three main types.

T

MONOPLEX SIMPLEX

[aY
19!

DUPLEX DUPLEX

Fig. 1-12 : Types of shoot apices

d
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1. Monoplex type : This type is found in fcrrrs afvd thc'zrl‘rted inwarg(;lneraf ) [
meristem is represented by the superficial layer which is po(]jth y ()nl'!
single division is needed for growth, both in length and breadth.

. erms. Thi;
2 Simplex type : 1 is commonly found in gymnosp 5
characterized by a par

allel - sided meristematic residue which is limiteq to

gy §
superficial layer. These cells divide both by anticlinal and Pendmal walls, bu th@l
divisions are restricted to a single laycr.

3. Duple

X Lype: It is commonly found amongst angiosperms. Here
continuing me

ristematic residue is parallel sided at least in one superficial layg, 4

in one successive layer. The superficial layer divides anticlinally and the inne; lay
of cells divide both anticlinally and periclinally.

Questions

- Define meristems. Write an essay on different types of meristems.
- Describe various theories relating to the organisation of root tips.

Give the details of organisation of root apex in angiosperms.
- Write short notes o -

@i) ApicalLCell Theory.
(ii) Korper - Kappe Theory.

Bw D=

Explain different types of meristematic tissues of root apex.

Give a detailed account of organisation of Shoot apex in Angiosperms,
Discribe various theories propos

Write short notes on : '
(a) Apical cell theory.

(b) Histogen theory.

(c) Tunica—Corpus theory.

© N N !

ed relating to the shoot apex.

(d) Theory of waiting meristem.
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are compos
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complex HssHes. They |
| ther form the

' \ vascular t
Phloem, which toge

and
complex tissues.
1| Xylem (Xylos = wood) :

. ) " | 1 Al & ll v.]‘q(fl,llal plants. It .l‘-v
v i du lln&’ ll\)\)uL lll (l «

and functionally and togethcr form

Xylem is the princip
y. further, xylem also provides

1 structurall
closely associated with phloem both btructu:cb g’d
the vascular system throughout the plan

mechanical support to the plant organs:

oo 00 [oYoXoXooYoXo)oi >4

B
Fig. 212 : Tracheids from Xylem (A) Aristolochia, (b) Epheara, (C) Pinus

Xylem originates from two sources : .

1. Procambium of apical meristem, which gives rise to the primary xylem
(Present in vasular bundles) and |
2 Vascular cambium, which gives rise to the secondary xylem during secondary
yth. Most of the wood in a stem is composed of secondary xylem.
irst. .rmed primary xylem elements are called protoxylem and the latter

\ts are « led metaxylem elements. Protoxylem elements usually have

nbedded in wood parenchyma. These elements are subjected
e during secondary growth. The metaxylem possesses fibres

1
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o . i el
in additio vacheary , -
fnmti'f{m\ “("i“ tracheary elements and wood p.\runrl\\'nm, It becomes non
Honal atter seco 5 AT » \
where q\;\\“ .“ A "“V“““““v‘ growth and i wsually not destroyed. 1o those plants,
) \ daey wrowth does not takes place, metaxylom continues (o function.
Nivachune
"\ A ‘e e \ . 1 3

o \\\( tem ig composed of three principal types of colls, They are (1) Tracheary

amoents rag dds P Y ‘ ) " e W )
Ashana B (tracheids and vessels) () Xylom fibres and () Xylem: parenchyma.
“\ LIN 2 - \ ‘ !

NOTNR These, exoept pareng |\) ma, all other elements are thick-walled and dead.
* Mo
1. Tracheary elements :
b & Q. 1 p 1 N 9
- l::: g ave the chiet conducting elements of water and mineral salta in the plant
. Aoy P - N ] )
oy, sides, ﬂ“‘) also anve mechanical support,
Uracheary elements can be recognised into two types: Tracheids and Vessels.

A
‘:
\ A ~~Parformation
A H
X\ A Plate
A at
=32 Yy o
K3 o s e
- .
e i sl fet
- LR oe
-1 a en o
P= = : e e &
Bt ‘s O I
o= ‘ o HE I
"": 1 \) ¢
o s DO
|ess § M e | :: .
LENG oo i LN
o
S : :. L Iy
.
C D E F |
|
{

Fig. 213 : Different types of Vessels

(A-B) Wide vessels with simple perforation plate.
(C) Vessel with scalariform perforation

(D-E) Narrow Vessels with simple perforation plate

(F) Narrow vessel with recticulate perforation plate.

(i) Tracheids : These are elongated tube - like cells with broad middle part

and sharp tapering ends. The cell wall is thick, lignified and consists of bordered -

. pits in pairs on their common walls. They are dead cells and has no protoplasm.
The inner space (lumen) is narrow and empty. In a transverse section, the tracheid
ay appear angular, circular or polyhedral in shape. The secondary wall material
eposited in various ways viz., annular, spiral, scalariform, reticulate and pitted.

r bundles, the tracheids are arranged in parallel rows with partial
m continuous strands. The continuity

tained through pit pairs present on their

d dissolved mineral salts occur through
e end of tracheid

ascula
ping and are intertwined to for

the overlapping tracheids is man
walls. The conduction of water an
men and through bordered pits. The perforations at th

2 absent.

&
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Phylogenetically, tracheids are primitive to xylem vessels, because they N YT‘SSGE T
found in lower vascular plants like pteridophytes and gymnosperms. They arg \\“‘§ANQT‘§S'
found in angiosperms also, associated with vessel members. Nd wa]y
Perforatiq
‘X\ Perforation plate perforation plat iy
P lat -
;‘-' Perforation plate CRITRCOMT BiE There re ge
/ -_\ ® <Y are ;
i Liri (@) Scalarifq,
“ ) . Odcndron.
e f e “ (b) Retic ‘
S ® . ula
@\‘%3/ o0 o oramin
s Slmple
= “ perf
,Q § ® perforaﬁ()n plate
N E @ frame work vV,
. _A ; B ylogeneﬁcally
The secon,
io. o3 _ . patterns. The v,
ig. . End walls of vessels showings various types of pgn‘oratuon plates. () Annula
(A) Scalariforn, (B) Foraminate, (C) Scalariform type of Vitis, (D) Simple type of Vitis (i) Spiral
(i) Vessel elements : These are elongated, wide and cylindrical cells with (if) Retic
thick lignified secondary walls. They are dead cells without protoplats and show a (iv) Scala
wide lumen. (v) Pitte
They are arranged end-to-end and are joined to form long continuous tubes o pnT.ary g
called Vessels or tracheae. The end walls have holes or they may be completely Bord (i) Ty
dissolved. This allows the free movement of sap from one vessel element to ordered pits.
another. B ‘) Siml
Lignifications in vessels | secondary e
: : (b) Bor

over the pit .
bordered pi
thickened an

Metaxylem
L o3

R

Annular Spﬂalv

Fig. 2:15 : Wall thickening of vessel elements
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plate. It may have a single

The end wall bearing holes is called perforation
as simple

erforati 2) or sever . :
}’Je,fomﬁ Omnl(port) or bl-:V(-lal perforations (pores). They are known
F , n plate and multiple perforation plate respectively.
TICI‘G‘ QReVver AT a 1 ¢
e, Theyﬂ;(;::\ eral ways in which pores are arranged in multiple perforation
(a) Scalari s Pofes ar
Lirmdc”dm:‘:\hnform : Pores are elongated and arranged in parallel rows. €.8.
(b) Reticulate : Pores are arranged in the form of a network.
(c') Foraminate : Pores are almost circular and grouped together. e.g. E
" S“}lple perforation plates are considered to have been derived from multiple
Fer oration plates by the loss of secondary wall thickenings from the secondary
rame wor.k. Vessels with transverse end walls and simple perforations are
phylogenetlcally more advanced.
The secondary walls of trachear
patterns. The wall material is deposited in various ways:
(i) Annular thickenings - ring like thickenings
(i) Spiral thickenings - continuous helicals (springs)
(iii) Reticulate thickenings - net-work like thickenings
(iv) Scalariform thickenings - Ladder like deposition

(v) Pitted thickenings - secondary wall material is deposited completely on
the primary wall except for certain unthickened circular areas known as pits.
(iii) Types of pits : Pits are of two types. They are (a) Simple pits and (b)

Bordered pits.
(a) Simple pits : The pit cavities are uniformly wide and are not enclose

secondary cell wall as an arch - like structure.

(b) Bordered pits : The secondary cell wall bends as an ar
over the pit cavity and gives a border - like appearance. Hence,
bordered pits. The portion of the middle lamellum crossing the pit

thickened and is known as torus.

(B)
Fig. 2:16: Bordered Pits
Sectional View

phedra.

y elements develop in a wide variety of

d by

ch - like structure
these are called
s becomes

pit chamber

Pit membrane

(A) Surface view, (B)
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i)
L 30 |

O i S et - t on the secq
Pits generally develop in paits i, when a pitis presen’ 2% 0 Sondg, |
wall of one cell, a similar or dissimilar pit will be pr e gl;u ctional unit canedt :
adjacent cell. Such type of pits form a morphological and fun Pi
pair, ) ts of conductiop ;

(iv) Distribution : Vessels are the main elements heids. How \
angiosperms and are phylogenetically more evolv.ed tha'n tré.(.:, d Tr.o dhioda e;e,
vessels are absent in some primitive angiospems like Drimy s an 1 oy
(Ranales). These are called vesselless angiosperms. The Yesse s-sre }? orma.n
absent in lower vascular plants. However, they can be seen in pteridophytes likg
Selaginella, and Equisetum and gymnosperms like Gnetum.

2. Xylem fibers : M

Fibres present in the xylem are called xylem fibres. They are found both in
primary and secondary xylem. They have thick lignified walls and reduced Pit

borders in comparison to tracheids. Xylem fibres give mechqgi\ical strength to the
vascular bundles.

1

Xylem fibres are of two main types :
tracheids. Libriform fibres are true fibres belon
simple pits on their walls, The
by reduction and show border
3. Xylem parenchyma :

Parenchymatous cells are present both in primary and secondary xylem. They
form a major part of primary xylem. The cells are arranged in longitudinal rows
(axial parenchyma). In sec

ondary xylem, the xylem parenchyma is of two types:
(i) axial or wood parenchyma and (ii) Ray parenchyma,

Axial parenchyma develops from fusiform cambial initinls along with othe
tracheary elements. These cells

are characteristically arranged in vertical rows ang
are placed end to end.

(1) Libriform fibres and (2) Fibre
ging to the sclerenchyma and possess

fibre tracheids originate from non functional tracheids
ed pits on their walls.

Ray parenchymé s arranged in radial transverse series and develops form the
ray initials of the cambium. The x

ylem parenchyma cells are useful in storage of
food materials such as starch, oils and fats, The ray parenchyma is concerned with
radial conduction of water.

Differences between primary and secondary xylem :
Primary Xylem

L. 1t is formed by the activity of | ¢ develops from vascular cambium,
procambium of apical meristem. which is a lateral meristern.

Secon&éry Xylem

St =

2. ggtoxylem and metaxylem are | There js no such distinction,
Z :.‘ ‘ ﬁnCt.

pending upon position of
toxylem, it may be exarch,

Such distinction is not observed.
arc:h or mesarch. |

{fc’:heids and vessels are Both are nomiélly wide and short.
ively narrow and longer. A

s i
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Secondary Xylem ﬂ

The two systems are clearly distinct !';;
and well marked. ’g

Old vessels show tyloses. \

7. Xylem fibres are either absent and
if present, these are very few in

Xylem fibres are found abundantly. i

8. Madullary rays of this region are
lerived from apical meristem.

Secondary medullary rays arise by the \

Phloem :

activity of ray initials of cambial ring. \\

ike xylem, phloem is also a complex tissue that conducts organic solutes
aves to the other parts of the plant body. It is also known as leptoma or
n'Phloem' was coined by Harting in 1837.
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Fig. 2:26 : Hydathode in T.S,

6. Laticiferous tissue :

Laticifers are specialized P
known as latex. |

Pappaveraceae, C

atex is mnq?ll.‘t“w}]‘y[n\m- _t‘t‘.lls which secrete a viscous fluid,
Sntabinacsan) ‘) _\'\ ute in colour, but may be yellow (e.g.
‘ _ inaceae) or colourless (e.g. Moraceae). It is stored in the
"*“"““l‘\"“ and is ".“1“30\1 into the cytoplasm when the tonoplast is ruptured. The
1;1it‘.\" oY AN ‘Cmulsmn ot proteins, carbohydrates, organic acids salts, sterols, fats
tannins, resins, gums, alkaloids, enzymes and essential oils in cbiloidal' solutiozlm ,

.2 a0

LLatex
vessel

Sy :".. —
L_I

e,
3 ¥,

3
el

el
g‘;ﬂ"‘

i

i
N
ﬁ‘

\!
§
*,
N

i
Fig. 2-27 : Laticiferous tissue

(A) Vessels (Carica), (B) Cells (Euphorbia)

Laticiferous tissue is widely distributed in tropical plants. They are living
cells and occur almost every where in a plant body. Most commonly they are
associated with the phloem. Laticifers are recognized into two types : laticiferous

~ cells and laticiferous vessels.
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‘@) Laticiferous cells : They are isolated cells, [hey are elongated, slend, "
(a ATICHIeTrous - K S A F4on
.\ . - . 1 ol [EY i N mo I)lll’ l"lt('r ‘,"." Ofniee
branched or unbranched. They are uninucleate in the bcgmmn;;,, it fe
coenocvtic due to nuclear divisions.

~-

L.g. Apocyanaceae, Asclepiadaceae, Euphorbiaceae and Urticaceae.

s B ) ' (‘,.v N |
(b) Laticiferous Vessels : They are formed by a series of cells whose e

walls are dissolved to form continuous canals, Apparently, this structure resemble.

xvlem vessels. The latex vessels may be unbranched (e.g. Musaceae,
Convolvulaceae, Sapotaceae) or branched (e.g. Caricaceae, Compositae).

The latex is of great economic value. It is a source of enzyme Papain (Carj,
papaya), Opium (Papaver somniferum), chewing gum (Achras sapota), asafoetida ( root
stocks of Ferula asafoetida) and rubber. Indian rubber is manufactured from the Jate,

of Ficus elastica. Whereas para rubber is manufactured from the latex of He

vey
braziliensis,

and reproductiy
, which are Organisec
d as "/
he plan|
According to Sachs (1875), the plant body is made y

; P of three kinqsq of tissue
Systems. They are : (1) Epidermal tisgye system ; (2) Ground tissue System, and
(3) Vascular tissue system. ok

' nes of apjcq) mers«
outer protodermal zone g S 1 : ystem, groun
rise to ground tissue sy : :

DI < e TSR
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Unit-1| SECONDN
S phloem g fou

E Points,
™S little op

NDARY GROWy, cmvem . et
3. ANOMALOUS SECO \\\m

are filleq
: e ————
| 3-1 l lNTRODUCTIQN \

| SR

cambium g,

jation in the camb;y,
Anomalous secondary growth is the res.ult Oi Cif;i:u The abnorma} sl:
trom the normal type found in most of the dlCOt_Y etempe rate plants.
growth is commonly seen in tropical plants than in habit serving its phys;
In some cases, anomaly is related to the ;_z,rOW’fh a in many woody Q;’.‘“Ei
needs. Then it is known as adaptive anomaly and is seen 1 tosie Dlae i
In other cases, the variation is not of any functional advantage Plant, y

. §
ts like A
case, it is called non-adaptive anomaly. e.g. Herbaceous plan mamnul
Achyranthes, Boerhaaqia etc.

3-2 ANOMALOUS‘ SECONDARY GROWTH IN DICOTYLEDONS k

On the basis of cambial activity and distribution of secondary tiSSues',
abnormal secondary growth ca

n be studied under the following bt_eads.
1. Abnormal behaviour of r{dfmal cambium ]

2. Abnormal behaviour of abnormal cambium
3. Formation of acéessory éémbial rings 4
4. Formation of iﬁt'érxyl'ar}}’phloem. i |

Q\i\
Qnd,

Fig. 31: Djg

. e : ok
E‘ Abnormal behaviour of normal cambium : :

Ws may |
ylinder whict

0"his is anomal

Pposite sides. Conseque I some

m are present in the cylinder of secor (1) In ¢
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hloem at four points, ¢ R S ampinmions ‘ 55 l

cambium formsllitllo ‘(;1"‘:1:;“\“0(] in the form of a crogs. At fhvég fouromts the

As a result, the wéndv C ,]:“)"1011\ and on the ontcrsidtlzAvxto‘nv;ix:nv'lmbﬁxr:t hl-(’)em

These furrows are fi Y cylinder appears to be deepl e 8t thase et

. rows are filled with secondary phl i futrowed at these pio
ary phloem,

(B)
ig. 3-1: Diagrammatic representation of transverse sections of stem
(A) Bauhinia rubjginosa, (B) Bauhinia sp

Epidermis

Parenchyma

“‘ @ fg N

fiad @) LT N

i .‘\ ) @/

S Q@&Q&%ﬁ% 2N R.@“—Sclerenchyma
.@%\\‘\ S K2 i

""“ P

ti

'S Sih Phloem wedge

il ' |

t Fig. 3-2: T.S. of Bignonia stem Z
r stems, additional

rmed, but in the olde
her between the existing furrows as
the existing furrows. The woodly

kes the stem stronger and flexible.

ws of phloem are fo
d. They occur eit
r directly adjacent to
d due to phloem ma
the climbing habit.

1 cambium :

Initially four furro
wl furrows may be forme
11 additional sets of four 0
w cylinder which is furrowe
st This is anomaly adapted to
e @ Abnormal behaviour of abnorma
€s
l ¢ n abnormal cambiu

m originates either in the cortex or

ation of anomalous structures: In these stems either

t develop at all or soon Jooses its activity-

tricosa (Sapindaceae), the cambium
the secondary growth

ar ring. AS
tricted and gets separated. Each

.In some plants, a

eand results in the form
abial ring does nO
jung stem of Thinouia ven
structure, instead of a circul
um at the folds become cons
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,FQ‘{%.SE»’C#—\Mg .
,ascular tissues. Onsequenﬂy, ) ANO P S
B each with itg upioi’i?'ipomm\}

| s6 |

|

i AT second
cambial picce independently forms bCL(.I ‘
abnormal with sever
a result, the mature S

istinct steles, S o
sec y growth becomes atd eculiar sh "
secondary growth becomes tem gets a P ape

secondary xylem and phloem. As

Fig. 3-3 : T.S. of stem of 7hinouia venltricosa

(2) In some tendril climbers like Serjania corrugata and Paullinia (Sapindaceag '
the primary stem shows individual strands of xylem surrounded by separate stri Fig.3-5: 73
of cambia. As secondary growth proceds, each strip of cambium forms almost
separate ring. These cambial rings function normally producing secondary Xyl
and phloem. Thus, the mature stem shows several discrete vascular cylinders eag
of which ultimately develops its own periderm. This gives the appearance (
several separate stems fused together like the strands of a rope.

Epidermis

Epidermis

Phloem ring

Vascular
cylinden

Fig. 36 ;
(1) In Boerha
Mirabilis etc.) norn
- limited quantity ¢
Fig. 3-4 : T.s. of stem - (A) Segjania corrugata, (B) Paullinia b ral ekl
bldlrectlonally pr
relatively thin w:
) .. conjunctive tissu
s of ri ively ¥ ¢ g v
g cambia arise successweb.d fusiform and mo
3 cortex in the for
(%
concentric rings ¢

’ Xylem ring Cortex

o,

tion of accessory cambial rings :

many dicotyledons, several rin
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Periderm 77 - =\ Growth rings

L
- )4 Secondary
: '15“‘\) phloem
g ",

. i

- :J'l, Secondary
J: _I’:f xylem
). ,‘III"

- —d. Medulla

= 71 bundie’

R i '.:.,'\.'.l ' <
il
/ \ o 7

Fig. 35 : T.S. of old stem of Boerhaavia showing four growth rings
Hypodermis

Pith Conjunctive -
tissue Medullar

bundles

Fig. 3:6 : T.S. of Mirabilis stem showing concentric rings of VBs.

(1) In Boerhaavia and other members of Nyctaginaceae (e.g. Bougainvillea,
Mirabilis etc.) normal vascular cambium caeses to function after the production of a
limited quantity of vascular tissues. New cambial rings are initiated outside the
central region, either in the pericycle or cortex. Each cambium ring functions
bidirectionally producing thick walled xylem tissue alternating with the bands of '
(elatively thin walled conjunctive tissue towards the innerside, and phloem and |
\etive tissue towards outerside. The cells of the conjunctive tissue are
{ more or less radially arranged. Thus, they remain distinct from the
n and arrangement of cells. As a result of secondary growth,
ascular bundles are formed embedded in the conjunctive tissue.
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2 e I s) the normay ,.
MM“(E;I" the stems of Amaranthaceae (e.g. Amt;mnetr};:yZ.le gets activatrelggw

cambium is absent. At the time of secondary growth, p

1 activity and ¢, ™
form the accessory cambium. This cambium sho(;v::;:1 :;EIEZI;ZI enchytn{a, %
ring of conjoint , collateral vascular bundles embede

@ Formation of Interxylary Phloem :

: i out 25 famjj;

It is also called included phloem and is SEE}:‘III :Iln le?e ot iy eml?:;“
dicotyledons. In these plants, islands of secc_)n.daryfp Obium .8 Malpighia."
in the secondary xylem due to abnormal activity o Camd éeae Loganis R
Olacaceae, Combretaceae, Gentianaceae, Salvadora ’ N

Asclepiadaceae, Acanthaceae etc.

Cortex
Sclerenchyma
pericycle
Phloem
Sacondary xylom
.lnterxylary
phioem patch
~ Secondary .
phloem |ntraxy|a..y
Phloem
Intraxylary Secn’
tch econ
phloem patc| Phioe,
Cuticle Cork cambium
~ ¥ Fig. 3.8
Idermis
Ep (2) In plangg like |
. phloem arises i, a diffe
O s
Parenchyma '1.Se o Secondm—y Xylem
Endodermis ae. Subsequenuy, at
Pericycle ‘Owards the inner side i
%&'3&‘%’3)’“‘{‘% / 15 ind soon the cambium
spm,,;m oo y ¢ylem elements towarc
onda .
= Ig::nbium 'Onsequently a Numbey
Interxylary phloem

Secondary xylem
Vascular ray

Primary xylem

Intraxylary phicem ~~ 0 B
Pith

: T.S. of Strychnos stem showing inter-and intrax
‘ (A) Diagrammatic, (B) Sector

» the cambium first functions normally pl’Od‘-':1

e secondary xylem,

Included phioen

Y08sess it. In such p

luring long summer d
unctional to carry foo

ylary phloem patchei?::}_ ANOM;*A.‘#'OUS

i:l Achyranthes Ste;

A cross section

X . .."ngle - layered cons
into phloem. The continuity of the mais

utside. The epide

Plementary segments of ™ ypodermis, genera
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oem above the W U
s;tllfille of Cnmltwia‘\hit)i‘xlo:::i:;:n(-;IKT'\MI-vam“’”"“ of the cambium. These newly formed
formed. Soon this cambii,;nf(']w the normal cambium. Thus a wavy cambium is
gecondary xylem towards‘iln‘\'()\,.-lr.d;‘\r starts functioning normally i.e., producing
this process, patches of se " ide and secondary phloem to the outer side. In
secondary phloem become included in the secondary xylem.

Secondary xylem Periderm
Jvmn Xylem parenchyma

Secondary
phloem Phloemislands .. Pith
(interxylary phloem)

Fig. 3-8 : T.S. of Old stem of Leptacenia Ssparatium

bretum, Entada and Salvadora, the included
he cambium first functions normally giving
d secondary phloem towards the outer
jum begins to cut off phloem cells

(2) In plants like Leptadenia, Com
hloem arises in a different manner. T
rise to secondary xylem to the inner side an

side. Subsequently, at certain points, the camb
towards the inner side instead of secondary xylem. This is only a temporary phase

and soon the cambium resumes its normal activity i.e, it starts producing secondary J
xylem elements towards the inner side. This process is repeated several times and |
consequently a number of islands of phloem are formed in the thick-walled cells of |

|

the secondary xylem.
Included phloem is of great significance to some xerophytic plants which

possess it. In such plants, the external phloem and other tissues becomes dry
during long summer drought conditions. In such cases, the included phloem remains

functional to carry food to buds.
ANOMALOUS"}SECONDARY GROWTH IN SOME DICOTS |

nthes Stem (Fam. Amaranthaceae)

n of young stem shows ridges.an

d furrows. The epidermis is
tabular cells. It is covered by a thick cuticle on the
rs are long and multicellular. The cortex shows
d endodermis. Below the epidermis, alternating

SS sectio
rered consisting of
he epiderm_a-l hai

S, general cortex an
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: N

et AN

B s cells are resent. Collench —
froups of collenchymatous and chlorcnchymatlouh :fx showg colourless Parenz:\ y LANOMALG y
well developed inner to the ridges. The general cor

is is not very distinct, anq j, "% \An%\SS\EQONDA‘
cells having few intercellular spaces. Endodermis is no q my bl d : el;rl .
v of thin walled cells. ‘ ¥ veig
up ¢ Pericycle lies inner to the endodermis. It cc?nsists of perllvrasbcular ib, their iden}zit _ecasmbi‘-n
(sclerenchyma) and parenchyma. The normal ring of \;asc:;l:s a:;ndles_ al bgn tdles wppear ;isrg
separated ‘l\\’ wide medullary rays of parenchyma. The bun 9 COnj;,  Mistaken g ;
collateral, endarch and open. The phloem is towards the outer side anq ,

towards the inner side. A distinct stri

g
p of cambium is present between phloer, \
xylem.

In addition to normal ring of vascular bundles,
present. The lie opposite to each other. In A. aspera,
free throughout the length of the plant or may be
When there is fusion, the two bundles,
(phloem in the centre and xylem on its ej

two medullary bundlesa
the two bundles may rey,
fused in the lower inter nog
form a single amphixylic vascular b

Uy, P;
ther side). FEricycg;rfnc\‘
\ %pidem\is Seq
4 7 ’
=\ Parenchyma ; s
N

i Collenchyma

Chlorenchyma

X Sy : Pericycle

; *LPﬂmatyphloem

o
*
v Secondary phioem
NN \»— v

amblum

Included phloem

Secondary xylem

' Medullary bundje Medullan
/\

A young stem
Vascular bund]es,

YPodermis, parench,
g inner to pEIicycle. Styipeperlcyde consists of 1
e bundles ang join i

The Primary v
:These bundes occur |

v (@) The inner ;
limParenchymatqoys pit!
e tissue between the bundles. ach other.

(®) The middl
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An extrasstelar cambium appears in the pericvele. It produces secondary
vascular bundles which at first renain irrogularly scattered. The conjunctive tissue
};“\"‘d‘u'l:\ti l;\ fhv cambium becomes H.‘-“”i“‘l‘:l‘, So the swmuluhrv vascular bundles lose
;‘::\:h[:;j“p‘t:\“.i\:\‘ ‘i" "‘(“M.'“’ the ””"'H walled phloem of the secondary Vil.‘v‘(‘l.llé?l‘

e , prar as distinet patches in the secondary lignified tissue. Hence it 1s
mistaken as aberaylary ov included phloem. The medull - bundles increase in size
by the activity of cambium, ' CRULIALY FRLIER JcTent ’

( Collenchyma
Chlorenchyma

Parenchyma —. ) .-
Pericycle sclerenchyma~{—A ==yl 0
Primary phloem-—::lz*:‘&—-"‘l“ -z ol
Secondary xylem — S8R e

Camblum Jﬁ@{) )

Secondary xylem--:? \

‘J[Qh* )
SHMOKMOYED NINHO
Interxylary phioem ?39"9‘-‘ Shees
X C;sg .q() P & (@))A® c
O ) O = (® S
(%) O
Qs ®
0S -
(=)

_ Phloem
Medullary bundle {Cambium—= 0O

Xylem —==

Fig. 3:10 : T.S. of Achyranthes stem

@ Boerhaavia Stem (Fam. Nyctaginaceae)

of Boerhaavia shows abnormality in possessing medullary
A transverse section shows epidermis, collenchymatous
chymatous cortex, endodermis and single layered pericycle. The
of parenchymatous cells with isolated patches of sclerenchyma.
ascular bundles are conjoint, collateral, open and endarch.

three concentric rings.

A young stem
scular bundles.

most ring consists of two large vascular bundles present in the
ith. They lie opposite to each other with their protoxylem facing

u ,__e ring consists of 6 - 14 small vascular bundles.
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’ |38 ) S - oneenilar Bundles. Thega .

| a -( ) »'I‘hv outer ring consists of 15 - 20 smaller vum.ul;:lr et of bu;:“arg‘
\ ! 9 VR s . 4 ) $

normal vascular bundles. Whereas the middle and in ey

considered as medullary bundles.

. Endodermis
{Strach sheath)

Conjunctive tissue

Medullary bundle
Pith

Cortex 1 Collenchyma
Parenchyma

~ Strach sheal
Secondary phloem

Cambiu,
Secondary xylem
Conjunctive tissue

- Medullary bundle

H
i

: Phloem
Medullary .
bundle l;c ambium -

_ Pith
Fig. 311 - T.8. of Boerhaavia stem - (A) Diagrammatic, (B) Detailed structure

{ 4
A A :

Secondary Gfbwth :
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innerside and thin walled parenchyma cells to the outerside. The thick walled cells
_fm'mt‘.d inbetween the Hm:()mlnry Xy](.‘m vessels is called the mnjunctiVe tissue.
After sometime, this cambium ring stops its activity.

Then, a new cambial ring is formed external to the secondary phloem. The
parenchymatous cells and pericycle cells take part in the formation of second
cambial ring. ‘This cambial ring is called accessory cambium.

The accessory cambium behaves normally and produces secondary xylem
towards innerside and secondary phloem towards the outerside. In between them
conjunctive tissue is formed.,

After a period of activity, this cambjum also stops its function. Another ring
of cambium arises outside which behaves in the same pattern. In this manner, 4 - 5
successive rings of collateral bundles are produced embedded in conjunctive tissue.

As secondary vascular tissues are produced in the stelar region, a new
protective covering, the periderm, is produced in the cortex region. Phellogen or
cork cambium is initiated in the hypodermal region. It produces phellem or cork to
the outside and phelloderm or secondary cortex to the innerside. The phellem,
phellogen and phelloderm constitute the periderm.

‘ Bignonia stem (Fam. Bignoniaceae).

Bignonia species are woody climbers. A young stem shows ridges and
furrows. Epidermis is the outermost layer with thick cuticle on its outerside.
Collenchyma is prominent below the ridges and in furrows, some chlorenchyma may
be present. The cortex is made up of a few layers of parenchyma. Endodermis is
not very distinct. The pericycle shows alternate bands of sclerenchyma and
parenchyma.

The vascular bundles are collateral, and open with endarch xylem. They are
arranged in the form of a ring around the periphery of the pith.

Secondary Growth :

The inter-and intra fascicular cambial strips become active to form the normal
ring of cambium. In the initial stages, the cambium behaves normally and produces
more secondary xylem and less secondary phloem.

Subsequently, at four points, the cambium begins to produce more of
secondary phloem on the outside and relatively small amount of secondary xylem
on the innerside. This results in the formation of four deep wedges of phloem
. projecting into the secondary xylem. So the secondary xylem appears to be ridged
tand furrowed.

: e cambial ring breaks up into a number of strips due to this anomalous
. Some cambial strips occupy the base of the phloem wedges and the
cstrips occur at the projecting edges of the xylem. Each phloem furrow is
by bars of sclerenchyma which gives mechanical support against the

ressure of secondary xylem.
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Initially, the number of phloem furrows are four in Number, by l\N
additional furrows may be formed in older stems. In this way, the xylem Y dah‘
broken into vertical ‘platcs separated by furrows of Se‘.:on(.iary pf}loem_ N
anomalous structure in Bignonia is an adaptation to their climbing habit (1'1?1!\3)_ \

|

ek

S LTI s Epidermis
/ ./',’—'\§ E;:-";:;::-':-‘::b“ \Epl o
/ /S\S\V s WL TN N.— Parenchyma
Va1 NN
P\ O} kg:’ NS Sclerenchyma

2 N8 u‘—Starch sheath
I

- Becondary phloem

N Pith

Parenchyma
Strach sheath —

Sclerenchyma

Secondary phloem~

Cambium
Bast fibres
Phloem wedge

Secondary xylem

A
WX
S\%e

>
s
3

&

'

S0,

Primary xylem

Fig 3-12: T.S. of Bignonia stem (sector)

nigh wind, the stems are subjected to compression and pulling. In addit
0 subjected to cutting due to increase in the thj

olid cylinder of xylem is likely to break und
¢ phloem present in the xylem act as shock abso
g strong winds.

is produced in the cortex region, dye to the activity of phelloger

| ANOMALOUS SECONDARY g

ckness of the support
er such conditions. '
rbers and allow the s

Fig. 313 : Diagrammatic
showing

Secondary growth b

in some woody Liliflorae
develops in the parench
vascular cambium of dic
and conjunctive tissue tov
outside. The newly for

Dracaena) or collateral (e

m Anatomy of Dracae

Primary structure
Liliaceae. A young st
number of collateral an

Formation of Ca
external to the prima

cambium. The cambi
elongate.

The cambium
in radial rows. Thea
the outerside and 1
outerside are parcnd
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NOMALOUS SECONDARY GROWTH IN MONOCOTY
because of the
ry tissues

a special

Monocotyl et
absence of \ras?ule‘ﬁ'(::nll]:i):l::‘al"ll')‘{ o oy pevnriliny SCES
6y, Many palims, hewe 1‘ erefore, the plant body consists of prima
meristem called the i)rima(: \ t'l'- d(’fV(:lop thick stems by the activity of
the region of young lebaf 11): ““‘let‘umg meristem. This cambium originates below
growth seen o o plan}; .mmdla b}{ periclinal divisions. T his type of secondary
818 _Callcld diffuse secondary growth.

Primary thickening

Base of leaves meristem

Shoot apex

Procambium

s

Fig. 3-13: Diagrammgtic representation of the upper part of monocot shoot (Palm)
showing the meristems concerned with its growth

Secondary growth by means of special type of vascular cambium takes place
in some woody Liliflorae (e.g. Agave, Dracaena, Yucca, Cordyline). This cambium
develops in the parenchyma outside the primary vascular bundles. Unlike the
vascular cambium of dicotyledons, this meristem produces secondary vascular tissues
and conjunctive tissue towards innerside and only a Jittle parenchyma towards the
outside. The newly formed secondary vascular bundles may be amphivasal (e.g-

Dracaena) or collateral (e.g. Kingia). \

E] Anatomy of Dracaena stem :

Primary structure : Dracaena i
Liliaceae. A young stem shows typical mon
_ number of collateral and closed pbundles, scattere

. FOrmation of Cambiu

o the primary vas
The cambium is f

s an arborescent plant, belonging to the family
ocotyledonous structure. It has a
d in the ground tissue.

m : During secondary growth, the parenchymatous cells
cular bundles become ‘meristematic and function as
ormed in the region of the stem which has caesed to

ectangular and arranged
it cuts off a few cells on
produced towards

ontinuous ring. The cells are 1
¢ this cambium is abnormal as
n the inner side. The cells

bium forms a ¢
s. The activity ©

side and more cells 0
are parenchymatous in nature.
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Fig. 42 : Téctona grandis . Wood
Properties of the wood : The timber is of exce

1hy

llent quality.- 1t is moderately

‘ ive of the wood. The sapwood is white to pale, yellowish and is

( fungi. The heartwood is golderr
en with darker streaks. It tumns to dark brown to blac

: . : . ack on exposure t0
heart wood is relatively resistant to attack by pests.

average WQight is
shows distinct
Porous and is mayye
The medullary rays

LSTUDY OF Threg, |

Brain ig normally %t;a\éi;t
about 6qq . 70(
Browth ringg, quity
d by the Prese
are moderate)
Teak ;

A

(1) The teak timber ig extre;
of the best timbers for furniture

(2) Tt is widey
frames,

_ Y used for P
P‘ankmg and other con

(3) Teak is also used fo,

musical instruments and for 4

(4) The wood Waste ig {
() An oily product ¢

treatment of eczema.

(6) The flowers are use
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@ Rose Wood :

Botanical name
Family

Vern name

Indian Rose woc
cabinet work. The
northwards through t}
Himalayas. The plar

found in deciduous
England as “Rose wor

Morphology :
straight trunk. It m
leaves are alterna

Flowers are small,
The fruit is 1-3 see

Properties |
wood. The sap v
The heart wood |

coarse textured
weight is about
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The grain is et B
grain is normally straight, and the texture is very coarse and uneven. | he

average .Weight is about 600 - 700 Kg/m? at 12% moisture content.
shows distinct growth rings, quite visible to the naked eyes. The wood i8 ring-
porous and is marked by the presence of large vessels. ’l‘ykmcs are quite common.
The medullary rays are moderately broad an:i widely spaced.

Uses of Teak :

The wood

!
\
1 . » y \ ' .
6 (b) The teak timber is extremely durable and hard and resists decay. [t is one
e : c kit W | '
’ est timbers for furniture, cabinet work, wagons and railway carriages-

2 3 . n 3 i
(2) It is widely used for poles, beams, trusses, columns, roofs, doors, window
frames, planking and other constructional work.

' (3). Teak is also used for making agricultural implements, sound boards of
musical instruments and for different grades of plywood.

(4) The wood waste is the raw material for paper pulp.

(5) An oily product obtained by distillation of wood chips is used in the
treatment of eczema.

(6) The flowers are used fnedicinally, for relieving kidney troubles.
(7) The root bark is used for colouring mats.

@ Rose Wood :

Botanical name : Dalbergia latifolia

Family : Fabaceae
Vern name . Shisham (Hindi), Cittegi, Yerugudu, Jittegi (Telugu), Iti
(Tamil),

Indian Rose wood ranks first amongst the finest woods for furniture and
cabinet work. The plant occurs throughout the peninsular India, extending
northwards through the Central Province, Chota Nagapore and Bihar to the Sikkim,
Himalayas. The plant reaches its largest size on the Western Ghats, where it is
found in deciduous forests, associated with Teak and Bamboo. It is known in
England as "Rose wood” and in India as "Bombay Black wood”.

Morphology : Dalbergia is a large deciduous tree, with cylindrical, fairly
straight trunk. It may attain a height of 20 m. or more with a girth of 2 - 4 m. The
leaves are alternate, odd-pinnate with 3 - 7 unequal sized orbicular leaflets.
Flowers are small, whitish, numerous and are arranged in short, axillary panicles.

. The fruit is 1-3 seeded, linear - lanceolate pod.

_ Properties of wood : The wood is differentiated into sapwood and heart
Fhe sap wood is narrow, pale yellowish in colour, often with a purple tinge.
is dark purple with black Jongitudinal streaks. The wood is medium
with fairly straight to somewhat interlocked grains. The average
780 kg /m3 at 12% moisture content. ’
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R e e il nt, pro - ubisch bog;
bodies, With the completion of the pollen dev fllsoPmI-;ere,P they are coategS R
into the anther locule from the tapetal = b dies. They perhaps he ¥
Sporopollenin and get transformed into Ubisch bo e'o f tapetumn is foung in, &
formation of exine of pollen grains. The secretory typ N,
of the angiosperms,

(1) Functions of Tapetum :

. ent of mijc
(1) Tapetum palys an important role in the de}? etl TF E an anther,rtzs K
(Pollen grains). This assumption is based on the fact t' a fochiced are step-e b\*
degenerates before microsporogenesis, the pollen grains p m&._
abortive, -
(2) Tapetum also helps in the transport of food n}atenal t?hiill?nmgf ofy
t. The food material stored in the tapetal cells is not uti = e
stages of anther development. But, after pollen mother celcl}‘i aber :lngierg,_T
meiosis, the protoplast of the tapetal cells enter into the p_ollen IR to O
periplasmodium, This provides nutrition to the developing pollen grains any 3
helps in the formation of exine.

(3) They secrete the enzyme callose (B - 1, 3 - glucanase) which disso]
callosic wall of the tetrad and set them free.

(4) Tapetum is involved in the synthesis and release of thfe materialg wh;
take in the deposition of tryphine and pollenkit. They are dep081.ted on thet Palk
surface and helps to bind pollen grains together, and for efficient sect pollin
Both these substances are synthesized in the plastids of tapetal cells.
(5) The tapeta] proteins present in the p
common hay fever and pollen allergy.

(6) Tapetum initiates the process of abortion of pollen in cytoplasmic m;
sterile (CMC) lines. Low levels of DNA synthesis in the tapetum are the g,
indications of CMs Phenotype, followed by disruption of the young microspores

anthe

Veg E

atip

ollen - wall are responsible for

“  INICTOSPore mothey cell, the wall formation
vays - Successive and Szmultaneous

e Type : In this type of wall forrma;
clei after meiosis - | This
h sides dividing the ce]) int

TMation, 4
wall
0 tw

cell plate is laid betwe’
,gradually extends towards {;
© ®qual halves, Each cell of ¥
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[ THE ANTHER
rmed,. o1 |

dyad thus formed, nm\{ o _1F
daughter nuclei oc

S e . 1 The e e

es meiosis - 1.

formation of i cur in tl\u£;11“ 7\m, iosis - I1. The wall formation between the w0

Ofisobilateral tetrad. T} ¢ way as after meiosis - I. This results in the
Fad. This type is more common in monocotyledons. €-&

Zea mays, Lili
£ O {m q””q(!v- N

, dansevieria. and in o
ceae, Apocyanaceae. and in some plants of the diest families e.g. Podostema

Microspore
Tetrad

._...(D), .
Fig.2:6:S ot it !
uccessive division of cytoplasm in Microspore Mother Cell

2. Simultane « Thi . ' ‘ '
o wall formatic(:l:‘sa ;fon Thl§ type is common among di?o@ledbns, Here, there
o rmed after meiosis - 1. Th elot;ls -1. As suqh‘ instead of a diad, ;i binucleate cell is
hich s usually s chr. e Olda.ughter nuclei undergo second meiotic division,
y synchronous. At this stage, four daughter nuclei Jie in the common
heral constrictions,

toplasm. The wall formation begins in the form of four perip
e. These'constrictions

whictl:l 8ﬁadua1}'y extend from periphery towards the centr
eventually meet at the centre of the cell and divide the cytoplasm into four haploid

microspores e.g. Magnolia, Nicotiand; Helleborus, Melothria.

Mlcrosp'ores

E" R - ‘ |
Fig. 27 : Simultaneous division of Cycoplasm in Microspore Mother Cell

Pollen Tetrads : N
" the four microspores formed from 2 microspore mother cgll are usually
tetrahedral OF isobilateral tetrads. In tetrahedral tetrads, which are formed
imultaneous division, the four microspores lie at the four f:omers ofa
eri seen from one angle, only three microspores are visible and fhe
e back. In isobilateral tetrads, which are formed by successive

rospores aré arranged in one plane in twO tiers of 2 each.

=y |
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R o g S b qmﬂY be arrangeq in\\E\{\\NT\\
Frogia bk mlcrosp(;\‘.fz:stoloclria, Butomops;, ecum\§
s Groon, Afgieti; T il (he’gf‘ive types of tetrads hayg , " lig
Asl:h'piudm'«‘av) tetrads. Interesting all the ey, nh‘;;l.
in Aristolochia elegans. ‘ \
The microspores of a tetrad usually separal:e :li(:]m fjlil;sott::efr as thQ
Matures. But sometimes, the tetrads stud.( toget econtgin 16, 3 Or N
pollen grains, The compound pollen grains mayt ) In Ascie ™ 64 Sporpcl
Drymis, Annona, Acacia, Drosera, Typha, Elodea etc. iy Pladaceael Y,
poilen in a pollen sac are united in a single' CQmPa.C m . OWn 4 Pozﬁ“‘
Pollinia are also formed in Orchidaceae. But in certain members of 4. a;n.l |
pollinium is less compact as it comprises smaller groups of pollen . "M

Taiy,
loose groups are termed as massulae. The pollen grains of a mags

1

I
i

UIae ap b 3
isicn thread tly,
joined among themselves by means of a visicn : :

[ /AT

Y

@) ®) ©
_ ‘TE)
Fig. 28 : Types of Pollen tetrads
(A) Tetrahedral, (B) Isobilateral, (C) Decussate, D)T- shaped, (E) Lineg
In Plants belonging to Mimosae (Acacia, Albizzja) the four miCroscopes'E
tetrad undergo one or mitotic divisions to fg

Im 4+4 or 8+8 o 16+16 spores.§
units are called Polyads.

8
ores

um (Calotropis)

Fig. 29 : Spegig Types of Microsp.
* (A) Compound Pollen grain (Acacia) (B) Poljin;
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At maturity, the endothecial cells develop fibrous thickenings all around the

ek et g o . T g v b
‘ : 8, is called stomium.
The. middle layers and tapetum dissappears, and the ripe spor angial wall
now consists of epidermis and endothecium, The sterile tissue present between two
pollen sacs dissolve, so that pollen sacs unite with each other.

Fig. 210 : Anther dehiscence - (A) Longitudinal; (B) Porous; (C) Valvular

Now the anther wall loses water and as a result of this, all the external walls
of endothecium shrink inwards which result in the dehiscence of anther. The
dehiscence slit may be longitudinal, transverse or lateral depending upon the
position of stomium cells. In Solanum nigrum, Cassia sp., dehiscence takes place at
the top of the anther by apical pores. L '

| 2-3 MALE GAMETOPHYTE

The microspore (pollen grain) is the mother cell of the male gametophyte.
During gametogenesis, the nucleus of pollen grain divides into a small lenticular
generative cell, and a large vegetative cell. The generative cell again divides and forms
two male gametes. This division may takes place either inside the pollen grain or in

the pollen tube. |
[1] Structure of Pollen Grain : ' |

The mature pollen grain is surrounded by a well defined wall, which is
differentiated into two layers - the outer exine and the inner intine. The exine first
pears as a thin layer, but later becomes considerally thick. It can be
differentiated into two layers (outer’%‘sexine and inner layer nexine). The sexine is
her differentiated into three layers - the basal foot layer, a middle bacula and an
Yoof like sprets called tectum. e
he bacula, which consists of radially elongated rods, forms various
\g patterns on the exine. The exine is chiefly composed of sporopollenin,
tive polymer of caretenoids. It is a tough substance and provides

P

@ Scanned with OKEN Scanner



e 510211 SNI[ONU 3ARE}33A U ey} pawnsse sem 31 JSe
J uks YN JO a1qeden s131 y3nowe ‘Sp1arp jou se0p A[[eurLIou [[39;
M_wmﬂs:msw 19s89] UI Juasard st N "surerd ypiejs pue jej ‘eLIPUOLE
[ g YonW ‘SSWOSOQH SUTRJUOd [[3d aAne3adaa ayy jo wse
[pnu 0M3 10 3UO SeY J] TeLIJeur UOHBWON Uy} [}IM SUIINO
ds st :m.u.m>uﬁmmm> 3y} JO snapnu ayy : (3D 2A1e1d33,

|
“,wa_m
( 10
el
Suay IJU° mé.amauo pue 3uoj A1aa S3UI0D3( SNIPNU dA[RIUIZ .
ampwos ng_-adeys ut feondis 1o xeAuod1q A[rensn st [ aager Y
92824 33 JO wise[do)> aup ut 931 sa| pue [rem usyod sy woy paypejap
qinq ‘[fem u[[0d SU} JO UL Y 03 PAYPeHE ST [[90 dAnerouad ap ‘Arenmay
UOISIATP JHOYIUI JdyFoure £q sajoured a[ewr SWLIO) PIYM 727 Ja1jpaual Ay ST auo

wsayJ ‘oqmy awzom o} SuIoj bﬁmﬁaw\& yorym ‘1120 ms:utmma a3 St auo umwuﬂ
s[> [enbaun 0m} ut synsar ure:d uafjod e ur UOISIAIP SO ST Y.

: 3)hydojowren) areyA jo yuswrdoasnag @
8)Aydojeweb sjew jo uswdojers(q : |1-2 ‘b4

snajonu Ssajoweb sjey
aanejabap

Ewm_ao~>0 snajonp

[1ed

aanejabap

oy ‘120 3anerauad jo uonisod s syrew

oy @_v Temopred e ur sAemye ST JUSWIDRASIP STYL IPIS [BINT] € O PayIys

4 539 4L ‘payejonoea Ay8ry saw0d3q wisedoj£d A 4Msal e sy "awmnjos

\ EwwsEm ure8 uapjod ai ‘pe13d} A WOIJ ASEI[AI JIB 133je U0QS “wisedoy o

L A_ %d arp wnpnoanal onuusejdopud ‘eLpuoypo ﬁwEoWo_ﬁuﬁ ‘Snapnu
®2us; pue Ew.mEExU ul Yo sl 210dSOIdTW PAWLIO} AJysayy v

. M sy ‘Fa

gz _w_csww OM} 10 30 LI0) 0} SPUAIX [ - AUIXAU A} ‘SWLRASOUWAT awos uy 'py
w.H - wﬂwxwz ﬁwzﬁu mum%m_ oM} Ol ﬁgﬁ._uﬂ_mﬂo@m—u A URD auixau .rur:z

\ Uy -aqny uaJjod A} SWIOJ PUE 110 sawon

gy JONRUIILIAS ) YPIEM DAJRLOSSE

,:Ea a::wmm ayy ydnoryy, ‘uread uajjod ,.uo :c:“ by 4 : %..:w.., mw z_w_m J, sse

g N "Auo aurxapua Aq pajuasa1dal 10 JUISQE ARIACUAN 8L AU agy
u . wis (s papraoad stauna ayy

" are asaY . -sp.0d 10 saanjady [

7__ 0 supeaf uajjod jo Aedap feangeu ag
s . , Foroiq pue (easayd 03 aduesisay
f,»w/f lles wayjod jo onssoduioadp [PHOLOI PHE EEAREE SRS

G Scanned with OKEN Scanner



[[2> 1aypowr a10dsoIdN YT (Z161 ‘meg) yuswdofaaap uayod jo POy
e MOYs aeaoeIad£D) JO SIAqUISW 3V} T2AIMOH .sazodsoronu projdey
UOISTATp dn0raW £q SAPIAIP [[30 JFOU uayjod ay rsuradsordue Jo bu.._,r v

. apaoeradA>) ur juawdoraA

STUNLVId TVINIOL

a1a jo jurod ay woy juezodwr osfe st "S[[e9s
Y104 Jo JudwdoaAdp pajeurpIo - 0> Ui sdja 31 s jueyrodw STJOEU0D € Png 19y
YoEa YHIM JOBIUOD reotsAyd aaey op a1fydoaoured e jo S[[30 d[EUr OM} YL
. paypiL 9Xe S)PULS d[eW A} dUY “uasqe
Ajensn ST [em [[2D "dUBIqUISUI [[32 ¥ £q payuur] A[euraixd ause;do3£d Jo yyeays ung
v Aq papunoxns snapnu a81e[ © JO SySISU0D djaured [eur Ypey -$239up8 2yt AHOU
- UOU OM] JO UOTJEULIO) Y Ul SJNSaI [[39 aATjeIauad AUy JO UOISIAIP OHONA
-aqny udf[od a1 Ut SAPIAIP 22 aAjeIauad A A1YM syueyd asoyp ut
Juasqe dIe UOHeULIO) appurds pue ajeyd aseydeiowt “IAIMOH ‘Suimoxiny jo ssa001d
e y3noIy) 10 UOHEULIO] ajerd [[90 Yy3noIy} sInd20 SISOUD[0}AD)  'SISOjIUI [eurIou
M PIjeId0sse ST urer8 uafjod a3 UNPIM [[3d 3A1RIaUSS A} JO UOISIAIP YL,
‘(suandu]
‘wunipy] ‘vuIVAI] mqaoydng *3-9) aqny uafjod A U 10 (vIv]NI0d ‘v170f14823u1
vajaydojoH] *8°3) pwBns oy patpeax asey ua[[od au 1d35e SPIAIP Kew [0 uoneIaua3
ayy ‘08ess paJIPd - 7 9 e pays e surerd uapjod azaym ‘sjuerd asoyy U]
querd
uoaq aaey sureid uagjod paf[ed - € pue Paf[ad - Z Ypoq (vuHo! N
isoge> QWIOS U ‘(e | + [0 2anea3aa 1) adeys paYd
- 7 AU J& JoyE] AP I pue (][00 2ALRIAUDS T + [[0 aane3adan) aBeys paqpen - ¢ A
je pays dIe uaprod aY UORTPUOD JIULIO] dY U "pays uaaq dary udjjod ap Ieye Ao
saplAIp [[99 aAneIouad o saroads auwos urng (HnapioH viag ‘§2) aayue ayy woy
pays s! uayjod ayj 210j2q SIMN0O A[[ensn UOISIAIP 9y, '[9 dARLIIUIF A} JO UOISIAIP
spojnu Aq pawiioj e sojewied apew ayJ, ¢ sdjewed ajew yo aczaESw AUV. 1Al
'SNOIPNU RS © SUIRIU0D SNANU
ureyuod jou op Aoy nq ‘gprserd sURUOd 10 danrIduS Ay ‘1200
ods awios up g (190 dARLIAULE Sy up Juasque v spyserd sapads
o 30 50U U] .mo:o:::._: [[90 A[Junsn SUIBUOd pue dSUAp _m_o;::_?—. Sl :rf,:_mcfmu
ayL M@ aAnyEIdURE Ay puv [0 DANIOFIA D) UM :s:?.é:s: .,p::x:fr,.;.u
ou s1 212y, ‘[leM ¥ Aq papunoans sy ([ dARRIOUOR Y|, 1) ?;E..Esmu @
aopaun) Auw Jnoyia anmonags Sugeiouaiop
ajonu aapjrjoidoa o) papavdar (0§61) NeMsIRy .,,..::z.m,_::
"SOLPULIC JUDIOFIP U) L snapIU aapuafos
off a1 PAYPURAQ 1 QI UI[IOd Ay dragM Baago uy ?.v

LR

-uoneZI[IIaj A[qnop jo M

aures ay ul votommu
auorg ‘01017 “39)

ayl "yorers
paayjoua MY 80

g se 8N

pue [[2 aANRIOU

pu aqu) Ua[[od au U 1[92 GANVIUAE U PUIaQ sy 1y st awos uy (y

RUNIHTHITA Y

8l wo .:z..——w woOos _u.._.-.._..:,...*;_u 7.—:..~ Hnapnu .S:—:._L:.rr .:: 3_.._.7:—: (LA BRWTE ) :v
< DU MOFA BILEO) SUORI0 [RI0A0E 2w daop g

* — _ HAHLINY AHL

G Scanned with OKEN Scanner



snodououron) (4) ‘sndosjojAdwe) (3) -
‘snodosiydwy (g) snodosjeue - jwaH (9) ‘snodoseuy Am.v ‘.m:oa....,__.”
ss|nAQ Jo sadA] : z-¢ B4 -

4 snnaung a

sesoAiqug -seydey o:&o._oﬁ

‘(vundQ) aeadeje)) pue (08vquinid)

seadeurdequnig ‘89 -a[nao ay} jo Apoq ayj. punore Junrds yojem e NI S[I0d
11 pue 3uo[ £14 SI 3PTUNJ Y3 9[NAO Jo adA} sTy3 U] : aynao snodoxjoupIr) (9)

-seuwradsonus)) pue seadeawoing ‘seadejewsiyy 3-9 padeys oys

- 3SI0Y S3WI0D3q PUE SPUaq OS[e S[NAO 3} UTYHM des 0AIquia ayj Jeyy os ‘Jusururold
aIowW SI 3[NAO JO Apoq 3y} JO SINJeAIND 3y} ‘319 : 3[nao snodonydury ()

: ¢ ‘aeadedIsselq

‘aeadeqe] "3'a DS 0AIqUIS S} UI INJEAINd AUR JNOYHIM ‘PIAIND SIUIODA] I[NAO

atp jo yred refAddomrur ay) ‘a19y Ing dPIUNY 3y 03 s9[3ure JYSII Je SS3] 10 SI0W JUS]
s1 3[nao a3 Jo £poq 33 ‘aMmao snodonnuay 1] : 3nao snodonorddures) (5)

"9BR0R[MUILI] PUE dLade[NouNnUey "33 "aury sy 03 say3ure SU

Je S31[ SPIUNJ Y} Pue U] [eUOZLIOY e UO dIe eze[eyd pue ajdoronu iy ‘9ousH

-apruny ay} uo pade[d A[[ejuoziIoy st J1 jeyy os Auo .06 Aq wing e saye) I[NAO
a3 jo Apoq au ‘2d4} sty Uy : 3[mao snodonrumsay 0 snodoxyeue nwayy g

xop14] ‘snyjupfal] "33 ‘suopa[£jodo0uowr pue suopa[A3oorp 10 JO SoI[Tuey [RIdAdS

ur punoj pue ad4} uOWWOD 3SOW Ay S 3] 31 0} [d[[exed say| apruny Ay pue aul|

suo ur o] ezefeyd pue ajAdomnu “a1 yBrens surewar snpponu YL, ..22:3 ay} Jo

aseq ayj 0} 2502 sawod d[Adomdnu ) Jnsar e sy 081 y8nony pajraaur o1 3?5 oy
jo Apoq ajoym 3y} ‘?[d1uny jo Yyimoi3 [erdjeqrun oy on( :nao m5&¢b.5-.< 7

PeAdRIY ‘DradePLIAY aradedi)
‘seaderadl] ‘seadeuoBAjog ‘39 ‘swiadsorBue u :c:_:%c,u \va_“\ww owmu Mw_m
aanruud aq 0y pasoddns st i1 -aury JySrexs suo up paBuerre snnomny pue ezepeyP

‘aAdootur y3im B[NAO JySBrens e s : $d[NA0 snodonoypg 1o snodoxyy *p

| | "Paziudonor are sana0
jo sadAy x1s ‘a[nao ayy Jo sired 1Yo pue snindwmng ayy o uonepx ur ajfdoson
jo uonisod uo paseq suadsordue ur punoy aze sapmao Jo sad4y .\EEZ .

SHI0A0 40 stans [¢7

| wed sjewy oy syussardar ran |
.mEmcmzmm omj pue )aJ - 882 :H. sey smyeredde 880 ay ..BE_: U avjod vwzﬂwuoummww_ww_.%
yerpawt oM} a4} ‘snypavddy - 583 oy wiioy pus tejdddérmu O 38 day “sppap m&:::
sa1yj 03Ul AZIUESIO PUS [PZE[EYD 3Y) 3T 19PNU S014) “PINU JySre o, 3 v
a9 sureiuod des oAIquua 1ed1dA v suiadsorSue 1 s o L?.; u@ e .

G Scanned with OKEN Scanner



T vorator g ge

(Rutaceae), somme epiderma] :m: M Euphorbiaceae and Cuscutaceae. In Aegle
: . ‘mal ce s of tl e y
ichlv ¢ . § of the funiculus as v _ ngate into
richly cytoplasmic, multicelly]a hair as well as placenta elong

elongate and function 4 5. In Thymeliaceae, the cells of the Bl g

Some workers beljeye :m.v. Obturator. The pollen tube grows along the obturator.
parer i OBV 51. .,é::.m::‘ provides nutrition to the pollen tube.

(34 MEGASPOROGENES]S |

A single |
, Ypodermal cel]l a1 ¢ . if i

archesporial r:.: wﬁﬂﬁ " .j_ cell at the apex of the nucellus differentiates as
A i : d S distinguishable from the other cells by its conspicuous large
§12€, AENSE cytoplasm angd Prominent nucleus :

In tenuinuceljat

M (S &) L L ' ; .
othier cell, Bt s ate ovules, the archesporial cell directly functions as megaspore
M.o::m:n m:.c:s M crassinucellate ovules, this cell divides by a periclinal wall
X er primary napi ot . ; |

g an Primary parietal cell and an inner primary sporogenous cell. The

latter functions as me

iclinal and 5aspore mother cell. Primary parictal cell. Undergoes boths
sericinal ana anticlinal divisione o e : .
P and anticlinal divisions and forms a multiseriate parietal tissue.

. Cm:m:%. the archesporium is single - celled, but in Onagraceae, Fagaceae,
ceae e ~ e p .
Apiaceae, Salicaceae, Poaceae and Liliaceae, the archesporiiim consists of several
cells. Of these, usually the central cell alope is functional.

The megaspore mother cel] is the last cell of the sporophytic division. It
undergoes a reduction division (meiosis) to form four haploid megaspores. This
process is known as megasporogenesis. The first division of megaspore mother cell
is always transverse resulting in the formation of two cells (dyads). Second
division is also transverse, resulting in a linear tetrad of megaspores.

Archesporial Cell Primary Parietal Cell
Integuments (7

Megaspore

Mother Cell Megaspores
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| OVULE - STRUCTUR.

= =y,
Lally form T-shaped tetry s )

el o 1 s \‘h
d Rumex ‘:}t;\d cell and transerverg, cli\,‘.h\xy N—
Gl ar dy« 1§ ) Y
y the mict opy! l“ﬁ,’ LG

|

106 |

' s an
Orchis macula, R]‘.‘ -
due to vertical division 1t

‘STﬁU(‘;TQ o e
oV REANDT\,
' . W PEg
: west spore he chalazq ., ——.
chalaza dvad cell. . tetrad, only the lowest spore (o A “ end oy, surg
chalaza dy ¢ of a tetrad, The remaining thl‘ee %) ocated at the m: Ounde
. Ay asPOre! o,
O the four me gaht}’\::\‘ﬂv gametophy!
functional and forms femi ,

d, b\/ w '
\ ICrg Aar o J Wa
nt is kNOWn as mgy, Ny ct as SYnergids. 53 e one’ser,
jevelopm€ ; : Pori, structure 1. h twg g e
ac de 1 megaspore 18 functl()nal a ICt it t‘VQ

€ celly toget
g f KNOWN ag the
M

W [ embryo §
degenerate. This type of emthz et
embryvo sac. In Onagraceae, the

C Qi, tthQ
ature feyg)
e
nucleate embryo sac. .8, oenothera.

\ Since this Sumctophyt,
. coL L YPe of erpy,

second : . . TYO sac dey

sac development, the h melot‘c iy 1udtll' 15 calleq MOnospoy i o fde

In Bisporic type of embryo 8¢ t the dyad cells with two hapl()id idevelopmeny nu

. : ne o
not tollowed by walil tOl‘l.l\ﬂthn.- 00 f embryo sac.
nuclei takes part in the formation ;

e.g. Allium,

Was firgt descrip
Py : ed by
Cell 4 e it knowy g -~

- 148 Polyoq,
& S m h e (
hembTyO sac ang 15 found iy, a‘OOLntj§1°/

The other dyad

1 formation occur

i of embryo sac, N0 Wa 1 ingle cell X "y

. bethaeginric type nuclei remain in a single ce (coem)me ]

meiosis. All the four megaspore bryo sac e.g. Plumbago, Peperomia‘ By
and participate in the formation of embry o". ¥

Female Gametophyte

Nucely

0y Degener,
- .MegaSP

 3-5 INTRODUCTION

The haploid megaspore is the first cell of the fem31.¢ gemetopl.\ytic Bene,
It germinates within the nucellus of the ovule' .a.nd. deve.lop into the
gametophyte known as the embryo sac. The embryo sac is dependey X
surrounding sporophytic tissues for its nourishment.

—  The organized embryo sac
three antipodal cells and two
the micropylar end ang the
&@ppartus and the antipodal
cell is binucleate or diploid.

typically consists of an egg cell, two Syne

|
polar nuclei. The egg apparatus is situateq yy,
antipodals lie on the chalaza] side. Cells of g

cells are uni nucleate and haploid, whereas the;
3-6| DEVELOPMENT OF EMBRYO SAC
owards t Fig. 311 : Mon

€ megaspore enlarges in size,

A) Megasporogenesis, (B) 2- !
e (D) 8 - Nucleate

r totic divisiong and form eight nuclei
totic division is o

i '3-7| TYPES OF EMBRYO SA
. rented along the long axis of the ovuk. ik

| aughter nuclei are separated by aL: In majority of angiOSP;:"é
‘Vacuole enlarges in size, one of the two daughter "“However, in many cases e
ylar end ang the other ¢, the chalazal end. Both o ‘development o}f1 emblfri’\%:r .
totic divisig e dthe basis of the nu
"% and as a resyt foyyy nuclei are formed dcSelormment dhecbpio st |
the i | ic (2) Bisy
these nuclej are regreamn: ‘ A olf (1) Monosporic (2 \
anized. O N ach gro” sac name
centre of the ce]| ese two nu‘;‘l* I_lucleusn fr((i)m ; ! lone type of embryo
fuse to form the ge €lare called po :

Condary nucleus (2n), The three nud?
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OVULE < BTRUGTURE AND 1yPi | 107 |
Of the three nucled
other two
whole

ﬂ\v chalazal end are surronnded by walls and form HHH]'(H/NI.’I-
jocated at llu.‘ mieropylar end, one serves as cag o female yamele and the
act a8 ::yr‘u'r;\rnl.-:‘ Thene three celln |.,,.N|,,.,.l,“".;;"i|”“,”"_",’,_“‘y apparatus. The
ptretie With two polar e, lln‘t"v antipodaly, one ¢ :;’;‘;nul two aynergids, if
nowWn as the mnlnrv./.‘nmlv,\wm.'h;pln/lw m‘ru:lu-]/o’;;/,“;. S
e dhad ! ;

| 'H“‘“‘ this type of embryo e develops from a single megaspore and has a 8-
puclel, teas called monosporic 8 - pucleate embryo :;m"' This type of embryo sac
dv\fc_‘lul'm_u.‘nt was fiest deseribod by :~;|.-“,,-H|,“,-,,‘.,'. (1879) in Polygonum divaricatum.
Henee it is known ax Polygonum /,lliln' of vml)ry(; sac, Il.‘i.t; the 1v;(;;il' common type of

\ \hr o sac and i i 1 ‘ , . S acida
embry tound in about 81% of the flowering plants, (Davis, 1966).

Nucellus . ' ey
L J

O '_I)enonnrnllng
YO Megaspores, ./

Functlonal
Megaspore

¢l - Secondary
Nucleus

c .

Fié,.' KRR Monosporic embryo sac - development

(A) Megasporogenesis, (B) 2- Nucleate Embryo sac, (C) 4 - Nucleate Embryo sac,
(D) 8 - Nucleate Embryo sac, (E) Mature Embryo sac

. In majority of angiosperms, the embryo sac develops from a single megaspore.
Jin many cases two or all the four megaspore nuclei take part in the
f embryo sac. Three types of embryo sacs have been recognised on
s number of functional megaspores nuclei taking part in the

bryo sac. They are:
¢ (2) Bisporic and: (3) Tetrasporic. Each group has more than
sac named after the genus in which it was first described.

‘

3.7/ TYPES OF EMB@_{Q_E,ACS}
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A ) A A ‘““\‘ A ® . ‘ vt N !
i (h(‘ | ass ol H\t ‘|m.Jtiun ol lllnvlim\'\] ||\,m|\ llu‘ Inilm\'hl}', fwior 1y |u ] || 1V¢
peen recognised in bisporic embryg gaes
| CAllion type s This 1o , . « firal
1 ' N fype : This type develops from the chalaal dyad cell. TEwas o
Jescribed by Strasburger (1879 i Al fistudosum
2. Endymion type : This type develops from the micropylar dyad coll. e.g.

S('i”ﬂ;

[ Vi s St

e s . e e o G D

Megasporogenesis Magagametogenasis

Allium type @

—

Endymlontypai
: X

Fig. 3:13 : Bisporic embryo sac development
[@ Tetrasporic Embryo Sacs ;

Sometimes wneiotic division of the megaspore mother cell js not accompanied
by cytokinesis Hence all the four haploid nuclei remain in a common cytoplasm. ;
Such a four n leate megaspore is known as coeno - megaspore. All the four nuclei of ‘
coerto - megas,ore participate in the formation of embryo sac. This type of embryo
sac is called fetrasporic and it is genetically more heterogeneous than the bisporic |
type of embryo sac.

The four haploid megaspore nuclei divide one or two times to form 8 -
nucleate or 16 - nucleate embryo sacs: Tetrasporic type of embryo sacs are of 7 |
types. They include : ‘ -i
(A) 16 - nucleate Embryo sac Types : |

A'.
\

.
gor
g

'y

oranmms o s s g

2]

@9
G e
o o,
823

e
Q%QOt
@c%
o™
5 o) 00
—— —>p o—>B § —
o o) 00)
Megaspore Meiosis I Meiosis II 8 - nucleate
mother cell ) |
Synergid
Egg

8-Polar nuclei

—— 6 antipodals :,

" 16 - nucleate Mature embryo sac

Fig. 3-14 : Tetrasporic Peperomia Type
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T L Pape i ¢ : The Q‘L
e e (4+4+ y, RE
N s vie ¢ . v nner 4 2 . . AN
two successive mitotic dlv;m.m ;-»Ch T e WiE Anan:d Eight B " \.L o . DWPES
i ( 1 nuclet eé - C
o gl\"ut’:lnf\i?itrmpylm' end form egg and a SYner:
two nuclei at the mic

c"opola
S o e
: uclei give nd
ucleus (8n). The reMmain; m‘él n BlVe rige ¢, b

| region resulting into secondary n
" in the central regi $

d twe
N 8 Ppargy SV
Siy ' to lower polgy Nucley, USang
sac at the chalaz, N Sand gl Uppe
dal cells near the periphery of the BRSO : thy ‘apparatus + 3 Polar N
torm antipodal cells nes

\\\ Nh
B . - me I
o haploid nuclei of coeno et argaspgl‘e ) X
pout 1\13 16 nuclei. These nucle rar\gEt h
forming, |

d by an egg apparatyg 0 found i Nuclej 4 :\ ntipog,
I terised by & Wity is found in Dyyyg, Ch AMtipg
. sromia type is charac Y desicit, .  Clrysany,
the embryo sac ?f chpugmn ]Ze};l (1901) and Johnson (1900) ed Sug, Qi\g, mu
and one synergid cell. Camp \

sac in Peperomia pellucida. . hanloid hudle; af ¢
P Type : In this type, .the four hap 6 e -
2. Penaeca Typ ive mitotic divisions forming 16 nuclej, )
megaspore undergo two successiv f clel each. in) the CytOpla Y
arrange themselves in four groups of 0:111: et - Woise i ; +s b
N end in N
megaspore. The four groups are arrang . )
N o‘xgv oie nudcleus from each group migrates to the cenfre; at}r-:dntt‘i;e follu Nuglg \
centre form a secondary nucleus (4n). The three nuclei a L A OPYylar gy, iy
of by membranes and form the egg apparatus. The remalnlfng €€ groups Oy,
(one chalazal and two lateral) usually degenerate or may form non - Cti%h
apparatus at each pole. Thus at maturity, the Penaea type of embryo g4, hag ,,
apparatus and four polar nuclei. There are no antipodals.

: Y
e%.as@ _
o 5
| il o : (B) 8 - nucleate Embryg 53¢ Type:
s © —> @ > 8 9 N (1) Adoxa type; (2) Plumba
4y o} ) S b 1. Adoxa Type : The four
¥ L “A' arrangement i.e, two nuclei are
' xfﬁla:f g;ﬁ | MeiosisI MéioSig"}I_ 8- nudeatfe,v, chalazal. end. Th.ey undergpo a
75 : R 5 These eight nucle organise into |
Egg apparatus nuclei and three antipodals (i.e. !
x This type of embryo sac occurs i
Polar nuclei
> ©
O, : ional
>~ Triads (non-functiona
| —=> egg ;apparatus) o .
— . >
Mature embryo sac 5
- Fig. 3-15 Tetraspon? : Penaea type mother ool (2x) . Msioeial
909) described this type of émbryo sac in three genera of ' Hg.S
- ~Brach.ysq.1hon and*Sarcol], Later, it was Obsf*“" 2. Plumbago Type : Th
UPhorbiaceae Malpighiaceae and in some genera of other famile

L¢ the cytoplasm of coeno - me{g\
< \\ s )
the four megaspore nud 1+1+1 anangeme?g;e}i\td
Ocated at the micropylar end and thre °,sm four pairs. One 0

RS
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clei at the mlvmpulnr 0l |
, lei pive rise to gy W and twelve at the chalazal end, The four micropylaT
clel £ S8 WPParatis and winer + | |
' ot polar nucleys © Per polar clens, The chalazal nucled give 1o
m ’I’I'l] ”_”[“ 1”".'” o “, : ”“1""'."!! (ANI'JI 7.” Hilt “'f}')”.

) Pand elevey, mipy

pparatus + 2 Polar nuelel 4 11 i

: antipodal celln) is formed, This fype of embryo sac
M, Ul ete, |

" jound in Drisa, Chrysanthemn
p (:) F ..t . .
(0> — ( A ; .
) o). ‘) S) | {‘"W’) |

Mg ;;;i]“\l‘ﬂ M - QY
mother coll elonin 1 Maolouls 11 - nuelonte

g0 S N— By nppnratus

= 2aPolir nuclel

11 Antipodals

(

16 - nucleate o
_ Mature embryo sac \

Fig. 3:16 : Tetrasporic - Drusa type
(B) 8 - nucleate Embryo sac Types : |

(1) Adoxa type ; (2) Plumbago type ; (3) Fritillaria type.

1. Adoxa Type : The four haploid nuclei of coeno megaspore show 2 + 2
arrangement i.e. two nuclei are at the micropylar and the other two are at the
chalazal end. They undergo a single post meiotic mitosis forming eight nuclei.
These eight nuclei organise into embryo sac with normal egg apparatus, two polar
nuclei and three antipodals (i.e. 3 + 2 + 3 arrangement) similar to Polygonum type-
This type of embryo sac occurs in Adoxa, Ulmus, Sambucus, Tulipa etc.

e
9,6?0‘
: ‘00%
. 00
¢o®
© 00 030 dJb—Egg apparatus
s —> s —>
o 00 8 Polar nuclei
0Jo) QY @A — Antipodals
. Megas Meiosis I Meiosis 11 8 - nucleate Mature embryo sac

, Fig. 3-17 : Tetrasporic - Adoxa type

se : The four haploid nuclei move towards the periphery of
eno - megaspore and get arranged in a cross - wise manner 1+
ment). Each of these four nuclei divides again to form eight nuclei

f the nucleus from each group moves to the centre of the cell and
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