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Laboratory Instructions

Maintain discipline in lab.

Be prepared in advance for the practicals with learning & bringing the
plant or other materials of exgleriment

Do not forget je”Cary laboratbry aprof, observ omQook (unruled) and
other requi€ed accesSQriesssssection%aaigrialf (New Bades- normal &
surgical, 2 rgedles, pomted end forceps scissors, scalpgl, fine hair or

camel hair bryshes, pi 06 affeottep cloth etgf Writing
r: erials (J#€n, P raser arpner, S man Wt markgig scale,
Handle eq&y nt |crosI|de9.asswares * nd specimey
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ep theflalgoratory clean and tldy
: .‘ |mens tere - mp}:ments or
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FC IOwge '
Make c @pl ures of oberv, verify with labfincharge tgacher.
I

INJRUCTIO ECORD G
In record Kk, T | I used for Iting Aotes or poimy &
hick sheets jagr IentifigfCha |ze well
Opfderentiaied c IS rs=meaneetOry, no éfcd .
Each experifjent o ﬂw ately¢ |thout
overlappinggor writing b eriment on Ye previous
experimengor topic.
Use pencil ongjffegent shadeg (H,HB B) for wrNingg#égrams.
Write the classifiCation on th§ right h@nd top side’of the diagram page.
Labelling of diagram should B jOstified alignment & should be in
Uppercase always.

Do not use the space outside the page border.
Submit the records in every practical class.
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e Get your record binded only after the instrutions from lab incharge
teacher.
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Gymnosperms And Embryology Of Angiosperms
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PRACTICAL IV
GYMNOSPERMS AND EMBRYOLOGY OF ANGIOSPERMS
Total Units-13

1) Study of materials and permanent slides of gymnosperms included in theory-Cycas,

Pinus and Gnetum. 5 units

2) Permanent slides g psporogenefis and male gametop¥it 1 unit
3) Mounting of @ in

germination (ha )i 1 unit

yo sac development.

y unit
1 unit
m the followi 2 units

n ghorphology of different flowers with respect to haacol DOres

e/ A /’;l.‘;‘;‘\;\
phgollen grains and cz{ﬂ:ﬁa ermination.

.‘r.
'Vpammg’;'bf abllen grain collecte
er different cOnditions.

pn of different flow
e) Any g dy related to, ms/Embron

Nini project w*may R.carried okgr‘ of 3-5 stugénts, Slxvised by theatch

. Introduction

. Aim of study

. Materials and methONgl#gy
. Observation

. Conclusion

Copies to be submitted separately by individual members of the group.

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY



PRACTICAL QUESTION PAPER- IV
GYMNOSPERMS AND EMBRYOLOGY OF ANGIOSPERMS

Time: 3 hours. Max Marks: 35
. Identify and classify specimens A¥ B and (Bgiving reasons. 3x3=9

3x3=9

E&G and comment.

oy

SCHEME OFA/AL UATHGREww
N4 T L L\

=II. P
tuﬂm eatiorf and=elassification
S\ 1 /4

v

. Pollinia / pollen germination (pke o — 2 marks, comment with diagram- 2
marks)

. Record and submission of mini project report (5 + 3 = 8 marks)
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SYSTEMATIC POSITION
Division: Gymnosperm
Class : Cycadopsida
Order : Cycadales
Family : Cycadaceae
Genus : Cycas

Introduction
Cycas has a limited ditribution. gfc, Cycas grows natUTaMgll Orissa, Asgm, Meghalaya, Tamil
Nadu, Karnataka and Agdaman and Nicobar Isl Slxteen species of Cycas gre found in the tropical
and subtropical parts of We earth ctinata, C. gfmphii and C. beddomei,
which occyr in the wildgfate -in Irg;b oluta and C smmJ% such sp@gles which are cultivated
commo e Indé#in gard
Habit #tructure
1. as is a palm-lik
2. PI3

into arg
2. Roots argiof tw
3. Normal goot i

ometi grow; i i .
. Secondary ri% [ ; [ _ '_ i € 3 .ﬂ( , ﬁ ichoton
ranched and a q g @' ?P:
. The young stefit is 3 | igk, nd unbranche
Réaaching is ra% f' \ w V'E f bases,

6.The sterfl bearS*d_terri 870 1) follage leaves
(green assigilat rongs) and (ii) scale leavesg(brown and hairy). These J€ tern & with one
another. ? )
7. YounggiBliage leaveg are § ( 2 :

8. Ore leaves are* a ‘ : ; out 80- 100™pgirs of

pinnaQ that are closely a [ , i @rrent base. Each p#hna is
tough, Wathery ag ntlrecg e

9. Scale Tga#CS are srgll, si ith . thh . TheS&aiggVes cover
the apex and young dev&eping e . Scales are also , like |g# bases.

Anatomy - T.S of Rac i.n

1. Qutline is cylindricalf It shows inggrtion of pinnae on the adaxialside (upper sile).

2. The rachis is diffeg@ntiated intqg¥pidcTmemhypodermisgew@®Td tiRgue and a riflg of vascular bundles.
3. Epidermis is single [2%eged, tftkly cuticul@rized and igfinterrupted Ry stogge®a throughout its surface.
The condition is known as armhistomatic.

4. Hypodermis is mainly composed of thick-w@lled cells fisclerenchyma). Intermixed with these cells are
a few cells having chlorenchyma.

5. This sclerenchymatous hypodermis is 2-3 layered toward adaxial side and many layered toward abaxial
side.

6. Ground tissue. The rest of the tissue that forms most part of the section is called ground tissue. It is
parenchymatous.
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7. Mucilage ducts are scattered throughout the ground tissue. Mucilage ducts are double layered, the inner
layer being composed of epithelial cells and the outer of tangentially elongated sclerenchymatous cells.
8. The vascular bundles are arranged in an inverted omega (Q) shaped arc. Each vascular bundle is
surrounded by a thick walled, single layered bundle sheath. It is conjoint, collateral and open.

9. The arrangement of xylem and phloem differs in vascular bundles at the base, middle and upper region
of the rachis.

(i) Higher up and for most part of th@ tachis, gpundles are diploxylic i.e. two types of
xylem elements are present - cggtripetal and cefitrifugal xylem. The centrifyigal xylem occurs in two small
groups, present on both te#SideQof large triaular and c@ntrally locatgl ceMgipetal xylem. The phloem
IS situated on the abaxg&l side of tfirachi

(ii) At the very base of §e rachis, vaSe®far bundles show only cen gal xylem wiich is endarch. Phloem

occupies the abaxial sid§of the rachis.
(iii) Little higher up (§e base ﬁMch &dl w centrigugal xylem on abaxial
side and gag ripetal X on €. In the centre of thes m groORg, lies the pggtoxylem.
This cogdlitio i to be

Anatgfny - TSof eaflet(

1. T leaflet shows a

2. TN idrib s

3. Upper epigermisa

4. Hypoderghlis is

5. Mesophpll lie

layers andower,

pongy par . : wer epige
. Transfusion : .“ { 6tal metqﬂﬂ =W ricgb and somewh3

onnected with tr d-like cellS transfusiongigsucm W B}
Accessory tram< iof ti ‘,j Q the p'ﬁpong}\ I.%ﬁ : are3or4
layers of Tgachei@like, s IIs whic ransversely Hemrthe m i ar th@margin

of the lamMga. T i : ' emo he
vascular budle o % rough the transfusi

9. Lower ggtdermi the leaflet from

Sunkepgfomata are i lower epide

10. fomata are very ch su in the l@ pi IS in C. revgifita, whif€&hey are not sognuch
sunkeRin C. C|rcmaI|s ‘ L

11. Midljb buggie® e swoTes resegid hemv s a siyfieyasculgdl bundle
surround8ePDy paren mato with calcium oOxalate crysta sCular kygfdle has igrinite and
thickened, parenchymatdfys bun

2. The vascular bundle @ 'conjoint, col _&P
13. Phloem lies towargs the abaxigkflower) side tween xylam and phloggn, cambium is present.

14. Xylem - It shows@g large, trigggularaeel of centripejed®iem Qgd two small groups of centrifugal
protoxylem.
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——==scale leaves
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-

—
armoured stem ~

-
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Cycas. A sihgle foliage leaf.

A
;lm"}:ﬁ ﬁit:\\“ll,h
Fig. 1. Cycas, External features.

POINT OF
DICHOTOMY

mucilage duct

ground tissue
bundle sheath
centripetal xylem

centrifugal xylem

~———stomata

Cycas. T.s. of rachis (a part shown by
Cycas. T.s. of rachis (diagrammatic).

dotted lines in Fig. 11 in details).
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armour of leaf bases SIEVE TUBE SIEVE TUBE._ PHLOEM PARENCHYMA
PHLOEM PARENCHYMA

PARENCHYMA

XYLEM
TRACHEIDS

PHLOEM OF
FIRST RING

. ) : — Cycas revoluta. Antomy of stem, A, transverse section of a part of vascular bundle of first ring;
Fig. 8. Cycas. Ts. of young stem (diagrammatic). B, T.S. of a part of vascular bundle of second ring.

( upper epidermis hypodermis midrib, transfusion ~ @ccessory transfusion tissue

cuiide/J pare nchyma/_J tissue palisade
R

I,

N

centrifugal xylem

centripetal xylem

) bundie sheath
protoxylem f e cambium
crystal of calcium oxalate i phloem
lower epidermis

ULy S 2 e

. cuticle ) accessory
'i" ] epidenmis parenchyma palisade transfusion transfusion
|-WH| = _ lissue tissie

gl AT o, -, '3
. Lo ) ;

4

- Oty Seesiiitant il 5"""":' 3’

et

ek

B lower epidermis  hypodermis

Fig. 12. Cyear. A, and B. Ts. of leafler
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epiblema’

outer cortex
middle cortex

inner cortex

sphaeraphide

nner cortex

protoxylem { tannin cell

8

metaxylem .
Xy endodermis

otoxylem
E— PR

Fig. 6. Cycas. T.s. of coralloid root (diagrammatic). ’ X metaxylem

A V4

cortex phioem

tannin cell X
L. ,endodermis : o 5 pericycle

primary
phloem ’

primary xylem
protoxylem 1 — tannin cell

endodermis

Fig. 4. Cycas. T. s. of normal old root (diagrammatic). !

= ¢ : 2 e pericycle
' 9.0 ' |
1. The structure is almogf similar to that of a & . primary phloem
' R : Y/

root. It consists of ep@lema, diffe ‘

and vascular tissues.

2. Epiblema is outermost i RIS
3. The cortex is divisible into three regions -ofiter,  medutiay™ "SR Lol D
middle and inner. These are similar in ray. SEie
Cortex parenchymatous. metaxylem primary xylem

4. The middle cortex is also called algal zone. The protoxylem

cells are radially elongated. A blue-green alga Fig. 5. Cycas. T. s. of old root (a part cellular).
Anabaena cycadae occurs endophytically in these cells. It is believed to be symbiotic and helps in nitrogen

fixation.

secondary phloem

secondary xylem
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5. Endodermis separates cortex and vascular tissues. It is single layered and followed by many layered
pericycle. Vascular bundles are radial and xylem is triarch and exarch.

6. Secondary growth is generally absent; if present, it is very less.

Anatomy-T.S of Normal old Root

1. It shows secondary growth, rest of the structures being similar to that of a young root.

2. The epiblema is ruptured due to the thick walled cork cells found below it. Cork cells are a few layered.
3. Cortex is large, parenchymatous and multila e resent below the cork. A few tannin filled cells
occur scattered in the cortex.

4. Endodermis is single laysfdNit is followed oy many lafered pericyc

5. Primary phloem ig#fhe outerMyost (near_he pericycl@®) and is gglished dUMgg secondary growth.
Secondary phloem follgws this laye ells of which are InfatH

6. Cambium arcs are fo§pd along the inner edge loem in the vascular regigh.

7. Secondary xylem is sifyated towar W lempnis situated inghe same region as it was
before the,secondary gg#vth. 'RS

8. Medular aggftound. &E

9. In th¥ centre is 3 maIIp

Anai@my - T.S of y tem

1. OMvjpe of the égn i@ irregular due resence Off nOgero er3|stent leafgMases.
2. The striwgure is diViistble j scul :

3. Cortex - @reate i ade of s ravelged by many
girdle-shap@d le ‘e leav i iIngg I scat®red in this
reglon

an ec I0| |phonoste e. _\\

Endodermls a is-5ingle Iayer while und ycI elled thick.
. Vascular cyl DElmAny vascula b ndles arr “g g scular bundle

scular mj S 3 : w opem\‘-'l/
8 Xylem & mad i and xylem parenchyma Vessels aré absent.

9. Phloem §nsis sieWe tubes, phloem parenc and phloem fibres.
10. The youlig ste oMgxylic (Le. with on cular bundles onl
: scattered mucilag

ReprQductive organs:
A Mal&cone: ‘ ?

1. Cycas\gs#fOcciou nd a ? o1 male co ale gProduChg glructures.
2. The male cone is terrMgal, sh d compact large aﬁs‘? conicg®in shape and consists of
a central cone axis arougl which num %A irally arranged.

3. The outer covering gf the male coge is form closely set sterile ends of th@microsporophylls
usually possessing up@urved apiceg? apOpTHpsig.

L.S of Male cone:

1. The L.S. shows stalk and the cone.

2. Male cone is attached at the apex of the plarf=sy=sssw@®¥ and broad stalk.

3. The cone itself consists of a central cone axis with many microsporophylls.

4. Each microsporophyll is attached to the cone axis. The part of microsporophylls away from the axis is
upcurved and is called apophysis.

5. The upper surface of the microsporophyll is sterile.

6. The lower surface of the microsporophyll is fertile and bears many microsporangia in groups (sori).

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY
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7. Microsporophylls in the middle part of the cone are largest and get gradually smaller towards the base
and the apex.

Microsporophyll with sori

1. A single microsporophyll is woody, more or less horizontally flattened and triangular structure.
2. It is differentiated into a fertile and sterile parts. Fertile part is wedge-shaped and is expanded distally
from a narrow point of attachment. Sterile part is the distal part of the microsporophyll which tapers into
an upcurved apophysis.

3. Lower (abaxial) surface of the fertile part offgthe microsgorophyll bears microsporangia in groups of 3-
4, forming definite sori.

4. Microsporangia aregifTanged irRgori aroundicentral papifla. Sporang#e show ra8gal lines of dehiscence.
Many hairs are distrib®ed on this sg#e®€ mixed with sporangia:

T.s. of Microsporoph

1. The section shows nWicrosporangi ﬁ M]e lower) surfgge by their short stalks.
2. A matyge microsporgfgium ha red wall. The out r is thN and cutinized, termed
as exothgCi he Maining ayers g and are ¢ as enOgthecigsamy enclose
a tapetgn. ?

3. Nyfnerous microspo i insi iCT .

4. In"Wg_microspor ﬁ nuCc , S glinded
mesophy ke cell Qn ‘

A Female rgprod
1. The femgle re
vegetativefapex

yII are smalley than the foliage leaves. They agg;ecQwn or 11§
7 L LA

\
egasporphylff) qEEERT

. munl z] _
. Female reproducti S artl@qé spially a g in acropetg
SuccesStomion t m. \\‘-'I/

Y 'I//

2. Megasp@oph ool ° to gow further.
A crown of§negas : aves
3. They legg® their ‘

4. Each egasporopl*is A li : ered-wi i .Itv*sin size froMg6 to 12
inch®

5. Eacymegasporgphyll [ she petiole, mle ovule bearinggfortion

and a diSgal Fer
6. The mitdle portion'% rs ovules which are bom@o rowsgone on eitherside. The

ovules of the two rows rgay be opp
7. Ovules are generally gellow or orange or d d shortly stalked, Qyal and smooth. Number
and size of the ovulesg@iffer from sg Q Species.
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microsporophyll
microsporangia

apophysis

Cycas: A MALE CONE

-

o

7

S
@

mucilage ducts

Fig, 16, Cycas. Microsporangia in sori. A. Before dehiscence,
B. After dehiscence.

sporangium

Fig. 17. Cycas. T.s. of microsporophyll
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lobes of

n
a foliage teaf

s

C. revoluta

et G romphi
C. circinalis \me ‘o/;u‘, ool of B doec

micropyle

nucellar beak

pollen chamber

archegonial chamber

archegonium

nucellus

female gametophyte

{ (Embryo sac)
outer fleshy layer

integum : N\ L ‘middle stony layer

of thr =g inner fleshy layer
layers an outer = =B

‘vascular supply
inner fleshy layer. The /

outer and inner fleshy
layers are supplie

with vascular stran Fig. 19. Cycas. L.s. of ovule.

nucellar ngion of the micropyle.

5. A few cells of this nucellar beak dissolve thi@mselves ahd form a pollen chamber that lies in the tissue

in the central region of the beak.
6. Female gametophyte. The innermost region of the ovule is filled with the tissue of female gametophyte,

wherein lie two archegonia, situated opposite the pollen chamber.

7. Just above the archegonia is the archegonial chamber.
8. The orange coloured, fleshy ovules are oval in shape and each shows a small point at the distal end

which represents the remnant of the micropyle.
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SYSTEMATIC POSITION
Division : Coniferophyta
Class : Coniferopsida
Order : Coniferales
Family : Pinaceae
Example : Pinus

INTRODUCTION:
The plant Pinus is a lage tree with'yorldvidgsflistribution. Wagy growgbundantly Tythe temperate regions
of eastern and western §imalayas. genus Pinus has about 90 TNg species. Te common Himalayan

species of Pinus are Pin(§ wallichiana, P MY &roxburghu Pinus gkcelsa, Pinus sylvestris.

Some species of Pinus argof gre & R
HABIT $RRUCTUR &
i i ever 5 &

2
3. T#e main trunk is

4. Bro i i earance
5 ' :

ramidal str re.
er onggfany lateral
rootQare covered

1. Pinyfis a tahgo#rennia s .
. Sp#rophytic plant body |ffer ated i ‘stem and a® @e eaves.

by a cofferin i orrhizae.
. The st@m is igal and remains covered with scaly bark. Branhching is
WO types ant: long shoots (Rranches of unhmtteeL and dWarf'sh@ots (bra o
W é ey
: a ) indefinitely. Many ili‘nrep pSe the long shoo
. Dwarf shoots dl/oi ZPpIca limiteghnatheiw They=érise on the lon
00 the : d ’ \‘\“,,’//
10. The leqyes ar.
11. Scaly Igg
shoots.
12. Foljg#f€ leaves ar : ‘ ts only.

T.S.¢@ Needle (Foli Leaf). ? 1
1. It igircular in outline Rhylla, semicingularin P. sylve and gular in P. longifgfia, P.
roxbur®Rii, etc G :ﬂ. -

2. Outerrygs®layer isider# ich consis alled cells. “&red a very'Segiig cuticle.
3. Many sunken stomatc¥gre pre epidermis. ?

4. Each stoma opens intgfnally into a 'ﬁ%
5. Below the epidermigére present a few layers -walled sclerenchymato§ hypodermis. It is well-

developed at ridges.

6. In between the hypoteggis ang’endodermigiis present tlle mesophyMtissue.

7. Cells of the mesophy!l aréagfyygonal and filled with chlfroplasts. ManY@®0-like infoldings of cellulose
also arise from the inner side of the wall of magophyll celifs.

8. Few resin canals are present in the mesophytfraayorm g the hypodermis. Their number is variable but
generally they are two in number.

9. Endodermis is single-layered with barrel-shaped cells and clear casparian strips.
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Fig. I Pinur. A peig with male and female cones.

waamEy —
W e |4
_ I

sub-stomatal cavity

w

s
e G2

gl \

vascular bundle
protoxylem

transfusion tissue

Fig. 13. Pinus. T.s. of needle (foliage leaf)-cellular details.
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secondary cortex
resin canal

resin canal

primary phioem
secondary phioem
cambium

medullary ray

. E_;' medullary ray
secondary xylem

;;'facondary xylem

primary xylem

protoxylem metaxylem

protoxylem

primary xylem

resin canal

resin canal

cortex
primary phioem

tannin cell

resin canal o\ Vel —secondary
= phloem

¢ E ] e - 5 S3 S cambium
.. B primary phloem 2 G ] | < )
m 3 £ : C SN=EY); resin canal
S Y " - O
3 \\\ﬁ‘i’”.(//’\ : secondary | e {@ &
1, 2 .
W = -

” medullary ray

I
S 2
N\l 2=

annual ring

resin canal

autumn wood

spring wood primary xylem

primary medullary ray
pith

secondary xylem

secondary medullary ray

Fig. 6. Pinus. T.s. of old long shoot (diagrammatic). Fig. 7. Pinus. T.s. of old long shoot a part cellular.

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY




~7
$

Fig. 41. Pinus. A, L.S. male cone; B, A single microsporophyil with microsporangia in surface view;

O
5 C. A microsporophyli; D, A young poilen grain.
foy
ol
/)]
N

A

. — = Y

FTT L L\
gEEman

wamEy
\‘\\\‘ u '/l/

v

STA RS
(S J/EEBRRWN

)
Embryo Nucellus
sac Integument

i

! Pollen chamber

A FEMALE CONE

Pinus : A. Median L.S. of female ~one, B. V.L.S. of an ovuliferous scale, C. An ovuliferous scale bearing
two seeds (fentilized ovules)
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INNER ELESHMY LAYER 10. Pericycle is multilayered and
MIDOLE LAYER Nismeramm consists of mainly parenchymatous
- - : cells and some sclerenchymatous
cells forming T-shaped girdle, which
separates two vascular bundles.
Transfusion  tissue consists of
tracheidial cells.
11. Two conjoint and collateral
vasgiiiapundles are present in the
cagfftre. Tho®gyare closed but cam-
fium may alsgfpresent in the sections
passing thrgugh the base of the
ARCHEGONIUM SRR . needle.
. Xylem¥§es towards the angular
Fig. 4.39. Pinus roxburghii. L.S. of mature ovule showing archegonia @ d theghloegas®OWards the
onv@d

= e of t®needle.
Anagmy : T.S. of old
1.0 ost layer o i roots is thic irs. On the oy side
are preseffg few la y th i
2. Epiblemagis fol of pare i sec@@dary cortex
towards inger side. resin canal§ and s rtex,ghe cells of
which are gepar itthe intercelltfar spaces.

. Protoxylem igffur $hindd %@ ation is prese
resin canal. 1T
o Bl S pre : : e N CUts
secondaryfphloe C prim@ry phloem
IS present Qutsid [ in the secondary
xylem.

7. Pith i orIy—deg ed : 4
Anatgfy : T.S. of o&em § /

1. M&y leaf bases are present o stem, du < ﬁlﬂmappears in qutline.
2. Outdgmost singlgslaye jck-w epidermisis heavily cug®lariz $olloedbymul ayered

cortex.
3. A few oOuter layers oRgortex f nchymatous, and some.i Qers areg#eirenchymatots.

4. In the inner layers of gPrtex ar%n [ illse‘c d resin cagals.
5. The stele is eustelic gF polyfascicular en :

6. Vascular bundles ajg¢ conjoint, cgMeiggal. open and endarch g@#@esemble gregly with that of a dicot
stem. 5-10 vascular btagles are agfanged in afiing.

7. Endodermis and pericyChagig”indistinguish@ble.

8. Narrow xylem rays connect the cortex and flith.

9. Endarch xylem consists of only tracheids.

10. Phloem is present on the ventral side and consists of sieve cells, sieve plates, phloem parenchyma and
some albuminous cells.

11. Intrafascicular cambium is present in between the xylem and phloem.

12. Many leaf traces are also present.

13. A small parenchymatous pith is present in the centre of stem.

Secondary growth
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1. Secondary growth, similar to that of a dicotyledonous stem, is present in the old stem of Pinus .

2. Cork cambium cuts cork towards outer side and a few layers of secondary cortex towards inner side.
3. Cambium cuts secondary phloem towards outer side and secondary xylem towards inner side

4. Primary phloem is crushed and pushed towards outer side by the secondary phloem.

5. In the secondary xylem, annual rings of thin-walled spring wood (formed in spring season) and thick-
walled autumn wood (formed in autumn season) are present alternately. Such a compact wood is called
pycnoxylic (Age of the plant can be calculated jpy=sowntimg the number of these annual rings).

6. Below the secondary xylem are present a feW groups ofendarch primary xylem.

7. Some of the medullary sgnnect the pitll with the c@rtex and callgl™ygary medullary rays while
the others run in betwggf secondMy xylem anfl secondary @hloem andgfalled setagdary medullary rays.
8. Resin canals are preg§ent in corte goT0ary xylem, primaly™wdggh and rarely gh the pith.
Reproductive Structumgs

Pinus is monoecious, an@ male and Q are in the form gff cones or strobili on the
separate branches of thggame pla ale cones are pres er in the§prm of clusters, each of
which cgfisIS¥agf mz mlcro ylls. ale i sporopiylls. Ngle cones

on the glant devel0p much rth ’
MalefCone:

1. ThiNgale cones de

2. They &

3. Each malg/cone,

alled apophysi \ . l nl
. Two pouch-like mit gl S e ‘1 ial urZsurface of eac
0SPO phylm icrgspqrs é polien s).
8. Each migrospor le ructyie with two
outer covelgngs, i i g
9. The exing rotr@ [ ides i i
and dispgp#al of pollen,grai
10. \\#gs help in flodETg and
11. AQfew microsporophylis,of 10Mg
surfac®f each migrospo
Female Qopsg
1. Female cone develoPggither in groups of 2 to 4.
2. They also develop in tfe axil of s Mmﬁ ale cones!
3. Each female cone is gh ovoid, structure comes elongated ojcylindrical at maturity.
L.S. Female Cone:
1. In the centre is preS8gt a cone g«is.
2. Many megasporophylls@wga#fanged spirallif on the corne axis.
3. A few megasporophylls, present at the basef@nd at the @ex of strobilus; are sterile.
4. Megasporophylls present in the middle of thissikakilkasire very large and they decrease in size towards
the base and apex.
5. Each megasporophyll consists of two types of scales, known as bract scales and ovuliferous scales.
6. Bract scales are thin, dry, membranous, brown- coloured structures having fringed upper part. These

are also called carpellary scales.
7. An ovuliferous scale is present on the upper surface of each bract scale.
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8. Each ovuliferous scale is woody, bigger and stouter than bract scale and it is triangular in shape. A
broad sterile structure, with pointed tip, is present at the apex of these scales. This is called apophysis.

9. At the base of upper surface of each ovuliferous scale are present two sessile and naked ovules.

10. Micropyle of each ovule faces towards the cone axis.

11. Each ovule is orthotropous, and it remains surrounded by a single integument, consisting of an outer
fleshy, a middle stony and an inner fleshy layer. It opens with an opening called micropyle.

12. Integument surrounds the megasporangiumgemmeeekis .

13. Just opposite the micropyle.is present a polien chambdy.

Structure of a Matug
1. Ovule is elongated

5. Feglale gametophyte
this rélon at the mic

/j;l;ii‘;\\\
AEE BB
gEEman

wnamy/
\‘\\\‘ wwy
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Gnetum
SYSTEMATIC POSITION
Division : Chlamydospermatophyta
Class : Gnetopsida
Order : Gnetales
Family : Gnetaceae
Example : Gnetum

Introduction:

Gnetum, represented bygabout 40 spe®es Is confined to the tropical’™@d humid regighs of the world. Nearly

all species, except G. Rcrocarpum, occ aEtude of 1500 metregf Five species (Gnetum
la

contractum, G. gnemon, . . wRa been reg@rted from India. Gnetum
ula is thegg@st commg i les of India.

g climb few shru
g anditi jatd into
does not @fow ver .

nchges are present on the main stem of the plant, i.e. branchigs ofhited owth and

Iie ne plane givin
a Wi tire @ al

gnd vasv*r region.

anged s, some cells gi

. iblema and | omposed of [fayers g starch-Tigll, loosely
arranged parenchymg N% e_large and pol in outling®An endodermal layer is
distinguishable and j innermost to Bﬁ)‘jﬁfﬂy&are seen in thg cells of the endodermis.
ared pericycle.
4l and exargl all dgount of pripary xylem, visible in
young roots, becom&wgdist er secondany growth.
. The secondary growth iS¥¥ normal type. §A continuglis zone of woS#”1s present in the old roots. It
consists of tracheids, vessels and xylem pafenchyma. ®ome of the xylem elements have starch grains.
Phloem consists of sieve cells and phloem parenchyma.
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HABIT OF GNETUM WITH FEMALE CONE

epidermis '

root hair E R ‘ O g

corucal cells
cortex epidermis contamning starch
parenchyma cuticle

pericycle ]

protoxylem

EFIDERMIS endodermis

ENDODERMIS QB A _ pencycle

VASCULAR ’ : W -
BUNDLE . : g Phoem

L2 ‘
PITH : % Al metaxylem

PRIMARY
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GROUND PLAN OF T/S OF YOUNG STEM
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chiorenchymatcus conex

xylem vessel

PERIDERM

RING OF SCLEROTIC
CELLS

CORTEX Fig. 13.5. Gnetum. T. S young stem,
XYLEM

o eow |

PHLOEM

CAMBIUM TE RS

/1 LA\

MEDULLARY RAYS
2 EE BB
v TT T LLL

mwy
\‘\““- ¥ //4

epigermis

Phloem
Fibres

o

A PORTION SHOWING A SINGLE
VASCULAR BUNDLE Gnetum. Upper-T S leaf (diagrammatic) . Lower-T S. leaf (a part cellular).
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OVULE

MALE FLOWER MICROSPORANGIUM-

A SINGLE
MALE CONE

@ 37  APART OF MALE CONE

MALE CONES
ANTHER
FILAMENT

PERIANTH

A SINGLE MALE
FLOWER

A FEMALE
CONE

APART OF SINGLE FEMALE
b CONE

INTEGUMENT LE

~PERIANTH

A SINGLE FEMALE
FLOWER (OVULE)

VASCULAR TRACE

g
L/S OF A PART OF MALE CONE
B

mc,ropy'e

B)/m.cropylaf tube

N o\

Fig. 13.16. Gnetum, LS owule.
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Anatomy T/S of Young Stem: shows the following regions like epidermis, cortex and stele.

1. The young stem in transverse section is roughly circular in outline. It remains surrounded by a single-
layered epidermis, which is thickly circularized and consists of rectangular cells. Some of the
epidermal cells show papillate outgrowths. Sunken stomata are present.

. The cortex consists of outer 5-7 cells thick chlorenchymatous region, middle few-cells thick
parenchymatous region and inner 2-4 cells thick sclerenchymatous region. Endodermis and pericycle
regions are not very clearly distinguishable
Stele —is composed of 20 -24 vascular bundles. Severaljiconjoint, collateral, open and endarch vascular
bundles are arranged igg®Tig in the younglistem.

Xylem consists of g##Cheids arfvessels. Piesence of vesels is an ggigiospernycharacter. Protoxylem
elements are spiral\gr annular WRie®ie metaxylem shows 08 2d pits whiclgfare circular in outline.
The phloem consist§of S|eve cells and ph 0e

. An extensive pith, co y& Is is preseni#n the centre of the young

stem.

Anatogiy T/S of old Stem!?

Old gfems in Gnetum rowth is normal. Rut in
majormygof the speci 0. . afri ; 8 rowth is presgsft. The
primary Caggbium | @ i P ¢ UMy ent pargg®of cortex
develops inghe fo i Syeiieadiner. i secAdary xylem
towards ingfde a : : i i %aﬂe ome time.
Anotherc i i he sa@ne process

secondary xylem is producedpﬁmsme afd Ie the ‘Othemsige
ansl phloem agéformed in umnab ‘\

he periderm |q . I the out reex. It él [ he cortex als
ontains chlore : o Ion mﬁmscl [ old stems th
cLCUTTor® c X \\\“"I/

=\ /-

Anatomy WS of

1. Epidermi$ It is [ i i i th facesgfStomata are
distribu 2

2. phyII IS pres IS. , '*fferentiated d8gerally
into 8gper compactly arr 1 €115 apd a well-developed gfongy
parencyma is prggent ab | 11 '. oselyapacked cell” Many
stellatel Qg ed s8ereid y pagfnchyMgy [Vifiny stone
cells and latex tubes aregresen r|b reglon of the leaf

3. Vascular bundles: Sejeral vascu h!#)h an arch O curve are present in the
prominent midrib regigh. A ring of thlc S IS present just o§side the phloem. Each
vascular bundle is cogjoint, collateyf™agg closed. The xylem gi=e®8) vascular b§ndle faces towards the
upper surface while tfMaghloem fg€es towardhe lower s@iftace. The lem cong#8ts of tracheids, vessels
and xylem parenchyma wiTieg€ phloem condists of siev@cells and phl8ggsfarenchyma.
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Reproduction of Gnetum:

Gnetum is dioecious. The reproductive organs are organised into well-developed cones or strobili. These
cones are organised into inflorescences, generally of panicle type. Sometimes the cones are terminal in
position.

A cone consists of a cone axis, at the base of which are present two opposite and connate bracts. Nodes
and internodes are present in the cone axis. Whorls of circular bracts are present on the nodes. These are
arranged one above the other to form cupulas BFS™R lowers are present in these collars. Upper few
collars may be reduced and arggsterile i i

fith 10-15 collars or cupt™eeat the nodegf The male flowers are
es of the axis of male cqfe. The number of rings

e ge ere is a ring of abortive

0 unil8gulaee  remain

e anthers are reqdy for

ated axrSwith 10- Mregi The fmale cones
resemble vlith th le gbnes excep@in som ects. A sifgle ring §f 4-¥0"temal@ flowers or

ovules is giesen ab@ve each collar. Only a few of the ovules develop into turegs.

CONES A
0 mature seeds

g young ¢ i is hardly any external, difference betweensfemale §nd

vules are of th . {‘ S" ut later oraew of theﬁ:ﬂﬁ‘ﬁd defielo

L L Ll z
waumuy/
\\uwry/

\awz

A\l the ovules

& gametophyte. in
the ovule o )
Qpes. The ovules ire ula™8

457‘3‘IBALL
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EMBRYOLOGY OF ANGIOSPERMS

Microsporangium or Anther

The anther is the male reproductive structure of stamen and normally consists of two lobes, each with two
elongated microsporangia or pollen sacs. The anther lobes are fused together by the connective tissue. All
Angiospermous anthers are bilobed and quadrilocular (i.e., formed of four micro- sporangia) at an early
stage of development and this condition is seen 0 ure stamens. Hence the development of anther
in angiosperms is tetrasporangjgte type.

Rarely, however, the anthePbecqges biloculalj or one-chainbered eithegoy thgabortion of one lobe and
destruction of the por@€On wall betWyeen thedlb chambers ligthe destgiction of tM@entire partition tissue
separating the four chagnbers. MicrO®p0res i.e., the pollen grainS;e developedgfnside microsporangia.

The microsporangia are §eveloped inside t mft 4-lobed anther.
The transverse section ogyoung w I 0 n nther wafl and anther locule. Both
i

anther wahhgnd anthegg®cule d rom the archesporial ¢

I. DevefopmemaQifArche jar'Laye &ﬂ@
Duringfthe development 0& m i at a homogeneous Rgass of
meriglematic cells wit i ed by an epider®is. It

then DBgQmes mor: bed. ' ,_some cellgg#Ccome
differentiat®g, from ifde i ' ium ogg#Chesporial
NS

cells and fogr lon .
There maygbe o be m@re of them
forming af@late.

actl archesporjpal Ividgs mitoti forms an outeraprimary p@rietal ‘Cell towdard

. : . . ﬂm"\“

pidermis and a 'S II on the wﬁyde. ;’.’: -“\“

he parietal cel Fpgastifal.and anticlinal walls gi‘(‘l“i-'nver IayZofcellsformin

e wall of the anther. ‘ waumes/

e wamraells juskBelo AN mum whieh34t & Toses
becomes 'brou?nd
forms the Wry ¢ f | Epidermis
the mature antheﬁu Endothecium
which g#t epiderr* Middle layers
pec €s rath_ Tapetum
incon§gicuous. Cells in (

the ceNer fougefthe
middle |ye

The innermost layer o
wall  cells directly
abutting on thg
sporogenous tissye
forms the tapetu
which is a nutritive
tissue nourishing the
developing
microspores.

The primary

sporogenous cells , o
either directly function Fig. 1.1: T.S. of the tetrasporangiate anther showing its various tissues
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as spore mother cells or divide mitotically into a number of cells which function as spore mother cells.
The spore mother cell undergoes meiotic division and gives rise to 4 microspores arranged tetrahedrally.
Il1. T.S. of Young (developing) Anther at tetrad stage and tapetum:
T/S of young anther show two regions like outer anther wall and inner anther locule.
1. Itisafour-cornered structure containing a
pollen sac.
2. Anther wall is the protective cover of
microsporangium and it consists of the 222 e %
following layers centrigg®Rgand they are | A (AN \\.v\-‘\ ,-:.'.’3;;3';%\3}‘3\
epidermis, an enggffiecial 1a%gr, one to ® £ : II,?%;S\:.'_"‘.. %)
three middle laye¥g or wall [Syese™ AN A "l°§2f;) X ()
. Qe @O [IAANNTD ER e8] Hi
innermost layer of tqgetum. ANRRE \%\\th A i
Epidermis is a singl&\layer com N A N1 I/
compagctly arrangg®l flatte
Endgphethug is gfsingle |
elogGated cellS¥YMiddl rs c

off2-3 layers of ce sen
tapgtum. Tapetu rco
shapStn cells se @

sporogegous ti

In each#ibolle orgbollen chamber are

presenfl ma

A joint i o?hf : tin thedent ZaReN =
. Ajoint in the stivié \s present in ntre. /1 L)
11.T.S. of Ma » ehiscence;ﬁ qEEEBRWN

Ko’ nthef'\ (%#her cuz
Feiesanigy - CO gTbels i y surrotiagedstys layqlf of ermi
2. Partitiofwall dllen sacs or at the place of dehiscence is dis Iv&

3. Endothe@um, ers and tapetal layersarespresent below the epiderngs.
4. Along th&line o ce A ANy

of each |g#€, thin- aI'ed colls Pollen grains

of gglothecium Connective
stomW\m.

The c&jls of middle la
crushed Qudga®®app8yr clea ‘
5. A connective is veryNglear. 4 ’
6. Many haploid pollen@rains
or microspores are prgéent in
the pollen sacs in theffform of
fine, powdery or grant¥ggmass.
7. Anther locule is the Tgg
cavity of anther which are fou

in number at the beginning and
becomes two as the anther
matures.

STAGE AND TAPETUM

L

T/S OF MATURE DEHISCED ANTHER
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STUDY OF POLLEN GRAINS

“Pollen grains” or microspores are the male reproductive bodies of the flowering plants. The pollen grains
do not remain united at maturity, and are dissociated into single pollen grain called monad. Sometimes
rare types like dyads (two pollen grains), Octads (eight pollen grains) and Polyads (many pollen grains)
are also observed. The shape of the pollen grains varies from species to species. The shape of the
pollen/spores may be circular, elliptical, triangeemmswee@ngular, quadrangular or in other geometrical
shapes. Pollen grains show a great variety in fheir sizes. §Vith regard to their position the apertures are
polar, global or equatorial g#eRplar apertureggare either igonopolar (eiger™ugproximal or in distal pole)
or bipolar (both in gg#Ximal arW} distal fage). Global @pertures ag¥ unifor distributed over the
pollen/spore surface. Buatorial apé are meridionally arrargegg’l he protoplg@m of the pollen grains
is enclosed by a wall ma@le of intine and exine e isa hyallne layer. The gKine consists of an inner
homogeneous layer (callggd endme or @ eneous layericalled ectine or sexine).
Various types of ornagg€f s own by exme There amytwo types of apertures
known g¢/POfegy(Po

Charagters of polfen grai

Follg@ing characters o [ai !
1. Pol&gity. The orie Q gkiterion in i ati description gfgf0llen
grains. part of olleg i is @& ; proximgPpole and

that towardgthe o i e i B T 0] i al aRd distal pole
of the graingis cal the @entre of the
tetrad. Theiplan |cular to the Polar axis through the middle of the grai

y. T gralns may be
n) Symmetric-
) Asymmetri

. thgreas
(@) Inapert@rate-a
(b) Apertu te-apa

The shape o apert? asi further divided.
(i) Thosegfwhich the guter{g i ndocolpium) sug@
(1) Cg ate-aperture*gate. N

(2) Pyate-aperture circu @ ‘

(3) SpMgperturatezapertu

bagpiral. Ak
(if) ThoR\ig ch 8 eran& facesa : ngruer ?’
(4) Colporate, if the out8gface m) is elongate and the endgg@lpium) may De circular,
longitudinally elongatedglolongate ﬁoﬂla‘* cg

(5) Pororate. When the ghner face of the en ally circular.

Distribution of apertugs. On the bagfmafgistribution following8g are further Rgcognised

(i) Zono-colpate, - porage. - colpgfate or - por@rate. If apellres are arfgnged in ggftcular zone around the
grain.

(if) Pan- or Panto-colpate, porate, - colporate @r - pororae. If pores or apertures arc distributed over the
entire surface.

4. The shape of the pollen grain. It is determined by P x IOO/E formula, where P is the polar diameter and
E the equatorial diameter. Some of the shape are Perbolate, Oblate, Sub-oblate, Oblate Spheroidal, Prolate
- spheroidal, Sub-prolate, Prolate, Perprolate, etc.

5. Exine stratification. The wall is made of intine and exine. The intine is colourless Lind disappears during
the slide preparation. Exine consists of two layers - the inner homogenous layer, the endine (= nexine) and
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the outer heterogenous layer, the ectine (= sexine). The ectine is composed of radial rods, the columellae,
which arc either free at their tips or are united to form a layer called tegillum (= tectum).

6. Exine ornamentation. The following are some of the patterns.

(1) The columellae forming the ectine produce pilate pattern with bright and dark areas.

(2) In some other cases columellae are arranged regularly and are fused to produce areas or lumina, the
intervening areas between lumina being called muri.

(3) When a network is produced the pattern is petrowlatesg/hich may be retipilate with incomplete fusion
of columellae, foveolate with circular closely plced luming, scrobiculate with circular but distantly placed
lumina, or fossulate with elg#0R&ed lumina.

(4) When lumina are ggfallel the Bgttern is calligd striate arl@l when retiglllate it IS%ggulate.

(5) A network with raf§ed areas is caijea®areolate.

(6) In some cases excresgenes such as minute m]&ar resent on the tegillumgthe pattern is granulose,

as spinulose, pointed or Blunt ends, if e, verrucate #f base of the warts is not
constricted, tuberculateg#hen tub esent, spinose |ft omted Dagulate if rod shaped and
clavate iFcitghaped”

Prepajgétion of witdle mo

Folldy paration of S|Id ollen study.
Collectiog

1. The polli i

2. The ant a clean f@rceps.

Preparati@n of
¢ anthers o%clean slide toﬂbmn a mas

. This mass of end of thfﬁﬂ@w

nother clean T L L ']

re-treatment s, \uum ey
CAOop falcm is ’g ‘eases o‘Hy\l sinoy$
of a ring afpund :

2. The ringQ¥s wip
Mounting

1. e grains ar* i i ‘ ited i ingMelly and coveredWgth a thin
(zero number)jeQver s|| ‘ ‘

MicrQgcopic observatlo ‘
Polleg alns Ol : i . Exipgagall is spi#liferous

{sho |rcu ores. Q
Pollen grairm§ef Vin e spherical, small a @ alled.gfey show both exine and
intine, exine g¥all is smoo %m K
Pollen graiffs of Grass: They are S small, simple and shoWs both exine and intine
walls. Thexine wall ig#nTO®slamgranulose and shews®TIWone pore.

Pollinia of Sglotropi@ The microflores or polens of anthéylocule g together to form an
ovoid compountagflen mass call@ pollinia. fach pollinia Ngg# short stalk called caudicle.
The sticky glandular disc called cofpusculum.

Pollinium were removed from fresHSPopemeatlowers with the help of forceps and needle and
then removed pollinium placed on slide and mounted in glycerine.
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FiG. 405. Pollinia of A. Calotropis and B. Orchid. Fic. 406. A binucleate pollen showing tube
nucleus (¢) and generative cell (g).
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GERMINATION OF POLLEN GRAINS

Aim: To germinate the pollen grains under invitro conditions by hanging drop method.

Introduction: Pollen grains germinate when they land on compatible stigmatic surface (exudate). Which
contains all the requirements for the pollen to germinate. In invitro condition pollen grain germination can
be done by providing the nutrient medium.

Materials required:

Mature flowers of Catharanthus roseus (Perif/INKIE), Hibiscus, Grass, Calotropis or any other easily
available plant, sucrose, borjgaacid, magnesiim sulphat@, potassium njgate, calcium nitrate, distilled
water, beaker, microscopgefeasying cylinde dropper, slides and covgfslip

Procedure:

Preparation of Germigation Med®1. Take some distilled water#n a measurin@ cylinder and dissolve

in it 10 gm sucrose, 10 Yg boric acid, Z‘gmu ulphate, 10 mg pota#sium nitrate and 30 mg
e

calcium nitrate. Add somBmore disti t Ve 100 ml ig the measuring cylinder.

1. Cleangle cavity sl and Wp of this solution in th :

2. Remve mawyenthers, f esh f a slid& ct theRgg grams with a
brg€h from the crushed%ers. jlled with solutio

3. ke a cavity slid R e inverted coveY slip
on Mg cavity in i i its surface.

4. Allow g slide i i¢h Tope

5. Removgithe c i ) an sige in a drop
of safrghin. i : g i i e in @ntact with

safranilf.
= O0nserve theae.
Dbservations

he following difilact oh o ..\,,

- iy, O O
_Numerous germinatdl pollefgmeafsgre see waumes/
. ATPOTS gra% wuuwyy”/

distinct orn L__coverslip
exine with rm% Loy caviy sice
3. Intine ligh internalto = —

exine. IS thin % . r___\_/_,/__I
unifgfm. .

4. Intige forms a poIIen( o

tube ™at coges, out hanging crop

through Qge"8T the g8

pores. .—...’ix_r _

5. Pollen tube shows 3 — ]
vegetative nucleus an# l

two small male game
pollen tube

Fig. 7. Hanging drop metbod of pollen germination.
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OVARY

Ovary is the basal swollen and most important part of the carpel as it contains the ovules which develop
into seeds. The ovary consists of the ovary wall, the locule or locules and in a multilocular ovary, the
partitions. The ovules are found to be situated on the inner or adaxial (ventral) side of the ovary wall.

It may consist of one carpel (monocarpellary) or more than one carpel, two carpels (bicarpillary), three

carpels (tricarpillary) or many carpels (multicarpillary).
LOCULE OF OVARY
OVARY WALL
FUNICULUS '\‘”‘U”:‘

[N OVULAR INTEGUMENTS

ovary wall OUTER

INNER
INTEGUMENT

[N~ micropyLE

J am lacenta ‘5:ijy" o @i‘ INTEGUMENT
(pericarp) A7) b F AN Mu_l%

il { k T D I i
funiculus ML i } }m", ‘IH
l I

/ becomes seed
(chamber) / )

Cross Section Of Ripened Ovary (Fruit)

of placentation

OVARY 4
OVULES
LOCULE

PLACENTA

A LOCULEs B  LOCULE D ¢

Figure 6.15. T.S. of gynoecium showing number of locules—A. Unilocular,
B. Bilocular, C. Trilocular, D. Tetralocular, E. Pentalocular.

: centa by the
funicle or funiculus whith meets @BK]
hilum, which later becgfhes a scar on the seett:

An ovule devoid of agl funicle ang/th K

of the funicle and may ex

is the base of the ovule. (The ovule commonly f@mains
reversed).

The general tissue of the ovule is called nucellus and
the embryo sac. Nucellus consists of living
parenchymatous cells. The nucellus serves to cover

and provide nutrition to the embryo sac. P30 L"“‘““f;’,::t;";‘o";;_"“ typicil ovisde
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Each ovule has one or two protective envelopes called integuments (inner and outer) which encircle the
ovule except at a tip where a small opening called micropyle. Abnormally, there may be a single integu-
ment or there may be no integument at all.

The basal part of an ovule just opposite to micropyle is called chalaza. Cells of the nucellus are rich in
reserve food materials.

Each ovule has two distinct ends-a micropyle end (it also called opening of ovule during fertilization)
and b. Chalaza end (the posterior end, oppositegemmerepylar end).

Externally the nucellus is covered by one or twlb protectiv@ covers, called integuments. These
integuments arise from thegg#alggal end.

When only one integugs®nt is preSant, the ovule is called ugitegmic, ag# if the O%ale consists of two
integuments, it is calle§ bitegmic vEoys@ely tri-tegmic (wit Begllcguments) igfpresent in plants like
Asphodelus. In some pl&gts such as Santalum, et mic (no mtegument) congtion may be present.
There is generally a singl embryo sa 'N(\IW ted in the ny@ellus; it has developed
from a megaspore.

(h) In 0 e centiy, The MY sac
consisiof egg ce i i I.

Typengf Ovules:

On the b3gys of po Q} i $ i pes:

1. Orthotrgpous :
It is atropolls or straight mcropyl : re&e sae line. Ex-
Cycas, Falily POWgong®eae (Polygontim) and Piperaceae.

oY OouUs

is of the mos : of anglospelih i , the funicle i
bng, whole bo D 0°. As a/l& es close to th

nicle. Ex Most C in‘elicals ’."" alae naceae.
s tro Itiog \x e: \\\II'I/
In this cas@the iMnverted onlyt rough 90°. As a resuT/thef icl es t lie at right

angle to th@nucelws’ Mi : ae.

chalgg®do not lie i ‘ s straight). EX&gamily
Cappyidaceae, Crucifera ary Ilacea erwdlaceae etc.

> N

4. Campyld OpOL?/U ¢ ‘
When bgg¥ of the Vﬁe i inverted it i ike- shie’ The mMggpyle and

> )

INTEGU

Figure 10.28 Differant types of ovules-A. Orthotropous, B. Anatropous, C. Amphmopous
D. Campylotropous, E. Hem.uopous, F. Circinotropous
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5. Amphitropus ovule:

It is similar to campylotropous, but in the case the nucellus/embryo-sac is also bent like ‘horse shoe’ Ex-
Family Alismataceae (Lemna), Leitneriaceae.

6. Circinotropous ovule:

It is of a very rare occurrence. Here the body of the ovule is bent through 360°, so that it takes a one
complete turn. (Micropyle, chalaza and the nucellus are all in same plane). Ex-Opuntia

MEGA-SPOROGENESIS (PEVELDPMENT QF AN OVULE):

The formation of megaspg#®S fragy MegasporgiMother Cell (MMC) is g#ledggga-sporogenesis.

It occurs inside the nu@€llus of devloping.gailile of angiosfggms. Thegdrocess beOWps very early when
nucellus is not comple®@ly surrounde®y the integuments.

MMC enlarges in size aRd divides by the m xr etrad of four hapI0| megaspores. Out of
these, soon three degenergtes and o Im

Developnpgat of Femafe Ga :

In genegdll, theSeyecPpment.i | deveNypmert, onNg one
megagore situated toward remains tional, wh IAg three megaspo
gradgglly degenerate '

Followigg are the di

() The furtdgonal

(ii) It enlarggs in

(i) Its nugeus uneargoed a mitotic o

2-nucleategembryQ Sac.
¥) The 2-nucleate,emi@yo sac ungergo second mitqtic division gjm wﬁse to th@ 4-ntcfeate stage
) The third mit@#c difision jse 10 8- nuclea&mbryo saI(;’ iwprl icropylar end

nd a chalazal GWN end T 1 L LL
i) Out of four Eﬁlei \‘-- muy

PRW!AR’Y ’
mICTOPYT& pole| W s INTEGUMENT

differentialgs to C
_ 5D
egg apparats co%g m.,%‘ééfﬁ
A

synergids ag#l a fe ga

egg cel * A :

(vii)g@milarly, at the ghglazal DEGENERATING EGG APPARATUS
end, Rput of 4 nuclei are iﬁ”“’“" i ' . woon _SECONDARY )
grouped\togetheysig are ﬁ =5 (o D NS
surround@ge#® cytopgm an "

cellular wall differentiat8yas B & i

antipodal cells. o FuninonaL

(viii) The remaining nylei, s inaeil

one at the micropylargnd and

one at the chalazal endYegned Development of embryo sac.

as polar nuclei migrate -
towards the center of the embryo sac (now callgd central ell). They meet at the center and may remain
separate until the discharge of male gametes t then fuse to form secondary nucleus of

central cell.

(ix) Thus, a typical angiosperm embryo sac is 8-nucleate and 7-celled.

Placentation:

The placenta is an outgrowth of a parenchymatous tissue in the inner wall of the ovary to which the
ovule or ovules (megasporangia) remain attached. The placentae usually develop on the margins of
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carpels, either along their whole line of union, called the suture or at their base or apex. The manner in
which the placentae are distributed in the cavity of the ovary is known as placentation.

In the simple ovary (i.e., of one carpel), there is one common type of placentation, known as marginal,
and in the compound ovary (i.e., of two or more carpels united together) placentation may be axile,
central and free-central, basal, parietal and superficial.

(a) Marginal:

When the gynoecium is monocarpellary apoca acentae bearing ovules are borne on the
ventral suture, where the margi i

(b) Axile:

Ovary multilocular a , &g., Hibi i lUm, tomato, etc.
(c) Parietal:

Ovary is unilocular but ed margins of carpels,

e.g., Brassica, Papaya,
of the ova
s wel i

(d) Free
LOCULUS OVARY WALL

’@Eéw

MARGINAL OVULE ! PARIETAL

1&6S,

AXILE FREE CENTRAL

Fig. 46.14. Placentation. Different Types
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EMBRYO
After fertilization, the fertilized egg is called zygote or oospore which develops into an embryo. A series
of changes occur in the ovule resulting in the formation of seed. The seed is, therefore, a fertilized ovule,
consisting of seed coat and an embryo. There may also be remnant part of nucellus called perisperm and
also the endosperm. Embryo consists of suspensor situated near the micropyle, cotyledons towards
chalaza and a small embryonal axis called tigellum.
Embryo of Tridax — develops with in a few h tilization. The mature embryo of Tridax show
two cotyledons present IWd growing t between two cotyledons.

. L
Developing ee
shoot apical T
Th lo
1. Place t

Cotyledon
primordium

pening.
move the

Root cap

Developing seen clearly between the
root apical 5

Frerictern . Plac_e this, Q.0n a
Heart embryo stage Torpedo embryo stage che”ne f he
EMBRYO OF Tridax - ~/MICrosco gmn mnl
onocot Embryaq: wammEy/
\\uwryw

v

suspensor
radicle
hypocoty'e

plumule

3. Suspensor is swollen. cotyleden
4. Near the suspensor i . :

root cap.

5. Central region for
procambium which is pre
between root cap and stem apex.

Fig.69. Monocot embryo.

Fig. 70. Dicot embryo.
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ENDOSPERM

Endosperm is the nutritive tissue for the developing embryos present in the angiosperms. It is formed as
a result of divisions of the primary endosperm nucleus, which is triploid. The primary endosperm nucleus
(3n) is formed due to the fusion of second male gamete (n) with the two polar nuclei (n and n) or their
fusion product, the secondary nucleus (2n). Thus, the endosperm, in angiosperms, is a triploid tissue
formed after fertilization.

Sometimes it is consumed by tige developing efhbryo or itfinay persist in ggature seed to support the
growth during germinatig@®End{gperm of sonfle species d@velops a spegfal ure called haustorium
which modifies variog€ly and trenWgndou glget the metdaglites forgeveloping@mbryo. Haustoria
which develops at chal§gal end are KW8Wn as chalazal haustoria alt®he ones thatgevelop at micropylar

end are micropylar haus@ria. In some pl ﬁm de ops at both the end

Endospegag.of Cucurg satlv

In Cucypis sa ustorl ps at . pnagPTic CRglazal
regiong€xtends into a Iong tapdlar h rium wit tened spo

shapgd tip for the tran tion gfnutrients. The 'torium consists

dense &goplasm an er re 8 Ie| T t of the
endospernNg calle ¢ n I whi 0is I—
embedded. N & - PROPER

Mountinggproc vus e
Take a yodng tu
JICOUS present ar: . Split open the seed into t parts with thea
f a blade or sc é gk to see theéatm like /’"
ndosperm hau 2is

'“ e Bha thout dm‘ﬁ ﬁ-l
ndosperm, whic OWapg thE the IfIll
orceps arg neetm & oy M‘e it on

slide. Add\g few @s oWsafranin and a drop of glycerlne and observe
under micrggcope: ﬁ P L_HAUSTORIUM

ENDOSPERM OF Cucumis
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