tion)T};T I\)\T;::C;;?:g;)f;éumm\] ofmaﬁlc ramete with fcmnl.c vamete 1s called fcrl.ili'/,:niun (fecunda
gametes are hfﬂ{lulu !:Orttlcil by b_t_l_‘:_n_.glﬂer (1884) in Monotropa. In angiosperms, the g
enon 1s called si ] o the egg C(.)ntailﬂng__f_'gp_alc gumetopllly'/tc l?y a pollen m[,c_ Ihis phenon
‘wﬂ’. Various cvents leading to fertilization arc described as unde;

Celledlétag:l:;};::?:;?"1 flﬂd Growth of Pollen Graips (Fig. 7.84). 'Pollen grains are shcq usually at ;
stigma, The. 2-cellcda e ;lgamctoph_\’te (embryo san)'lsrd‘ele sgqtcd in the ovule and is quite away fro;
through the 45EE= po len grains reach to the receptive stigma .

gh the agency of wind/animals/water. They remain viable from © k{

few minutes to few days in different species. The pollen grains get

O
=’ — STIGM/

GERMINAT H!

ally one pollen tube arises from one pollen grain (monesiphonous)
but 14 pollen tubes in Malva and 10 in Althaea are reported
(polysiphonous). However, only one of these progresses further
and others degenerate. The pollen tube is unbranched but in g4 7 84 | ongitudinal section of
Amentiferae, branched pollen tube is formed. The pollen tube se- 4 Distil s{,owingg growth of pollen

TN P i (7 T

tinases and hydrolytic enzymes to create gpassagé for tube towards embryo sac
le. The style provides nourishment to the through micropyle.

ad_hered to the stigmatic surface. For this stigma secretes some FOLUGNE
stlgmatic flqid or a sticky oily-exudate or mucilage. The pollen o
gramns on stigma absorb water and sugary substances, get hy- CONDUCTING TIS
drated and swell up within few seconds to few minutes and releasc SIS SR
wall held proteins so that recognition factors from pollen and stigma [IPODAL C
come close to each other and recognise each other. This is ckemo- o~ . C;p N
taxy. The exine ruptures at one of the germ pores and the intine - .\ POLAR NUC
comes out as pollen tube. The generative cell divides to form two \\WE: j' EMBRYO SAC
male gametes. The tube nucleus reaches to tip of pollen tube. Usu- W T EeG LRl

AC2 & synerRGD

N OBTURATOH

?AVASCMA: SUPPLY

cretes pec
its entry into solid sty
pollengrain. °

The movement of pollen tube towards embryo sac through style is chemotropism. It is due
to a concentration gradient of calcium-boron-inositol-sugar complex. Boron in pollen enhances
n and pollen tube growth. Caleium in pistil directs pollen tube grow th and
te (Taylor et al 1997). The aromatic compounds like flavonols derived from
pollen germination and pollen tube growth. Initial growth of pollen tube
iture of food present in the pollen grain and then from stigma and style.
¢ occurs only towards its tip, Depending upon the lcnuih of style and
llen tube may reach a length of a few mm to maximum 45 cm (in

pollen germinatio
pollen germination ra
tapetum also regulate
takes place on expend
Growth of the pollen tub
passage inside the ovary, po
maize bearing longest style).
¢ hollow (open style, ¢.g., monocots) or solid (closed style, ¢.g., cotton). Holl
style has a canal lined by SprCiﬁl glﬂllflqlﬂl‘ C(Ells. Solid style has a spécial tissuc of pectinised
thick walls called conducting (tfansmmmg) t{SSue. The palen tabe waycls atpfg the ining N
canal in hollow style taking nourishment from its cells. In solid style, pollen tube grows through

OW

Style may b
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Fertilizati
zation And Double Fertilization

intercellular spaces betw

tion of pectinaseg yrough secre-

rating therr cells th .
ther with the

! The [%:")“C.L“llf of transmitting tissue by sepi o1l
ats and proteins in the d is absorbed by diffusion. This stylar putrition toge
The pollen tube fol‘l]]gk. pf)llcn grain cnable a long pollen tube (0 grow from the pollen grain.
discovered by Itnliun.nqalt’ldl.h 11":“,“31] style to the ovary by chemotropisni. ] hc. pollen 1uhg’ \’%’(;%.
gametes, (ii) secretes .I”“HUL‘.H\H Amici (1824) in Portulaca. It behaves as (1) carrier of l?jd ¢
of the pollen tube Ls ‘mlme to stimulate ovary, (iii) haustorial organ. The growth and direction
the apical rt‘gio; ‘i’lmntruucd b_y the gencrative nucleus. Growth of pollc.n -lubc is lllr'ulcd to
tube is VﬂCllolatc(‘j Nllcrc most of the cytoplasm is concentrated. The remaining part of {’f’ll""
distances which '11"(: any C:}llosc plugs (Fig. 7.85) are found in the pollgn tubc at different
disances wlich are esponsibe o hosp the cytopho of e DL apical rezion, A
divide the pollen tub Sy, BEW plugs are formed continuously at short intervals. These puf-“
crescent shaped ubie! ko) segments and seal the tube. The extreme tD of pollen tube bears @
pollen tube Theptemm rich transparent area known as €ap block which regulates E—LT"W"" of
- 1he ube grows so long as the cap block exists. In the ovary, the growth of the
pollen tube is directed by another tis- SE
suc c_alled obturator, formed by placenta ~ EXINE Cétbgs P
at'mlcropylar end. It grows towards the 2% I e -
micropyle and forms a bridge for the pol- > m—
len tube to approach the ovule. After \/ — -
fertilization obturator shrinks and disap- 4
pears. The pollen tube moves at the rate
of 1 — 6 mm/hour.

2. Entry of Pollen Tube into Ovule. On reaching the ovary, the pollen
of the ovules. Itis attracted by synergids through filiform apparatus that secretes some chemicals.
The pollen tube enters the ovule through one of the following routes (Fig. 7.86) :

(a) Porogamy. It is entry of pollen tube Into the ovule through micropyle. It is most common
mode of entry of pollen tube into the ovule, found in orthotropous and anatropous ovules, €.g-. Lilies.

(b) Aporogamy. It is entry of pollen tube into ovule through any route except micropyle and

may be:
o @ Chalazogamy (or POLLEN TUBE
basigamy)- Pollen tube enters the chalaza
through funicle. It was reposted by Treub
1891 in Casuarind. Other examples are
Betula, Juglans. \
(i1) Mesogamy. When the pol-
len tube enters the ovule through the sides o
of the integuments, near to place_ntla, e.g.. L enuee
Cucurbita, Populus OT {hrough funicle (¢.., R -

Pistacia), it1s called mesogamy. (A) POROGAMY
(iii) Acrogamy: Here pollen  Fig. 7.86. Three modes of entry of pollen tube into the ovule.

0 micropylar end through
mbryo sac. The embryo sac comes out of ovule to receive pollen tube

CA
LO

=

<

J

—

Fig. 7.85. Callose plug in the developing pollen tube.

tube grows towards one

¥ s

tube reaches upt pylar
funicle, but do not entel into ¢

e.g. Ugricularid: o NP
€ f Pollen Tube in the Embryo Sac. Whatever may be the mode of entry of pollen tube

Entry© RS E
le (micropylc or chalaza or integument), the pollen tube always enters the embryo sac
micr pylur region where egg apparatus 18 present (cgg t Syncrnids). It is attracted by

h the mMICHOP . bl THAE secrety §
g, agh filiform apparatus that secretes some attractants (chemotropic secretion) like
pe tip cnters viaone of the following four modes (Fig. 7.87) : .

ollentu : .
cell and one of the synergids without destroying the, synérgids, e.g

a*, The
= q Between the cgg

(a)

ouvdaitiicu vwiuil vail
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unergids are absent) or one
. en synergie C 01

(b)  Between the wall of the embrya sac and egg cell (when 8Y

both the synergids, e, Cardiospermum. - either of them.

(€) Between the two synergids without destroyiné cl

ANTIPODALS

ANTIPODALS ANTIPODALS

EMBRYO SAC

—EMBRYO SAC
SECONDARY
SECONDARY NUCLEUS
' NUCLEUS : > INTEGUMENTS
INTEGUMENTS
POLLEN TUBE
) POLLEN TUBE

\5?/ SYNERGID

SYNERGID ' MICROPYLE

MICROPYLE
c

A B

Fig. 7.87. (A, B, C). (A) Pollen tube entering between one synergid and €gg. (B) Pf"fg tubi in;errl]r;gi tl)g tween
embryo wall and a synergid. (C) Pollen tube entering the embryo Sac directly throug ynergia.

(d) Directly penctrates one of the synergids through ﬁlifor.m apparatus and bursts open to
release its two male gametes into the synergid (Fig. 7.88), e.g., Oxalis.

POLLEN TUBE

@/ FILIFORM APPARATUS
SYNERGIDS

OLLEN TUBE
DISCHARGE

DEGENERATING
SYNERGID

VACUOLES -~

Fig. 7.88. (A, B) Synergids and entry of pollen tube into the embryo sac

(A) Synergids before the entry of pollen tube. (B) Degenerating syne
[Note that two X bodies represent degenerated tut?e Xucl?tllcfissozfmirume SOy 0f pollen thbe,
remains of degenerating synergid nucleus,| pollen tube and

As a rule, the penetrated synergid and tube nucleys of

2 ' 0“0 (Y V1Y g ~
1973). The second syncrgid ul.?o gets destroyed at later stapgc '?hl‘ube dtgt..nuatc (Jcngn.
pollen tube degenerates even h(.:f()l'c the entry of pollen tube into .th . L Spoteid that recelyes
after pollination in a number of plants. ¢ embryo sac. It starts soon

4. Discharge of Male Gametes from Pollen Tube. My|e gametes are i
tube into the embryo sac by one of the following methods (Fig. 7.89 ;\C;{alc discharged from pollen
(a) Two subterminal openings are produced jn the POIien 89 B)

. through each opening.

tube, one gamete is discharged

ouvdaitiicu viuil valY
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(b)

The (i of
"y 1p of the
v 10 : TR L
towards the ¢ pollen tube divides into two short branches, one of which is directed

2o and otl
o Y = \cr t()\v ‘ ~
to release male gamete ards the secondary nucleus and then apical ends of each branch burst

ation 277

(C) The a
apex of the
e polien tube bursts at the apex releasing both male gametes.
POLLEN TUBE

MALE

MALE GAMETES GAMETE

DEGENERATING
FILIFORM SYNERGID

APPARATUS

EGG CELL

EMBRYO

SAC
POLAR
NUCLE!

SECONDARY GAMETE
NUCLEUS
(M) (ii) (iii)
Fig. 7.89. (A-1, ii, i) Micropylar end of embryo sac showing release of male gametes

and the process of fertilization.
The cytoplasm of the synergid and pollen tube do not mix becausc cytoplasm of synergid
lies at micropylar end and that of the pollen tube at chalazal end. Usually only one pollen tube

enters in one embryo sac.
ANTIPODALS

EMBRYO SAC —{|

BIFURCATED SECONDARY ____
TP NUCLEUS WEDGED TIP OF
MENTS SECOND MALE — POLLEN TUBE
INTEGU \ GAMETE FIRST MALE
FIRST MALE POLLENTUBE GAMETE
GAMET SYNERGID SYNERGID

MICROPYLE

(it)

MICROPYLE

(i

. B—i, ii). (i) Pollen tube tip bifurcated showing discharge of male gametes (Portulaca).
Fig. 7.83;2 (tip ;Ne(.i ged (CrepiS) showing discharge of male gametes into central cell of embryo sac.

ent of Male Gameles (Sperms) toward Egg and Secondary Nucleus in Mﬂlbn'o

5. Movemts of pollen tube are released in onc of the synergids. Sperms do not have to fravel

Sac. The conten o cell (oosphere) and synergids lie closely as eggapparatus. The male gametes

long becaus€ t .ielf;'ﬂlﬂ“g the cytopl:lsmic streaming and amoeboid movement to the egg nucleus or

ie ass! - Vo Sac
i [:iuclc s in the e¢mbryo sac. . ‘
secondary ™ of Gametes (Fig. 7.90). Afier discharge from the pollen | tube, one of the male gametes
F (oosphere) to form diploid-oospore-{zygote;2X). This Tision of nmale

| fuses with °E8 el - true fertilizati i Rt ey
sperm) 1! i1is called syngamy or true ertilization or fecundation or generative fertilization

=h 11 ) sk : il
amete with €88 C(: was’réﬁorwd by Strasburger (1 884). The oospore soon after its formation is sur=
imixIS- , '

or amph &
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ANGIOSPE RMS — Structuro, Dovelopment And Reproducy,,
rounded by g ce wall ang
moves down to t]ye

develops into embryo after a penod of test he second male paney,

ﬁleOn S Tro I1;|p]:;;“l::;|‘.:: the T‘Illl\l_\'n sucand fuses with diplotd see ()II(!All‘y ||u(l-‘llll-|lu":[(r_) ( E’l'u.um r{l by
fusion of male pamere wit . ) 1o form tploid (3x) primary endosperid | - . :
pscudo r(‘”ilizuli(m . l S “"“li” y nucleus is called vepetative |l.'l'|l.|llil|l(!ll nl‘ 'fl' : ||.l on o
nuclei) are involved, it X T.“”“l ',o”ill:l:lliun. Since three nuclei (one of '”mlt.' i("“'”"']“] 'VHM w‘|n,l. :
converts central Ccll‘ol“? L‘l‘“”‘l tiple fusion. 1t was reported by Nawaschin ( 1898) ; "" "}'N’ fusion
endosperm, Someltin ‘L_n_l ryo SAC mto primary endosperm cell which later on deve .“)1' ) ;'hl.u tiploid
with male CATSEOF :ILS‘%gg 18 fertilized with male gamete of one pollen tube qn(l 5¢ Lf’“‘ l""fY nucleu
is haploid and so o (; . Ff“““_‘ tbc. This is called heterofertilization. In /Hlmm; secondary it leu:
ondary nucle )@ . Sips ?ll will be diploid. In Fritillaria, Liltum, I’lu?lzba},’(" Peperomia, the se
U'~ Llfh 1s ;')olypl(nd‘ there(ore, endosperm will also be polyploid.
mlc]cu:“g:é’ tll?umiﬂ; ‘fusion, first, two haploid polar nuclei fuse to fqrm ‘dip]nid ."’Cu”"h{"’
nuclei is dela ed] 1 };scs with male gamete. In some cases like Fritillaria, f.usmn of two poiar
interestias yed until the ma'lc nucleus has joined them, all threc then fuse mmultancqualy. It is
it 0g to note that behaviour of both male pametes is same and any of them can fusc cither
felrtil;:zg:ﬁi;:; zt‘ccc(ilr:-dary-nucflcus. Thus both the male gametes participate m fcr.lilizatinn Thus
s twice in the same embryo sac. It is called double fertilization.

Pollen tube, antipodals and synergids degenerate after tertilization.
In syngamy or triple fusion, fusion of two nuclei involves following steps :
(1) Close contact of two nuclei;

() Their bordering endoplasmic reticulum fuses at several points and joins their outer nuclear
membranes;
(i) Shrinkage of membranes to form bridges between the nuclei;
(iv) The inner nuclear membranes of the fusing nuclei also merge and their nucleoplasms be-
come continuous at several points and
(v) Finally fusion of two nuclei completely.

Interval between Pollination and Fertilization
The time gap betwen pollination and fertilization is from 2 hours to 12 days or even more.
Triple fusion occurs usually, little bit earlier to syngamy as the cytoplasm of central cell is

more active than the egg.

Plant Interval bétween pollination Interval between
and triple fusion pollination and syngamy
Wheat 1.5-5hr 2-5hr
Cotton 24 - 32 hr 24 - 32 hr
Lilies 7 — 8 days 9 — 12 days
Triticale 4 — 5 hr 10 = 1S5 hr

than two sperms arc released inan embryo sac. This is called polyspermy.
about fertilization of egg by more than one sperm (polyploid zygote)
synergid or antipodal cells resulting in the formation of more than

sac (polycmbryony).
Double Fertilization
‘Vas ale gametes, one male gamete (x) fuses with egg cell (x) to
‘off sac receives two male gametes, . pamete ‘
Eachrembryo S%;is is called syngamy or generative fertilization. Second male gamete (x)
form zygote (2%). eus (2;{) to form primary endosperm nucleus (PEN, 3x). This act of

| Rl N o ) .

In many cases, more
The polyspermy may br_ipg
or extra sperm can fertilize
one embryos in an embryo

———
—————
———
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FLOWER- Fertilizati
ilization And Double Fortilization

he same

fferent nucle ol t
¢ (one 15 rygote
triple

) con

in the same embryo v s
female ga““‘l(\ph;'l(:‘ “(”“- Fhis fusion of two male pametes (0 (WO i
and other is PEN) i C':llllzl"'.\'“ sa¢) i order to produce two different structurc
fusion. It was disc;)\':: .xLid double fertilization (I'ig, 7.90). 1t includes syngamy @ WCl! "
firmed by Guignarg (lé;(&) by Nawuschin (1898) in [ritillaria and Lilinm which l:lt"(:xl'm' o
Orchidaceac and P()d()q{- ). Itis a characteristic of all angiosperms except in mcn?hc;'u' o -hdp"'“:ld' 0
recorded in few Qynn{otnz(?nacc'ac due to Jack of hormones. Though (‘loublu 1crl|hmlmln 1; ,:o
result. Total § ‘11;Clei (ZSlJc.'lms like l[v;,;ll(’n'm but here it has no Sigmﬁc:mc:c'und 'ptr()( U]ch:i "
double fertilization. male nuclei + one egg cell nucleus + 2 polar nuclei) are mnvolves

ANTIPODAL CELLS CHALAZAL POLE MALE GAMETES

g d
A POLAR NUCLE! (n)
AN . SYNERGIDS
POLLEN TUBE

v
/ SECONDARY _
NUCLEUS (2n)

v

FEMALE

‘ Y FEMALE GAMETE (n) GAMETE (n)
> ‘ W~ STALK \
(A e B
SECONDARY
CHALAZA 7 NUCLEUS (2n) Aﬁiﬁ%loip‘ggﬁ ]

(FUSTNG WITH)
SECOND MALE
GAMETE (n)
(TRIPLE FUSION)
ENDOSPERM
NUCLEUS (3n)

FUSING FIRST
MALE AND FEMALE
GAMETE\(SY‘NGAMY) .

2n

C MICROPYLAR POLE D
L ‘

Fig. 7.90. L.S. ovules showing different stages of fertilization and double fertilization.

Significance of Double Fertilization -

v Triple fusion of double fertilization is necessary for the production of viable seeds.

9 -1t stimulates production of endosperm (a nutritive tissue for developing embryo).

o - 3. Further growth of embyyo sac _which has stopped at 7 celled stage, is resumed after double
fertilization. Triple fusion provides a stnnulu_s.lo r(‘:sumc growth.

3. [t ensures that the endospctl‘n .(n'utrluvc tissue) is formed only when the formation of em-
bryo has been ensurcd by sypgamry!:.l 1'1]1.5' 1s an a'(l.\ff\nccl11cr1l over gymnosperm where endosperm-is
1} e before fcmon. I‘ erti .v,(mon fails, thc.cncrgy spenton forming it shall go waste. In

4 775 Tormed when needed and this need arises only after zygote formation. If

: dospert
angiosperms, € i 'med in angi
X gilizatiOH fails, no endosperm w1l'l bf: f(){ﬂ)t(l inangiosperms and no wastage of energy occurs
rt haracteristic of the male (pollen) plant to the endosperm )

des some €

A7 Ttprovi thont triple fus
o ded that seeds without triple fusion are nonviable and embryo formation does not

5. Itisrecor

occur.
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POST-FER
TILIZATION CHANGES AND SEED FORM

sudden

The

Soon afte
er pollinati
ion, the v heo L .
the flower begins to fadé. Itis sometimes accompanicd by

increase in respirati

piration a
- nd e e : . .
calyx may persist (¢ g‘ T ethylene production. The petals, stamens and style wither away.
Other changes which tal-"' ?mam‘ Brinjal) and even show growth as in Physalis and Dillenia
and fruit formation <e place are endosperm formation, embryo development, seed formation

(A) ENDOSPERM

Endosperm i

fertilizatiofleall?(li liss tlllllee fOO(fi 1flden triploid (3n) tissue formed as 2 result of

(), represents the o anlt or nourishing the embryo in seed plants. In gym

dosperm is actuall fma e gametophyte and formed before fertilizat?on. In :

haploid (n) 1 y formed asa 1'?SUI'§ of vggetati\_f_g_.fe}_‘jili_zation (triple fusion) of
male gamete with diploid secondary nucleus (2n) of the central ce

fertilization gives rise to a primary endosperm loid primary endosper

triple fusion of double
nosperms it is haploid
angiosperms the en-
fusion of on€
1. Vegetative
o cell having a triploi m nucleus.

The triploid nature of endosperm was given by Nawaschin.

Endosperm formation is a characteristic of all angiosperms except Or

and Podostemonaceae. In these forms, triple fusion is completed but the fusion pro

degenerates due to lack of sufficient hqgmone's in the embryo sac. Endosperm in Crinuin, Viscum,
Raphanus is green. oSp d before that of the embryo.

Usually, development of endosperm 1s initiate
The number of nuclei contributed by the male gametophyte in the formation of the en-
dosperm is constant an

d one throughout the angiosperms. It is the number of nuclei contrib-
uted by the female gametophyte that varies with the type of embryo sac. e.g.. Oenothera. it is
just one and, therefore, endospe

rm is diploid whereas in Paperomia, eight nuclel of female
gametophyte fuse with one nucleus of male to form 9n endosperm.
Depending upon the mode of its formation, angiospermic end
nuclear, cellular and helobial (Fig. 7.91).
1. Nuclear Endospermt The primary endosperm nucleus (PEN) divides repeatedly without
wall formation; j.e., free nuclear divisions 0 produce a lax;g,gnumbﬁr-Of-ﬁreeqmclei. A central vacuole
the central cell and pushes the cytoplasm containing the nuclei to the periphery. The
thickens SO that the vacuole decreases in size. It ultimately disappears with the exception

of a few €ases: The multinucleate F:ytgplasm ul}dergoes cleavage and gives rise 1o 2 multicellular
tissue. Actually; after the first few divisions of primary endosperm nucleus, peripheral layer of cells
is formed. These cells divide pcrlclmally until th‘c whole _cmbryo sac cavity is filled with the cells of
the endosperm- This is most common mctl}o(i of ccllu!nnzahon of .(}H(_‘(\_SP‘C.I‘IH. In some cases, these
peripher al ,ate-and-extend ccntrlpem‘ll'y‘uml:l they 1incct in the middle and then cach elon-
gated cell divides jinto m “15 .8 1‘"'.”'”('”"(1- Maize, ‘thal, Rice, Sunflower, Capsella
bursa—paﬂo"is' In several cascs, the cell wall ?mmullon remains incomplete. For example, Coconut
has multicellular endosperm in the OEHCF part (coconut meat) and free nuclear endosperm in the
coconut milk (liquul syncytmm). In Phaseolus wall formation occurs around the embryo
-\ in Crotalarid it is restricted to the upper half.
281

chidaceae, Trapaceac
duct usually

osperm 1s of three types—

appears 10
cytoplasm
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: - .
Nuclear endosperm is the most common type of endosperm. It |c, ’ﬁ”[lll::;] ]l)':,'llll),:::l.:;,J(’ W Of
families of angiosperms. It is named so because it contains fre¢ puclei 1 : .
ary endospe foll
[ular from the very beginning. First
in this endosperm and hence 1t s

giospcrms, mostly dicots, ¢ g

: , ; ; rm nucleus 15 followed by
2. Cellular Endosperm. Every division of the prim
inecte T o e em hecomes cel
cytokinesis. Therefore, embryo sac/endosperm becomes ¢¢
division is usually transverse. Haustoria are very common
primitive type of endosperm. It is found in 25% familics.of &1
Balsam, Datura, Petunia, Drimys.
// _ | ’

 ENDOSPERM

NUCLEAR ——

ZYGOTE
@X) OUSFORE MICROPYLER

PRIMARY
ENDOSPERM (-
NUCLEUS

7 CHALAZAL ~=
G  CEL H
HELOBIAL

OOSPORE

ENDOSPERM
CELLULAR

Fig. 7.91. Types of endosperm and their development.

3 Helobial Endosperm. The first division of pﬁn_ary endosperm nucleus is followed by
transverse cytokinesis to form two uneqyal cells, larger micropylar and small chfllnzal. Further
development in both the cells occurs like that of r'nfclear endosperm i.e., multmuclgate stage
followed by wall formation. Usually chalazal cell disintegrates after few nuclear divisions, ¢.g.,

Asphodelus, Saxifraga. It is intcrllpcdip,g; between nucleu( and cellular type and common in
Helobiales. It is found in 19% fumlllcs[mos_t!y’mg,!?*cots' \

Fate of Endosperm
J During its growth the endosperm crushes the nucellus. It is in turn consumed by growing
bryo. The endosperm may persist in the seed when the latter is called endospermic or albu-
embry .(e Castor, Cereals, Coconut, Cotton, Sunflower, Palm, Onion, Poppy, Mirabilis, Pa-
mmousI 'ft'l"lers the endosperm is completely absorbed by the growing embryo and the food
paya). In ts stored in the cotyledons. Such seeds are called nonendospermic or exalbuminous,
resen}r)e ageBSean Groundnut, Almond. Cucurbits, Mustard.
e.g., rea, ’

ouvdailiicu vwiui vail
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Coconut hyg . ean, p
8 b(\t] Vtelop) VN Cae

: _ Mgl Phas, pr,.o v Locony ¢ areliv 1 cerenl -
oily cocony, Me: ICleay o Blacy, Depper ang Otton; starchy m cereal grasn; e Iulo
is filled With f, ). n SOom Nl\‘l”'l((lk.hc“c ’ ane hvml(‘t'llulml(' m Coffee and Date palm
uch seed 1 fog d Matep;, © seed of (n;-. .'T-\lc(l:( Oconut milk) and cellular endospernm (white
such seeds ag | ‘Tispey Tl an ies o \(lts. nucellus 1y not used up fully. The unused nucellus
formed by theen MiC See e MSide endosnermyoate. : S

Cse ucellq, Us, eg. Black Permvembryo sac, It is called perisperm and
and starch and i ar cellg 4CK pepper, w

ater lily, Cardamom, C'offee. The perisperm

‘ of the ovule is called chalazosperm. It stores fat
'm, e.g., Cyanastrum.

. S at chylay.
Substitute o o o 74l end

Thus follow;
R WINg thy 1
Endos ) Chgjage . 5
perm, (i) (.hnlazospc
Endosperp, beco, o

(ruminate ¢y gq regular, upey
OSpery ° o Ueven and convoluted in Ao
the endospery, beco o i Ve

Aareca; Date (Phe
mes yeor -
very hard apg used jp ;Z;ly hard. The cell

X g umbrel|y |
Histology of Endospery, a ha
The cells of

vary from plant plant
losic, walls are thickeneci

ment. Interceltylay ve high degree of polyploidization during develop-
S !
stitutes aleurone tisiices‘betvyeen cells absent. In cereals, outermost layer of endosperm con-
amylases. Endosperm Ei rich in proteins. It secretes hydrolytic enzymes like proteases and
SOWs no vascular elements due to lack of differentiation.
The effect of cross

€ct of pollination on em
endosperm is visible immediately in the se
Xenia and Metaxenia

. Souree of nutrition to the developing embryo (1)
(1) § erisperm,.

ca (Betel nut/Supari) and Passiflora
onix) and Vegetable Ivory (Phytelephas microcarpa)
ulosic endosperm of vegetable ivory (ivory palm) 1s
1dles, buttons, billiard ball, etc.

endosper

mare isodiametr: . :
1sodiametric, They store food. Their exact nature and properties

The walls are thin, pits are absent but when endosperm is hemicellu-
and pitted. Cells ha

bryo is evident in next generation while effect on
ed. Some other characteristis of endosperm.

7 AN

The 1mediatc effect of foreign pollen/male gamete on visible characters of endosperm 1s
cal].led xenia. Focke (1881) described the term xenia (xenia = foreign), e.g.. if the male parent of
maize has a yellow endosperm (dominant trait, Y—) and female parent a colourless (white,
recessive, yy) endosperm, after fertilization, the endosperm (Yyy) of new seed (YY or Yy) will
be yellow. Similarly, if the female plant of sweet corn whose endosperm is sugary is pollinated
by pellens of field corn whose endosperm is starchy, the resultant endosperm will be starchy. It

means starchy character is being transmitted by the second male gamete which unites with
polar nuclei to form endosperm.

The effect of foreign pollen on the development of seed coat or pericarp, i.e., on tissues of
seed outside the endosperm or embryo is called metaxenia’."'lf is reported in fruits and seed
coats of cucurbits, citrus, date palm. Swingle (1.928).found in the Flate palm that the period
needed for the maturity of fruits and tllfeiF,.S_i,ZE_varles with the typ§s qt po}len grains which .brmg
about the fertilization. The size of fruit and time needed for‘tbelr‘ ripening varies gccmdmg ©
h of male plant, whose pollen grains are used for fertilization. lhu.s u‘mc. Qt maturity of
the type . cize can be changed according to the type of pollen used i fertilization. Actu-
fruits {0 thelr; l erm secretes certain hormones which are diffused into the wall of the seed
al%ﬂ%m'l{rt{?f:;nzs: effect. In Citrus, colour and flavour of fruit is effected by pollen parent.
and frui

inate Endosperm (Fig. 7.92). In Annonaceae, Myristicaceae, Rubiaceae, Palmae and
R { Arecaceae, the endosperm is ridged and furrowed which are very deep and
. spe(élcS} Oa rough, irregular convoluted endosperm is called ruminate, ¢.g., Arecanut, Nut-
L 1 ’ .
irregular. Suc

s of the formation of ruminate endosperm : U
¢ two reason
meg. There ar

.nt of the inner surface of seed coat, e.g., Passiflora calcarata.
, r development
(i) irregula

tissues of nucellus and integuments may invaginate into the endosperm to bring
i i

(i) outer ate condition of ¢ndosperm, e.g., Annona, Arecanut, Verbascum.

about the rumin -
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ENDOSPERM

Cc

a squamosa, (C) Betel nut.

P ——

Fig. 7.92. Ruminate (convoluted) endosperm. (A) Spigelia, (B) Annon
rmity in the tissucs of endosperm

Mosaic Endosperm. Occasionally, there is a lack of unifo : .
: : ' : —ing a 8 firregu-

The patches of two different colours are observed in maize endosperin ]fmm'mgdqt(:mett}?cr’lrir;g )

lar mosaic pattern, e.g., yellow and white patches are observed irregularly mix P% ) ‘

mosaic pattern. Webber (1900) reported such patches in endosperm of maize. He gave two .

reasons of the formation of mosatc endosperm :

(i) After fertilization, second male gamete does
nucleus and secondary nucleus divide independently. T
intermixed. This forms variegated endosperm.

(i) Second male gamete fuses with only on
ized polar nuclei divide freely and give rise to nuc

endosperm.
Functions of Endosperm. Endosperm serves as a Storage tissue as its cells are e conttp
ftis nutritive and supplies food to the

with food absorbed through the placenta. Functionally, 1
developing-embryo. The embrya soon stops developing if endosperm is not formed. It provides

growth stimulus to embryo. It is used in tissue culture experiment,¢.g., coconut, milk.

econdary nucleus. This male

not fuse with's .
distinct characters get

hus, the nuclei of two

s. These both fertilized and unfertil-

e polar nucleu :
lei of two distinct characters and form a variegated

Morphological Nature of Endosperm
The endosperm is formed as a result of triple fusion. It is, therefore, 3x (triploid). Some

times, it may be 5x, 9x to 15 x (maximum in Arum maculatum, 24576 x). It is 2x in Oenothera and
9% in Peperomia, depending upon number of nuclei that fuse to form the endosperm. Whether
it is a gametophytic tissue/sporophytic tissue/or a tissue suigenesis, it is debatable and has
been interpreted variously by different workers as detailed below :

1. Endosperm is a vegetative tissue of the female gametophyte : Workers like Hofmeister
(1861) and Strasburger (1900), Coulter and Chamberlain (1911) have suggested that endosperms a
gametophytic tissue whose development is checked since (i) it stores food for the developing em-
bryo, (ii) formed as a result of free nuclear division like the female gametophyte of symnosper;ns.

But it is a new structure developed after gametic uniop with two polar nuclei. It is triploid
and, therefore, cannot be considered endosperm to be a gametophytic tissue. .

2 Haberlandt (1914) stated that the chief function of endosperm is not that of storage but the
secretion of enzymes so that the food stored in the endosperm may be made available }() tl‘u%‘ embr\'oL
3, It is a sporophytic tissue. Sargant (1900) suggested that the endosperm is a s I tic
tissue in which triple fusion results in the formation of a triploid nucleus, Thu; endos ) \\ ) porlo;j 1 r_“
of the embryo and sporophytic in nature. The triple fusion is not regarded Js an a i LT;,L? e t\?m
because (i) the effect of fusion is simply to afford a growth stimulus, (ii) mnrc‘ﬂ‘n e ]“mhmtm"

female nucleus are involved in fusion, (iii) the product of triple fusion is not 1‘ . a,s-mél.%.malc and ’
simply a nutritive tissue and (iv) a sporophytic tissue is diploid and not £l'iploi‘d new individual, but
is an undifferentiated, entirely new tissue, 7.¢., tissue SUig;‘ncrig This is most

4. Endosperm1
' ture of endosperm. It is triploid (3x ]
accepted view about the nature of endosperm. It is triploid (3x) or polyploid and is neither eameto-
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‘ “‘\l\}( Winey, W\ ,H loulg in Py thay Usugl) PeCtal tissue which i stimulated to continue the
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l““‘l‘lhlﬂ and ; ' \e o UVee Clore

, n ¢ O Compey, fertilization, According to Brink and Cooper
' ) S Ny . Msite iy s ; )
nuclei of boyl “‘l.‘\\lmo" IR EIRTIT Ate for the extreme reduction of female pametophyte

Ut ol ey
"'“ﬂ“‘,\’ﬂ(N(\“‘: Male :\m\\ ‘C:‘l ,k\l‘\“".\"‘- | ::;l:l“‘.l(,(:rl;m.“."'““-“'.' iy more active for petting food from

L ‘()l()) tle and, therefoy L Hasin l‘.” special physiological function. It has
rm |y, S more vigorously fulfil the need of developing

[ Wistoriy
0 .

mvade nygg; -\k BHOUPS o e
into them, I \k “"“Uk‘ﬂ like lllllk‘l::Tl (‘lt‘\'q(,p haustorial structures from their endosperm which
transporge 10\ 1‘\“\ anexiry dg\.i-u, (:: f‘lllhc ()\’ll]L“S and absorb the food material by penetrating
are Comugy, | 1C undnspcrm lissue :?1 ,Cl l!‘? lood material, The ubs;n‘hgd food materials are
dnSPL‘.l'n\ Al ll'\‘ct‘lllllnr cnd()spcl_lm(“u utilized by the embryo (!urmg its growth, Hmllslonu
cell (¢.p P !l‘CSU haustoriy ey ough they are developed in nuclear and helobial en-
-8 (”'('\'IH('(I) 0 ‘ “ﬂ) dk‘\’c

: lop from micropylar cell (e.g., Impatiens) or Chalazal
t'both (e.0 Rucllia; Vig. 7.93)

K ndo S pe

Some

le

HYPHAL LIKE
MICROPYLAR
HAUSTORIA

CHALAZAL MICROPYLAR

e,

MICROPYLE
ENDOSPERM

240\
o 40510 _
SonResy
Ah0 ﬂgd'ﬁ?::.?J ENDOSPERM
e SN
SR 2 NAD

5

CHALAZAL
HAUSTORIUM

VERMIFORM
APPENDAGE

rium in Grevillea robusta.

ms haustoria. (A) Chalazal hausto ville: . -

2L —r,{:?:.hgl?lggf?\?\rustorla in Nemrophila. (C) Micropylar haustorium in Impatiens roylei.
' lar a

(B) Micropy

austoria in Nuclear Endosperms. In Gruvillcu_mhusm (family Prqtcaccac\ \\'th.h
L. Chalazal e » of endosperm development, the upper micropylar part of the chospcrm 1S
exhibits free nuclcﬂ‘f. t')],{')ltla(;al part develops into a worm like, tubqlnr n!ul coiled C\(‘C]ll(‘lcilzi;:tsitsrslilccniirﬁ
cellular but is lowlu Lc;uluuc. This appendage, acting as haustqnum, -mmdfs (;hc -Ctmccaomcs Pty
called vcrmiformpdllgf’cly (,l;lilcl‘ﬂ‘“d and absorbed. After sometime this appendage b
m

) o atuine e (o a secondary endosperm.
this tissu¢ 15 co tinucleate partiions giving rise o a secondary endosy
. »ral mu

into seve

. erm is nuclear
o lia (Proteaceac) is another example where the endosperm
R
Macadamid ternife
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2108 . h

Il wall formation takes place in upper part be-

and the endosperm tissue develops in

which is having less number of

storial structure. These

type. Like Grevillea, m Macadamia too, the ce
cause most of the nuclei are aggregated in this portion
the upper part of the embryo sac. The lower part of embryo sac, v
nuclei remains coenocytic and develops much Jobed and aggressive hau
lobes suck the food material from the basal part o

2. Micropylar Haustoria in Cellular Endospe

of the endosperm is cellular type, the division of the primar d a large chalazal chamber
laying down of the first transverse wall giving rise {0 a small micropylar and a 1arg R

- X . e . -anched pre ent
T'he micropylar chamber then divides transversely nto three cells. A very much bmtnc ‘uf’ ””i‘r’””"
haustorium develops from the upper most cell, the pranches of which penetratc €ven Upto e

funiculus to absorb food materials. . .

3. Micropylar and Chalazal Haustoria in Cellular Endosperm. In many members of
Acanthaceace (e.g., Ruellia, Acanthus, Nemrophila), the endosperm develops both micropylar hr(
chalazal haustoria. A fier the first nuclear division of the primary endosperm nucleus and a cell wall
formation, the two cells, 7.e., micropylar cell and chalazal cell are formed. The chalazal cell develops @

small chalazal haustorium which remains coenocytic. A transverse division takes place in the micro-
pylar cell which results in two cells, out of which the upper cell develops the micropylar haustorium.

4. Micropylar Haustoria in Helobial Endosperm. 1n Monochoria (family Pontederiaceae) the
development of endosperm is helobial type. The chalazal chamber, with less number of nuclel, re-
mains smaller than the micropylar chamber with more muclei. Later, two tubular growths develop from
the two sides of the micropylar chamber, embracing the chalazal chamber on its each side. These
outgrowths or lateral haustoria grow in the direction of chalazal tissue, penetrate into it and function

as aggressive absorptive organs.
Endosperm-Embryo Relationship

As a result of triple fusion, endosperm is formed in all seeds of angiosperms except three

families. During embryo development, in some seeds, endosperm is consumed (e.g., exalbuminous
consumed completely (e.g., albuminous seeds). In some seeds, nucellus persists

f the ovule.
rms. In Impatiens roylei where the development
y endosperm nucleus is followed by

seeds) or not
to form perisperm (perispermic seeds).

It is recorded that the development of endosperm occurs prior to.the development of
embryo. It provides food to developing embryo as well as some growth stimulus to the embryo.
Embryo soon stops developing if endosperm is not formed.

Thomas (1900), Nemec (1910), Brink and Cooper (1947) found that endosperm nucle1 have
both male and female contents and, therefore, more vigorous and fulfil the need of developing
embryo. Rao found some relationship between endosperm type and the growth of embryo. In
free nuclear endosperm, growth of embryo is rapid. This growth is slow when cndospern". is of

cellular type.
V (B) EMBRYOGENESIS (EMBRYO FORMATION)
Study o

structure a“(} Q?VCIOPmC"’t Of embryo from‘ zygote is called embryogenesis. After

syngamy, Zygote (OOSP."TL)"S’fF’_rmC‘i- This zygote vIdEIEoes a period of rest of few hours to

years. This resting period is shortin cellular endospermic seeds. In peneral. d '\'clopxﬁ ni of
b & (RN C ¢

zygote occurs after the development of endosperm.

Development of embryo is l.ncrohluslic, f.c.. only a part of zygote develops into embryo
Unlike the gymnospcrms, each division of embryo development is followed by \\-'ﬂl formation

In the earlier stages of development (upto 8 celled octant stage), the development of em
1}4] 810:]?120-‘5 n.nfl‘ (.h.c(?ls' However, the further development is markedly
s. Organogenesis set in at 16 — 32 celled stage of embryo. The fi s
tellum/cotyledon. yo. The first organ

bryo is similar in bo
~ different in two group
" {0 be initiated is the scu

ouvdaitiicu viuil vaifl
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e | vo. Of the
Viston of zypote is transverse. 1 forms i tWO celled w”l.mhl/” \

cell or term d, upper Mer called embry®
minal ¢e rone, towar " al/chalazal end 1o pmaller ca e
teell ung ), rvIRE antipodalichalizh (| lullwl basal cell or suspen”

: .
9r cell, The basal ¢ |
Eimly fo. sal cell embryo
y formg suspensor
Mahcsh\\'ar
of embrye-

¢ ‘ -
‘ other towards micropylar end 15 large 4
does not contribute towards the development of future

i (195 s of developmen!
ammg ‘ 0). Johansen (1950) have recognised following six types of e /t,]op’,. I
£t : 55 ivisions and number of cell
. 1¢ deve o
| system who r ' "
| vho recognised

‘l\ngmspcrms according to the plane of d .
opment of embryo. This system of Johansen 15 based on
five types (Fig. 7.94).

Zygote
—
’ \ | -
ygote divide . RIRT
] vides by vertical wall Zygote divides by a tran sVErse Mi“ 10
. . two celled proembryo. the basa
1. Piper: form o two c¢
BSTH IR cell and terminal cell.
| = |
! Terminate cell divides by a vertical Terminal cell dividcsAoy a trans;'tcr:,:
division to form inverted T (1) division to form straight proembriyo.
shaped proembryo. ‘
‘ |
| l
f Basal. cell play little or no Both basal and terminal cells
part in the formation of embryo contribute to the formation of embryo. /
! \J 2 ‘
| 2. Crucifer (Onagrad) type 3. Asterad type \
l
I l
Basal cell play no role in future Basal cell divide tc form two ~ Basal and terminal cell both
embryo. It forms a large to more celied suspensor but  form embryo.
suspensor cell not form any part of embryo. \
$ J 1
4. Caryophyllad type 5. Solanad type 6. Chenopodiad type

Of all the six tyPes, crucifer type is considered as the typical mode of embryo development
in dicots.
iy Embryogenesis. 50688 (1931) and Johansen (1950) recognised that embryo de-
velopment follows ccrtain. laws which are specific to every species. They have i \ i
applicable to all the species.
1 Law of Parsimony (Law of economy). It states that only as many cells are sroduced by/the
embryo as needed. | '
2. Lawof Origin. This law states that sequence of cell formation 1s very regular and predeter-
A mined in cach species. )
2 Liriguds b numbcr.ofc.cns produced by different cell generations varies with the
species and depends upon the rate of divisions of different cells.

4. Lawof Dispositym. l‘t_statu"s that the cc!ls are constituted by divisions, indetermined direc-
ns and occupy the positions In accordance with the part they must play.

| ' I tio
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, . T >cies, the cells of the .
5. Law of Destination According to this law, in any E"V“: Sp;ct]llis;:mbryo Proembyy,
. :. " " v 4 . - Its o ] .
Elve rise to clearly determined parts and always to the same pa

Development of Typical Crucifer (Onagrad) Type of Dicot Embryo

The most common type of development of embryo in dicotsgif;f-‘};g;t;_dpl;lgS;‘gr;};crd's Purs,
(Capsella bursa-pastoris, Cruciferae; Hanstein, 1870, Soueges 1914, 8 NS0 Dusin

(@) The zygote (oospore) clongates and divides
by a transverse wall into two unequal cells (Schulz ‘
and Jensen, 1969). The larger lower, basal cell to-

wards micropylar end called suspensor cell (Cb) and -/

other smaller, upper towards antipodal/chalazal end %

1s called terminal cell (embryo cell; Ca). °
(b) The basal cell divides by a single trans- CIA

verse division while the terminal cell by a vertical C

(longitudinal) division to forma inverted T (L) shaped

four celled Proembryo. '

(¢) Both the basal cells divide transversely a
few times to form a6 - 10 celled filamentouys struc-
ture called suspensor. |t pushes the developing em- ﬁ
bryo in the endosperm where food is available. The
upper most cell of the Suspensor towards the micro-
pylar end 8¢ts swollen to form vesicular cell and
acts as a haustorium. The haustorium has wall jn-
growths. The last cell of the suspensor at the end
adjacent to the embryo cell is called hypophysis. It
divides transversely into two cells - (i) outer cell form-
ing root cap and epiblema, (ii) inner cell forming root
tip and cortex and pith, i.e., hypophysis cell of sus-
pensor forms all parts of radicle except hypocotyl
(Fig. 7.95).

Suspensor thus does three functions : (i) push-
ing of the embryo deep into endosperm for regu-
lar availability of food, (i) formation of radicle and

(iii) absorption of food. i, 754, Fve modenc
1@. 7.94. Five modes o embryo development
(d) The two embryo cells, of four celled in dicots. (A) Zygote after transverse division.

proembryo divide by one vertical diy{sipn at right (A, B, C) Crucifer type, (A, D, E) Asterad type,
angle to first one and one transverse division to form (A, F, G) Solanad type, (A, H, 1) Caryophyilad
an eight celled globular proembryo (octant stage). tvpe. (A, J, K) Chenopodiad tvpe.

These eight cells are arranged in two tiers— epibasal (terminal) and hypobasal (near the

plumule. The hypobasal cells produce the hypocotyl except its tip.

The eight embryonic cells or octants djvide periclinally to produce an outer layer of proto-
derm or dermatogen. The inner cells further divide periclinally to form ipner procaqlbium (plcr.ome)
and middle ground meristem (periblem).. Protoderm forms epidermis, procamblum gives rise to
stele or vascular strand and ground rr)erls-tem’produces cortex and pith. The development of
embryo upto octant stage is quite similar in dicots and monocots. |

Initially the embryo is globular and un.difrerentiatcd. Early embr).'o with radial symmetry is called

bryo. It is transformed into embryo with the development of radicle, plumule and cotyledon. Two
e ith a faint plumule in the centre are developed from the two opposite lateral cells of embryo.
Z(:tyt]l?gotr;fn‘:lthe embryo becomes heart-shaped. The rate of growth of the cotyledons is very high
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(Torpeda sypap., o0t€ While
) ra the . , -
Ing of the 0VuI|)C)'. In 4psellq buf:‘iumult rémains as a small mound of undifferentiated tissue
A typical de. tself, “@=pastoris, the clongating cotyledons curve duc to the curv-
Icot
embryo ay; mbryo cops;
S aboy ONSIsts of an en S .
1 ]br /0 ¢ 3 , aters srfvle e * D r
part on beloy rad: ¢ region of point of Yo axis with two lateral cotyledons. The part o

adicle is

S ca attachment of cotyledons is called epicotyl and the

shoot). The hy
enlarges, [t ;
bryo .Undergo
Temains in the
any distinctiop

Pocoty] bears“Cd Ypocotyl. At the terminal end of epicotyl is plumule (future
ntegumems uh
€S rest anq th
globular o s
fplllmule,

radi r
adicle (futyre root) at its tip, With the growth of embryo, the ovule

émat'ely become hard to form protective converings. Now the em-

0\}11e gets transformed into seed. In some plants the embryo
ph?ncal form even at the time of seed shedding without showing
radicle and cotyledons, e.g., Orchids.

- VESICULAR
SUSPENSOR
CELL

SUSPENSOR

PROCAMEBIUM

[«J_ GROUND vies HYPOCOTYL
MERISTEM
STE 3 escomu

\ DERMATOGEN
GLOBULAR SHAPE OF EMBRYQ

/ VESICULAR
SUSPENSOR
CELL
PLUMULE
CORDATE \
EMBAYO \ "W curveD
5o SEED
/)
-j,trgcorﬂsoow
CORDATE SHAPE 4

F

TROPEDO SHAPE |

G
uccessive stages in the develppment of a dicot embryo. (‘Athgote (B)L Shape four celled
roembryo (C) Eight Cellled embryo (D) Muticellular embryo. (E) Globular (F) Heart-shaped (Cordate)
pro Shape of embryo (H) Mature embryo(l) Horse shoe shaped embryo in Capsella bursa

embryo. (G) Torpedo pestoris.
_Pevelopment of Embryo in Monocots
- o monocot plant whose embryogeny can be taken as a typical one for type study.

isn :
How’?\l/::e caryoph)’”ad type of development of embryo is the representative of the most of

.y fmonocotS. . . . .
famllhe;(:)nocots’ the embryonal axis has a single terminal cotyledon. The epicotyl/plumule is
n

due to sloW growth of epicotyl and fast growth of cotyledons.
later;Ih u  bryogeny of Sagittaria sagittifolia is described below (Fig. 7.96 B).
ee

divides by a transverse wall into a terminal cell (¢) and a basal cell (b). The

first .
’lrheﬁ)/%?tfmcd towards the micropylar end, does not divide further, but becomes much
basal cells

Fig. 7.95. (A-G) S
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enlarged to form u conspicuous vasicular structure N
forming a part of suspensor. The terminal cell forms /{‘; I / LA COLYLEDON
whole of embryo as well as remaining part of suspen- o

sor. It undergoes a transverse division to form two ! :
cells 'and ¢ . Now the proembryo attains a lincar |
superposed three celled stage (¢, ¢, b). During de-

velopment, t° forms single cotyledon and t forms ‘
epicotyl, hypocotyl, radicle and suspensor. This makes ' ]

the cotyledon apical and plumule lateral. The lower |

cell (') of this stage divides first by a longitudinal A ;.J.,f;a '
wall, followed by another longitudinal wall, perpen- Fig. 7.96 (A) Dicot Ermbryo,
dicular to the first. These resultant four cells now (B) Monacot Embryo.

divide by a transverse wall. Thus, eight cells are produced in two tiers t, and 1, of four ¢
each. With further growth and divisions, these cells form dermatogen, cotyledon, plerome and
periblem. Now the middle cell (¢'') of the three called stage of the proembryo divides by a
transverse wall into two cells (@ and h). Out of these two ccells formed, the lower cell (¢) divides
vertically twice to give rise to the epicotyl and plumule. The upper cell (7). after undergoing few
transverse divisions forms a filament of four cells : (i) /i;— it forms root tip, (ii) h,— form
periblem and a part of root cap, (iii) /1;— forms part of root cap and hypocotyl and (iv) 7,
forms 2 — 6 celled suspensor.
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Differences betwecn Monocot Embryo and Dicot Embryo
Monocot Embryo Dicot Embryo ;
1. Cotyledon is one and terminal. 1. Cotyledons two, lateral.
2. Plumule is laterai. 2. Plumule is apical.
3. Suspensor is formed by both basal & terminal cell. 3. Suspensor is formed by basal cell alone.
4. Radicle is formed by one of the cells of suspensor. 4. Radicle is formed by embryo ccll.
5. Proembryo is three celled and linear. 5. Proembryo is four celled and inverted L shaped
6. First division of terminal cell is transverse. 4. It may be longitudinal or transverse.
7. The number of cells used in the formation of 7. The cotyledons developed from two opposite cells
cotyledons is 4,3 or 2. of the four celled epibasal tier of embryo.
8 Terminal cell forms the whole of the embryo. 8. Terminal cell produces embryo except the radicle

The periclinal walls appear in the right cells situated at the distal end of the developing
embryo and dermatogen is formed. The differentiation of the periblem and plerome follows
later. This entire region by further growth and development develops a single cotyledon. Finally,
the shoot apex originates laterally in 2 depression situated at some place in between the axis of
embryo and the base of cotyledons. Thus, it is lateral in position in contrast of the shoot apex
of the dicotyledons in which it is terminal. The radicle, plumule and suspensor, all develop from
the terminal cell and the basal cell does not divide at all. Suspensor is one celled in wheat. It is
absent in Arecaceae (Fig. 7.96).

In grasses/cereals, the development and structure of embryo is different from other mono-
cots. The single cotyledon is large shicld shaped called scutellum. The embryo axis below the
attachment of scutellum is called hypocotyl which at its tip bears radicle. Radicle has root apex
and root cap covered by a solid envelope called coleorhiza. Embryo axis above the level of
scutellum is called epicotyl. Tt bears plumule (shoot apex) and few leaf primordia which is
enciosed in a hollow foliar covering called coleoptile. The remnants of second cotyledon is
called epiblast. Both coleoptile and coleorhiza are derived from scutellum,

Natrition of Embryo.
Embryo takes its nourishment from following sources.
. . L. Exndooperm. It is a nutritive tissue that provides nourishment to the developing embryo. It }
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FLOWER- Post-fertilization Changes and Seed Formation

' 2) Perisperm. It is (ne
| r embryo. (2) I
also develops haustoria to transfer food from ovular tissue to the embry i

part of the nucellus left in the seed and becomes rich in fcod eg Black pepper seeds. (3) € arch rick
It is the part of nucellus left in the seed at chalazal end where it divides to form a fat aﬂndr,sm‘;,;‘ o
tissue. (4) Haustoria. Haustoria help in the absorption of food from ovule and tra?arejr Yp,j:_.:
developing embryo e.g., Suspensor haustoria, antipodal haustoria, embryo sac hauslqné. ﬁ.n](id:‘:: -
haustoria. (5) Pseudo embryo sac. In family Podostemonaceae, pseudoembryo sac 15 deveiopeo &
the breakdon of nucellus. It is used up by developing embryo.

B 3 CELLED LINEAR
PROEMBRYO

Cc

SUSPENSOR

SUSPENSCR

ROOT CAP

PERIBLEM + ROOT
-RooTTIP CAP e
PLUMULE AND

EPICOTYL

COTYLEDON

RADICLE

COTYLEDON _;ﬁg;i{lJAPLU“ULE

7= COTYLEDON

— 74 1

G H tvBnvo |

Fig. 7.96 (B). Embryo development in a monocot Sagittaria

(t) Terminal cell, (b) Basal cell, t" and ", formed by terminal cell. 4 and / formed by ¢

' g { 1 t 5 oy .
monocot (j) Mature monocot embryo of a grass/cereal - (1) Mature embnvo of 5
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