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9.0 OBJECTIVE

The plant embryology is a fascinating Science. It has been categorized into descriptive,

phylogenetic and experimental embryology.The present unit deals with the descriptive changes

after fertilization into the formation of embryo ,endosperm and seeds. The lesson will thus

provide the concept of post fertilization changes to the students.

9.1 INTRODUCTION

After fertilization, growth sets gradually in various part of the ovule, resulting in the formation

of seed, the integuments forms the protective seed coat. The ovary develops into fruit and the

zygote into the embryo, primary endosperm nucleus to the endosperm. The seeds have the

basic structure of an ovule with some parts lost and some new developed.Within the ovule, after

fertilization the embryo and the endosperm are seen to develop simultaneously. The egg after

fertilization forms zygote which follows a predetermined mode of development called

“embryogeny”, to give rise to embryo. The Endosperm is the nutritive tissue for the developing

embryo and is mostly triploid in nature, in angiosperms, but in gymnosperm it is haploid.
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9.2 DEVELOPMENT OF EMBRYO

The fertilized egg or zygote is the mother cell of the sporophytic generation. The zygote

undergoes a period of rest which varies greatly with species. In Asteraceae and Poaceae,

the resting period is only 4 - 6 hours; few weeks in Theobroma cacao and Viscum album,

and 3 - 4 months in Colchicum autumnale. In general, the resting period is long in plants

with nuclear endosperm and relatively short in those with cellular endosperm.

The primary endosperm nucleus, unlike the zygote, doesn’t undergo resting period.

Instead, it divides within hours after fertilization. The cell size of the zygote gets reduced

because the large vacuole present at the micropylar end gradually disappears after fertilization

and the cytoplasm around the nucleus becomes homogeneous. There is also increase in the

number of active dictyosome and ribosomes. They aggregate to form polysomes thereby

indicating the beginning of metabolic activity.

9.2.1 EMBRYOGENESIS AND DEVELOPMENT OF PROEMBRYO

The early developmental stages of dicotyledonous and monocotyledonous embryos

are the same but there are marked differences in later stages of development. The zygote

divides transversely in majority of the angiosperms resulting in a small apical cell or terminal

cell and a large basal cell towards the micropyle. Rarely the zygote divides vertically as in

Loranthaceae or the division is oblique as in Triticum species.

From two celled stage till the formation of organs, the embryo is called proembryo. The

basal cell usually forms the suspensor and may or may not contribute towards the future

embryo. The terminal cell mainly takes part in the contribution of proembryo.

9.2.2 TYPES OF PROERNBRYO IN ANGIOSPERMS

Based on the contribution of basal and terminal cell formed by transverse division of

Zygote, Maheshwari (1950) recognized five types of embryogeny in dicots. They are as follows:

1. Apical cell of the two celled proembryo divides by the formation of a longitudinal wall.

(a) Crucifer type or Onagrad Type : The basal cell plays little or no part in the

development of the embryo.

Example : Annonaceae, Brassicaceae, Onagraceae, Ranunculaceae,

Scrophulariaceae.

(b) Asterad type : The basal cell and the apical cell both contribute in the development

of the embryo.

Example: Asteraceae, Bal asarninaceae, Violaceae, Vitaceae, Cornpositae.

2. The apical cell of the two celled proembryo divides by the formation of the transverse wall.

(a) Solanad type : The basal cell plays only a minor or no part in the development of

the embryo. The basal cell usually forms a suspensor.

Example: Campanulaceae, Solanaceae, Theaceae, Linaceae.
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(b) Carryophyllad type : The basal cell undergoes no further division and the

suspensor if present, is derived from the apical cell.

Example: Caryophylaceae, Crassulaceae.

(c) Chenopodiad type : The basal cell and the apical cell both contribute to the

development of proernbryo.

Example: Boraginaceae, Chenopodi aceae.

However, Johanson (1950) has recognized a sixth type called Piperad type in

which the first division of zygote is longitudinal or nearly so. e.g. Loranthaceae and Piperaceae.

Often, a particular type of embryogeny is present in a family, however, in Anemone

rivularis, Solanad type, as well as Crucifer type of embryogeny occurs regularly.

9.2.3 DEVELOPMENT OF DICOT EMBRYO

(a) Crucifer or Onagrad type

According to Bhandari and Asnani (1968) who worked on Ceratocephalus falcatus

(Ranunculaceae), the embryogeny is of Crucifer or Onagrad type and it follows the following

steps :-

1. The first division of the zygote is by a transverse wall and as a result, a small apical

cell (Ca) and a large basal cell (cb) is formed. (Fig-2A, B)

2. The basal cell divides by transverse wall forming two superposed cells (ci and m)

whereas the apical cell divides longitudinally and the proembryo gets the shape of’

T ‘ (4 — celled proembryo) (Fig 2 C,D, E)

3. The juxtaposed cells formed by the apical cell divide by another vertical division,

forming a quadrant and ci cell divides transversely giving rise to n, n’. (fig 2 F,G)

4. Each cell of the quadrant (q) divides by transverse wall forming octant stage

arranged in two tiers 1 and 1’ and in the mean time, n and n’ divide further forming

a linear row of three or four celled. Suspensor: Suspensor is an ephemeral structure

chiefly concerned with nutrition of the proembryo. (fig -2 H, I.)

5. The embryo becomes globular by the enlargement of the cells of the octant. It

undergoes periclinal division differentiating an outer dermatogen (which is the future

epidermis) and an inner layer of cells. (fig -21)

6. The cells of the tier 1’ differentiate into plumule initials and two cotyledons. The

cotyledon cells are on the either sides of the plumule initials. The inner cells, by

further division, give rise to ground meristem and procambial system of the

hypocotyls and cotyledon. It finally forms the radical axis. (Fig: 21)

7. The growth of the cotyledon is much faster than the plumule. As a result in mature

embryo, the plumule is enclosed at the base of two cotyledons. (Fig:2 K)

8. The cells of the distal region of globular proembryo undergo further division. As a

result, the proembryo becomes a flattened cordate body. (Fig:2 K)
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9. The n and n’ cells divide further giving rise to an elongated suspensor of 6 - 10

cells. The proximal cell of the suspensor, which is close to the micropyle is enlarged

and has a haustorial function. (Fig: 2L)

10. The distal part of the suspensor which is near to the proembryo acts as hypophysis.

The hypophysis divides to. form initials of root cortex, root cap and root epidermis.

(Fig:2J)

11. The enlarging embryo chiefly by cell division bends to adapt itself in the curved

embryo sac (Horse-shoe shaped because the ovule is campylotropous). (Fig:2 N)

12. The mature embryo consists of two cotyledons and an embryonal axis. The part of

embryonal axis above the level of cotyledon forms the plumule or epicotyl and

below the cotyledon, forms the radical. (Fig: 2M)
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(b) Asterad Type

Example : Lactuca sativa.

1. The zygote divides by transverse wall forming an apical cell (ca) and a basal cell

(cb). (Fig.3 A B.)

2. The apical cell then divides by a longitudinal wall forming two cells. (Fig:3C)

3. The basal cell divides by a transverse wall forming ci and m. (Fig: 3C D.)

4. The apical cell divides by a vertical wall to form quadrant q and the c i divides by

transverse wall, forming two juxtaposed cells n, n’. (Fig.3 E)

5. Octant stage is formed when each cell of the tier q divides by a diagonal wall and

the tier m divides by a vertical wall forming four cells which lie just above the octant.

The cell n divides by a vertical wall and n’ divides by a transverse wall forming o p.

(Fig.3 F)

6. At the same time in the tier q, tangential walls are laid down to cut an outer layer of

tunica and the inner cell divides to give rise to corpus. (Fig: 3G)

7. Regarding further cell division, the cell p gives rise to suspensor, o to the root cap

and dermatogen of root, n to the remaining part of the root tip, m to the hypocotyl

region and q to the cotyledon and stem, tip. (Fig. 3G)

(c) Solanad Type

Example : Nicotiana species.

A number of species of Solanaceae were studied by Soue’ges (1922) and Bhaduri

(1936).

1. The zygote divides by a transverse wall forming ca — the apical cell and cb — the

basal cell. (Fig: 4A, B.)

2. Both cells divide by a transverse wall as a result of which four cells are formed (l, l’,

m and ci). (‘Fig:4 C - F.)
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3. The cells 1 and 1’ divide by two vertical divisions at right angles to form an octant

and the cells m and ci divide by transverse division and form cells d, f, n and n’.

(Fig.4 G).

4. By subsequent divisions, I gives rise to cotyledon, 1’ to hypocotyl and to the corpus

of root and d to the root tip.

(d) Caryophyllad Type

Example : Sagina procumbens

1. The zygote divides by transverse division to form the apical cell ca and basal cell

cb. (Fig:5 A - B)

2. The apical cell divides by two transverse walls forming four cells: l,l’, m and ci. (Fig:

5C, D.)

3. The basal cell cb does not divide. (Fig. : 5D)

4. The ci divides by transverse division to form two cells n and n’. (Fig : 5 E)

5. The cell n divides by vertical division and n’ divides transversely forming o and p.

(Fig : 5 F, G)

6. Six tiers of cells are formed. By further division, l give ise to stem tip, l’ to cotyledon,

m to the hypocotyl, n to the root cap and o, p to a short suspensor which rests on

the large basal cell eb. (Fig: 5G)
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(e) Chenopodiad Type

Example : Chenopodium bonus henricus.

1. The zygote divides by a transverse wall to form an apical cell ca and a basal cell

cb. (Fig:6 A B.)

2. Each of these cells divides by transverse division to form a filament of four cells: 1,

1’, m and ci. (Fig. : 6 C).

3. The cell ci divides by transverse division to form n and n’. (Fig. : 6 D.)

4. By further division, 1, 1’ and m form four cells, each by two vertical divisions oriented

at right angles to each other. (Fig. : 6 E).

5. The cells n and n’ each divide by transverse wall forming h, k, 0, p. (Fig. : 6E.)

6. During further development, I gives rise to cotyledon, 1’ to lower part of the hypocotyl,

m to the upper part of the hypocotyl, h functions as hypophysis and forms the root

tip and rest of the cells originating from ci form the suspensor.

9.2.4 DEVELOPMENT OF MONOCOTYLEDONOUS EMBRYO

In monocots, the embryonal axis has a single cotyledon at its apex whereas in dicots,

the two cotyledons occupy lateral positions. However few dicots such as Lanunculus ficaria

and some members of Apiaceae also have single cotyledon. In the early stages of development,

there is no marked difference between the two till the globular stage.
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Ontogeny of monocots

It has been suggested that the monocots have arisen from the dicots either by fusion

of two cotyledons or by suppression or disappearance of one of the cotyledons. But the

ontogenic studies suggest that the differences in the embryos of dicots and monocots

are due to the position of the cells of the terminal quadrant participating in the formation of

cotyledon and epicotyl. In the dicots, the opposite cells of the quadrant form cotyledon while in

monocots, all the four (Philydraceae), three (Iridaceae) or two adjacent cells of the quadrant

form cotyledon.

Development of embryo

The development of embryo of Najas lacerate as described by Swamy and Lakshman

(1962) is as follows:

1. The zygote undergoes a transverse division resulting in the formation of a large

basal cb and a small apical cell Ca. (Fig: 7 A, B.)

2. The basal cell enlarges to form a single cell haustorium. (Fig; 7C).

3. The apical cell divides transversely into two cells c and d. The cell d again divides

transversely forming m, c i. A linear proembryo of four cells c, m, c i, c b is formed.

(Fig:7C, D)

4. Vertical division in c, m takes place forming two superposed tiers q and m of four

cells each. (Fig: 7E)

5. The cell ci divides transversely and gives rise to n and n’. (Fig: 7F)

6. The cell n divides vertically and n’ divides transversely giving rise to two cells o and

p. The quadrant q divides by a periclinal division cutting four celled dermatogens.

(Fig: 7G)

7. The cell p undergoes another transverse division forming two cells h and s. The

cells in tier m also divide vertically and transversely, forming two tiers. At this stage,

the proembryo becomes slightly spherical. (Fig: 7H)

8. The embryo gets elongated due to transverse divisions in m and n. In the oval

embryo the central core of the cell in the tiers q, m, n differentiates into plerome

initials (shaded cells). (Fig: 71)

9. The cells in tier q divide faster than the rest and disturb the symmetry of the

proembryo and its top becomes notched (Fig: 7J)

10. The fast growing portion of tier q forms the single cotyledon. The slow growing

cells give rise to initials of epicotyl. The radical is organized from the derivatives

of n.
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Development of embryo in Poaceae

All the species of Triticuni examined by Vatygina (1969) show a fixed pattern of

embryogeny which is different from dicots and other monocots. According to her, a new type

of embryogeny - Graminad type may be recommended for the Poaceae family.

1. The zygote divides into a small apical cell ca and a large basal cell cb by an oblique

wall. (Fig: 8A, B,C)

2. The cell cb again divides obliquely forming ci and m. The upper end of the wall

connects with the wall separating ca and cb. (Fig:8 D)

3. The third division occurs in the cell ca in the plane perpendicular to first division of

zygote. Thus a ‘T’ shaped four celled proembryo is formed. The orientation of the

wall is different from the ‘T’ shaped tetrad of dicot or other monocots. (Fig:8E)

4. The cell ci divides by a wall which is at right angle to the wall between ci and m

resulting in the formation of n and n’. (Fig.8F)

5. The division of ca is at right angle but at the same plane forming a typical quadrant

q. (Fig.8G)

6. Further divisions in various planes takes place to form 16 to 32 celled stage of

proembryo. At this stage, organogenesis takes place. (Fig:8H)

7. The formation of cotyledon Scutellim takes place by the growth in the apical lateral

region of the proembryo q, m, n,(shown by the arrow) (Fig:8 I)

8. Constriction appears opposite the Scutellum in the portion Ca. (Fig:8J)

9. This is followed by the formation of primorda of coleoptile and shoot apex close to

the notch. (Fig.8K)

10. The radical differentiates endogenously in the central zone of the embryo and the

epicotyls is fonned by the terminal tier. (Fig 8 L,M)

9.2.5 DIFFERENCES BETWEEN DICOT AND MONOCOT EMBRYO

The difference between the dicot and monocot embryo is not only in the number of

cotyledon but also in the apparent position of cotyledon.The two cotyledons in dicots are born

laterally forming an opposite pair at the top of the hypocotyl. However, the solitary cotyledon in

monocots is terminal with axis lateral on the side of the cotyledon.

According to Wardlaw (1955), the plumule is distal and is situated symmetrically between

two equivalent cotyledons in dicot embryo whereas in monocot embryo, the shoot apex

occupies a lateral position in cylindrical embryo and the cotyledon is terminal.
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According to Swamy et al (1972), the epicotyl and cotyledon arise from terminal tier in

monocots but the lateral position of the epicotyl is due to early growth of the cotyledon and

slow growth of epicotyl after its initiation.

Lakshmanan (1972) suggested that the numbr of cells of the terminal quadrant which

contribute to the development of cotyledon and epicotyl in dicot and monocot embryo is quite

different. In dicots, the two diagonally opposite cells of the terminal quadrant give rise to two

cotyledons, however in monocots, the single cotyledon is formed by all the four cells, three

cells or two adjacent cells of terminal quadrant.

9.3 DEVELOPMENT OF ENDOSPERM

Endosperm is an important tissue which functions as a source of food material for the

developing embryo. After fertilization, the embryo and the endosperm develop simultaneously

in the embryo sac. The cells of the endosperm are mostly triploid (3 n) in angiosperms as they

are formed as a result of fertilization of the secondary nucleus by one of the two male gametes.

The endosperm of gymnosperms is haploid as it is formed before fertilization. In

angiosperms, there are three main types of endosperm development. They are as follows:

(a) Nuclear Type

(b) Cellular Type

(c) Helobial Type

According to Davis (1966), 116 angiospenmic families were having Nuclear type of

endosperm, whereas about 72 families show cellular type of endosperm development. Cellular

type is restricted to dicots and among monocots, only Araceae and Lamnaceae show this

type of endosperm development. Almost 17 families show Helobial type of endosperm

development. Out of 17 families, 14 belong to monocots.(Davis 1966)

9.3.1 NUCLEAR TYPE

Davis (1966) reported that about 116 families of angiosperms have nuclear type of

endosperm development. This is the most common type of development. The first and the

subsequent division of primary endosperm nuclei are not followed by wall formation. The

centre is occupied by a large vacuole and the nuclei are pushed to the periphery. This condition

may persist until the endosperm is consumed by the developing embryo as in Floerka,

Limnanthes, Oxispora. If they are not consumed by the developing embryo, centripetal

(periphery to centre) wall formation takes place. Most of the nuclei are aggregated to micropylar

and chalazal end as in Acalypha indica (fig: 9A,B)

Nemac (1910) reported that the endosperm nuclei at the chalazal end are larger than

those at micropyler end. At a later stage, centripetal wall formation takes place (fig: 9C,D).

The degree of cellularization varies. According to John and Kapil (1953), the endosperm

generally becomes completely cellular fig. 9E)
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In Musa errans, Juliano and Alkala(1933) reported that some of the endosperm nuclei

divide more rapidly than others and form isolated groups or ‘nodules’ which get surrounded

by distinct cytoplasmic wall (fig: I OA) The nucleated nodules are also present in Salix, Cinerea,

Carica and Capsella. In Stackhousia, (fig: JOB), Pennisetum and some Cucurbits the nodules

are enucleate, and later on they merge with the endosperm or degenerate. The nodular

cytoplasm is rich in various organelles. The function of the nodules is uncertain
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However, Kaushik (1941) reported the presence of vermiform appendages (worm—

like haustorium) at the chalazal end of the endosperm in Grevillea robusta, (fig:11)
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In Phaseolus, cellularization occurs only around the embryo. However in Crotalaria the

wall formation is confined to upper region of embryo sac, the chalazal region remains free

nuclear and elongates to form haustorium. (fIg: 12)

In some plants, cell formation does not occur as in Oxyspora (Subramayam, 1951) and

Limnanthes (Mathur, 1956).Chopra and Seth (1977) reported longest endosperm haustorium

in Echinocystis lobata of Cucurbitaceae. According to Venkatarao (1963), in Lomatia, several

single celled finger shaped projections are present all over the endosperm including the chalazal

haustorium.These projection increases the absorbing surface of the endosperm. (fig.:13)
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Endosperm formation in coconut is quite interesting. The primary endosperm nucleus

undergoes a number of free divisions. When the fruit is about 50 mm long clear water

accumulates in the embryo sac. The nuclei formed by free nuclear division float in this water.

Wall formation takes place and each cell encloses several nuclei. Thus, the suspension has

both free nuclei and nuclei enclosed in cell. They start settling at the periphery of the cavity

and layers of cellular endosperm starts appearing. In mature endosperms, the liquid turns

milky and does not contain free nuclei or cell. In Areca catechu, the endosperm development

is like that of coconut but the embryo sac is small and is filled arth the endosperm which later

becomes extremely hard.

9.3.2 CELLULAR TYPE

The first and the subsequent division are accompanied by wall formation so that the

embryo sac gets divided into several chambers with one or more nuclei. The first division of

the primary endosperm nucleus is usually transverse but the division may take place in other

planes also.

The occurrence of haustoria is a common feature in cellular type. It may be at micropyler

end or chalazal end. Occasionally, both types of haustoria are present in the same plant.

According to Kapil and Bhandari (1964), in Magnolia the first division of primary endosperm

is followed by transverse wall formation resulting in two chambers of equal size (fig: 14 A,B).

The divisions of micropyler chamber are rapid and in all directions,(fig: 14C). The chalazal

chamber divides at slow rate. This results in tail like chalazal-part attached to massive part at

micropyler end, (fig: 14D,E)
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In Adoxa, the first as well as the second division of the endosperm mother cell are vertical

which results in the formation of four large identical cylindrical cells (Fig:15A,B) These then

divide by transverse division (flg:15C). The other divisions are irregular, forming mass of cells.

In Centranthera, both micropyler and chalazal haustoria arise but they are not very active

and then some secondary haustoria arise from endosperm just beneath the micropyler

haustoria (fIg: 16).
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In Loranthaceae, a composite endosperm is formed by the fusion of the endosperms of

different embryo sacs as there is no true ovule. In lodina rhombfolia, the chalazal haustorium

becomes so much hypertrophied that coral like appearance of endosperm develops

(fig.- 17) .

9.3.3 HELOBIAL TYPE

It is the intermediate between the nuclear.and the cellular types. The first division of

primary endosperm nucleus is transverse which divides the sac into two chambers-the

micropyler and the chalazal (fig: 18 A,) The micropyler chamber is larger than the chalazal

chamber (fig: 1 8B). Several free nuclear division takes place in the micropyler chamber

while only few divisions occur in the chalazal chamber (fig: 1 8C, D), as in Eremurus, According

to Stenar (1928) , when cell formation takes place in micropyler chamber, the chalazal chamber

is crushed.

Like the other types, endosperm haustoria develops in Helobial type also. Juhiano (1931)

reported the presence of lateral haustoria in Monocharia where the early stages of

development are typical of Helobial type. The micropilar chamber under goes active nuclear

division than the chalazal - Soon it gives rise to two lateral haustoria,one on each side of

chalazal chamber (fig: 19)
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9.3.4 MORPHOLOGICAL NATURE OF ENDOSPERM

There has been a great deal of discussion regarding the morphological nature of

endosperm which is neither haploid, nor diploid but triploid. Following the discovery of syngamy

and triple fusion, the embryologists regarded endosperm as a second embryo, modified to

serve as a nutritive tissue for the embryo. Detailed studies during the past century have revealed

that there is a great variation in the nature of endosperm. In the entire family Onagraceae, the

endosperm is diploid. In Dianthus, Fagerlind (1938) reported that the primary endosperm

nucleus is tetraploid, being derived from the fusion of three polar nuclei and a male gamete.

In Fritillaria and Plumbagella, the endosperm is formed from the fusion of haploid upper polar

nucleus, triploid lower polar nucleus and haploid male gamete. So the endosperm is

pentaploid. Still higher degree of polyploidy has been reported in Acalypha.

Thus, it appears that there is no uniformity in the origin of endosperm. As there is struggle

for food between the tissue in the emryo sac, nucellus integuments and developing embryo, it

necessitates rapid development of tissue which can provide food. So triple fusion enables

rapid growth of the endosperm. Also what ever is the number of the fusing nuclei jt always

results in the formation of mass of tissue, the endosperm, which acts as the source of food

material for the developing embryo.

9.4 SEEDS

Post fertilization, leads the ovule (megasporangium together with its protective coat —

the integuments) change into seed. Kozlowski and Gunn (1972) defined seed as a fertilized,

mature ovule that possesses an embryonic plant, stored food (sometimes absent) and

protective coat or coats. In the angiosperms, the ovule is generally covered with two integuments

and are enclosed within a case formed by carpel known as fruit. The post-fertilization changes

lead to growth in various parts of the ovule leading to the formation of seeds. Thus, a seed

has the basic structure of ovule with some parts lost and some new parts developed.

Post fertilization changes in parts of ovary and ovule leading to the formation of seed

and fruit are as follows :—

(a) Ovary: After fertilization, it forms the fruit.

(b) Ovary wall: Forms the pericarp which is the covering of.fruit. It has three parts —

epicarp, mesocarp and endocarp.
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(c) Ovule: It forms the seed.

(d) Integument — Forms Seed coat

(e) Outer integument — Forms testa

(f) Inner integument — Forms tegmen

(g) Funicle — Forms seed stalk

(h) Nucellus — degenerates or sometimes present as covering of endosperm

Embryo sac -

No change takes place in the following :—

(a) Chalaza — Chalaza

(b) Micropyle — Micropyle

(c) Raphe — Raphe

(d) Hylum — Hylum

Change takes place in :—

(e) Synergids — degenerates

(f) Egg cell — fuses with male gamete and develops into embryo

(g) Antipodal cell — degenerates

(h) Secondary nucleus — fuses with other male gamete and forms the nutritive tissue

called endosperm

Thus, the seed contains the embryo or the rudimentary plant. The embryo has cotyledon

or seed leaves. On the basis of number of cotyledons, the angiosperms are divided into –

monocotyledon and dicotyledon. Some angiospermic seeds do not show a proper

differentiation of cotyledon, but other characteristics put them either in moncot or in dicot

category.

9.4.1 CLASSIFICATION OF SEEDS

On the basis of presence or absence of endosperm, mature seeds are classified into

two groups :—

(a) Albuminous or Endospermic (b) Exalbuminous or Exendospermic

(a) Albuminous or Endospermic

In this type, the endosperm is present and cotyledons are thin and act as food sucking

organs.The food is not stored in two cotyledon .It is stored in the endosperm, external to the

embryo. Example:

Dicot albuminous – castor bean (Ricinus communis), jute, cotton, Mirabilis etc. Members

belonging to the family Anonaceae, Papaveraceae, Nymphaeaceae, Piperaceae etc.

Monocot albuminous – most of the common monocotyledonous seeds are albuminous.

The large endosperm of the cereals is the most important source of starch – the principle

food of all people like Rice, Wheat, Maize etc.
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In all the three, the outer coating of the grain is formed by the fusion of the pericarp and

the seed coat. The micropyle and the hilum cannot be found because of pericarp covering.

(b) Exalbuminous or Exendospermic

In this type, the embryo completely consumes the endosperm and nucellus so that they

are no longer seen while the food is stored in cotyledons which become swollen.

Example : Dicot exalbuminous–Pisum sativum, Cicer arietinum, Tamarindus indica.

Monocot exalbuminous- Pothos, Amorphophallus campanulatus, Vallisneria, Alisma.

Martin (1946), on the basis of embryo, divided the seeds into twelve types and grouped

them into three divisions as shown in the figure:20.

9.4.2 DEVELOPMENT OF SEEDS

When the embryo is fully developed, the ovule or the megasporangium becomes the

seed. With increase in size of ovule, the integument slowly dries up and forms protective

seed coat, the outer integument forming the testa and inner the tegmen.

Simultaneously, the internal organ also loses moisture and all food substances are

transformed into insoluble reserve forms. Physiological activities are reduced to minimum
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until the whole structure becomes dormant and almost dry. At this stage the seed is said to

have been formed. Therefore a seed is a mature integumented megasporangium.

9.4.3 PARTS OF SEEDS

To describe the parts of seed ,Pea pods have been selected. In mature pea pod, seeds

are arranged in two rows and area attached to the fruit wall by a small stalk is called funiculus.

At maturity, a scar is left by abscised funiculus called hilum. Below hilum, there is a small pore

called micropyle. The seed has smooth papery seed coat. (Fig:21)In some plants, the seed

coat has two distinct layers — testa (outer layer) and tegmen (inner layer). In pea, these

layers are not clearly distinguished. When the seed coat is removed, two massive green

cotyledons and kernel are seen. Kernel is embryo in dicot exalbuminous seed.

The cotyledons are attached to the embryonal axis called tigellum. Portion of the axis

beyond the cotyledon is radical and the other end of the axis is plumule. The portion of the axis

between radical and cotyledon is hypocotyl and that between plumule and cotyledon is epicotyl.

Thus, the important parts of the seed are-embyo, endosperm (if present) and seed coat.
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9.4.4 DEVELOPMENT OF SEED COAT

The seed coat of angiosperms is mostly dry but some have fleshy seed coats. Fleshy

seed coats are common in gymnosperms and have been recorded in paleozoic pteridospenm

Seeds with fleshy seed coats are considered to be phylogenetically primitive.

The seed coat varies in structure such as number and thickness of integuments, the

integumental changes which take place during seed maturation, and pattern of vascularisation.

In cotton (Gossypium species), the ovule has two integuments, so,it is bitegmic and

both contribute to the formation of the seed coat.The mature seed coat, is distinguishable

into seven zones, besides the hair which is formed on upper epidermis (fig 22 A). The zones

are as follows :—

(a) Epidermis (b) Outer pigmented zone

(c) Outer colourless zone (d) Palisade layer

(e) Inner colourless zone (f) Inner pigmented zone

(g) Fringe layer

The cotton fibres of commerce are formed by the outer epidermis of the outer integument.

These fibres or hairs are single celled, thin walled and attain a length of 45 mm. They have

characteristic twists and are called Lint hairs. On maturity, these hairs contain cellulose, callose,

some non-cellulosic polysaccharides, wax but no lignin. Intermingled with lint hairs, there are

some fuzz hairs which are of 10 mm height. They are thick-walled with narrow lumen and lack

the twist, (fig 22 B,C)
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In Cucurbitaceae, the ovules are bitegmic but the outer integument alone forms the

seed coat.

In Luffa, the seed coat is differentiated into five zones as follows :—

1. Epidermis — single layer with rod like thickening.

2. Hypodermis — 2-10 layers depending on the species. The cells are thick walled,

the innermost iayer has radially elongated cells.

3. Mechanical layer:

4. Arenchyrna and

5. Chiorenchyma.

In dry seeds, the arenchyma and chiorenchyma get detached from the seed coat and

form the inner membranous coat.

Van Caeseele et al (1981) described the deposition of mucilage in the seed coat of B.

Compestris at the ult’ i structural layer.

In Fabaceae, the seed coat is derived from outer integument and the inner integument

degenerates during seed development.

In Acanthaceae, the ovules are unitegmic. A large portion of the integument is consumed

by developing endosperm and only the epidermis persists in mature seed.

In Andrographis, Elytraria and Haplanthus, the integument is completely digested so

that the mature seed is devoid of seed coat.

The Loranthaceous parasites also have ‘naked seeds’ because integuments are

altogether absent in these plants.

In orchids, the seed coat forms a transparent sheet of thin-walled cells.(fig23)

In Mognolia, the inner integument forms the protective layer and outer integument becomes

fleshy and brightly coloured. Cells of the latter are called sarcotesta and are rich in fats.
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9.4.5 DEVELOPMENT OF SPECIAL FEATURE FROM OVULE AFTER FERTILIZATION

Due to post fertilization development, special feature arise from the ovule. They are as

follows :—

1. Caruncle : It is the common feature of Euphorbiaceae and is present on

micropylar end of the seed. It develops due to the activity of cells at the tip of outer

integument.

Function : seed dispersal and germination. As it is sugary and eaten by ants which

helps in seed dispersal. its hygroscopic nature helps in absorbing water from the

nature and passes to the embryo during germination.

2. Operculum : It is generally present in monocots like Araceae, Commelinaceae,

Lemnaceae, Musaceae etc. It is a plug-like structure at the micropyler end of

the seed. It arises from nucellar apex, endostome, exostome, or by hilar region of

the seed.

Function: It probably influences seed germination.

3. Ant : It is regarded as the third integument as it surrounds the ovule more or less

completely. It arises from funicle or testa.

Function : It is felshy and very colourful and attracts animals and insects and thus

helps in seed dispesal. In Litchi, it forms the edible portion. It nutmeg (Myristica

fragrans), the dried aril forms the mace of commerce. In Passifloraceae, the an! is

thin walled and contains oil, starch etc.

4. Elaiosomes : They are fleshy orjuicy layers such as the edible outer epidermis of

the seed coat in pomegranate (Punica).

Functions : Forms the edible part in some plants when present.

9.4.6 MORPHOLOGY OF SEED COAT

The seed coat morphology has provided valuable information with regard to taxonomy

and identification of seed. As the seed coat shows considerable diversity in colour, size,

shape of testa cells, thickness and surface orientation. In many genara and families, seed

patterns are characteristic for each species. Seed surface features are useful in materials

used as drugs and medicines. Scanning electron microscopy is used to study the micro

structural features of seed coat and helps in separation of species having similar external

morphology and prevents adulteration.

Based on seed coat pattern, four groups have been distinguished in genus Lupins. The

pattern variation is due to the organisation of upper most palisade layer.

Four types of seed coat have been recognized in Cordylanthus (Scrophulariaceae).

They are :—

(a) Deeply reticulate (b) Shallowly reticulate

(c) Irregularly crested (d) Irregularly striate
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On the basis of epidermal cell arrangement Skvortsov and Rusanovitch (1974) have

distinguished three distinct types of seed coat structure in genus Epilobium.

According to Hart and Berendson (1980), three types of ornamentation of seed coat have

been noted in Sedum (Crasulaceae). They are Unipapillate, Bipapillate, and Multipapillate.

According to Radics (1977) in Rorippa (Brassicaceae), parents and hybrids can be

distinguished on the basis of shape, size, colour and pattern of the seed coat surface.

9.4.7 FUNCTIONS OF SEED COAT

(a) Protects the embryo and the endosperm (if present) form desiccation, mechanical

injury, unfavourable temperatures and attacks by bacteria, fungi and insects.

(b) Helps in dispersal of seeds by acquiring special features such as wings, fleshy

and brightly coloured tissue, hairs, and air-filled cavity.

(c) Provides nutrition to the developing embryo, as in Pisum sativum. The seed coat

contains starch and protein reserves which get mobilized during senescence of

seed coat and embryo development.

(d) Controls germination by restricting it to periods and conditions most favourable for

seedling growth.

9.5 QUESTIONS FOR EXERCISE

Short answer type questions :—

1. What are the dfferences between Dicot and Monocot embryo?

2. Discuss the morphological nature of endosperm.

3. What are the types of pro embryo found in angiosperms?

4. Discuss the development of special features from ovule aft erfertilization.

Long answer type questions :—

1. Discuss embryogenesis and development of proembiyo in angiosperm,

giving suitable example.

2. What is endosperm ? Describe its developmetii.

3. What are seeds ? Describe the parts and development of seed.

4. Discuss the development, morphology and function of seed coat
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