
285

MACROSPOROGENESIS, DEVELOPMENT OF FEMALE

GAMETOPHYTE AND BEGINNING EMBRYO DIFFERENTIATION

IN SOME MEMBERS OF THE FAMILIES VITACEAE

AND LEEACEAE, FOLLOWED BY SOME PHYLOGENETIC

REMARKS
*

ELENA PETRIA

The present study includes the original description of some

particulars of the macrosporogenesis, of the female gametophyte

development, of the fecundation process, of the initial differentiation

of the nuclear-type secondary endosperm, and of the embryo differen-

tiation in 11 taxonomic units belonging to the family Vitaceae and in

one Leeaceae species.

The fecundation time was determined in Vitis silvestris and in

two grape varieties. In contrast with literature data, the existence

of the antipodes was also demonstrated during and subsequent to the

fecundation phenomenon, as well as an increase of their volume and

their multiplication.

The present paper includes some phylogenetic considerations on

the Rhamnales Order, based upon original caryological, morpho-

palynological and embryological data correlated with the information

in the literature.

The family Vitaceae caught the attention of many investigators
since long ago, due to the practical-economical and the ornamental

value of ist members.

* This work represents the embryological part and general conclusion of

the thesis for a doctor's degree sustained in 1968 under the title „Caryological,

morpho-palynological and embryological investigations in the Vitaceae s.Z. (in-

cluding the Leeaceae)". To the above, morpho-polynological observations on

several members of the family Rhamnaceae are presently added, as well as

general considerations on the Rhamnales order, based both upon personal and

literatura data. The remaining chapters of the above mentioned thesis, such as

the caryology, morpho-palynology and male gametophyte development, were

published in 9 note (see Literature List, 64—69, 89—91).

ACTA BOTANICA HORTI

BUCURESTIENSIS

1972 — 1973

BUCUREŞTI, 1973



286

The systematics of the family was controversial for quite a long
time. Until 1789, when in Jussieu's conception genus Vitis together

with genus Cissus made Up the Order Vites, the various genera nowa-

days included in this family were adjoined to others belonging to diffe-

rent families, more or less phylogenetically related. Jussieu perceived

among the first genus Vitis relationship to the family Rhamnaceae on

account of its floral morphology. Bartling (1830), grouped under the

name of Sarmentaeeae both Jussieu's Vites and the Leeaceae. and

Spach (1834) shared this wieu.

The name of Ampelidaceae originates in Kunth's papers (1821) and

was taken over by De Candolle (1824), who placed in his new order

Ampelideae two tribes : Viniferae or Sarmentaeeae and the Leeaceae.

The denomination of Vitaceae is due to Lindley (1836), who included

in it genera which constitute today the families : Olacaceae, Francoaceae,
Sarraceniaceae and Pittosporaceae.

A. Engler (1892, 1897) conceived the Rhamnales Order in its strictest

sense, limiting it to the families Rhamnaceae and Vitaceae (genus Leea

included), taking into account the morphology of the flower and, in

particular, that of the ovule. Before Engler, the Rhamnales were con-

sidered to comprise numerous families more or lesse related.

There existed other opinions still on the systematic position of the

family Vitaceae, thus, for instance, Van Tieghem (1898) placed both the

Vitaceae and the Rhamnaceae within the order Celastrales, along with

the Celastraceae, Illicaceae, Impatientaceae, Platanaceae, Violaceae

Bâillon (1877) inserted the Rhamnaceae after the Celastraceae, while

the Viteae (Vitis and Leea) into the Loranthaceae 'series', the latter

being built up from most heterogeneous groups.

Kerner (1891) completely separated the two families, placing the

Ampelidaceae in the 'Discophorae Branch' (which comprised most of the

Geraniales and Sapindales). while the Rhamnaceae in the 'Crateranthae

Branch.

The Rhamnales were again conceived in a wider sense by L. Beille

(1902), who attached to them, besides the Rhamnaceae and the Ampeli-
daceae, the families of Celastraceae, Staphyleaceae and Illicaceae, in

consideration of the position of their stamens, as well as of the pathways
of their vascular fascicles.

In the system of August Heintze (1927) the Vitaceae and the Rham-

naceae are included in the Meliales. along with the Meliaceae, Rutaceae,

Anacrdiaceae, etc.

Hutchinson (1926) presented the order Rhamnales in an altogether
different conception, adjoining namely the Rhamnaceae and the Ampe-
lidaceae (Vitaceae) to the Elaeagnaceae and Heterophyridaceae, that is to

families ascribed by Engler to the Myrtiflorae.

Engler's conception (1892, 1897) was adopted much later. A. B.

Rendle (1925) and Wettstein (1935) attach this small order containing

only two families, the Rhamnaceae and Vitaceae, to the Gruinales,
Terebinthales and Celastrales.

In the modern phylogenetic classification systems the Rhamnales

Order is considered as deriving from the Celastrales Order, or evolving
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concurrently and in parallel to it, as an ultimate point of evolution :
Wettstein (1935), Busch (1940), Pulle (1592), Taktajan (1959), Emberger
(I960), Soô (1961).

Hutchinson (1959) derives on the one hand from the Thiales the

order Celastrales, thence the Euphorbiales and then the Rhamnales, and,
on the other, from the same Thiales the Malvales, then the Euphor-
biales, wherefrom the Rhamnales evolved. Further, Hutchinson does not

consider the Rhamnales as an evolution ultimate point, but derives from

in the Myrsinales and hence the Ebenales.

Order Rhamnales, with its three families : Rhamnaceae, Vitaceae

and Leeaceae, is considered by many botanists as an independent order,

as a natural enough order — thus Engler (1892), Gagnepain (1911),
Wettstein (1935), Suessenguth (1953), Emberger (1960)/Schultze-Motel
(1964), —- differing from order Celastrales mainly in the disappearance
of the outer staminal cycle (episepalous), hence the stamens are located

against the petals (epipetalous). However, some botanists — R. Echevin

(1964), P. Crete (1965) —■ place the Rhamnales as a sub-order within

the Celastrales, resuming an older conception.

Inside the Rhamnales Order the Rhamnaceae family is well outlined,

while the systematics of the Vitaceae family is more difficult and still

controversial. The position of genus Leea, often included in the Vitaceae

family in the rank of a genus or of a sub-family, was much discussed

as to wether or not it may constitute an independent family. Many
botanists : Engler, Gagnepain (1911), Wettstein (1935), Chadefaud and

Emberger (1960), Schultze-Motel (1964), and, in particular, K. Suessen-

guth in his monograph on the Rhamnales Order, upon a comparative

morphological and embryological analysis carried out in the families

Vitaceae and Leeaceae (1953), showed genus Leea may be raised to the

rank of a family and cannot be left in the Vitaceae family, since this

would render the latter too unhomogeneous.

Within the family Vitaceae it would be interesting to know whether

the much discussed genera Vitis, Cissus and Ampélopsis constitute

natural units and whether a multilateral analysis may justify the actual

delimitation of the genera Parthenocissus, Ampelocissus, and Cayratia.
The disputed systematics of Order Rhamnales and, in particular, of

Family Vitaceae determined us to undertake caryological, morpho-paly-

nological and embryological investigations in some plants belonging to

this group.

The peculiarities found in the morphological structure of the

pollen grains, the characteristic embryological features of the male and

of the female gametophyte development, the details of the embryo and

of the secondary endosperm formation enabled some taxonomic consi-

derations both within the Vitaceae family and the Rhamnales order.

Material and Methods

In our thesis for a doctor's degree we analysed from a caryological

standpoint 27 taxonomic units belonging to 6 genera and representing

18 species, 2 productive hybrids and 7 cultural varieties. The material
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was sampled in the Botanical Garden in Bucharest, in the Ampelo-

graphic Collection of the Agronomical Institute in Bucharest, and in the

Botanical Garden in Bogor, Indonesia.

The conventional method was used (fixing solution : Navashin-

Bruun ; embedding in paraffin and cutting at 5—7 ; staining with

hematoxyline according to Heidenhain and Ehrlich), as well as the

quick carmine-acetic method according to J. Belling. Mitotic metaphases
in the root vegetative tips were analysed.

The morpho-palynology chapter includes analyses of the pollen

grain structure in 8 Rhamnaceae species, 31 Leeaceae species and 112

taxonomic units belonging to the Vitaceae family. The material was

sampled in the Botanical Gardens in Bucharest, Rumania, and in Bogor,

Indonesia, as well as in their herbaria. It wras analysed in water and

chloralhydrate, and drawings were made thereafter in the light chamber
>

as well as microphotographs.

The embryological investigations aimed at ascertaining the details

of mierosporogenesis, the peculiarities in the structure of mature pollen

grains, and the characteristic features of male gametophyte development

in 20 taxonomic units.

Pollen cultures were made in fluid or solid media, to which glucose,
saccharose and fructose were added in a concentration range of 5 to 35%.

The investigations were further pursued in an endeavour to find

out characteristic data about the macrosporogenesis, the female game-

tophyte development, the fecundation process, the beginning differen-

tiation of the nuclear-type secondary endosperm and the embryo diffe-

rentiation in 11 taxonomic units in Family Vitaceae and in one unit

in Family Leeaceae.

The embryological material was fixed in the Navashin-Bruun, Carnoy
and modified (by Gerassimova) Carnoy solutions ; 5—15 (л. thin sections

were cut ; the preparations were stained with Heidenhain's hematoxyline

according to the conventional method or with Ehrlich's hematoxyline,
and drawings were made in the clear chamber.

Female gametophyte development and outset of embryo differentiation

in members of the family Vitaceae

The embryology of the Vitaceae roused the interest of investiga-
tors since some time ago. Thus, for instance, Bioletti (1921), Ivanova

(1928), Pearson (1923), Sydnes (1935), and Stout (1936, cited in Mulay,
Nair and Sastry, 1953) carried out studies in seedless 'vines' ; Baranov

(1946), in preparation of the 'Ampelography of the U.S.S.R.', investigated
the macrosporogensis, the fecundation process and the embryo formation

in Vitis vinifera and in some of its Asian cultivated forms ; Mulay»
Nair and Sastry (1953) studied the male and female gametophyte deve-

lopment in Vitis pedata ; Nair and Bajaj published in 1966 a paper on

the floral morphology and the embryology of Cyphostemma setosum

(Wall.) Alston.

In Rumania, Dvornic (1961) made some observations concerning the

fécondation process and the female gametophyte development in the



variety 'Hamburg Muscatel', though not based upon direct experimenta]
investigation.

This research line is far from including members from all the genera
of this large family.

The existing gaps in the embryological knowledge of the family
Vitaceae determined us to include in our investigations the female game-
tophyte development, the fecundation process, the embryo and the

secondary endosperm formation in 12 taxonomic units, namely 10 species
belonging to 8 genera and 2 cultivated forms. Among these, a Leea

species was studied, a genus often ascribed to the Vitaceae, though,
according to the current opinion, building up an independent family
within the Rhamnales Order. Embryological data on members of the

Rhamnaceae family from the same order are found in the extensive

work of Tullio (1947).

The 12 taxonomic units investigated by us are the following :

a) Family VITACEAE : Vitis silvestris Gmel. ; grapevine varieties

'Pinot gris' and 'Gorclin' ; Parthenocissus quinquefolia (L.) Planch. ;

Ampélopsis heterophylla Blume ; Cissus assamica (Laws.) Craib. ; Cissus

discolor 81. ; Cissus cactif orrais Gilg. ; Cayratia pedata (Lam.) Juss. ;

Tetrastigma lanceolarium PI. ; Ampelocissus thyrsiflora (Bl.) Planch. ;

b) Family LEEACEAE : Leea rubra 81.

A description of the morphological peculiarities of the female game-

tophyte development in the 12 taxonomic units mentioned above is given
hereunder.

Vitis silvestris Gmel. (Botanical Garden in Bucharest). Plates I-V,

figures I—2l.

This species is spread in the Danube countries. It is the only spon-
taneous Vitis species in Rumania. It displays greenishyellow, polygamous,
almost perfectly dioecious flowers standing on dimorphous plant indi-

viduals. The flowers are small, of the type 5, with 5 stamens. The female

flowers display short-filamented stamens bearing sterile pollen, while

the male ones have stamen filaments exceeding the length of the petals ;

the gynoecium is coenocarpic-eusyncarpic, built by the concrescence of

two carpels ; it has two ovarian nidi, each nidus sheltering at the bottom

part of the septum two anatropic, apotropic, ascending, bitegumentate,
crassinucellate ovules. The longitudinal section shows the ovarian cavity

widens towards the style and has the aspect of an elongated triangle,
while the rest of it, around the ovule, is of restricted volume. There

initially occurs a prominence built up by uniform cells (figs 1, 2), of

slanting growth : it is the ovule primordium. Concurrently with the

beginning differentiation of the inner integument (ovule envelope), the

primordium starts to bend sidewards in the cavity of the ovarian nidus

(figs 3, 4). On the prominence top, in the sub-epidermal layer of the

young nucellus, a big plasma-rich cell with a large nucleus is distinctly

seen. This cell divides periclinally forming outwards a parietal cell,

which, by repeated periclinal and anticlinal divisions, will generate in

a fan-shaped arrangement 5 —7 cell layers constituting the nucellar

calotte, while inwards a cell which is the macrosporal (megasporal)

mother cell (figs 2, 4, 6). Concurrently with the formation of the nucellar
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PLATE I

Vitis silvestris Gmel.

Text — fig. I—7,1 —7, flower and ovule in longisection in divers stages of develop-

ment. I—2,1 —2, young ovule showing macrosporal mother cell and parietal cell ; 3—6,

young ovule with macrosporal mother cell situated appically, the inner integu-

ment starts growing ; 7, the partially development of the nucellar and epidermal

calottes, the macrosporal mother cell is in the centre of the nucella, the

integument are developed.

Drawing 1, 3, 5, = 50 X ; 2, 4, 6, 7 = 440 X- Original.
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PLATE II

Vitis silvestris Gmel.

Text — fig. B—l4,8— 14, flower and ovule in longisection ; 8, flower in longisection, in

the pollinic sacs the pollen grains are complete developed ; 9, in the centre of the

nucella the first division of the macrosporal mother cell ; 10, achievement of the

uniserial tétrade of macrospores ; 11—12, a liniar tetrad of macrospores, with the

fourth macrospore functioning ; 13—14, the beginning of the differentiation of

the embryo-sac.

Drawing 8 = 50 X ; 9—14 = 440 X- Original.
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PLATE III

Vitis silvestris Gmel.

Text — fig. 15—18, ovule in longisection, 15, four-nucleate stage of the develop-

ment of the embryo-sac ; 16, the ovule complete formed, the micropyle is delimited

by the inner integument only, the 8-nucleate Polygonum-type embryo-sac, before

fusion of the polar nuclei ; 17, the micropylar area of the embryo-sac with the

oosphère apparatus and the secondary nucleus adhering to the oosphère ; 18, the

embryo-sac in the process of double fecundation.

Drawing 440. X- Original.
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PLATE IV

Vitis silvestris Gmel.

Text — fig. 19— 19-a, ovule in longisection. 19, stage of the nuclear-type endosperm

and a bicelular pro-embryo ; one of the synergids survives, the antipodes are +

big and a pyriform shape : 19a, the ovule in longisection, the outher integument has

a considerable growth, surpassing the inner one and covering the inner

integument's micropyle.

Drawing 19 = 440 X : 19a =50 X- Original.
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PLATE V

Vitis sylvestris Gmel.

Text — fig. 20—21. 20, ovule in longisection, after the proces of fecundation ;

20a, the ovule transformations after the double fecundation, the chalaza passing

over to the ventral size ; 21, part of the seed anvelope, increased.

Drawing 20 =50 X ; 21 = 440 X- Original.
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calotte, 3—5 cell layers constituting the epidermal calotte come into

being from the epidermal cells of the nucellar apex by periclinal
divisions.

Due to the occurrence and development of the two calottes (the
nucellar and the epidermal one) the macrosporal mother cell will gra-

dually get a deeper location, eventually occupying the centre of the

nucellus ; as a rule, this cell is broader towards the micropyle and

narrower towards the chalaza (figs 7). Meanwhile, the ovule increases

in volume, its inner integument appears and starts growing, not cove-

ring, however, the nucellus, while, opposite to the funicle (ovule stalk),
the outer integument almost catches up with the inner one, in contrast

with the ovule stalk area, where it is merely sketched (figs 12, 13).

At this stage, the macrosporal mother cell divides by meiosis in

two cells, then it divides equationally, and a uniserial tétrade of macro-

spores is achieved (figs. 8, 9, 10). The three apical macrospores will then

disorganize, beginning with the first and the third one, then the second

one or, alternatively, the first two will start, followed later by the third

one (figs 11, 13), while the chalazal one will continue developing and

his nucleus, by repeated divisions, will bring forth the eight-nucleate
Polygonum-type embryo sac. At the eight-nucleate stage of the embryo
sac the ovule formation is completed ; the nucellus displays its two

calottes fully developed ; the inner integument formed by 3—4 cell

layers covers the nucellus apically delimiting the micropyle, while oppo-

site to the ovule stalk the outer integument formed by 3—4 cell layers

may or may not come up with in growth the inner one, without parti-

cipating in the formation of the micropyle ; towards the ovule stalk it is

poorly developed, being built together with the ovule stalk by 6—7 cell

layers (figs 13, 14, 15). During the differentiation of the embryo sac

from the eight nuclei, the ovule grows mainly through the volume

increase of the cells, while the size growth of the embryo sac also

happens by the consumption of a part of the nucellus and almost enti-

rely of the nucellar salotte (fig. 16). From the eight nuclei there will

be formed : — the oosphère apparatus, sited in the broader micropylar
area of the embryo sac and including the oosphère, with the nucleus

at the bottom, a vacuole over it and two synergids, devoid of vacuoles,
smaller than the oosphère and sited on its sides ; — the antipodal appa-

ratus built by three superposed nuclei sited in the embryo sac's chalazal

area, the latter narrowing in the shape of haustorial extensions ; the

two polar nuclei found in a dense plasma bag are making their way

towards the oosphère apparatus, in the proximity of which they will

merge together building the secondary nucleus of the embryo sac (figs

16, 17). At the time the pollen grains set out germinating on the stigma
and the pollinic tubes start penetrating the style, the embryo sac's

secondary nucleus adheres to the oosphère (fig. 17). At the same time

with the full differentiation of the embryo sac its size will increase

considerably. Such is the structural aspect of the embryo sac just before

the fecundation process. Also, concurrently with the maturation of the

embryo sac, the inner epidermis of the two integuments, particularly

in their micropylar portion, gets a brownish colour due to the nutrients
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accumulated there, these substances playing a role both in the attraction

and the feeding of pollinic tubes.

Baranov (1946) reported that antipodes in Vitis silvestris and in

V. vinifera get disorganized before the fecundation process, a fact which

could not be confirmed in the material investigated by us.

The pollinic tube penetrates through the micropyle (porogamia), the

gametes, carrying a large amount of plasma, penetrate in one of the

synergids, one gamete joining the oosphère nucleus, while the other

joins the embryo sac's secondary nucleus adhering to the oosphère.
The fusion of the four nuclei in the process of double fecundation

happens more or less simultaneously (fig. 18).
In Vitis silvestris the fecundation process takes place shortly upon

the pollenization. In the analysis of artificially pollenized gynoecia,

sampled and fixed every 15 minutes, we met the fecundation pheno-
menon 60 minutes after the pollenization. In the available literature we

did not find any specific statement as to the duration of the fecunda-

tion in members of the family Vitaceae, except for Baranov's remark

(1946) that "the effects of fecundation in the 'grapevine' can be obser-

ved the day after pollenization, as materialized in the perceptible increase

of the ovary".

During the fecundation process the antipodes slightly increase their

volume, get coated by an obvious plasmatic film and have a more or

less pyriform shape (fig. 18). The haustorial extension of the embryo

sac containing the antipodes shifts towards the area opposite to the

ovule stialk, while the nucellus cells at the embryo sac basis become

prolonged in a fan-shaped manner towards chalaza (the conductive

tissue), which gets a ventrally-basal position through the ovule trans-

formations.

As a result of the double fecundation the zygote and the accessory

zygote come into being, the latter shifts towards the embryo sac centre

and very soon starts to divide ; however, these divisions are not

followed by an occurrence of dividing membranes, but a nuclear-type

endosperm arises, developing at the expense of the nucellus, that is

consuming its cells around the embryo sac. Meanwhile, the zygote

undergoes its first transversal partition, thereby forming a two-cell

pro-embryo ; the synergid penetrated by the pollinic tube gets disor-

ganized, while the other survives, its nucleus assuming a more or less

basal position (fig. 19).

Concurrently with these transformations occurring in the embryo

sac and in parallel to the beginning disorganization of nucellar cells

around the embryo sac (where, at this stage, a nuclear endosperm and

a bicellular pro-embryo are found), numerous alterations occur in the

ovule body, as well as in its wall. Out of the four ovules present in the

ovary, only one (rarely two) will grow to become a seed, while in the

others the embryo sacs will degenerate : a very common phenomenon

in the Vitaceae.

The integuments also undergo significant transformations, namely :
the outer ovule envelope has a considerable growth, surpassing the inner

one and eventually covering the inner integument's micropyle (fig. 19 a) ;
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the exterior epidermis of the ovule envelope subsists under the aspect
of a layer of tangentially flattened cells ; the middle cell layer multi-

plies, its cells increase in size and accumulate an appreciable amount

of calcium oxalate in the shape of raphids, and they finally become

giant cells ; the interior epidermis of this integument divides, giving
rise to several regularly arrayed cell layers, the number of cell rows

differing in the various seed areas (being most numerous in the micro-

pyle area), so that, in the end, these much elongated cells, bearing
thickened membranes, offer a solid coat to the seed. The inner integu-
ment undergoes less alteration : both the exterior epidermis and the

middle cell layer remain unchanged ; the interior epidermis, in the

seed maturation period, gets its membranes thickened and brown-

coloured, therefore this cell layer neatly delimits the secondary endos-

perm gradually building up out of the nuclear endosperm (starting
from the basis of the embryo sac and eventually surrounding the

embryo formed in the micropyle area). The complete formation of the

embryo and of the secondary endosperm coincides with the total disin-

tegration of the nucellus, so that in the mature seed no nucellar remains

are found (fig. 21).

These transformations are accompanied by a slight bending of the

ovule, the chalaza passing over to the ventral side and the embryo sac

basal part incurving towards the chalaza (figs 20, 20 a).

The ovule alterations during the seed formation process are coexis-

ting further with a massive growth of the ovary wall and with a necrosis

process of the stigma and of the style (figs 20, 21).
The cultivated form "Pinot gris" (Ampelographic Collection of the

Agronomical Institute in Bucharest). Plates VI-VII, figures I—4.1 —4.

It is originating from French, autofertil, spread in majority vineyard
in Europa ; in Rumania is cultivated in the biggest vineyard. It is a

cosmopolite sort. It present bisexual flowers, normals, pentamerous,

bicarpellar, bilocular gynoecium, with 2 ovules in each locule. Ovary

pyriform with very small stil and a dilätated stigmate.
The ovule is anatropous-apotropous ascendent, bitegmic and crassinu-

cellate (placed in a restricted ovarian cavity), similar to that of Vitis

silvestris, from which is differs in : the outer integument consisting of

5 —6 cellular layers ; the epidermal and nucellar callotes are more

developed (from 6—7 or respectively from 10—15 cellular layers), but

which are consumed to the development of the embrj^o-sac.
The macrosporal cell is placed in the middle of the nucella, because

the callotes (nucellar and epidermal) are more developed, it is prolonged

and slender (fig. 1).
The embryo sac who is formed by repeated division of the chalazal

macrospore, is similar to that of Vitis silvestris from which is differs in

that it is usually alike wide in all its length, or more wide at the base

above of the haustorial extensions, the two polar nuclei merge together

building the secondary nucleus in the central part of the embryo sac

and after that it is making its way towards the oosphère apparatus ;

the antipods are in the haustorial projection triangulary disposed ; the

synergids have distintly basal vacuoles. Similar to that of Vitis silvestris
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the inner epidermis of the two integuments gets a brownish colour due

to the nutrients accumulated there.

The fecundation proces took in 15 minutes after pollenization and

it is similar to that of Vitis silvestris, from which is differs in that one

antipod undergoes resorbtion while the remaining two ones increase in

volume, become wrapped into a plasmatic film, they are pyriform and

they have the distinctly basal vacuoles (figs 2, 3).

Unlike Vitis silvestris, at this cultivated form, in the nuclear endo-

sperm stage, when the pro-embryo is bi or-tricellular, the outer inte-

gument grows very much in the micropylar area, adhere closely and

fuse together closed the micropyle (fig. 4).

The other transformations for produce the seed are similarly as in

Vitis silvestris.

The cultivated form "Gordin" (Ampelographic Collection of the

Agronomical Institute in Bucharest). Plate VII, figures 5—7.

It is one of the oldest rumanian cultivated form, cultivated in our

vineyard only, closed fertilization. Bisexual flowers, pentamerous, bicar-

pellar, bilocular gynoecium, 2 ovules developing in each locule. The lon-

gitudinal section shows a trapezoidal cavity towards the style, while the

rest of it, around the ovule is of restricted volume. The ovary has a

pyriform shape, a very short style and a dilatated stigmate.

The ovule is anatropous-apotropous, ascendant, bitegmic and

crassinucellate, the micropyle is delimitated by the inner integument

only. There is a nucellare calotte formed by 6—7 cell layers and an

epidermal one formed by 6—7 cell layers, too.

The development of the ovule, the calottes and of the embryo sac

is similar to that of Vitis silvestris ; the embryo sac is eight-nucleate,

by Polygonum type.

Unlike Vitis silvestris, to this cultivated form the embryo sac is

very long and slender ; the three antipods are situated one beneath the

other in the haustorial projection of the embryo-sac (figs. 5—6). At the

time of fecundation the antdpods increase in volume, become wrapped
into a plasmatic film, become more or less spherical in shape.

The proces of double fecundation do not happen simultaneously

like in Vitis silvestris (fig. 7).

The forming of the envelope of seed is similar to that of Vitis

silvestris.

Parthenocissus quinquefolia (L.) Planch. (Botanical Garden in Bucha-

rest). Plates VIII-XI, figures I—ls.1 —15. It is a robust creeper originating

from North America. It is cultivated for its ornamental qualities, to

cover walls. It present bisexual flowers : cuplike pentamerous calyx ;

pentamerous dialipetalous corrolla ; androceus consting in 5 stamens ;

bicarpellar, coencarpeous, bilocular gynoecium, 2 ovules developing in

each locule. Ovary pyriform, having very short style and reduced stig-

mate. The ovules develop at the carpellar base. They are anatropous-

apotropous ascendent, bitegmic and crassinucellate. In initial stages of

development of the ovules the ovarian cavity is triangular in shape

toward the style and in the micropylar area. When ovules are fully



299

PLATE VI

The cultivated form „Pinot gris"

Text — fig. I—3,1—3, ovule in longisection. 1, ovule complete formed, the micropyle
is delimited by the inner integument only, the epidermal and nucellar calottes

are well developed, the macrosporal mother cell is placed in the middle of the

micella ; 2, bicellular pro-embryo stage and the nuclear-type endosperm ; one of

the antipodes resorbed, while the remaining two ones increase in volume, are

wrapped into a plasmatic film, they are pyriform shape and distinctly basal

vacuoles ; 3, ovule in longisection with bicellular pro-embryo and the nuclear-

type endosperm, the chalaza passing over to the ventral side, the micropyle

is covering by the considerable growth of the outer integument.

Drawing 1,2 = 440 X- Original.
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PLATE VII

The cultivated form „Pinot gris"

Text — fig. 4, ovule in longisection, embryo-sac with bicellular pro-embryo and

the nuclear-type endosperm.

The cultivated form „Gordin"

Text — fig. 5—7, ovule and flower in longisection. 5, flower in longisection,

eight-nucleate embryo-sac, in the pollinic sacs the pollen grains are complete

developed ; 6, mature embryo-sac. long and slender, the antipodes are situated

one beneath the other in the haustorial projection of the embryo-sac ; 7, the

embryo-sac after the fecundation.

Drawing 5 = 50 X ; 6, 7 = 240 X- Original.
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PLATE VIII

Parthenocissus quinquefolia (L.) Planch.

Text — fig. I—B, ovule and flower in longisection. I—s,1 —5, young ovule in longi-

section showing macrosporal mother cell ; 6, nucella in longisection to show

liniar tetrad of macrospores ; 7, a liniar tetrad with the fourth macrospore

functioning ; 8, two nucleate female gametophyte.

Drawing 1, 4 = 50 X ; 2, 3, s—B = 440 X- Original.
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PLATE IX

Parthenocissus quinquefolia (L.) Planch.

Text — fig. 9—ll, ovule in longisection, development of ovule and embryo-sac,

Embryo-sac before fusion of polar nuclei; 11a, embryo-sac developed.

Drawing = 440 X- Original.
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PLATE X

Parthenocissus quinquefolia (L.) Planch.

Text — fig. 9a, 12a, b, 14, flower and ovule in longisection. Mature embryo-sac ;

14, stages in development of embryo (bi-cell proembryo) ; stages in the develop-

ment of endosperm.

Drawing 9a = 50 X ; 12 = 440 X- Original.
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PLATE XI

Parthenocissus quinquefolia (L.) Planch.

Text — fig. 13, 14a, b, 15, ovule in longisection. 13, 15, simultaneous fertilization,

stages in the development of nuclear endosperm, the nucella is stiped and the

endosperm cross hatched ; 13, tri-cells pro-embryo.

Drawing 13 = 550 X ; 14, 15 = 440 X- Original.



developed the ovarian cavity becomes reduced as a narrow space surrou-

ding the ovules.

At the beginning, a uniform cellular prominence appears from the

carpellar base in the ovarian cavity, representing the primordial ovule.

While growing, the latter undergoes a lateral curving in the ovarian

cavity. At the top of the prominence, subepidermally, in the young

nucella a large cell, rich in plasma and having a large nucleus is distin-

guished. This undergoes periclinal division to produce a parietal cell

outwardly and a macrosporal (megasporal) mother cell inwardly

(figs. 1, 2).

The macrosporal cell increases rapidly in mass and undergoes

meiotic division to produce two cells, then again equational division to

obtein a liniar tetrad of macrospores (figs 3 —6). During this time the

nucella hardly differentiates at all while the inner integument and the

outer integument oposite the funicular side appear and become deve-

loped.

The nucleus of the last macrospore soon starts dividing while the

remaining 3 apical macrospores are still distinguished and the caps have

not yet started differentiation (fig. 7).

Between the first division of the fourth macrospore (now the mother

cell of the embryo-sac) and its second division a rapid development of

the ovule body occurs, namely : the nucellar cap is formed following

repeated, periclinal and anticlinal division of the parietal cell, made of

10 to 12 cellular layers, and also the epidermal cap as a result of repea-

ted division of one epidermal cell of the nucella, made of 5 —7 cell

layers.

At the time when the caps are entirely developed, the inner inte-

gument made of 3(4) cell layers covers the nucella and delimits the

micropyle apically while the outer integument, consisting of 5(6) cell

layers opposite the funicule reaches the apical level of the nucella.

At this stage there is no diferentiation of the outer integument towards

the funicule. At this stage, the future embryo-sac is four-nucleate, situa-

ted in the middle of the nucella, protected by the two caps, almost of'

the same width all along its length, suddenly narrowed chalazally.

During the eight-nucleate stage the 2 micropylar macrospores appear

still very much flattened in the apical area of the embryo-sac (figs

8—10).

The embryo-sac is of the Polygonum type, similar to that of Vitis

silvestris from which is differs in that it is wider at the level of the

egg aparatus, much more narrowed in the middle where two polar nuclei

are fused, then it becomes again wider and terminates in a more or

less deep narrow haustorial projection (figs. 11, 11 a). On one side of

the haustorial projection there are 3 laterally occuring antipods (fig,

12 b). The secondary nucleus of the embryo-sac (which is formed at the

center of the sac) moves toward the oosphère to which it eventually

becomes attached. The two gametes introduced through the pollenar tube

which protrudes through the micropyle (porogamy) find the nucleus of

the oosphère and the secondary nucleus of the embryo-sac, very close
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to eachc other, and the fusion of the nuclei occurs almost simultaneously
(fig. 13).

After fertilization is completed, the accessorial zygote obtained from

the fusion of the gamete with the secondary nucleus of the embryo-sac
moves toward the base of the embryo-sac, its food source, where it

initiates division to produce a secondary endosperm of the nuclear type.

During this time one antipod undergoes resorption while the remaining
two ones increase in mass, become wrapped into a plasmatic film,
become more or less spherical in shape and are situated one beneath

the other in the haustorial projection of the embryo-sac (figs. 14, 14 b).
The tissue surrounding the haustorial projection and especially the

tissue at the base of it consists of elongate fan-like disposed cells having

slightly thickened membranes. During the development of the embryo-

sac and fertilization, the number of cell layers forming the micella

decreases as they are being eaten up by the growing embryo-sac.

After the nuclear endosperm is partly formed, the zygote undergoes,
its first division to produce a bicellular pro-embryo (figs 14, 14 a).

Another feature of the ovules in Parthenocissus quinquefolia that

distinguishes them from those in Vitis silvestris is that the micropylar
area of the integuments increased notably following fertilization and

become elongate. Both the inner and outer integuments, initially equal

in length, adhere closely to the funicule (fig. 14 a). It is only after the

nuclear endosperm becomes developed in the embryo-sac and the pro-

embryo reaches the bicellular stage that the outer integument opposite
the funicular side overreaches in growth the inner integument to close

the micropyle which following adhering of the inner integument becomes

reduced to a very fine channel, obliquely to the nucella (fig. 14).
Simultaneous with these alterations that occure in the embryo-sac

and in the micropylar area of the ovule, the cell layers of integuments

undergo differentiation to produce the seed tegumen similarly as in

Vitis silvestris. But unlike in the latter species, the chalaza moves in

the present species slightly ventrally while remaining basal, a position
that unduces a very slight curving of the terminal part of the embryo-
sac as well as of the fan-like tissue at its base (fig. 14).

Ampélopsis heterophylla Blume. (Botanical Garden of Bucharest).

Plates XII—XIV, figures I—ll. It is a plant originating from Asia

and North America. It presents bisexual flowers pentamerous. Bicar-

pellar, coenocarpeous, bilocular gynoecium, with 2 ovules in each locule.

The ovules develop at the carpellar base, they are anatropous-apotro-
pous, ascendant, bitegmic and crassinucellate. In initial stages of deve-

lopment of the ovule the ovarian cavity is ± triangular towards the

style. When ovules are fully developed the ovarian cavity became

reduced as a narrow space surrounding the ovules. The stil is long
and the stigmate reduced (figs I—3).1 —3).

The ovules develop at the carpelar base, from which appears a

uniform cellular prominence representing the primordial ovule. While

growing, the latter undergoes on the begining ± horizontally, then

curving in the ovarian cavity (figs I—3).1 —3).
The develop of the caps and the macrosporal mother cell is similar

to that of Vitis silvestris, from which is differs in : the caps are entirely
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PLATE XII

Ampélopsis heterophylla Blume

Text — fig. I—B, flower and ovule in longisection ; I—2,1 —2, young ovule formed by

the uniform cells ; 3, young ovule with the maerosporal mother cell situated

appicaly ; 4—5, beginning of the differentiation of the inner integument and a big

maerosporal mother cell ; 6, a liniar tetrad of macrospores with the fourth

macrospore functioning (the mother cell of the embryo-sac) ; 7. 2-nucleate

embryo-sac and the ovule completlv formed, the epidermal and nucellar calottes

fully developed, the micropyl is delimited by the inner integument only.

Drawing 1, 4 = 50 X : 2. 3. s—B = 440 X- Original
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PLATE XIII

Ampélopsis heterophylla Blume

Text — fig. 9—lo, ovule in longisection. 9, 8-nucleate embryo-sac, the polar nuclei

in the middle of the embryo-sac ; 10, the moment of the double fecundation, the

pollinic tube penetrates through of the top of the integuments, the antipodes

are big and they are pyriform shape.

Drawing 240 X- Original.
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PLATE XIV

Ampélopsis heterophylla Blume

Text — fig. За, 9a, 11, flower and ovule in longisection. 3a, 9a, flower in longi-
section ; 11, ovule in longisection after the double fecundation, the pro-embryo
and the nuclear-type endosperm, the antipodes are big and pyriform, the outer

integument surpasing the inner one and covering the inner integument's micropyle

Drawing 3a, 9a = 50 X ; 11 = 240 X Original.


