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PERICLINAL CHIMERAS IN DATURA IN RELATION TO THE DEVELOPMENT 
AND STRUCTURE OF THE OVULE 1 

Sophie Satina 

THE USE of periclinal chimeras in ontogenetic 
studies of floral organs has been shown in a series 
of recent publications on Datura ( Satina and 
Blakeslee, 19•H, 19'J.8; Satina, 1944). Various types 
of periclinal chimeras were obtained from seeds 
treated with colchicine (Satina, Blakeslee and 
Avery, 1940). This drug may increase the number 
of chromosomes in affected cells giving rise to ,J,n 
and Sn tissues. In periclinal chimeras which result 
from colchicine treatment only a single one of the 
three layers in the primary shoot apex may be poly
ploid, and hence distinguishable from the others. It 
has been possible to trace the contribution of the 
outermost layer (LI), the second layer (L II) and 
the innermost layer (L III) to the development of 
the various floral organs, by labelling such layers 
by means of differences in chromosome numbers. 

Various types of periclinal chimeras have been 
used again in the present paper, the subject of 
which is the initiation and earliest development of 
the ovule and the growth and structure of the ovular 
coat. 

The importance of understanding the structure 
and function of the ovule in every detail is evident. 
Full and correct information about the body whose 
primary function is to bear the female gamete and 
to become the seed will lead to a better understand
ing of its origin and development and of the proc
esses directly connected with the mechanism of nu
trition and growth of the embryo sac. It also might 
throw some light on a number of problems connected 
with plant physiology and plant breeding, such as 
seed dormancy, seed failure in incompatible crosses, 
etc. 

1 Received for publication October 30, 1944. 
Contribution from the Department of Botany, Smith 

College, New Series No. 15. This investigation was sup
ported in part by the Carnegie Institution of Washington. 

The author wishes to thank Dr. A. F. Blakeslee for his 
help and valuable suggestions throughout this work. 

l\Iuch is known about the structure and function 
of the megaspore from numerous studies which have 
been made on the morphology and cytology of the 
megaspore motlier cell and the embryo sac before 
and after fertilization. l\Iuch less attention has been 
paid so far to the remaining constituents of the 
ovule, the cells forming the integument, and the 
cells of the nucellus, particularly those cells at the 
chalazal end of the ovule. Studies on the structure, 
function and fate of these ovular tissues are incom
plete. Usually only brief statements about the nucel
lus and integument accompany the detailed studies 
on the megaspore; the chalaza, namely, the cells 
located between the embryo sac and the funicle in 
a developing ovule, is generally neglected. In some 
respects the conclusions regarding the fate of the 
nucellar cells and of the integument seem to be con
tradictory, probably because of a great variability 
in the structure and development of ovular tissues 
in plants belonging to a wide range of species. There 
are also apparently misinterpretations, the most fre
quent of which are connected with the nature of the 
layer adjacent to the embryo sac. Dahlgreen (1927) 
lists a number of papers in which the innermost 
layer of the integument is considered a part of the 
nucellus. It seems that the same misinterpretations 
are found in other recent papers (Cooper and Brink, 
1940; Cook, 192·1). Such misinterpretations are ap
parently the result of a lack of a proper definition 
of the nucellus, a fact also recognized by Dahlgreen 
(1927). The definitions found in the literature are 
rather vague and inconsistent. In speaking of the 
young ovule the nucellus in current literature is 
described as the inner cellular mass of the ovule, or 
as the central parenchymatous mass of the ovule. 
In the mature ovule, however, the generally accepted 
definition considers the nucellus as only that part 
of the ovule which is surrounded by the integument, 
and the integument is described as arising from or 
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at the base of the nucellus (Bower, 1919; Engler 
and Prantl, 1926; Strasburger, 1930; Goebel, 1933; 
Haupt, 1934; Pearson, 1932- 33; Wettstein, 1935), 
or it is even stated that the integument is grown "con
genitally" with the funiculus (Dahlgreen, 1928). 
Should the nucellus be interpreted only as that por
tion of the ovule which is covered with the integu
ment? Should such an interpretation be accepted in 
the case of species where the integument starts to 
develop near the apical portion of the nucellus and 
not at or from its base? In Datura, as in Lycopersi
con (Cooper, 1931), in Solanum (Rees-Leonard, 
1935) and in Ulmus (Walker, 1938) the integument 
arises as an outgrowth of the epidermis at the level 
just below the archesporial cell, and continues its 
growth outward around the upper portion of the 
nucellus. There is a large mass of parenchymatous 
nucellar tissue below the archesporial cell, which is 
not invested by the integument. It would seem more 
consistent to consider this tissue as nucellar in both 
young and mature ovules. As will be shown in later 
paragraphs these cells take an active and important 
part in nourishing and protecting the embryo sac 
and in the formation of the seed coat. Moreover, 
they are of the same origin as those nucellar cells 
which are surrounded by the integument. The pres
ent paper, therefore, will use the term nucellus to 
include not only that portion of the ovule invested 
by the integument, but also the ovular tissue be
tween the megaspore and the funicle. 

The earlier papers on the nucellus and the integu
ment will not be referred to here. The literature con
cerning the nucellus is covered by Dahlgreen (1927) 
in his review of the morphology of the nucellus, and 
by Schnarf (1929). A list of papers on the integu
ment can be found in the comprehensive and detailed 
work by Soueges (1907) relating to the structure 
and development of the seed coat in over HO spe
cies of the Solanaceae, including Datura stramonium 
and four other Datura species. Soueges summarized 
the scattered and incomplete observations on the 
various changes which take place in the ovular lay
ers during the development of the ovule. He added 
a number of important details on the formation of 
the single integument. Our present knowledge of the 
structure and function of the tissues which form the 
seed coat in Datura and other Solanaceae is primar
ily based on his work. According to Soueges, when 
the embryo sac is ready for fertilization, three lay
ers can be distinguished in the ovular coat of the 
Solanaceae: (a) an outermost layer (b ) a median 
layer and ( c) an innermost layer. Both the outer
most and innermost layers develop from the epider
mis and each is one cell thick. The median layer 
which has an inner and outer zone, each several cells 
thick, develops from cells which lie within the epi
dermis. Only the outermost layer of the integument 
has a purely protective function. The function of the 
median and of the innermost layers can be consid
ered protective only at early stages. The function 
of the median layer is primarily nutritive; the func-

r 

tion of the innermost layer is primarily digestive. 
This statement is in accord with Guignard ( 1893) 
who studied the structure of the seed coat in other 
'plants. In recent papers on the Solanaceae, Svensson 
(1926) also attributes a digestive function to this 
layer, while Young ( 1923 ), Cooper ( 1931 ) and 
Rees-Leonard (1935) consider it to be nutritive. 
Several names have been used in the literature to 
designate this innermost layer of the integument in 
various species. In the present paper it will be re
ferred to as the endothelium. 

According to Soueges, during the growth of the 
ovule a number of cells have digestive properties 
and the digestive function passes from one cell or 
group of cells to another at various stages of devel
opment of the ovule; from the m.m.c2 to antipodal 
cells, from these to the endothelium and then to the 
endosperm. 

The structure of the embryo sac when ready for 
fertilization was described for Datura stramonium 
(D. laevis) by Guignard (1902 ) . It has the common 
eight nucleated structure. Details on megasporo
genesis and on the formation of the embryo sac in 
the same species were given by Satina and ~lakeslee 
(1935, 1937) and need not be repeated here. The 
brief statements made on this subject by Glisic for 
D. metel (1928) are in agreement with these obser
vations on D. stramonium. There is also agreement 
in respect to the development of the endosperm in 
both species. The planes of th first two divisions in 
D. stramonium follow the order described by Glisic 
in D. metel, i.e., the first division is transverse and 
the second is longitudinal. It is not possible to agree 
with Guignard (1902), who claimed that in D. laevis 
(D. stramonium) the first three divisions in the endo
sperm are transverse. Both Datura species thus be
long to the same group and D. metel should not be 
considered intermediate between D. stramonium and 
Hyoscyamus, as has been assumed by Glisic ( 1928), 
who based his conclusion on Guignard's statement. 

It has been shown in a recent paper on Datura 
that in the young ovaries ready for the formation of 
ovules, the placenta is built up primarily by the cells 
of the innermost layer (L III ) and that at this 
stage the epidermal layer ( L I ) and the subepider
mal layer (L II) each supply only one layer of cells 
(Satina and Blakeslee, 1943) . A few additional L II 
cells are sometimes formed apparently because of 
premature periclinal divisions in the subepidermul 
layer of the placenta (fig. 1) . However, as can be 
seen in figures 1, 2, l 1 and 12, it is the L III layer 
in the placenta which actually initiates the form:1-
tion of ovules. Groups of L III cells under the sub
epidermal layer begin to multiply rapidly, forming 
the bulk of numerous projections. Each projection 
is covered with one layer of L II cells and one layer 
of epidermis. These young ovules are scattered all 
over the previously smooth surface of the placenta, 
which becomes undulate. The initiation of the ovules 
begins in the upper portion of the placenta and con-

2 m.m.c. = megnspore mother cell. 
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Fig. 1- 10. Periclinal chimeras, ovule development.- Fig. 1-4, 6-10, long. sections, fig. 5a- 5c, trnnsections.- Fig. 1. 
Placenta, initiation of ovules by the 2n, L Ill layer.- Fig. 2. Same, initiation by the Bn, L III layer.- Fig. 3, 4. Young 
ovules: nucellus with an archesporial cell, provascular cells. Early development of the integument from epidermal 
cells.- Fig. 5a- 5c. Ovule, sections cut at different levels: (a) near the top of the m.m.c.; (b) through the median por
tion of the m.m.c., and (c) below its base. The number of 2n nucellar cells increases toward the base. The Bn integu
ment is more developed on the upper side of the ovule (right) than on its inner side (left).- Fig. 6. Same stage. Nu-
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tinues downward. Each ovule is separated from the 
adjacent ovules by the epidermal and subepidermal 
cells of the placenta. These cells also divide inten
sively thereby adding to the surface of the ovule, 
which rapidly increases in volume, and to the tissue 
separating the adjacent ovules (fig. 2). The earliest 
stages of ovule development are shown in figure I. 
In this longitudinal section of the placenta of a 2n, 
·In, 2n chimera the two projections seen at the left 
are formed predominately by diploid L III cells . 
The single L II layer is tetraploid. The initiation of 
two more ovules is seen on the right where division 
in the two groups of L III cells began later and 
where the surface of the placenta is still almost 
smooth. The initiation of these two ovules can be 
recognized, however, by the additional L III cells 
which form an angula r line of diploid cells under 
the tetraploid subepidermal layer. The initiation of 
two more ovules is seen in another 2n, •1 n, 2n chimera 
( fig. I I). The beginning of ovule formation in 2n, 2n, 
Sn chimeras is shown in figures 2 and l 2. As in the 
earlier stage just discussed, protuberances are 
formed predominantly by L III cells. The L III 
layer in these chimeras is octoploid and can be easily 
distinguished by the size of its cells from the diploid 
subepidermal L II layer. The section through the 
ovule on the very right in figure 12 is not median and 
the diploid cells seen in this ovule belong to the sub
epidermal and epidermal layers covering the inner 
portion of the ovule. 

The ovules seen in figure 11 are about 2·1, p. thick; 
those in figures 2 and 12 are about 4 8 p. thick. Very 
soon after initiation, the divisions of L III cells in 
the young ovules become less frequent. Instead, a 
rapid multiplication of cells begins in the subepi
dermal layer L II, so that for a certain period the 
further growth of the ovules depends primarily on 
the contribution of the L II layer. The cells divide 
in various planes and form the nucellus, from which 
the sporogenous tissue will differentia te. In later 
stages, cells from L III are seen only at the bl!se of 
the ovule ( fig. 3, •J. ) , and still later in the funiculus , 
where they form the single vascular bundle ( fig. 6, 
16, 17, 19, 23 ) . ·when the ovule becomes about 70 p. 
thick ( fig. 3, •J. ) the archesporial cell is already easily 
distinguished from the rest of the cells of the nucel
lus. It is larger and stains differently. The arche
sporial cell differentiates from the subepidermal 
layer of the nucellus near the apex of the ovule (fig. 
3, •J., H,). It is not rare, however, to find ovules with 
two, three or more archesporial cells (fig. 13 ) . They 
are either all suhepidermal, lying side by side, or 
some may differentiate from the layer below. Such 
is the case in figure 13, but the fourth archesporial 
cell suggested in this figure is clearly evident in the 
next section. Usually only one cell develops into the 

m.m.c. and goes through reduction division, growth 
in the other archesporial cells being arrested. How
ever, a few cases have been observed in Datura 
where at least three archesporial cells have become 
initiated in the subepidermal and the hyposubepi
dermal layers and have gone through reduction divi
sion. Twin embryos have been reported us not in
frequent in Datura (Satina, Blakeslee and Avery, 
193,J.). It is clear that potential archesporial cells 
are located not only in the subepidermal layer of the 
nucellus but also below it. This is in agreement with 
the observations made in some other species of the 
Solanaceae (Rees-Leonard, 1935; Lesley, 1926). 
More information on this subject in other species is 
given by Dahlgreen (1927) and by Schnarf (1929). 

l\Iature ovules in the Solunaceae are usually classi
fied as anatropous or slightly campylotropous 
(Soueges, 1907). Applying Goebel's classification 
(1933, p. 2003) the ovules of Datura must be con
sidered anatropous only for a short period of their 
development. ,vhen the megaspore is forming they 
are rather campylotropous (fig. 18, 21- 23) or inter
mediate between anatropous and campylotropous 
( fig. 2•J.). After fertilization they become slightly 
amphitropous. Such changes in position of the ovule 
during development are not rare in plants according 
to Goebel (1933, p. 20M ) . There is a great varia
tion of types of ovules in Datura stramonium. Their 
position depends apparently on their location on the 
placenta and on their number. In rare cases some 
ovules were found to be quite erect or atropous in 
late stages of development, but as a rule in this spe
cies the ovules are erect only in the very early stages. 
Their inversion begins before the m.m.c. divides 
meiotically and is connected with the development 
of the integument. 

When the archesporial cell begins to differentiate 
from the nucellus it is covered at the top by a single 
epidermal layer. Soon some epidermal cells lying 
on both sides of the archesporial cells divide peri
clinally. This happens when the ovule is till almost 
erect. It is the beginning of the formation of the 
single integument of the ovule. The first additional 
epidermal cells resulting from periclinul divisions 
in Datura are formed at the level of the base of the 
archesporial cell, but not at the base of the nucellus 
as is usually stated in current literature. This. early 
!fevelopment of integument is seen in ovules of two 
Sn, 2n, 2n chimeras, where the epidermis is octo
ploid (fig. •J. , 15) and in two ovules of 2n, 4n, 2n 
chimeras, where it is diploid (fig. 3, M) . The ovule 
curves at the region where the integument begins to 
develop and the inYersion occurs as a result of more 
intensive growth on one side of the ovule. As is seen 
in figures 4,, 6, B, 17, fewer cells have divided in 
each ovule on the inner side of the curving body. 

merous 2n nucellur cells hehind the m.m.c.- Fig. 7. Prophase in m.m.c., nucellur cells on its sides still uppeur normal.
Fig. 8. Second anuphase in m.m.c. ; few disorganized fin nucellar cells ut the base and on the sides of the m.m.c.- Fig. 9. 
Same, Inter stage. Cells of 811 innermost layer of integument are ready to replace the dead nucellar cells on the sides of 
the megaspore.- Fig. 10. Embryo sue, endothelium with an open space at chaluzal encl, disorganized 911 nucellar cells 
outside the endothelium. 
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Fig. 11- 19. Periclinal chimeras. Ovule development. Photomicrographs. Long. sections.- Fig. 11. Placenta, initiation 
of ovules by the 211, L III layer.- Fig. 12. Same by the Sn, L III layer.- Fig. 13. Nucellus with three archesporial cells. 
- Fig. 14-16. Young ovules, single archesporial cell in each. Early development of integument from epidermal cells at 

( 



77 Feb., 10,15] SATINA- OVULAR STRUCTURE AND DEVELOPMENT IN DATURA 

From early stages, the cells of the outer side multi
ply more rapidly than the cells on the inner side. 
This explains why the integument has a larger num
ber of cell layers on the outer or convex side of the 
ovular coat, than on the inner or concave side, in the 
early as well as in the mature stages ( fig. 16, 17, 20, 
21). The inversion is accompanied by an elongation 
of the nucellar cells around the m.m.c. and of the 
m.m.c. itself, and by multiplication of the cells which 
form the integument. This results in a continuous 
outward growth of the distal region of the ovule. In 
later stages the micropylar end of the ovule turns 
toward the funicle (fig. 17, 20, 21). The integument 
at its base is united to the cells of the nucellus near 
the chalazal end. The part of the integument which 
develops on the inner side of the inverted ovule be
comes adherent to the funiculus ( fig. 20- 22, 2,1,). 

At early stages, all the cells adjacent to the m.m.c. 
are nucellar with the exception of those of the epi
dermis at the top of the ovule. In figures 3 and 14 
the nucellus is tetraploid; in figures ,1, and 15 it is 
diploid. After the differentiation of the archesporial 
cell, the cells in the L II layer, which contributed to 
the formation of the nucellus, begin to divide less 
frequently. In later stages, when the m.m.c. is ready 
to divide meiotically the cells of the nucellus around 
the m.m.c. stop dividing and the multiplication of 
the nucellar cells continues only in the lower portion 
of the nucellus- in the chalaza ( fig. 6, 7). Until after 
fertilization, these dividing nucellar cells contribute 
chiefly to the width and thickness and less to the 
length of the ovule. The growth in length of the 
latter from now on until the embryo sac is formed 
depends primarily on the increase in size of the 
megaspore and on the multiplication of cells of the 
LI layer. The LI layer alone forms the integument 
in Datura. The integument rapidly develops in 
length, width and thickness and soon overgrows the 
m.m.c. Except at the base where the integument 
never develops it surrounds this cell almost entirely 
leaving a very narrow opening- the micropyle- at 
the distal end (fig. 18). The beginning of the forma
tion of the micropyle is seen in figure 17 at the stage 
when the m.m.c. has just divided. It will be a long 
time before the megaspore cell will divide mitotical
ly. The cell increases considerably in length and 
width and becomes about three times as long as wide 
before it is ready for the three successive divisions 
resulting in the formation of the 8-nucleate embryo 
sac. Together with the growth of the megaspore a 
marked increase in size is seen in the integument. 

In early stages the cells of the integument are 
adjacent to the m.m.c. only near its top ( fig. G, 7, 
15). The median and basal portions of the m.m.c. 
nre surrounded by nucellar cells. In older stages, 
when the megaspore has formed, the integument re
places the nucellar cells along the sides of the mega
spore and becomes adjacent to it all along its length 

(fig. 8, 9, 16, 17). This happens because there is a 
continuous disorganization of the nucellar cells 
which lie around the megaspore. The innermost cells 
of the nucellus gradually become digested and ab
sorbed by the growing m.m.c. (fig. 7, 8, 16, 17) . The 
outer nucellar cells which successively become adja
cent to the megaspore when they replace the already 
digested cells are also soon disorganized ( fig. 9, 18) . 
W"hen all the nucellar cells along the sides of the 
megaspore have been absorbed by the latter they 
are replaced by the cells of the innermost layer of 
the integument. The last cells of the diploid nucellus 
which are considerably disorganized, are seen in 
figure 9. This longitudinal section was made through 
an ovule of an Sn, 2n, 2n chimera. The formation of 
the endothelium which lines the megaspore is almost 
completed. The cells in this layer differ from other 
cells in shape and by the neat order they assume. 
They are elongated perpendicularly to the long axis 
of the megaspore and form an almost complete circle 
around it. It is only at the base of the mcgaspore 
that the nucellar cells remain adjacent to it. 

The relative number of cells of the integument 
in comparison with those of the nucellus around the 
m.m.c. can best be studied in transverse sections of 
ovules cut at different levels. Three sections cut re
spectively near the top of the m.m.c. ( fig. 5a), 
through its median portion ( fig. 5b), and slightly 
below its base (fig. 5c), were made through a young 
ovule of an Sn, 2n, 2n chimera. The m.m.c. in this 
ovule had not yet divided meiotically. In figure 5a 
the number of octoploid integument cells predomi
nates ovei: that of the diploid nucellar cells. There 
are more diploid nucellar cells around the m.m.c. in 
the median level of the ovule ( fig. 5b), but the pro
portion between the number of integument cells and 
of nucellar cells remains approximately the same. 
In figure 5c the cells of the nuccllus arc more abun
dant than those of the integument. Four diploid cells 
with larger nuclei in the center of the section are 
also nucellar. They will be discussed later. Trans
verse sections through older ovules invariably 
showed a decrease in the number of the nucellus cells 
and an increase in the number of cells forming the 
integument. 

At the stage when the embryo sac is ready for 
fertilization it is almost completely surrounded by 
the endothelium which has come from L I. Only a 
narrow space about 24 µ. in thickness, is left free 
from the endothelium near the base of the antipodal 
cells at the chalazal end ( fig. 10) . This space re
mains open and serves as a contact, before and after 
fertilization between the embryo sac and the basal 
portion of the nucellus ( fig. 18, 20- 2•1, ) . 

Distinct changes also take place, during the de
velopment of the ovule, in a small group of nucellar 
cells located at the proximal end of the m.m.c. and 
the embryo sac. This group may sometimes be dis-

the top of the ovule.- Fig. 17- 19. Later stages. Formation of the micropyle, chalazal pocket, and funicle with a vas
cular bundle. Disorganization of ~n nucellar cells at the sides of the megaspore. Nucellar cells around chalazal pocket 
app•ear normal. 
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tinguished by their larger size in very early stages, 
soon after the differentiation of the archesporial 
cell ( fig. ,J,, 5c). It is possible that the early differ
entiation of such cells indicates a tendency for them 
to become the additional archesporial cells discussed 
above. In older stages, when the m.m.c. divide 
meiotically, a group of nucellar cells at the chalazal 
end can always be recognized from other cells by 
larger size, smaller amount of cytoplasm and thinner 
cell walls (fig. 8, 9). This group of cells becomes 
completely disorganized when the embryo sac is 
ready for fertilization. The chalazal pocket replaces 
them ( figs. 20, 22), but it is evident that the disin
tegration of this group of cells is in progress long 
before the antipodal cells are formed (figs. 17, 18, 
19). The cell contents are digested and absorbed by 
the m.m.c. and later by the megaspore and not neces
sarily by the antipodal cells, as has been stated by 
Soueges ( 1907). Only vestiges of these nucellar cells 
are left when the antipodal cells are formed. The 
size of the chalazal pocket varies considerably and 
in a few exceptional cases its diameter was found 
almost equal to that of the mature embryo sac. 

Figures 20- 2•.I< will help in understanding the ori
gin and str).lcture of tissues in the ovule with the 
mature embryo sac ready for fertilization. As can be 
best seen in figure 21, the cells of the octoploid inte
gument and the cells of the diploid nucellus both 
participate in the formation of the ovular coat which 
after fertilization will eventually become the seed 
coat. The integument and the nucellus lie side by 
side and there is no clearly defined line between 
them; their cells are intermingled and the propor
tion of each tissue varies slightly in different ovules. 
It is evident, however, that at this stage of develop
ment the major portion of the ovular coat is con
tributed by the integument; the micropylar end, and 
about two-thirds of the outer side of the ovular coat, 
which is about ten layers thick, are formed by the 
integument alone. The integument contributes only 
two or three layers of cells on the inner side of the 
ovular coat. The chalazal end of the ovular coat and 
several layers of cells on the inner side of the latter 
are formed by cells contributed by the nucellus. The 
base of the embryo sac is embedded in the nucellus 
and few nucellar cells lying on the sides of the chala
zal pocket run at a slightly higher level over its base 
into the cells of the integument (figs. 20-23). Be
yond the chalazal pocket the nucellar tissue is con
nected with the vascular bundle and the funicle (fig-s. 
23, 2•.l,). The contact between the funicle and the 
micropylar tissue is seen best in figures 20, 21 and 
23 because of the difference in cell sizes of the diploid 
and polyploid tissues forming the funicle and the 
integument. 

In the control plant and in chimeras in which the 

L I and L II layers have the same chromosomal 
constitution, it is hardly possible to distinguish 
which portion of the seed coat has been contributed 
by the nucellus and which by the integument. In 
figure 2,.1<, which represents a section of an ovule of 
11 2n, 2n, 4n chimera, the nucellus and the integu
ment are both diploid. The larger tetraploid cells 
seen in the funicle were developed from the L III 
layer. With the exception of the cells of the epider
mis and of the endothelium which are slightly larger 
and differ somewhat in shape from the rest, there is 
no distinct difference between cells belonging to the 
nucellus and those of the integument. The stronger 
affinity for stain in some layers (Soueges' inner zone 
of the median layer) is seen in cells contributed both 
by the nucellus and by the integument ( figs. 20, 24), 
though as 11 rule the cells at the chalazal end stain 
darker than those at the micropylar end ( figs. 
20-24). 

The three layers forming the seed coat, as de
scribed by Soueges, can be seen and studied better 
in free hand sections treated by iodine and other 
reagents than in fixed and stained material. As l1as 
been mentioned above, the endothelium and the out
ermost epidermal cells are usually larger than the 
cells of the median layer. They also differ in shape 
( figs. 20- 2,J.). About five layers of cells filled with 
starch and dense cytoplasm represent the inner zone 
of Soueges' median layer. These cells stain darkly, 
particularly on the convex side of the ovule. The 
outer zone of Soueges' median layer is wider than 
the inner zone and stains lightly, though the cells in 
this zone also have a considerable amount of reserve 
food. The cells in this zone continue to multiply after 
fertilization and add considerably to the growth of 
the seed coat, while the cells of the inner zone are 
digested and absorbed by the endothelium. As a re
sult of such disorganization the endothelium be
comes almost separated from the rest of the integu
ment. About ten to twelve days after fertilization 
the endothelium itself is digested and absorbed by 
the endosperm. The latter digests also the major 
part of the outer zone of Soueges' median layer. 
Further details regarding the mature seed coat and 
the embryo development will be given in a later 
paper. 

D1scuss10N.- The use of periclinal chimeras has 
been of great help in studying the development and 
structure of the ovule in early and mature stages. 
The material collected from chimeras with poly
ploid epidermis (L I) and diploid median layer 
(L II) and from chimeras with the reverse combina
tion made it possible to learn in detail the origin and 
fate of various tissues participating in the formation 
of the ovule and its coat. 

The ovules develop in 11 different manner from the 

Fig. 20- 24. Periclinal chimeras, ovules, photomicrographs. Long. sections. The ovular coat has three layers: the epi
dermis, the median layer and the endothelium. With the exception of an open space, seen at the chalazal end, the endo
thelium forms an almost complete circle around the embryo sac. At the chalazal end the median layer of the coat is 
formed by nucellar cells, at the micropylar end and on the sides of the embryo sac it is formed by the integument. The 
outer side of the integument is wider than the inner. 
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other organs. There is a distinct alternation in the 
activity of the cells contributing to the growth of 
the ovules. As a result of such successive activity of 
the three layers the ovule can be roughly divided 
along its length into three portions, one following 
the other. In each, the funicle, the nucellus, and the 
integument, the cells derived from one of the three 
layers, L III, L II and L I, predominate in number 
over the others. 

Cells of epidermal origin alone participate in the 
formation of the integument. Contrary to Soueges 
the cells from the inner tissues do not take part in 
the formation of the integument. Soueges' statements 
concerning the protective, nutritive and digestive 
properties of the integument are confirmed by this 
study. The same is true in regard to his observations 
on the digestive properties of different cells at vari
ous stages: the megaspore, the endothelium and the 
endosperm. There is no doubt that the development 
of the embryo sac and its growth in length, width nnd 
thickness is directly connected with the disorganiza
tion and digestion of the cells lying around the em
bryo sac. The absorption of these cells serves a 
double purpose: it supplies the megaspore with nu
tritive substances and it makes space for the enlarg
ing embryo sac. In accord with Soueges it also has 
been found that the ovular coat, in ovules ready for 
fertilization, has three layers, the tissues of which 
differ in structure and function. There is, however, 
a great difference in the interpretation of the origin 
of the ovular coat. According to Soueges (1907) and 
to Schnarf (1929, 1931), all the nucellus in the 
Solanaceae is digested long before the embryo sac 
becomes ready for fertilization. This is true in 
Datura only in respect to the nucellar cells lying 
around the megaspore and the few cells located im
mediately beyond its chalazal end. A considerable 
number of nucellar cells at the base of the integu
ment and around the chalazal pocket remain active 
and participate, together with the integument, in 
the formation of the ovular coat. The same is true in 
Phaseolus (Brown, 1917) where the nucellar cells 
at the chalazal end persist until late stages. They 
become larger and are arranged in definite rows, 
which diverge from the point of origin of the integ
ument. The nucellar cells function like Soueges' 
median layer. They store food and their function 
before fertilization is predominantly nutritive. 
Later, after fertilization, they begin to multiply 
more intensively than the cells of the micropylar 
end of the seed coat and add much to the growth of 
the seed. It is the portion at the chalazal end of the 
seed coat which is predominantly responsible for 
the size and shape of the mature seed. 

There are evidences which indicate that inhibitors 
which cause seed dormancy in Datura are located in 
the seed coat. They are apparently present in the 
dead cells which fill the space of the concave surface 
of the seed. Details regarding this important factor 
will be given in a later paper. It is mentioned here 
only in connection with the numerous functions 

which are characteristic of the tissues which form 
the seed coat. In this respect the greatest variability 
in function is seen in the integument. The cells of 
the integument which are all epidermal in origin per
form protective, digestive and nutritive functions. 
They store large quantities of food and are later 
themselves used as food. Other functions of cells 
derived from the epidermis in Datura ha,•e been dis
cussed recently in another paper (Satina, 19411,). 
This variability in function, together with the fact 
that the epiderlnal cells may change readily their 
functions at various stages, supports Linsbauer's 
interpretation of the epidermis ( 1930). Arguing 
against the physiological definition of this tissue, 
according to which the epidermis is only a purely 
protective tissue, Linsbauer offers a broader mor
phological concept of the epidermis. He believes 
that one of the most important differences between 
the epidermis and other tissues lies in the fact that 
the epidermis is not limited to one main function, 
but that it can perform several others. It is the abil
ity to carry on a variety of other functions which is 
considered by Linsbauer as one of the main proper
ties of the epidermis. The present paper is in com
plete agreement with the point of view of Linsbauer 
regarding the diverse functions of the epidermis, 
which has been found to form not only the outer coat
ing of the ovular coat but also the entire inner tissue 
of the integument. 

SUMMARY 

The ovule is initiated from the innermost layer, 
L III. 

The nucellus develops from the median layer, 
LII. 

The integument arises at the level just below the 
base of the archesporial cell and develops from the 
outermost layer, L I. 

The archesporial cell arises in the subepidermal 
layer of the nucellus. Nucellar cells surrounding the 
megaspore are digested and absorbed during the 
development of the ovule. Nucellar cells in the chala
za persist and remain active. 

The micropylar portion of the ovular coat is 
formed by the integument; the chalazal portion is 
formed by nucellar cells. 
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