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PERICLINAL CHil\IERAS IN DATURA IN RELATION TO DE\ELOPMEN'.r AND 
STRUCTURE (A) OF THE STYLE AND STIGl\IA (B) OF 

CALYX AND COROLLA 1 

Sophie Satina 

A. STYLE AND STIGMA 

AN ACCOUNT of the initiation and deYelopment of 
the carpel in Datura was given in a recent paper 
(Satina and Blakeslee, 191,3). The deYelopment 
and structure of the ovules will be discussed in a 
paper now in preparation, while details of the dif
ferentiation and structure of the style and stigma 
are presented here. In addition, an account is given 
of the role of epidermal cells in the formation of 
calyx and corolla. 

In his paper on the "Nature and Origin of the 
Stigma" Thomas (193'1,) called attention to our in
complete knowledge of a number of essential fac
tors closely related to the problem of the nature of 
~he. carpel. l\Iore attention should be paid, as lie 
md1cates, to the structure and differentiation of the 
style and stigma. It is essential to know more about 
their formation and position in the pistil and to 
learn about the origin and structure of the trans
mitting tissue within the style. This is true in con
nection with the morphology and phylogeny of the 
carpel, which Thomas had chiefly in view. A proper 
understanding of the nature of the transmitting 
tissue is also important for breeding experiments, 
sin~e the structure and function of the path through 
which the pollen tube grows is directly connected 
with the problem of fertilization and crossability. 

There are comparatively few publications on the 
style and stigma and these ha,·e to do with the 
mature pistil. The most extensfre work on the mor
phology and anatomy of the style and stigma was 
done by Hanf (1935). Basing his classification on 
the presence or absence of transmitting tissue or on 
the grade of development of the transmitting tissue 
in the stylar canal he was able to distinguish three 
main types of styles: the open type, the half-closed 
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type and the closed type. He studied the growth in 
length of the style and found that this continuous 
growth is due to cell elongation rather than to cell 
multiplication. Valuable information on the vascu
la~ anatomy in a number of selected species is sup
plied by Hunt (1937). In Juel's (1918) research 
on style and stigma at the time of fertilization in 
Rosaceae most attention is paid to the vascular 
anatomy and to the distribution and course of the 
transmitting tissue in the o,·ary, style and stigma. 
The nature and structure of transmitting tissue is 
the main subject in Joshi's (193-1,) and Arber's 
(1937) studies of style and stigma. Joshi believes 
that the transmitting tissue "has derived from, and 
represents modified ventral bundles of carpels." 
This conclusion is criticized by Arber. She finds 
tha~ the _transmitting tissue in Mirabilis and Hy
per1cu1n 1s formed by epidermis reinforced by un
derlying elements and that it has no relation to the 
ventral bundles. Arber 's conclusion confirms in gen
eral the earlier statement of Capus (1878) and 
Gueguen (1902). 

The stigma has generally been considered to be 
the expanded tip of the style with a highly spe
cialized function, and as Arber has recently empha
sized (1937) it should not be regarded as a definite 
morphological entity. Additional information about 
the style and stigma can be found in the recent re
view by Wilson and Just ( 1939) . There is a definite 
lack of information about the early development 
and the differentiation of the tissues in the style and 
stigma. Studies of the early ontogeny and of the mor
phology and histology of the style and stigma in 
Datura will be reported in the present paper. Some 
observations will be also added regarding the 
growth of the style. The various types of periclinal 
chimeras used h these studies have proved to be 
of great help as \as been the case in th~udies of 
shoot apices (Sa-cina, Blakeslee, Avery, 194-0) and 
leaf and floral organs (Satina and Blakeslee1 1941 1 

help and valunble suggestions throughout this work. I 9-J.3). 
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Fig. 1- 13.- Fig. 1- 10. Periclinal chimeras. Sn, fln, ~n.- Fig. 1- 9. Transections.- Fig. 10. Longsection.- Fig. 1, 2. 

Stylar walls. Additional Sn epidermal cells at the free ends of both walls and at their junctions.- Fig. 3. Additional 
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It has been shown that the shoot and floral apices which the pollen adheres. It is then that the trans
in Datura have three germ layers, L I, L II, L III mitting tissue begins to develop and to fill the stylar 
(Satina et al., 19•J.0, J9,J.1), and that the growth of cannl. The origin nnd development of this trnns
the carpel of Datura depends primarily on the mitting tissue will later be discussed in detnil. 
activity of cells of the innermost germ layer, L III 
(Satina and Blakeslee, 19-J.3). A distinct difference 
was found in the development and structure of the 
lower and upper portions of the carpel wall in later 
stages. Cells from L III remain the chief contribu
tors to the formation of the lower portions of the 
carpel wall and septae which eventually become the 
major part of the ovary. This is not true of the 
upper portion. The cells of the middle layer ( L II), 
which are located at the top of the carpel wall and 

Text figures A- G.- Serial transections to illustrate the which are few at the beginning, incrense rapidly 
changes in size and shape of the stylar canal at differentin number in Inter stnges and become the main con levels. A. outlines of stigma, B - F of style, G of top of 

tributors to the formation of the rapidly growing O\'ary. 
upper portion of the carpel wall. Due to a more 
intensive growth of the dorsal side of the young Outlines mnde from serial transverse sections 
carpel wall the ventral side is concave. Transverse through a style 170 µ. long are shown in text figures
sections cut through the upper portion of a young B- F. In addition, figure A represents a section 
bud show two crescent-shaped cnrpel walls with a through the lobes of the stigmn, and G shows a sec
space lying between them. In older stages the rate tion cut near the top of the ovary. It has two locules 
of growth of the dorsal and ventral sides becomes which directly connect with the base of the stylar
almost equal with the result that the surface of the canal. At this stage the whole fixed pistil was about 
ventral side flattens. The continuous upward growth 360 µ. long, the base of the ovary already had four 
of the carpel wall results in the formation of an locules with placental tissue, but cells which form 
elongated narrow stalk- the style with its two ex the ovules had not yet differentiated. The sec
panded stigmatic lobes. tions, 8 µ. thick, were made progressively from the 

At early stages of development of the style the top toward the base of the style. The section shown 
margins of the carpel wnlls become connected and in figure A was cut 32 µ. from the top, figures B, C, 
encircle the space lying between the two walls. D, E, F and G were cut 56µ. 80µ. 88µ., 112µ.,
This is the beginning of the formntion of the stylar 136 µ., and 176 µ., respectively, from the top. These 
cnnal. From now on the two wnlls which join to outlines illustrnte the differences seen in the size 
surround this canal will be called the stylar wall. and shape of the stylar canal at various levels of 
The stylar wall has nn outer nnd an inner epidermis the style. The size of the canal is much larger in the 
which covers the ground pnrenchyma formed by lower portion of the style ( fig. E, F ) than in the 
cells derived from L II. As a rule the vnscular sys median (fig. D) and upper portions ( fig. B, C). 
tem of the style consists of two lnrge vnscular The shape of the canal is irregularly oval near the 
bundles which extend upward one on ench side of base of the style (fig. F); it becomes angular toward 
the stylar wall ( fig. a, 18). They grow up from the middle portion (fig. D ) and again oval in the 
the dorsnl bundles of the ovnry, vary in width and upper portion ( fig. C, B). In the lower portion of _ 
rench the top of the style where they become broad the style, however, where the ventral side of the 
ened. stylar wall is definitely conca,·e, the longer diame

The ends of the two components which make up ter of the canal is always perpendicular to the sep
the stylar wall remain free for a considernble length tum (fig. E, F) and in the upper portion of the style
of time. Later, due to intensive division of L II where the ventral surface is almost flat the longer
cells, they expand and form the two lobes of the diameter of the canal always runs parallel to the 
stigma. At early stages each lobe is covered with septum (fig. B, C). 
one layer of epidermal cells. But when the styles The average length of the style in a flower bud 
are about 150 µ. long the epidermal cells begin to of D. stramonium ready for pollination is about 6 
multiply in number forming severnl layers; the two cm. Under favorable conditions it sometimes be
lobes nre connected through these layers ( fig. 17). comes 9- 10 cm. long. The increase in length of the 
The secretory cells of the outer layer of the stigma style goes on until pollination. A series of experi
Inter become papillate, forming n rough surface to ments were made to find whether the continuous in-

Sn epidermal cells on upper surface of right hand lobe of stigma.- Fig. 4, 5. First periclinal divisions in inner epi
dermis forming transmitting tissue of style.- Fig. 6- 9. Older style. The stylar canal almost filled with Sn cells of 
transmitting tissue.- Fig. 10. Outline of pistil, showing continuous tract of epidermis in tyle, stigma and ovary.
Fig. 11- 13. Normal 9n control. Styles of different ages. The growth is about equal throughout very young styles, 
but becomes more active in lower portions of older styles. Scale of magnification under figure 5 refers to figures 1- 5, 
that above figure 6, to figures 6- 9. 
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crease in length occurs along the whole style and 
also whether there is greater intensity of growth in 
some portions of the style. Styles of normal plants 
at various stages of development were measured 
and marked with India ink into equal parts. The 
flower buds with such a marked style remained 
attached to the plant and the increase in growth in 
each style was measured and recorded every forty
eight hours. In very young styles the growth rate 
is about the same in every portion of the style. This 
is seen in figures I IA and 11 B. A style 0.3 cm. long 
was divided into three portions, each 0.1 cm. long 
(fig. I IA). Two days later the style was 0.6 cm. 
long ( fig. JIB) and the length of each portion had 
doubled, being about 0.2 cm. Records taken two 
days later showed that the style had become 1.5 
cm. long (fig. I IC). Each portion had grown but 
the rate of increase in length was different in each. 
The most rapid growth occurred in the lower por
tion, while least rapid growth was in the middle 
portion. 

Experiments made with older styles showed 
again that the increase in growth varied in different 
portions of the style. A style I cm. long was divided 
into six equal portions ( fig. 12A). Records taken 
four days later are shown in figure 12B. Almost no 
increase in length is seen between lines 3 and 4; 
the largest increase occurred in the lower portion 
between line 5 and the ovary, and considerable in
creases are seen between lines 1 and 2 and between 
4 and 5. 

The increase in length in styles over ,.1, cm. long 
occurs almost exclusively near the base of the style 
(fig. 13A, 13B). A style ,J..5 cm. long was divided 
into nine portions, each about 0.5 cm. long (fig. 
13A). Two days later the style had become 5.7 cm. 
long (fig. 13B). A noticeable increase in length was 
seen only in its lower portion; in other portions it 
was negligible. The distance between the upper line 
and the stigma became rather shorter because of 
the expansion of the stigma over this portion of 
the style. 

All these experiments have shown that the growth 
of tl1e style varies with the stage of development. 
In early stages the growth proceeds more or less 
equally throughout; in older stages the rate of 
growth varies in different portions of the style. In 
almost mature styles visible growth goes on only at 
the base of the style, where the rate is still high. 

Studies were undertaken to find whether the in
crease in length depends primarily on cell division 
or on cell elongation. The same sections of fixed and 
stained styles were used to count the number of 
cells in certain portions and to measure the length 
and width of the cells. The styles used for these 

studies belonged to normal control plants and to 
various types of periclinal chimeras. The youngest 
group was from 260 µ. to 390 µ. in length. A second 
group, 650 µ. to 780 µ. long, were from pistils in 
which the differentiation of ovular tissue was 
already in progress. In a third group the styles 
were 3 to 5 cm. long. The counts of cells in young 
styles were made in selected vertical rows running 
from the base to the top of the style. In a style 
260 µ. long of an Sn, 2n, 2n chimera the number of 
cells in the outer epidermis, in the ground paren
chyma and in the transmitting tissue were IO, 18 
and 12 respectively. In another Sn, 2n, 2n chimera 
with a style 390 µ. long these numbers were almost 
twice as large, 20, 30 and 20 respectively, while the 
average cell sizes measured in the middle portion 
of these styles were almost the same in both, name
ly, 18 µ., 15 µ., and 30 µ. long in the younger style, 
and 21, µ., 15 µ. and 30 µ. long in the older. In other 
Sn, 2n, 2n chimeras with styles 650 µ. and 780 µ. 
long the numbers of cells in vertical rows were 
about 30, 35 and 25 respectively and slightly over 
30 for each of the three tissues in the older style. 
However, the length of the cells increased in the 
older style in comparison with the younger, being 
27 µ., 39 µ. and '1·5 µ. in the style 650 µ. long, and 
,1,5 µ., 54 µ. and 69 µ. in the style which was 780 µ. 
long. In a still older style the respective length of 
cells was about JOO µ., HOµ. and 110 µ.. 

In a 2n, 4n, 2n chimera with a style 360 µ. long 
the numbers of cells of the epidermis, parenchyma 
and transmitting tissue in vertical rows were 35, 18 
and 25 respectively; in a style ,J,30 µ. long these 
numbers were 50, 25 and 35. The lengths of the 
cells in the median portion of these styles were 
about 15 µ., 2-1, µ., and 20 µ. in the shorter, and 15 µ., 
36 µ., and 2•.l, µ. in the longer styles. At much later 
stages the sizes of cells increased as much as fifteen 
times in comparison with the sizes of cells in young 
styles. For example, in the style of a 2n, '1,n, 2n 
chimera, the cells in the ground parencl1yma were 
about 360 µ. long, the cells of the transmitting tissue 
about 275 µ.. It seems that the growth of the style 
in its median portion depends in very young stages 
upon cell multiplication and in older stages pri
marily upon cell elongation. 

Increase in cell size at the base and top of the 
style was not so marked as in the middle portion 
since cell division in these regions continued for a 
longer period of time. In the middle portion divid
ing parenchyma cells were seen only rarely in older 
stages. In general, parenchyma cells in this region 
have less cytoplasm and stain more lightly in com
parison with the parenchyma at the base and at the 
top of the style. Not much difference in cell con-

Fig. 14--21. Styles.-Fig. 14, 15, 17-20. Transections.- Fig. 16, 21. Longsections.-Fig. 14. Upper portions of style. 
Transmitting tissue in center is formed by 2n epidermal cells.- Fig. 15. Lower portion of style. Transmitting tissue 
around stylar canal is formed by Sn epidermal cells.- Fig. 16. Sn cells of transmitting tissue at base of style.- Fig. 
17, 18. Transmitting tissue, stylar walls, vascular bundles at top and in median portion of an older style of a 2n con
trol.- Fig. 19, 20. Upper nnd lower portions of a style in a 211 control.-Fig. 21, 2n cells of transmitting tissue at base 
of style.- Figures 1-16, 19-21 X 225, figures 17, 18 X 28. 
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tent and in general appearance is seen in cells of 
the transmitting tissue and of the epidermis in 
various regions of the style. 

The increase in width of the style is limited and 
stops long before growth in length is fully accom
plished. In young stages the ground parenchyma 
of the stylnr wall is about 6- 8 cells in width on 
each side of the canal. In older stages it is about 
12- 15 cells wide. A greater increase in number is 
seen in the transmitting tissue, which in an Sn, 2n, 
2n chimera was about 12 cells in width in a young 
style, but about 55 cells wide in an older stage. In 
a 2n, •Jm, 2n chimera the number of cells in the 
transmitting tissue increased from 15 to over 65 
cells. 

Measurement of the width of cells in the style 
also showed a certain increase in size in older 
stages. In the Sn, 2n, 2n chimeras the ground paren
chyma cells were 6 µ. wide in young styles and be
came 9 µ. and 15 µ. in older stages. In the 2n, 4n, 2n 
chimeras the width increased from 18 µ. to 25 µ. in 
very old styles. 

The cells of the transmitting tissue in the Sn, 2n, 
2n chimeras were about 9 µ. wide in young stages 
and became about 12 µ. and 18 µ. wide in old stages, 
and in the 211, •1'n, 211 chimeras the width increased 
from 4- 5 µ. to 8- 10 µ.. In other words the increase in 
width in the transmitting tissue depends primarily 
upon cell multiplication. 

In accordance with Hanf's classification (1935) 
Datura has apparently the "half-closed" type of 
style, i.e., its stylar canal is filled with cells form
ing the transmitting tissue or track ( fig. 14, 17, 18). 
The nature and the mode of development of this 
most essential part of the style have been studied 
in detail in Datura. It has been easy to establish 
the fact that the cells of the transmitting tissue are 
formed by epidermal cells only. Two transverse 
sections made through the upper and lower levels 
of the style of a diploid control plant are shown in 
figures 19 and 20. The cells forming the transmit
ting tissue differ little from the adjacent paren
chyma cells. It is very difficult to distinguish them 
from the ground parenchyma in the control. On the 
other hand in styles of cl1imeras with polyploid 
epidermis and normal diploid cells forming the 
ground parenchyma of the stylar wall, the differ
ence in size between the cells of the transmitting 
tissue and the cells forming the wall is quite obvi
ous. This is seen in the longitudinal section made 
through the lower portion of the style of an Sn, 2n, 
2n chimera ( fig. 16) and in the transverse section 
of the style from another 811, 211, 2n cl1imera ( fig. 
15). The cells forming the transmitting tissue and 
the nuclei are considerably larger than those form
ing the stylar wall. They look like the octoploid 
cells of the outer and inner epidermis. And indeed 
the counts of chromosomes made in some dividing 
cells of the transmitting tissue showed that, like 
the epidermis in these chimeras, the cells are octo
ploid. Furthermore in chimeras with re,·erse com-

bination, i.e., with diploid epidermis and polyploid 
inner tissue, the cells and nuclei of the transmitting 
tissue are smaller than those of the stylar wall, and 
chromosome counts show that they are diploid like 
the epidermis. This is seen in figure 21 which rep
resents a longitudinal section through the lower 
portion of a style from a 2n, •1 n, 2n chimera; and 
in figure l 11, which shows a transverse section cut 
near the top of an older style of a 2n, •1 n, 2n chi
mera. A comparison of figures 16 and 21, and of 
figures I •1 and 15, shows the striking difference in 
size between the cells of the transmitting tissue and 
those of the other tissues, and this comparison illus
trates the advantage of working with chimeras in
stead of with control plants ( fig. 19, 20). 

The cells forming the transmitting tissue are ,·ery 
rich in cytoplasm and stain very darkly. They di
vide frequently and multiply rapidly, increasing 
considerably their number and length. 

The formation of the transmitting tissue is con
nected with the development of the stigma. In very 
early stages, when the lobes of the stigma are cov
ered with a single layer of epidermis and the addi
tional epidermal secretory cells are not yet formed, 
the inner epidermis of the stylar wall around the 
stylar canal has also only one layer of cells. This 
is seen in two transverse sections of a very young 
carpel (fig. I, 2). In figure 1 the section was cut 
48 µ. from the top, in figure 2 it was cut 6 •1 µ. from the 
top. Two to three additional layers of octoploid 
epidermal cells are seen at both margins of the 
stylar walls at their junction. The epidermal cells 
which participate in the formation of the transmit
ting tissue divide periclinally in later stages. Series 
of longitudinal and transverse sections through the 
styles at various ages have shown that the first 
periclinal divisions of the epidermis begin in the 
upper portion of the style somewhere near the base 
of the young stigma. The epidermal cells are in di
rect connection with the secretory epidermis of the 
stigma above, and with the inner epidermis of the 
ovary below. The divisions in the upper portion are 
soon followed by divisions of the epidermal cells 
in the middle portion and appear last in the lower 
portion of the style. 

Sections made through a young stigma and its 
180 µ. long style are shown in figures 3, 4, 5. No 
periclinal divisions are found in the epidermis on 
the inner faces of the very young stigmas, but addi
tional layers of octoploid epidermal cells are al
ready formed on its top surface ( fig. 3 ) . The for
mation of the first transmitting cells in the style 
are seen in figures •1 and 5. Some cells of the inner 
epidermis have divided periclinally and the begin
ning of a second layer of epidermal cells is in 
progress. At a point about 80 µ. from the top of the 
stigma a few cells have divided periclinally and no 
divisions have been found at this early stage in the 
lower portion of the style, in regions roughly cor
responding to figures D- F. The same is true of 
styles of 2n, 411, 2n chimeras; periclinal divisions in 
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inner epidermal cells are numerous in the upper and 
middle portions of the style but only a few have 
been seen in lower sections + 80- 90 µ. from the top. 

Series of transverse sections through an older 
style of an Sn, 2n, 2n chimera are shown in figures 
6- 9. The fixed style is about •J.00 µ. long. The stylar 
canal is almost filled with large octoploid cells 
forming 11 transmitting tis:me severnl l11yers thick. 
There 11re more cells in tl1e upper 11nd middle por
tions (fig. 6, 7) than in the lower portion (fig. 8, 
15) or in the trnnsitior, region between the style 
and the ovary ( fig. 9). From these and other serial 
sections made through stigmas, styles, and ovaries, 
it is clear that the tr:rnsmitting tissue is epidermnl 
in origin 11nd that i'.s development proceeds basi
petally from the to? to the base of the style. It is 
also obvious that t \1e transmitting tissue formed in 
the stigma and style is in direct contact with the 
top of the ovary and with the inner epidermis of 
locules in the ov11ry ( fig. 16, 21), and that it forms 
one continuous track which connects the secretory 
epidermis of the stigma with the inner epidermis 
of the ovary ( fig. 10). The multiplication of the 
epidermal cells forming the transmitting tissue goes 
on rapidly. They build cambium-like rows of cells 
and in older styles the stylar canal becomes almost 
entirely clothed with these cells. Some free space is 
seen only at the base of the style, near the intersec
tion of the style and the ovary, where the transmit
ting tissue branches and runs into each locule. 

The number of cells found in the width of the 
track depends primarily on the diameter and shape 
of the canal. In some styles the cells in the canal 
are rather loosely arranged, in others they are 
closely compacted. The growth and expansion of 
cells in length and width has been already dis
cussed. It must only be added that increase in width 
continues much longer in transmitting tissue than 
in the stylar wall. 

These studies present some additional evidence 
which may be helpful for the interpretation of the 
nature of the carpel. The style is an emergence 
from the summit of the carpel. The stylar walls are 
built primarily from L II cells. Though entirely 
different in function from other flower emergences, 
its development, and the histological structure of 
the stylar wall in young and older stages remind 
one of petals and sepals which are, 11s it has been 
shown earlier, foliar in nature (Satin11 and Blakes
lee, l 9•H). The meristematic group of L II cells 
located at the top of the young carpel wall becomes 
active at a certain stage of carpel development and 
forms the stylar wall. The activity of L III cells 
in the style is limited to the formation of vascular 
bundles, one on each side of the canal. These bun
dles are the continuation of the dorsal bundles of 
the ov11ry. The style differs considerably in devel
opment and histological structure from the stamen, 
which before the formation of sporogenous tissue 
is built predominantly from L III cells (Satina 
and Bl11keslee, 19•1-3). In accordance with Thomas' 

view (193•J.) these ontogenetical studies have shown 
that there is no foundation for J. McLean Thomp
son's suggestion ( 193·1) that the style represents a 
sterilized stamen which is diverted from fertility. 
In early stages the style is primarily the product of 
L II, the stamen of L III. 

Histological studies on the Datura style support 
Arber's statement (1937) that there is no reason to 
change the generally accepted view that the stigma 
is not a special organ, not a definite entity. It is 
rather a certain portion of the style which in later 
stages has a highly specialized function . In young 
stages there is no well defined line between the 
style and the stigma. They can be roughly outlined 
only when the epidermal secretory cells begin to 
develop and after both free tips of the style- the 
stigmatic lobes- become connected through the epi
dermal secretory and transmitting tissues. The epi
dermis which participates in the formation of the 
latter is in direct contact with the inner epidermis 
of the ovary. However, Thomas ' suggestion (1934) 
that the stigmatic surface is a modified portion of 
the inner surface of the o\'ary wall and that its 
development starts basally and extends upward 
does not find support in the present studies, which 
show that the development of the transmitting and 
the stigmatic tissue in Datura starts near the apex 
of the style, i.e., externally to the ovary, and pro
ceeds gradually downward toward the base of the 
style. 

The transmitting tissue in Datura differs in struc
ture from th11t reported for other pl11nts. It is 
formed only by epidermal cells 11nd it is not rein
forced by subepiderm11l cells as seen by Arber in 
Mirabilis 11nd Hypericum (1937). Its development 
11nd structure contradict in every respect the con
clusion of Joshi ( 1934), who suggests that the 
transmitting tissue represents a modified ventral 
vascul11r bundle or that it is derived from 11 bundle. 
The epidermis which contributes to the formation 
of the transmitting tissue develops from L I cells, 
the bundle from L III cells. 

n. CALYX AND COROLLA 

It is genernlly accepted that cells of the epider
mis derived from the derm11togen form only the 
covering layer in each organ. The modified epider
mal cells which frequently develop into various 
kinds of epidermal structures such as protective, 
11bsorbing, 11nd secreting hairs on the surface of 
plant org11ns, are usually nothing but extensions of 
epidermal cells. As a rule cells of the epidermis 
divide only anticlinally. It is surprising, however, 
to note how many casual references to periclinal 
divisions observed in the epidermis are scattered 
through the literature (Buder, 1929; Chittenden, 
1927; Chodat, 1919; Goebel , 1933; Priestley, 
Scott and Gillet, 1935, etc. ) . In addition to these 
incidental observations, recent studies on leaf and 
bud scales in various species have furnished new 
information on this subject. They clearly indicate 
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Fig. -2 32. Transections.- Fig. :J:2- 95. Sepals.- Fig. 96- 3,:?. Petals.- Fig. 92. Margins of two adjacent sepals.
Fig. _3_ Same pair of sepals at lower le\'el.- Fig. 9-1,. Margins of two adjacent sepals connected by a narrow patch 
of -" epidermal cells.- Fig. :!5. Large patch of inner Sn tissue derived from epidermis at junction of :! sepals.-
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that in the marginal meristem and in the apical 
initials of bud scales (Cross, 1938) and of mar
ginally variegated leaves (Chittenden, 1927; Imai, 
1936) the divisions in the epidermis do deviate 
from the ordinary anticlinal plane. Numerous illus
trations accompanying the studies on marginally 
variegated leaves in four species are given by 
Renner (1936). These, together with the recent 
studies of Foster (1937a, 1937b) and of Rischkow 
( 1936) show that portions of mesophyll and of 
ground meristem at the edges of leaves and of pri
mordia of bud scales develop from the dermatogen 
as a result of periclinal divisions in epidermal cells. 
The relative frequency of such divisions varies 
in different species. In addition to this, Foster 
( 1937b) states that in Rhododendron griersonia
num "the behavior of marginal tunica in the bracts 
and corolla lobes resembles that in the bud scales 
except that periclinal divisions appear to be less 
numerous." Rischkow (1936) also found periclinal 
divisions in the calyx of Petunia. 

Recently it has been briefly reported that rela
tively large portions of inner tissue in the petals 
and sepals of Datura are formed by cells derived 
from the epidermis and that periclinal divisions in 
the epidermal cells occur regularly at or near the 
free margins of two adjacent petals (Satina and 
Blakeslee, 19-J.I). Such divisions occur above the 
region wliere the petals are connected. The same is 
true with regard to the sepals (Satina and Blakes
lee, 19U). The present paper offers further details 
nnd illustrations in support of this statement re
garding epidermal activity in flowers. Figures 30 
and 3 I represent two transverse sections through a 
pair of young petals in a periclinal chimera with nn 
octoploid epidermal layer (L I) and diploid sub
epidermal and innermost layers (L II and L III ) . 
Two adjacent petals are shown in figure 30. Each 
petal has a well defined portion of large octoploid 
cells which are derived from the epidermis nnd 
which differ in size from the smaller diploid cells 
forming the ground parenchyma. The same is true 
in figure 31 in the section cut 6-J. µ. below that shown 
in figure 30. In this section the two petals are seen 
to be connected and the inner octoploid tissue from 
the epidermis to be about 5 cells in thickness and 12 
in width. A transverse section cut through a petal 
from a chimera with a reversed combination of 
components is shown in figure 32. The plant has a 
diploid epidermis and octoploid ground parenchy
ma. In this case the tissue seen at the margin of the 
petal is formed by cells derived from a diploid epi
dermis. This portion of small cells is well defined 
and differs in size from the rest of the inner tissue 
in the petal built by large octoploid cells. The adja
cent petal which is not shown in this figure has the 
same structure. 

Epidermal cells forming portions of inner con
necting tissue in sepals are shown in figures 24 and 
25. A sepal from a 2n, Sn, •lm chimera is seen in 
figure 2•J.. It is connected on the left with an adja
cent sepal forming a small patch of diploid cells of 
epidermal origin. The bulk of the sepal is built by 
large L II octoploid cells. The pair of sepals seen 
in figure 25 belong to an Sn, 2n, 2n chimera. Here 
the octoploid cells of the epidermis form a consider
ably larger portion of the inner tissue through 
which the pair of sepals are connected. Tl1e epider
mis in the left sepal has apparently divided more 
frequently and contributed more cells than the right 
sepal. 

Portions of inner tissue of epidermal origin are 
also seen in normal diploid sepals and petals ( fig. 
22, 23 and 26-28). The cells derived from the epi
dermis seem to be arranged in a more orderly 
fashion and are less intensively stained than the 
cells derived from the subepidermal layer ( L II). 
However, this fact could be easily overlooked or 
probably only surmised. It is recognized more easily 
now since the formation of inner tissue by epider
mal cells has been proved with the help of peri
clinal chimeras. 

The mass of inner tissue formed by epidermal 
cells may differ considerably in different buds and 
sometimes also in individual petals and sepals in 
the same bud. The epidermal cells at the margins 
of the sepals has been seen to divide periclinally 
only once or twice where the adjacent pair was 
close ( fig. 2•J.). If for some reason the connection 
between a pair of petals or sepals is delayed, the 
cells derived from the epidermis continue to divide 
and the portion of inner tissue formed by these 
divisions may become very large. This is seen in 
figures 29a and 29b which represent sections 
through petals of an Sn, 2n, 2n chimera. The por
tion of tissue formed by cells derived from the epi
dermis (L I) is already larger than that derived 
from L II. The periclinal divisions in the epider
mis occur not only at the margins of the petals, but 
also along the upper surface of the lower petal ( fig. 
29b) where a second layer of octoploid cells is 
formed. 

Sometimes, due to irregularities in growth, most
ly in cases where the tissue in the flower bud has 
been injured, long strips of tissue of epidermal 
origin develop in various floral organs. Such a 
phenomenon is connected with the regeneration 
process in plants and is related to the well-known 
fact that plant cells retain for a very long period 
of time their ability to divide and to differentiate 
and thus to replace injured cells. Sinnott (19•1,2) 
refers to a number of interesting cases of the same 
nature in which various injured tissues such as epi-

Fig. 26-98. Adjacent petals of control at upper and lower levels.-Fig. 99a and b. Large patche~ of inne~ Sn tissue 
derived from epidermis in g petals which failed to meet.- Fig. 30, 31. Large patches of Sn mner tissue derived from 
epidermis at junction of two petals. Upper and lower levels.- Fig. 32. Large patch of 2n inner tissue derived from 
epidermis at the free margin of a petal. Adjacent petal not shown. 



502 AMERICAN JOURNAL OF BOTANY [Vol. 31, 

dermis and vascular bundles were restored through 
differentiation of adjacent cells. 

The active part which the epidermis plays in the 
formation of inner tissues in Datura belongs to 
another category. Its interest and importance lie in 
the fact that the formation of inner tissue in petals 
and sepals as well as of transmitting tissue within 
the style is a regular process which occurs in the 
normal development of the floral organs. Cells 
seemingly destined to form a covering layer differ
entiate and change their character not because they 
were wounded or isolated and thus brought into 
new environmental conditions. The change in plane 
of division occurs in normally developing organs. 
No explanation can be given as to why cells, which 
might be expected to divide anticlinally and to 
form a covering layer should begin to divide peri
clinally and to form internal parenchyma. The fact, 
however, remains as a challenge to further study 
of the factors involved in growth and differentia
tion. The observations on floral organs in Datura 
as well as on foliar organs in other plants may help 
to widen our knowledge of the nature and origin of 
tissues . 

SUMMARY 

The style is an emergence from the top of the 

carpel wall. It develops from L II cells and the 
histological structure of the stylar wall reminds 
one of the petal and sepal which are foliar in 
nature. 

The lobes of the stigma are the expanded tips of 
the style. 

The contribution of L III cells in the style is 
limited to the formation of two vascular bundles. 

The transmitting tissue in the style develops 
from L I. The cells are epidermal in origin. 

The transmitting tissue is in direct contact with 
the epidermal secretory cells of the stigma and the 
inner epidermis of the top of the ovary. 

The development of the transmitting tissue be
gins at the base of the stigma and progresses ver
tically down toward the base of the style. 

The rate of growth in the style differs in various 
regions, the growth in length depends primarily on 
cell elongation, the growth in width on cell multi
plication. 

Cells of epidermal origin form large patches of 
inner tissue between adjacent petals and also be
tween adjacent sepals. 

BOTANY DEPARTJ\IENT, 
S11nTH Cor.LEOE, 

NoRTIIAlllPTON, MAssAcnusETrS 
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