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INTRODUCTION

THE importance of the fibres of Hibiscus sabdariffa L., particularly
the variety altissima, as a substitute for jute has been stressed by

some scientists during the last few years. The present work forms

a part of the studies undertaken at the Botanical Laboratory of
the Presidency College, Calcutta, on the development and structure
of fibres of this plant. This paper deals with only the differentiation
of the protoxylem and protophloem ;. but a detailed anatomy of
the plant along with the development, structure and nature of
fibres is being continued and the results will be published subse-
quently.
MATERIAL AND METHODS

The specimens Wwere obtained from plants grown in the Gardens
of the Presidency College, Calcutta, from seeds received through
the courtesy of the Agricultural Department of the Government
of Bengal. .

Tips of vegetative shoots were killed in Formalin-Acetic-
Alcohol after previous treatment with Carnoy’s fluid and taken
through grades of alcohol and xylol in the usual way. Sections
were cut 8 to 10 u thick and stained with Safranin and Light
Green or Safranin and Fast Green. The cutting of sections was
often facilitated by dipping the paraffin blocks in water for 12 to
24 hours. »

Observations were also made from materials macerated in

59, chromic acid; the macerated materials were stained with
Safranin or aqueous FEosin and mounted in glycerine. -
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MorrrOLOGY

The plant is a small woody herb cultivated throughout the
hotter parts of India and Ceylon. It completes its life-cyecle from
the germinating seed to death following fruit production within
a single growing season. The stem yields a strong, silky fibre, the

* Roselle hemp of commerce, obtained by retting the stems when the
plants are just in flower. It can grow in situations where jute
cannot, and that is why it is believed by some  that there are
immense possibilities for this fibre as a substitute for jute in
areas where the latter cannot be cultivated. Begides the fibre,
other parts of the plant are also useful. The calyx of the flowers
grows along with the fruits and becomes fleshy. It is a valuable
antisecorbutic and is often eaten in the form of chutneys and jelleys.

- The seeds are reported to yield a kind of .oil.

The plants attain a height of 8 to 10 feet and sometimes even
15 feet. The leaves are arranged spirally, the phyllotaxy varying
from 2/5th in young shoots to 3/8th in vigorously growing
shoots. The axillary buds produce branches which do not
grow vigorously and as a result the general appearance’ of the
plant is tall and erect. .
-SHOOT APEX

A series of microtome sections of an actively growing stem
tip across the vegetative apical bud of a vigorously growing shoot
showed 8 leaves crowded around the shoot apex, which are
distinctly arranged in a 3/8th phyllotaxy (Fig. 1).. There is no
indjcation of the presence of an axillary bud in the axils' of the
first four primordia. An axillary bud develops in  the axil of the
5th primordium. The development of the first internode is initi-
ated between the 4th and 5th primordia.

The general manner of distribution and increase in the size
of the leaf primordia in the shoot apex-is given below in a tabu-
lated serieg :=—

Level of
Primordium | insertion below the Depth of insertiont | Length of free limb
shoot apex* .

"
1 10 20 50
2 20 30 290
3 60 60 770
4 140 130 1890
5 240 130 ..
6 460 130

7 660 240

8 1060 )

9 - 1860

* Level of insertion is the point where the leaf primordium is becoming free -
from the stem. '

T The region between the level of insertion of the primordium and the point
where it is completely fused with the axis has been termed the “ depth of insertion”.
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VASCULAR D IFFERENTIATION

Differentiation of vascular tissues is first noticed in the median
bundle of the 3rd primordium which may be attributed to its
more vigorous growth in comparison with that of primordium 2.
The length of the free dimb of primordium 3 was observed to be
770 u while primordium 2 was only 290 p in length. For this:
vigorous growth a greater food supply was required and as a result
differentiation of vascular elements was found to take place in order
to-meet this demand. One protoxylem and one protophloem element
was observed in this primordium (Figs. 1 and 2); the former differ-
entiates as an isolated element at 120 u below' apex. From here
the course of the xylem was traced in the free limb of this primor-
dium and it was found to extend to a distance of 540 p in the leaf
while the phloem element continued still further up to a distance
of 600 y in this primordium. The lateral traces are also differen- -
tiated in primordium 3 but they remain in the procambial condition,
The position of the protoxylem element is almost opposite to the.
‘sieve tube element of the protophloem which is also produced in
the same desmogen strand. . ‘

The simultaneous differentiation of protoxylem and proto-
phloem is contrary to the usual development of phloem before
xylem, but it is not entirely unknown [see Kundu (1942) on jute].

At the insertion of primordium 3 there is no distinet vacuo-
lation of the axis, but a continuous prodesmogen strand is found
to have been developed. Vacuolation of the axis commences 100
below the growing tip, where only a few cells in the central region
are found to have been vacuolated. The process of vacuolation
is very rapid and only 60 u below this point (i.e., 160 u below the
-growing tip) the central region- (pith) is found te have been com-
pletely vacuolated. The process of vacuolation in cortical cells
also begins simultaneously with those of the central region and
‘at the level of 180 u below the growing tip the central as well as
the cortical regions are found to have been highly vacuolated.

At the ingertion of primordium 4 most of the cells in the ¢entral
region are found to have been vacuolated. At the point of fusion
of primordium 4 with the axis, it is found that vacuolation has
started even in the ray cells giving rise to the formation of
4 strands. :

The primary rays are uniseriate and the procambial cells are
in more or less radial alignment resembling those of jute (Kundu,
1942). S

Protozylem

The first xylem elements to appear are the small uninucleate
spiral elements. In the procambial strand 120 p below the apex,
the first indication of protoxylem vessel was noticed., A few of
the cells of the procambium were found to increase markedly in
. length and were seen to be associated with surrounding meriste-

matic cells, which divide radially longitudinally and irregularly
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Text-figs. 1-10.—Fig. 1. Transverse section of the apex of a vigorously growing
shoot (x40). Fig. 2. Transverse section of a portion .of the 3rd primordium

showing differentiation of a sieve tube and a protoxylem vessel. -st., sieve tube

px., a-protoxylem vessel (<X467). Fig.'3. Vessel mother cells in longitudinal section
(x650). Fig. 4. File of protoplasts (x650). Fig. 5. Vessel segment with pectin
film (% 650). Fig. 6. Portion of a vessel segment showing deposition of bases and
banding of cytoplasm, In macerated material and also in sections from fixed
material the protoplasm appears to be contracted from the cell wall (x650).
Fig. 7. Portion of a vessel segment with spiral secondary thickening and proto-
plasmic contents (X 650). - Fig. 8. Portion of a vessel segment with spirzl thickening
and degenerating cytoplasm (x650). Fig. 9. Vessel segment showing spatial

adjustment of surrounding cells (x300). Fig. 10. An entire tracheid-like vessel: .
segment at one end of which there is a perforation ; the other end is pointed and

has . nho opening (x 367).

to give rise to xylem parenchyma cells. These cells are narrower
than the vessel segments and are distinguished from the neighbour-
ing pith cells by their size and protoplasmic contents. The develop-

ing vessel segments are in vertical series and they develop directly’

from the desmogen cells without further division.

A young vessel mother-cell is a growing meristematic cell full
of contents (Fig. 3). A few such cells are arranged end to end ;
during .the earlier stages the end walls of such cells are clearly
visible separating the young vessel elements. At 'the first stage
- .of vessel differentiation the transverse end walls of the vessel
mother-celly are dissolved and the protoplasm is seen to contract
from the transverse and longitudinal walls. Though the end walls
become dissolved the protoplasts of the developing vessel segments
retain their individual characteristic and they form what is called
the “ file of protoplasts ”’ (Fig. 4) (Priestley, Scott and Malins,
1935). This  file of protoplasts >’ is formed at a very early stage
in vessel differentiation when the elements are extending and
‘expanding and its existence is for a very short period. Soon after
the formation of the file of protoplasts, a film of pectin is found to
be developed at the position of the end wall in the form of a
membrane (Fig. 5). In a longitudinal section this ‘‘ pectin film
appears to be more or less lenticular in shape and limited above and
below by two dark lines enclosing a light coloured substance. It
disappears at a later stage, when the vessel segment has attained
its maximum extension. Sometimes it exists even when deposition
of thickening matters on longitudinal walls has started. While
disappearing, the peetin films first appear as faint threads; this
thinning down of the pectin film indicates that it will soon be
dissolved. o

The first indication of secondary thickening is noficed in the
depogition of bases on the inside walls of the vessel segments, when
they have expanded fully (Fig. 6). These bases are thickenings
on primary wall of vessel segments and they form localised projec-
tions into the cavity of vessel segments. On these projections
thickening matters are laid. The presence of these projections on
the wall of the vessel segment prevents the thickening matters. to
come into: close contact with the wall. The bases appear as
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cdntinuous lines running along the centre of the thickening bands,
They are not perceptible in highly lignified bands.

The protoplasm in the vessel segment suffers certain changes
during the formation of the vessel. In a young cell it ig uniform and
dense, but as the cell increases in volume, the protoplasm contracts
from the longitudinal walls as well as from the transverse end walls
and fine vacuoles appear in it. Later on, with the formation of
file of protoplasts these small vacuoles coalesce to form large
vacuoles. 1In Hibiscus the banding of cytoplasm “in finely and
coarsely vacuolated regions at an early stage of vessel differentiation
has not been observed as found by Barkley (1927) in Tvichosanthes
at a very high magnifieation. Nevertheless, when bases are deposited
along the entire wall of the vessel segment the protoplast appears
to be banded into thick and thin regions (Fig. 6). During all the
stages of vessel differentiation and deposition of secondary thick-
enings the protoplast persists and the nucleus occupies central
position of a vessel segment (Fig. 7 ). The nucleus degenerates
shortly after the deposition of celluloge spiral: band, but the cyto-
plasm ypersists upto the earlier stages of lignification in a fully
developed vessel (Fig. 8).

It has been stated that protoplast appears to be banded after
the deposition of bases. Along the thickened regions of the proto-

plast, deposits are formed on the walls over the bases and gradually

they thicken and appear as rods. Staining reactions show that
these bands are composed of pecto-cellulose but later on they
change their chemical nature and become lignified. '

The vascular elements of the protoxylem .region sometimes
have pointed end walls and as a result they appear somewhat like
tracheids. In Fig. 10 is shown a vessel segment at one end of which
there is perforation, the other end ig pointed and has no opening.

Spatial adjustment—During the differentiation of the vessels,
the vessel segments exert great pressure on the surrounding cells
which are mostly meristematic. ~ As a result, these cells undergo
rapid divisions radially longitudinally, transversely or sometimes
irregularly. Thus, when the vessel segment is. elongating, spatial
adjustment is brought about by a rapid division of the sur-
rounding parenchyma cells (Fig. 9).

Protophloem

The ontogeny of primary sieve tubes in Hibiscus has been
studied from transverse as well as from longitudinal sections. The
development of the protophloem strand begins with the differen-
tiation of the first sieve tube at the outer periphery of the median
desmogen strand of primordium 3 (Fig. 2). In transverse sections
a_protophloem sieve tube can be recognised by its swollen wall
which stains markedly with Light Green or Fast Green. If this
element is-followed downwards it is found that it soon becomes
crughed and degenerated. Thus if we follow from the apex we
find that a protophloem element develops from g procambial cell
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and this element becomes crushed downwards due to the con-
tinued pull and pressure exerted by surrounding tissues. Hence
evidently, primary sieve tubes begin to. arise acropetally from
 those formed earlier, while the older ones are continually crushed
and become obliterated. : ‘

Text-figs. 11-18.—Fig. 11. Phloem mother-cells (< 975). Fig. .12. An
enlarging phloem. mother-cell (X 975). Fig. 13. Stage showing the cutting of a
companion cell {x975). Fig. 14. A young sieve tube segment with a companion
cell (x975). Fig. 15. Sieve tube. segment with slime body and -degenerating
nucleus (x975).  Fig. 16. Sieve tube segments with elongated slime bodies
- (x975). Fig. 17. Sieve tube segments with slime plug (x975). Fig. 18. A
mature sieve tube with a companion, cell (X975).
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The sieve tubes have one companion cell each. Phloem paren-
chyma consists of somewhat elongated cells with transverse wallg.
The companion cells are not easily recognised in transverse sections
in very young regions because many of the procambium cells are
similar in size to the sieve tubes and companion eells and have as
dense protoplasts as the companion cells.

The development of a sieve tube from its earlier stages can
best be followed from a study of longitudinal sections as well as
from macerated material. A young protophloem element (a sieve
tube mother-cell) is an elongated cell with heavy stained nucleus,
uniform cytoplasm, and transverse end walls (Fig. 11). The
nucleus containg one.or more nucleoli. There are also several other
small spherical particles in the mass of the protoplast and they are
the characteristic sieve tube plastids. .

In the next stage the sieve tube mother-cell is found to extend
and the nucleus also becomes elongated and 2 or 3 nucleoli are
found to be present in it. The cytoplasm also becomes less dense
and vacuolated (Fig. 12). ‘ '

Later on the nucleus divides with the formation of two nuclei
of the same size and a wall is formed dividing the cell longitudinally
into two each containing a single nucleus. One of these cells forms
the sieve tube element and the other the companion cell. The
young sieve tube is larger than the companion eell. The companion

cells can also be differentiated from the sieve tubes by their denss

protoplasts and prominent nuclei (Figs. 13 and 14).

After. the companion cell has been cut off the cytoplasm of
the sieve tube element becomes highly vacuolated; its nucleus
loges its chromaticity, swells up and degenerates gradually. ‘At
the time the nucleus degenerates, one or more charabéteristic slime
bodies appear in the mass of cytoplasm (Fig. 15). In. the early
stage they are spindle-shaped, but later on tape like slime bodies
have been found in the sieve tube element (Fig. 16). The slime
bodies of two adjoining sieve tube elements usually come in con-
tact with the wall separating the two elements and form what
are called the ¢ slime plugs ”’ (Fig. 17).

When slime plugs are formed the protoplast of the sieve tube
elements contract from the longitudinal walls which become thick-
ened. This thickening of the walls is first noticed at the stage when
slime bodies appear after the cutting off of companion cell and it
reaches its maximum prominence in the latest stage of development
of the element. The thickened walls appear glistening and pearly
in transverse sections and have been termed ‘‘ nacree ” walls (Leger,
1897y (Fig. 2).

After the walls have thickened, the slime plug degenerates, the
“end wall develops very fine perforations and the cytoplasm formsg

a very thin parietal layer with network of very fine strands

traversing the lumen,
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DISCUSSION

Titerature on the differentiation of vessels in angiosperms is
" gcanty and the descriptions somewhat incomplete and contradictory.
Tt is well known that the differentiation of vascular tissues is inti-
mately .connected with the development of leaves and the first
differentiated vascular elements of the stem appear in localised
regions which constitute the leaf traces.

In dicotyledons the differentiation of vessels usnally eom-
mences in the primordium at its level of insertion on the axis and

from there progresses downwards: into the stem - and upwards .

towards the apex of the primordium. This has been observed by
a number of observers (Trecul, 1881, 1891 ; Weiss, 1883 ; De Bary,
1884 ; Priestley and Swingle, 1929; and other recent worlkers)
and is now regarded as well established. Our observation is also
in agreement with the above fact. -

Regarding the relative time of appearance of the first phloem
‘and first xylem elements, Sanio (1863) reported that in stems
phloem elements appear before xylem. Russow (1872) and
Leger (1897) also found the appearance of phleem before xylem ;
they considered it to be a normal phenomenon in the differentiation
of vascular elements in Phanerogams and Cryptogams. Chang

(1935) reported that the development of the vascular tissue in a

primordium begins with the differentiation of 4 sieve tube.  But
in. Hibiscus it is found that protoxylem and protophloem elements
differentiate .at the same time and this condition is in agreement
with the observations of Kundu (1942) on jute.

According to most authors the cells destined to form the

protoxylem vessels are uninucleate but F. M. Scott (1937) asserts

that in Ricinus they are uninucleate in the younger internodes

but multinucleate in the older ones. In Hibiscus there i no such
coenocytic stage and the nucleus occupies a central or more or less
central position in fhe vessel segment until its disintegration at the
maturity of the vessel.

Regarding the breaking down of the end wall there is a great
difference of opinion. According to Bames and MacDaniels (1925)
the vessel segments reach their full size and permanent shape with
the end walls unperforated. Esau (1936) found that in Celery the end
walls break down after the maturation of the secondary wall.
Barkley (1927) also refers to the late breaking down of end walls.
F. M. Scott (1937) on the other hand observed that the end walls
disappear in the coenocytic stage. According to Priestley and hig
co-workers (1935, 1938) the end walls of a vessel segment disappear
at a very early stage even before the segments have attained
their maximum extension. Sometimes the transverse wall splits
in the middle, contracts and sticks to the sides of the vessel seg-
ments thus forming what is called the rém. Though the wall
digsolves the protoplasts of different vessel segments. do not come
in contact but retain their individual characters and form what is
known as * file of protoplasts .  Our observations on Hibiscus
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agree with those of Priestley, Scott and Maling (1935) and Majumdar
(1940) and the “file of protoplasts” develops at a very early
stage of the differentiation of the vessels. The pectin film, which

. becomes deposited in the position of the dissolved end wall soon
after the formation of the file of protoplasts appears lenticular in
shape and looks like a thickened end wall as described by IZsau
(19386.)

Regarding the manner of digsappearance of the end walls Esau
regards it as a process of dissolution. KEames and MacDaniels
also describe it similarly and in Robinia suggested an association
of the nucleus: with the formation of the vessel pores. In Hibiscus
the end walls of the developing vessel segments disappear very
early, long before they attain their maximum extention. The
- manner of disappearance of the end walls could not be followed
thoroughly. Tt must be an abnormally rapid process ag in none of
the prepared slides intermediate stages of the breaking up or ‘the
dissolution of the end walls could be traced. But it seems to' us
to be a process of dissolution; in no case, however, was the
nucleus found to be associated with the disappearance of end walls,
as its position remains unchanged and it lies at or near the centre
-of vessel segment until its disintegration at the maturity of the
vessel. In Hibiscus the pectin film which is formed later and
resembles the end wall described by Esau (1936), does not dissolve
before the maturation of the secondary wall ; sometimes, however,
it disappears before the deposition of thickening matters.. The
~ nucleus does not take any part in the disappearance of the pectin

-film. The part played by the pectin film in the deve]opment of
vessels iy not quite clear.

The early stages of secondary thickening and the progress of
‘lignification takes place while the protoplast still persists. Barkley
(1927) has pointed out that before secondary thickening the proto-
plast is banded into alternate finely and coarsely vacuolated regions.
In Hibiscus banding of cytoplasm has been observed simultaneously
with deposition of bases. The deposition of bases before an aectual
secondary thickening of the vessels seems to be a special feature.
This phenomenon was first noticed by Rothert (1899) (cited in
Haberlandt, 1914). Hames and MacDaniels (1925), Barkley (1927),
Hsau (1936) and Scott (1937) did not mention anything about the
deposition of bases. Recently Majumdar (1940) has observed them.
The bages are formed in earlier stages and appear in the pattern
of secondary thickenings on the walls. On these bases cellilose
bands are deposited. The bands later on become lignified, and the
protoplast of the vessel segment persists till lignification is-
complete.

As regards the manner of spatial adjustment during differen-
tiation of vessels, Bames and MacDaniels state that no cells are
broken during  adjustment. Krabbe (1886) noticed tearing apart
of adjacent  cells during development of vessels and- this was
confirmed by Priestley, Scott and.Malins (1935) in the expansion
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of secondary xylem vessels. Hsau (1936) hag also pointed to the
same method of adjustment. In Hibiscus spatial adjustment is
brought about by active radial, longitudinal, transverse or irregular
division of the surrounding cells and this agrees with the observa-
tions of Majumdar (1940) in Heraclewm.

The failure of some workers (Eames and MacDaniels, 1925}
to recognise sieve tubes in the protophloem may perhaps be attri-
buted to their comparatively indistinet gieve plates. Nevertheless,
existence of sieve tubes in the protophloem was reported by many
early workers like Russow (1872) (originator of the term protophloem),
De Bary (1884), Lesage (1891), Leger (1895, 1897) and Chauveaud
(1897, 1900) and more recently by Chang (1935) and Esau (1934,
1936, 1936, 1938).

L4

As regards the course of development of the protophloem,

Baranetzky (1900) held that the protophloem differentiation went:

on simultaneously over the entire extent of the leaf trace. Griffiths
and Malins (1930) have, however, observed that the protophloem
elements differentiate in continuity with the phloem of the older
parts of the plant, and that the first sieve tube of a particular
leat trace proceeds acropetally: from the stem towards the leaf.
These views have been confirmed by Chang (1935), Esau (1938)
and Priestley and Secott (1938). The observations of the present
writers are also in agreement with these.

The appearance of slime bodies during the development of
the sieve tube has been recorded by several workers. Crafts (1933,
1934) reported that in tobacco they occur only in the primary
sieve tubes. These slime bodies are generally characteristic of
plants belonging to a certain family. The slime bodies in Solanace®
have been found to be of the same nature by Kotila and Coons
(1923), Doolittle and MecKinney (1923), Kofoid and others (1923),
Artschwager. (1924), and Crafts (1933, 1934). Slime drops have

been observed in the -Cucurbitacesz by Wilhelm (1880), Fischer

(1886), Le Comte (1889) and Crafts (1932); and spindle-shaped
dlime bodies have been observed in T.eguminosee by Strasburger
(1891), Baccarini (1892), Staritz (1893), Doolittle and McKinney
(1923) and Bailey (1923). Some plants show no constancy of

shape of the slime bodies, asin Vitis (Wilhelm, 1380). TIn Hibiscus,

slime bodies were found to be spindle-shaped and oceasionally
tape-like in structure. :

The nature of the slime bodies ig proteinaceous and it is in

agreement with the observations of several workers, Fischer (1885,

1886) reported that slime bodies become dissolved in the sieve tube

sap in mature elements and according to Le Comte (1889) they
disappear from ' the sieve tube cytoplasm by passing into the

vacuole making the contents more viscous. The disappearance of

slime bodies generally agreesin time with disintegration of nucleus
but our observation shows that they persist even after the degene-
ration of thenucleus as found in the Leguminose by Strasburger
(1890). ‘
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The majority of workers agree that the mature sieve tube
does not possess any nucleus and that the sieve tube nucleus
disappears as a discrete body (Wilhelm, 1880), Janczewski (1881,
1882), Schmidt (1882), Russow (1882), Strasburger (1882, 1837,
1891), Artschwager (1924), Crafts (1932, 1933, 1934), HEsau (1934,
1935, 1936, 1938). Certain others report that they have seen
nuclei even in the mature sieve. tubes of some plants (Fischer, 1886 ;
Le Comte, 1889 ; Schmidt, 1917). In Hibiscus, the nucleus has
been found to disappear at an early stage when the slime bodies
are appearing.

The sieve tube leucoplasts can be seen during the first stages
of specialization of a sieve tube (Briosi, 1873 ; Wilhelm, 1880
Fischer, 1886 ; Crafts, 1934; Esau, 1934, 1935, 1936) and thig
corresponds with our observation on Hibiscus. The leucoplasts
arise in the cytoplasm of young gieve tubes but may enter the
vacuole in mature elements (Fischer, 1886 ; Crafts; 1933, 1934)
and they are sometimes retained by the sieve tube until the
elements begin to collapse.

SUMMARY

1. Differentiation' of protoxylem and protophloem elements
takes place simultaneously in the median desmogen strand of the
third leaf primordium. . Vacuolation of the axial cells starts 100
below the growing tip and 60 u further below it is found to be com-
pletely vacuolated. ‘

2. The first protoxylem elements which differentiate from the
desmogen are small rectangular cells (vessel mother-cells). During
the first stage of vessel differentiation the longitudinal walls of the
enlarging vessel mother-cells remain thin but the transvergse walls
disappear. The protoplasts of contiguous vessel segments do not
mix but retain their individual characteristics and form ¢ file of
protoplasts ’. After formation of the file of protoplasts, a ¢ pectin
film *’ appears in the region of the transverse wall in the form of
a membrane and separates the two developing vessel segments.
This film which appears like an end wall is dissolved at a later stage
in the development of the vesgel.

3. During the process of secondary thickening of vessel
segments, bases are laid down on their longitudinal walls in the
pattern of the thickening matter to be deposited ; on these bases
cellulose bands are deposited and these bands later become lignified.

4. The protophloem element (the sieve tube mother-cell) ig
an “elongated cell having dense protoplasm and a number of
spherical granules (the sieve tube plastids). This cell rapidly
extends and by its longitudinal division a companion cell ig' cut
off. Afterwards the nucleus of the sieve tube element gradually
degenerates and one or more spindle-shaped or tape-like slime
bodies appear in it. At this time the longitudinal wall of the sieve
tube becomes thickened and the end walls develop fine perforations.
The slime bodies degenerate and the cytoplasm forms a thin
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parietal layer with network of very fine strands traversing the

lumen.
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