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Whssling, 1959). Notable tens tlefY fibers of
cells. nﬁrticularhr of the extraxyiet,
dicotvledons. |
Some of the conspiCuOu: +h the orientatio
properties of walls are correlated W1

Thus, for example, walls or W

oriented parallel to the long axis O

in transverse sections and d at rig
walls having the microfibrils oriented a

the cell are strongly birefringent 91; )transverse
longitudinally on drying (Bailey, 1 : or influence

Bgecal_lse of its abuyndgnce in cell walls Ceuujt}cisirha: 0;;: t?es or modify
upon their properties. Other substances add their p f the remark-

- is one O
those imparted by the cellulose. Tensile strength 15hon -y m—
able characteristics of cellulose. Lignin, on the other ;

the resistance of walls to pressure and protects the cellulose fibrils from
becoming creased (Frey-Wyssling, 1959).

v/ FORMATION OF WALLS
\/Initiation of Wall during Cell Division

The process of somatic division of a protoplast into two daughter proto-
plasts may be separated into two stages: the division of the nucleus, or
mitosis (karyokinesis), and the division of the extranuclear part of the

protoplast, or cytokinesis. Qn cells having cell walls the new wall is
formed during cytokinesis.7 |
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ern that move apart dy)pi
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“ﬁkni out n !h(‘ equatorial pl

“When the cell plate appears i, ¢
the phragmoplast. the fibers of ¢

ane and assumes th
he median part

he phragmoplast |

connected to the two nuclej for
this diameter is longer than the ori
phragmoplast extends laterally
walls, and during this extension
As seen from the side, such a

of cvtokinesis. [f however,
ginal phragmoplast s wide. the
until it comes in contact with the cell
it completelv Separates from the nuclei.

FAragmoplast appears as two groups of
fibers, disconnected from the raclej but connected with each other hy

the cell plate, which follows the phragmoplast
(fig. 3.9A). In face views the

in its lateral extension

phragmoplast has a somewhat varied
appearance, depending on the shape and size of the dividing cells and
also on the original position of the nucleus.

The progress of the phragmoplast and cell
lumen is particularly striking in very long cells,
cambial cells, dividing longitudinally, The process of cell-plate for-

mation in such cells js greatly extended in time and space and is clearl

v
issociated from the nuclear mitosis (Bailey, 1902). chapter 6).

The }}hraigr”l]gRESE and the mitotic spindle are
chemical structure (Olszewska. 19614, b:
The fibrous nature of the phragmoplast has been recogmzed in hiving
material (Sitte, 1962) and ir some electron micrographs Sato. 1959)
in others the phragmoplast was brought into relation to elements of the
endoplasmic reticulum (Porter and Machado, 1960), or to the dictvo-
omes (Whaley and Mollenhauer, 1963). or to
:ilil-r'tlllllilll_t*x (Ledbetter and Porter. 1963). Thtf phrugmuplaam- hbers
dppeanng at the margins of the cell plate are sometimes called kino-
Plasmuasomes, a term reflecting the old concept of the
d H}’n*t‘iaﬂ l\'illt] of ';ll‘li\'t'.
The views of cell-pl
\&urkru, and lllh,
numbers of nucl
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plate through the cell
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protemaceous 1n
Shimamura and Ota, 1956)
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ate tormation have been msnterpreted by some

i turn, has led to msconceptions regardhng the
¢lin ordinary somatic cells.  The erroneons reports
been reviewed and corrected Bailev, 1920 Warcham 19361
Crtokinesis is not limited to meristemati cells with dense protoplasts.
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of the mitotic spindle and is surroun _ .
of 'this cytoplasm extends to the wa.lls e late, for which Sinnott
future plane of division. It forms a C)’t?!;_’]asmm i The phragmosome
and Bloch (1941) coined the term phragmosome " d the cell plate
forms a living medium in_which the Phragm.oPl-aSt 5 the living state
develop (fig. 3.8)." Studies of this stage of division in leus before the
indicate that the amassing of cytoplasm arﬂl:;li;gf :u;ssatiﬂn of the

formation of the phragmosome is associate q s
movement of particles in the streaming cytﬂplasm and an ap[?
eversion to

increase in density of the cytoplasm (Jones et al., 1960). R il
free flow within the cytoplasm occurs only after the cytokinesis 1s

completed.
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with light and electron microscopes (Becker, 1938

1960; Sitte, 1962). It S€ems wel] Substantiat d
fluid state accumulate a5 vesicles—gc ated th

Mollenhauer, 1963), derived from

of the phragmoplast and cleave the protoplast 3

two new cytoplasmic surfaces become art}; dsft E]
branes (ectoplast, pl. 41) of the two newpcellso o
in the semifluid partition in the equatorial pla;ne

i S

- at substances in sem;-
Oording to one view (Whaley and

dictyosomes—ip the equatorial plane
two)(pl. 5C). The
protoplasmic mem-
Pectic substances occur
These substances are

regarded as forming the new middle lamella.” A deposition of cellulose

~on both sides of this middle lamella. externally to the new protoplasmic

membranes, is indic: -
e 1S lllfiltdled by the appearance of double refraction, which
mes perceptible before the cell plate inine | ~ ividi
cell TFrev - Wool ; 1€.CeU plate joins the walls of the dividing
cell (Frey-Wyssling, 1959). Cellulose is deposited not only on the cell
Pla}_.e but around the entire daughter protoplasts\ fig. 3'.9A#—C) ‘Basic-
ally similar phenomena might be involved in cel division by furrowing.
Thl:ls the partition that appears between the two sister p;'ot()plasts at
cytokinesis undergoes different physical and chemical changes during
the progress of cell division. There is no agreement regarding the stage
of the process at which the visible partition should be called cell plate.
The term has, therefore, no precise definition and merely serves, at
present, as a designation for the first visible structure delimiting the

two sister protoplasts from one another.

Growth of Walls

In considering the mechanism of wall growth it is necessary to
differentiate between growth in surface area and growth in thickness.
The former process is much more difficult to explain than the latter.
Growth in thickness is particularly obvious in secondary walls but is
common also in primary walls (as classified according to Kerr and
Bailey, 1934). It occurs by a successive deposition of wall material,
layer upon layer, that is, by a process known as apposition. But inter-

calation of new particles among those existing in the wall, that is,
intussusception, is not necessarily excluded during thickening growth

(Roelofsen, 1959).
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Growth of walls by apposition is usually centripetal. In other \fords
‘t occurs from the outside and toward the lumen of the cell.. -Some-
times. however, wall growth has a centrifugal course, that is, in the
direction away from the lumen. Centripetal growth is charactenstic
of cells forming tissues.  Centrifugal growth is a specialized type of

gr{m-th found In pollvn grains and other spores. In such structures

centrifugal growth is considered to be responsible for the formation of

at least part of the exine (the outer wall). | The more or less degenerated

contents of the tapetal cells (chapter 18) surrounding the developing

spores seei to be mvolved in the formation of exine klhwlufgt.n 1939)
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aminal filaments of Gramineae. Another que

of protﬂplamn in cells undergoing expansion.

crease in surface without a concomitant inc

in the protoplast (Matthaei, 1957).

Investigators are concerned with the question whether growth of the
wall in surface involves part of a given wall or the entire wall. In
gmund-parenlchyma tissue growth occurs, as evidenced bv the uniform
increase of distances among the existing pit-fields. over the entire sur-
face of a growing wall (Wilson, 1958, 1961; Ziegenspeck. 1933). Auto-
radiographic studies with labeled compounds also indicate incorporation
of material over the total surface of parenchyma walls (Setterfield and
Bayley, 1961). Certain types of cells, however, show localized growth,
as, for example, fibers and tracheids (Wardrop, 1954), in which the tips
grow intrusively among other cells (chapters 4, 6), and root hairs
(Dawes and Bowler, 1959), in which typically growth in length occurs
at the tips.

During the over-all extension of the primary wall the primary pit-fields
are not only more widely spaced but they also enlarge in area and
become subdivided by the deposition of microfibrils over the pit-held
(Scott et al., 1956). As previously mentioned, plasmodesmata, too. may
become subdivided (Krull, 1960). During cell division, however, com-
pletely new pit-fields are added (Wilson, 1958, 1961). 'T}:\llﬁ It appears
that during growth the wall maintains a characteristic density ol
connections with contiguous cells. | __ |

The most complex aspect of the growth of wall in mrluw. area is th:
arowth of the cellulosic microfibrillar system. ]:,lt‘(:trl}l'l MICroscopists
havﬂ formulated SE’,‘VE‘I'&] (.‘OI‘I(.‘EPtS Of this grt_m'th \\ a—.il'?ll‘t}p, l"}().?_"*
According to one, for example, svinthesis ol T.w.*ull nmtengl u:*tl‘ntr\ }1‘11
IO(*alize(]Lregim]s scattered over the wall g_‘nu:..s‘uu‘ gront th'u n W .m‘ 1 l‘t.
cytoplasm pushes apart the existing nm-mh_l)rllx and W t‘ld\ r:'s 1111 ;u ‘u.- ::n:‘:
A more widely accepted concept is that of the multinet ;“T“[-r\l plrl ;M;
which visualizes an apposition 0 lavers of microlibris.
the earlier layers becoming modih
extension during cell enlargement.
seemns to support this LAl TOW ln'mlmnin;mll\ by apposition

T - | T e Zeoud iy \\"l“" 4 -
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1961). indicated that intact
< with isotopically labeled substrates have n '
SIS W SRS N llulose synthesis, but the mechanism

glucose may be used directly in ce
of glucose polymerization has not yet been revealed (Setterﬁeld. and
Bayley, 1961). It has been suggested that individual glucose residues

are added to the tips of growing microfibrils and that this method of
growth would explain the uniform thickness of microfibrils and absence

of anastomoses.
Another complex aspect of wall growth has to do with the establishment

of continuity between the new intercellular iamella and that located out-
side the primary wall of the mother cell. Workers visualize an extension

;md breakd9wn of the parent wall opposite the new middle lamella (fi
-9A-D; Priestley an Scott, 1939: Roelofsen, 1959). The tormation ff
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