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INTRODUCTION
THE OCCURRENCE of a multinucleate phase in the development of fibers,
although rarely mentioned in literature, is a known fact (Eames and
MacDaniels, 1925, p. 56). It was apparently established by Treub (1880),
who reported that phloem fibers are multinucleate in many angiosperms
and that this condition results from division of nuclei without subsequent formation of cell plates.
The multinucleate fibers of tobacco were noted in connection with
certain investigations on the phloem of this genus (Esau, 1938). A somewhat detailed study of these fibers seemed of interest, because occasionally writers report multinucleate condition in healthy or diseased cells
without giving convincing evidence to support their contention.
The fibers of tobacco were studied in stems and leaves of Nicotiana
tabacum L. and Nicotiana g.lauca Graham. As in the previous work
(Esau, 1938) the material was killed in chrom-acetic-formalin solution
and was imbedded in paraffin after a dehydration in butyl- and ethylalcohol mixtures. The illustrations were prepared from slides stained
following Heidenhain's schedule.
RESULTS
As was shown in the paper on phloem of tobacco (Esau, 1938), the multinucleate fibers of this genus arise from procambium among primary
sieve tubes and are, therefore, interpreted as primary phloem fibers.
These elements occur in the internal as well as external phloem and
differentiate in the elongating portion of the stem or leaf.
During the elongation of the fibers their nuclei divide mitotically
(plate 2, A), with splitting of chromosomes and formation of normal
daughter nuclei. The karyokinesis is not, however, followed by cytokinesis. In the ordinary cell division the cell plate becomes clearly evident
before the daughter nuclei emerge from the telophase (plate 1, A),
whereas in the fibers no cell plate is developed (plates 1, B; 2, B and C).
The spindle fibers are less persistent than in ordinary division figures
and gradually disappear during late anaphase and telophase (plates
1, Band 2, C).
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The two daughter nuclei pass into a resting stage (plate 1, D) for a
more or less prolonged period and then divide again, both at the same
time (plate 2, E and F). As a result of this division, four nuclei appear
in the same cell (plates 1, E and 2, G).
Very frequently the four nuclei divide again. These divisions also take
place simultaneously in all nuclei of the same cell (plate 2, I) and give
rise to eight normal nuclei (plate 2, J).
The multinucleate condition is evident in longitudinal (plates 1, D
and E j 2, G and J), in radial and tangential, and occasionally in transverse sections (plate 1, C). If the nuclei are arranged in a longitudinal
row within the cell (plate 2, G and J), only one nucleus will be evident
in a transverse section. But sometimes nuclei slightly overlap within the
row or even occur in clumps (plate 2, H) ; ill such instances transverse
sections might include more than one nucleus.
The clumping of nuclei usually occurs in cells that already have secondary wall thickenings (plate 2, H).
Fibers in advanced stages of development often show lobed nuclei
derived, apparently, from fusion of two or more nuclei. In almost mature
fibers with fully developed secondary walls the nuclear material frequently occurs as one large degenerating mass. Occasionallobing of this
mass seems to indicate that it has been derived from fused nuclei. Individual degenerating nuclei have also been observed.
Since multinucleate cambium cells are occasionally reported in literature, the nuclear phenomena in fibers of tobacco were compared with
those in the cambium of the same plant.
Two or more nuclei that appear to lie in the same cell are frequently
noted in fusiform initials in tangential sections of tobacco cambium
(plate 2, D). Careful examination may reveal, however, a break in the
cytoplasmic layer between the two nuclei (plate 1, F). The radial walls
mayor may not appear discontinuous. In the cells shown in plate 1, F,
the wall to the right of the nuclei seemed continuous, but the one to the
left was slightly thinner in the region where the protoplasts showed a
break.
The apparent multinucleate condition of cambium cells may be observed only in tangential longitudinal sections, not in radial or transverse ones.
As Bailey (1920b) has already explained, cambium cells may appear
multinucleate because the radially flattened fusiform initials are exactly superimposed in radial direction and the nuclei of two or more
initials occur very near the same focal plane. No tangential section,
moreover, succeeds in being perfectly parallel to a fusiform initial; if
cut on slant, it may easily show two or even more nuclei in almost exactly
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the same focal plane (plates 1, F and 2, D). If one of these two nuclei is
covered by a portion of the tangential wall that divides the two radially
adjacent fusiform initials, the sharpness of definition of the nucleus is
not impaired, because the wall is very thin. A similar condition is observed in polar views of dividing cells wherein the two daughter nucleione lying above, the other beneath, the incomplete cell plate-appear
equally sharply differentiated when each is brought into focus. The cell
plate, being thin, hardly interferes with passage of the light; but the
kinoplasmosomes on the margins of the growing cell plate (plate 1, G)
serve as a proof of its presence (Bailey, 1919, 1920a, 1920b).
DISCUSSION
A review of literature on multinucleate cells is beyond the scope of this
paper. Suffice it to point out that nuclear phenomena characteristic of
tobacco fibers are comparable with those observed by other workers in
certain elongated cells of the vegetative organs. The origin of multinucleate condition through omission of cytokinesis occurs, for example, in
phloem fibers and in certain latex cells of many angiosperms (Treub,
1880) ; and in vessel mother cells of Dioscoreaceae and Euphorbiaceae,
including the genus Ricinus (Pirotta and Buscalioni, 1898; Smolak,
1904; Nemec, 1910). The references given above also indicate that simultaneous division of nuclei of one cell is a common phenomenon. Smolak
(1904) and Nemec (1910), describing clumping and fusion of nuclei,
remark that partly fused nuclei may appear as though dividing amitotically. Kuster (1935, p. 148-49) thinks that clumping of nuclei indicates
approaching nuclear fusion, either normal or pathological.
Certain conditions frequently lead to misconceptions concerning numbers of nuclei in cells.
A comparison of views of multinucleate fibers (plates 1, D, and 2, G)
with tangential sections of fusiform initials (plates 1, F and 2, D) shows
how easily the latter may be taken for multinucleate elements. Bailey
(1920b), discussing papers that describe multinucleate cambium cells,
gives comprehensive data to prove that ray and fusiform initials are
uninucleate in gymnosperms and angiosperms.
Sometimes, through inability to recognize stages of cytokinesis, workers interpret ordinary somatic cells as multinucleate. Bailey (1920c) ,
Goldstein (1925), and Wareham (1936), reviewing several papers describing multinucleate cells in young tissues of stems, furnish convincing
evidence that the authors of these papers were in error.
A more recent questionable interpretation of cytokinesis leading to
an identification of cells as binucleate is found in a paper by Artschwager
and Starrett (1936). Their plate 7 gives the photographs showing in-
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complete cell plates in sectional views as illustrations of normal division
(plate 7, A and C). Where, however, the cell plate appears in face view,
with its kinoplasmosomes forming either a halo or two separate aggregations (fig. 7, B, D-H) , the division is interpreted as abnormal-that is,
as a nuclear division not accompanied by cell-plate, formation. In view of
Bailey's (1919, 1920a, 1920b, 1920c), Goldstein's (1925), and Wareham's
(1936) papers, all the division figures given by Artschwager and Starrett, plate 7, appear normal.
SUMMARY
The fibers of the primary external and internal phloem of Nicotiana
tabacum L. and N. glauca Graham show a multinucleate condition resulting from repeated nuclear divisions with omission of cytokinesis.
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Plate I.-A., Transversely dividing procambium cell with an evident cell plate between daughter
nuclei. B, Nuclear division in a young fiber; no cell plate is formed. 0, Transverse, and D and E,
longitudinal sections of multinucleate fibers. F, Apparent binucleate condition in fusiform initials
in a tangential section. G, Ray cell in division showing, in face view, an incomplete cell plate
with a halo of kinoplasmosomes. (All X 1035.)
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[ESAU] PLATE 2

Plate 2.-A-C. E, F, I, Divisions of nuclei in multinucleate fibers; E and F are two sections
of the same cell. D. Apparent binucleate condition in the cambium. G, J, Nuclei of fibers in resting
stage. H, Clump of nuclei in a fiber with secondary wall thickening. (All X 810.)
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