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DIVISION, GROWTH AND DIFFERENTIATION OF CELLS
IN THE ROOT OF V/CIA FARA ARTIFICIALLY
INHIBITED FROM FURTHER ELONGATION®

Hitoshi Kojima

I. INTRODUCTION

The growth of a plant body is the result of the growth of the
cells of which it is composed. The growth of the cells must be con-
sidered in two ways, 1. e increase in cell number and’ increase in cell
size. If the elongation of the root were inhibited partially or absolutely
by external pressure, what would be the results in the processes of
increasc in the number and length of the cells? One is grateful to
several authors® who have already published their information concern-
ing this question.  Yet there remain several points that must be more
critically discussed. This paper is the record of the writer's investiga-
tions regarding this subject during several ycars, and though they are
not yet complete, he hopes that it may contribute to a better under-
standing concerning this question. )

The writer wishes to acknowledge his gratitude and indebtedness
to Drofessor Dr. R. KORKETSU, who suggested the problem, for his
encouragement and interest during the progress of the investigation.

11, EXPERIMENT ON THE ROCT EMBEDDED IN GYPSUM

Materials and mecthods

As material for the experiment seeds of icia [Iaba, nearly equal

+ Contributions from the Botanical Labuoratory, Kyushu Imperial University, No. 37.
= Peevrew (1093), ITeriNG (1396), Kxv, (1896, 1902), Torovict {1990), TlorTes (rgor,
1920}, HALLEAUER (1909), STALFELT (1021) elc.
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in size and form were selected. The seeds were soaked in tap-water
for 233 to 30 hours in order to make the seed-coat absorb sufficient
water and swell ; then sown in a box containing moist saw-dust, looscly
packed.  The box was placed in an incubator of constant temperature
clectrically regulated, and the seeds were allowed to germinate. Seed-
lings of as equal a root length as possible were chosen. The roots
were embedded In gypsum as applied by PrErrER (1893) and others.
A paste of gypsum, obtained by adding water to plaster of Paris
{gypsum ustum), was spread one or two cm thick on a glass plate,
and the young roots of the chosen scedlings were laid on the paste
so that the cotyledons were never embedded, then the roots were
embedded by the addition of another layer of paste of gypsum over
them and covered with another glass plate.  The gypsum paste soon
became stiff.  The materials thus embedded were buried vertically in
moist saw-dust and placed in an incubator of constant temperature.
The gypsum thus hardened is referred to hereafter in this paper as
“hard gypsum ™ for convenience; and on the contrary gypsum treated
in the following manner is described as “soft gypsum.” The soft
paste of gypsum was procured by mixing sufficlent water with plaster
of Paris, kneading and watcring it in a mortar. The soft gypsum

3 1 st gaw Tn this soft
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never harden so
gypsum the roots of the seedlings were embedded and the materials
were placed vertically in the moistr saw-dust in the incubator. After
a definite period of time, the blocks of gypsum were broken carefully
with a hammer and knife, and the roots were freed.

The seedlings used as controls for comparison were placed without
treatment with gypsum in a vertical position in the same saw-dust.

The elongation of ‘the roct during the research period was measured
by reading the variation of the total length of the root, from the
attached point of the cotyledons to the root apex. In case of nced,
roots were narked with Indian ink' at points § mm and 10 mm
distant from the apex® before the experiment, and the degree of

T PparrEr failed in his observation on the elongation of roots embedded in gelatine
plaster, because marks of Indian ink glided on the root surface {PFEFFER, 1095 and
HERING, 1896). In our case even when the root was embedded in soft gypsum the
marks were not removed, but always adhered to the roots; however in one or iwo
cases of rapid clongation of the rcot the lines jof the marks spread and became
useless.

2 In Ficér Fada the boandary of the root proper and root cup is not clear (ITAPERLANDT,
p- 54} so the writer measured the dislance from the root apex.
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To prepare them for the microscope the roots of the materials
above mentioned were fixed in FLEMMING'S weaker solution {CIIAMBER-
LAIN, p. 27), and paraffin sections of 10 st thick were made parallel to the
long axis of the root, then stalned with IMEIDENZAIN's iron haematoxylin,
Ze1ss’ microscope with AA x K8 or DD x K8, tube-length 160 mm, was
used. The intensity of cell division was expressed, as described in the
author's previous paper (Kojima, p. 80), by the relative number denoted
i,
A
found on five sections of root tip, sectioned paralle!l to the axis of the
root and passing as near as possible to the axis, within the space of

by the quaotient where N is the total number of mitotic figures

3mm from the root apex, and A is the relative value of the area
examined, which is represented by the sum of the numbers indicating
the diameters measured on the five sections above mentioned at dis-
tances of respectively I, 2 and 3 mm from the reot apex. The length
of the cells was measured with the aid of an ocular micrometer on the
sections (usually five sections for each root), which were made through
the portion near the central axis of the root. The cells in resting
stage were chosen for the purpose of measuring their length frem the
outer portion of the cortex of the root; and with regard to the cells
in mitosis, because they were relatively rare, all the mitotic figures
found in the cortex as well as in the central cylinder, within about
3 mm from the root apex, were counted and measured.

The dilferentiation of tissue in the root was determined by the
existence of the tracheal element; and as the measure of the grade
of this phenomenon the distance from the root apex to the point
where the tracheal element began to appear was used. The lignification
was also observed by the colour reaction produced by adding phlore-
gluein solution and hydrochloric acid to the preparations obtained by
removing the paraffin from the paraffin sections. The grade of lignifica-
tion of the tissue was denoted by the distance from the root apex to
the point where the reaction of lignification appearcd.

Results and considerations

1) The total elongation of the root.
a) The elongation of the root in a hard gypsum block was in-
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variably very little.  The average amounts of the tulal elongation of
the roots embedded in hard gypsum for 4, 7%, 1z, 16, 221, 26, 36%,
56, 74, 784, 09, 114 and 1704 hours are given in table 1. Only on
some occasions, especially when the duration of embedment was long,
it was seen that the root stretched some mm. With reference to this
fact, it is probable that some of the roots lengthened through cracks
in the gypsum block, which were probably crazed by the increasing
turgor pressure of the root as described by PrErrer {1893); and, e.g.,
in the case of the roots embedded for 170} hours in the gypsum block
{the elongation of the roots was § mm in one case and 2 mm in another),
it was really seen that there were cracks created about the rcot tip.
Hotres (1929) mentioned that when a root which had suffered under
the pressure of the surrcunding gypsum block was brought away from
the gvpsum, the root grew in {ength to some extent because of the
diminution of external pressure. The writer measured the length of
the root as soon as it was freed from the bleck, the error of measure-
ment caused as HoTrEes suggested is therefore probably not considerable,
cven if any. In addition te this, the writer {irequently discovered that
the gypsum block in contact with the root tip was softened; such
portion of the gypsum would allow the root to clongate more or less.
Unless such exeeptional conditions occured the hard gypsum would in
all cases inhibit the elongation of the root; it may be said, therefore,
that the hard gypsum bloclz by its pressure dJdoes not permit the root

to grow in length.

Table 1. Llongation of the root embedded in hard gypsum

Duration Menn of | Mean of Duration No. of Mean of | Mean of

of \O tr?f total elongation of Sals total clongation
embedment| 7% Jeloneation | per hour || embedment oo elongation | per hour
] y | observed| . F 3 . | observed T :
(in hours} {in mm) {in mm} | (in hours) ¢ (inmm) | (in mm}
4 & 0.3 0.1 56 5 2.5 nearly o
7% 6 1.0 o1 : %4 2 0.0 o}
1z % o ! o.I 763 5 2.0 nearly o
16 5 0.1 nearly o 99 4 0.0 nearly o
224 4 0.0 o 114 2 2.0 nearly o
26 4 0.5 nearly o 170% z 3.5 nearly o
36} 4 .5 ncarly o I
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b} The roots in soft gypsum elongated to some extent as seen in
table 2.

Table 2. Elongation of the root embedded in soft gypsum

Duration of No. of ronts Mean of total Mean of
embedment Shiared elongation elongatinn per
{(in hours) {in mm) hour (in mm}
4 7 4.9 1.2
7 5 8.4 I.1
10 10 122 0.8

c) In table 3 the elongation of normal roots (control materials)
is given. The normal roots elongated, as expected, more quickly in
comparison with the roots of two groups above mentioned; for the
averages of elongation per hour of the normal roots were from 1.4 to
1.6 mm, while those of the roots in hard gypsum were nearly zero and
those of the roots in soft gypsum were from 0.8 to 1.2 mum.

Table 3. Elongation of the normal root (control)

Duration of leaving - Mean of total Mcan af
in saw-dust as No. of roots elongation elongation per
ey serv . P

control [in hours) ahstrsed (in mm} heur (in mm)

4 7 6.1 15

74 5 10.6 14

16 10 24.3 ! 1.6

22} 4 30.5 1.4

2) The intensity of cell division.

a) The intensity of cell division of the roots in a hard gypsum
block is given in table 4. The roots embedded in a hard gypsum
block for a shorter period had intensity of ccll division to a certain
degrce, but those embedded longer (more than 16 hours) had very
small intensity, excepting the roots which had a period of 114 hours
and 170} hours, which showed somewhat larger intensity (in these cases
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the external pressure was weakened as already menticned above, and
the cell, therefore, regained its ability for division).

Table 4. Intensity of cell division” of the roots embedded
in hard gypsum

Duration No. of No. of 5 Average Duration o of No. of Average
of - mitotic ! intensity of mitotic intensity
roots roots
embedment Shserved figures nf cell embediment observed| figures of cell
(in hours) Y™ observed | division | (in hours) observed | division
4 7 1078 14.2 365 3 16 0.6
7% 6 521 79 56 2 7 0.3
12 2 43 2.1 78k 3 I1 a.3
16 I1 35 0.3 99 1 o o
22} 4 g 0.2 ! 114 2 1112) 309
20 3 10 ‘ 0.3 170§ 2 759 2.9%
= ]

N _(24), which is explained

v lIntensity of cell division is indicated by the quotient
in the text.

2 See the explanation in the text.

b) The intensity of cell division in the roots embedded in soft
gypsum is given in table 3.

Table 5. Intensity of cell division of the roots embedded
in soft gypsum

Dur_atmn of No, of ronts No. of mitotic | Average
embedment gyt intensity of cell
f nbserved figures observed st
(in hours) division
4 7 2252 28,7
7% s 4045 54-1
16 ‘ 10 2250 ‘ 22.8

c) The intensity of cell division of the normal roots (controls) is
seen in table 6.
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Table 6. Intensity of cell division of the normal roots

(controls)
Du.mtmn r;f Ifavmg No. of ronts No. of mitotic inte‘t:svi?r'argfcell
Upisas, CHpEats observed figures observed SR
enntrol (in hours) division
4 7 3222 43.8
7 8 6338 69.3
10 10 5138 ‘ 53.2
22} 3 1142 i 362
!

d) In comparing the amount of intensity of cell division in these three
groups of material we get the ratio as seen in table 7. The amounts
of intensity of cell divisien in soft gypsum always show a smaller
number in comparison with those of the control roots; and the roots
in hard gypsum show extremely small amount, moreover it is ta he
remarked that the amount in question diminishes as the duration of
embedment increases. It is presumable from these facts that the
mechanical pressure caused by embedment in gypsum inhibits the cell

Aixee waratls
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ip, and this {5 in agrcomen
PrEFTER (1893). HoTTESs (1929) also acknowledged the inhibitory action
of mechanical pressurce upon cell division in the root, but he described in
his paper that the cells near the tip continue to divide mitotically for
approximately four days. In our case, however, the cell division in
the root in hard gypsum almost ceased within 16 hours.

Table 7. Comparison of intensity of cell division found
in the roots embedded in hard and soft gypsum with
that found in the normal roots (control = 100)

I;ig??ﬂ:;ﬁ‘;ﬁig_ Roots in hard Rools in soft Noarmal roots
caw dust (in hf)urs) gypsam gypsumnt {ermtrols)
4 a& 66 100
a2 I it 100
16 0.6 43 100
224 0.5 —_ 100
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3) The relation between the elongation of root and the intensity of
cell division.

Considering the cell division together with the elongatien of root

we find that there is some relation between them, as seen in table 8,
namely that the roots elongated in a small degree have but a slight
intensity of cell divisien. The materials embedded in hard gypsum for
4 and 7% hours, in spite of little elongation, showed somewhat larger
intensity of cell division. The reason for this discrepancy may be that
the duration of embedment was too short to exert mechanical pressure
sufficient to inhibit ccll division. The comparison with the results found
in materials embedded in hard gypsum for 114 and 170} hours is
omitted in this table for the reason explained already in the previcus

baragrapl.
=1
*.

Table 8. Relation between the clongation of root and the
intensity of cell division

R In hard gypsum In soft gypsum Contrl
Duration of Evp P o
e;l;blzc:l::ﬁnyt Average Average Average | Average Average Average
in saw duEt elongation | intensity | elongation  intensity | elongation | inlensity

™ hours) of ront of cell of ront of cell of root | of cell
o RaRes per hour division | per hnur . division | per hour © divisinn
£ o.1 | 142 1.2 25,7 ; 1.5 43.5
7% 0.1 7.9 1.1 34.1 1.4 60.3
12 o.1 21 — — — —
16 a.x c.3 0.5 225 1.6 532
22k o a2 = e I.4 Jen2
26 o] o3 — — — —-
30% o a.6 —_ i —4 e
56 e} @3 — —_ —_ e
763 o 0.3 —_ — - L
Ty o o — — — —

4) The length of ceils in mitosis.
a) The length of cells in mitosis found in roots embedded in

hard gypsum is seen in table 9, where the average lengths of cells
embedded for 4, 71 and 16 hours are respectively 31.0, 27.5 and 26.9 p.
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Table ¢g. Length of cell in mitosis in the root ¢embedded

in hard gypsum
2:{)‘:‘12;25 No. of rools No. of cells Average length
(in hours) observed observed nf cells {in p)
4 5 1673 3o
7% 6 492 275
16 9 65 26.9

b) The length of cells in mitosis in roots embedded in soft
gypsum is given in fable 10, where the average lengths of cells em-
bedded for 4, 7% and 16 heurs are respectively 27.8, 27 2 and 26.0 s

Table 10. Iength of cell in mitosis in the root
embedded in soft gypsum

= :
IE);;?;:{;?EE{ f No. of roots No. of cells Average lengih
(in hours) | abserved abserved of celis (in p)
— i S
4 5 2723 275
74 7 4021 27.2
16 : 10 2200 26.0

c) The length of the cells in question Jfound in normal roots is
shown in table 11. The average lengths of cells in roots which were
left in saw-dust for 4, 72 and 16 hours as controls are respectively

30.2, 27.8 and 27.9 g

Table 1. Length of cell in mitosis in the normal roct (control}
l)uir:tg‘r:' r:lfulsia:;ng Nr)l. suef :"mlrts Nni)of ceé}s : A‘femﬁ: Ie_‘ng:th
control (in hours) observed observe i of cells (in p)
4 5 3301 3=
74 7 4950 275
16 10 5220 2%.9
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d) Comparison of the average lengths of cells in mitosis of rcots
treated with hard and soft gypsum with those of normal roots is given
in table 12. Compared with the cell length of the anormal roct, that
of the root in soft gypsum is a little smaller, and that of the root
embedded in hard gypsum for 16 hours is also somewhat smaller, while
that of the root embedded in hard gypsum for 4 hours is slightly
larger; but on the whole there is little difference between the three
kinds of material.

Table 12. Comparison of the length of cells with mitetic
figures in the normal root with those in roots
embedded in hard and soft gypsum

Duration of ‘ Relative lengths (¢ontrol = 100)

embedment or —-
leaving in saw dust ¢ Normal roots | Reots embedded | Roots embedded
(in hours) {controls) i in soft gypsum in hard gypsum
4 100 gz ! 103
73 ! 100 95 99
1
16 100 93 96

5) The length of cell with resting nucleus.
a) The length of resting cells, in roots embedded in hard gypsum,
is shown in table 13.

Table 13. Length of resting cell in the root embedded in
' hard gypsum

| Average length® of resting cells {and number nf cclls

Duration of | o cbserved given in Drackets) situated at the distance
embedment Ui i m':lts from the ot apex of :

: hserve:

{in hours) o = 3 -

! I mm ‘ 2 mm i 3 mm 4 min 5 mm 6 mm

i 5 22.1 418.9 287 ,52'3 - 94.4

(611) | (yoo) | (516) | {462} | (468) | (359)

73 i 6 20.1 19.6 31.3 5.0 63.3 39.7

(6g6) | (676) | (a18) | {367) | (307) | (343)

16 . g Z’:O.S Iga | 319 5.5 )66.1% ,87.4

| {B79) | (833) ‘ (7s1) | (867) | ([506) | (500

™ The vnit of length is .
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L) The length of resting cells, in roots embedded in soft gypsum,
is given in table 14.

Table 14. Length of resting cell in the root embedded in
soft gypsum

Average length (in n) of resting cells (and number of
Duration of o of cells observed given in brackets) situated at the dis-
embedment | 7 m‘gs tance from the oot apex of :
(in hours) L ; :
frmm D ozmm | 3mm I gmm | 3mm | 6mm
4 5 20.3 18.5 30.1 52.6 S20 107.4
(577) {551) (456) (156} (453) {293
i
7% 8 207 | 181 27.9 48.2 747 103.1
(342) | (906) | (489) | (466) | (506) | {437}
16 0 20.1 16,6 28.7 51.7 So.5 100.08
(954) ~ {1218) | (544) | (a19) | (556) (464}
i ;

c) The length of resting cells in the normal (control) roots is
indicated in table 15.

Table r3. Length of resting cell of the normal root (control)

Duration of I Average length (in p) of resting cells {(and number of

leaving in N 6Efiots : cells nbserved given in brackets) situated at the dis-

: f x of :
saw dust as observed tance from the ot apex of
control .
{in hours}) |1 mm | z mm ' 3mm | 4mm smm | 6 mm
,; 3 i
1
1 % I 240 19.2 26.5 46.5 rd g ga.1
[ (316) | (623) | (574) | (503} | {443} | (283)
1
73 7 - 189 . 309 50-9 705 95.6
(509) | (827) | (S01) | (453) | (547} | {345)
10 10 214 | 165 20,2 539 638 141
(841) | (1276) | (G20) | (548) | (559 | (439)

d) To compare the cell length of the three different kinds of
materials the relative amounts are given in table 16 and the real
amounts are plotted in fig. 1, in three separate groups according to
the duration of embedment.
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Table 16. Comparison of the length of resting cells in the normal
root with those in reots embedded in hard and soft

gypsum
Duft:l”n r’{ Relative lengths of resting cells situated at the dis-
e:)l: ]za“;i% Kind of tance from the root apex of {control = 100) :
Y 5
S0 S dick materinls
(is hours) 1 mn: | 2 mm 3 mm 4mm . §mm t 6 mm
Normal ronts :
4 {control) 100.0 100.0 100.0 100.0 190.0 100.0
Roots 1 soft
» gypsum 4.5 96.3 1135 § KI3.X 115.3 108.3
Reats in hard . 5o 8 ¥ ! ” )
W gypstm 92.0 yig Io1obg 01124 104.6 5.2
i Normal ronts :
T (control) 100.0 102.0 [00.0 1000 109.0 100.0
Roots in soft a
PP cypsum 6.2 5.7 0.2 94.6 105.9 107.5
Roots in hard . . o a o
» Sy nsiun 934 . 1037 | 1oLy 962 97.5 935
Norma] roots
16 (control) 100.0 100.0 190.0 160.0 100.0 100.0
Roots in soft -
3 gypsum 3.0 80.2 101.7 §5.9 gb.0 8.3
Roots in hard . \ 6
» iheien g7.1 | Toro § 1rzx 93- 76.7 76.3

In all cases the length of the cells at a distance of 2z mm from
the root apex is shortest; considering this fact tlogether with the
fact that this point almost coincides with the growing point of the
root, it is presumable that the daughter cclls newly formed by cell
divisions may accumulatc most abundantly about this point. And
under all circumstances in the three groups the length of the cells
at a distance of z mm from the apex in the rools embedded in
soft gypsum is shorter than the corresponding length of the other
two, though in a slight degree  As a whole, in all cases the three
curves run parallel with each other, but the curves show that the
cell length at a distance of 6 mm from the apex in the roots in hard
gypsum is always less than those of the other two. The parallelism
of the curves in fig. 1 might be caused by the fact that, though
the speed of elongation of cells may differ according to the external
pressure and may cause differences of cell length, yet the differences
arc not appreciable, because the ages of the cells observed at the
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Fig. 1
b

w
(]
1<}
IS
©
o

3 A

ol 1
1 2 3 4 5 &

Length of resting cells. Ordinales represent the length of cell in p, abscissa
distance from the root apex inmm. A, materials embedded for 4 hours; B, waterials
cmbedded for 73 hours; C, wnalerials embedded for 16 hours. Curve a, rools in hard

gypsum; b, roots in soft gypsum; ¢, coztrol roots,

same distance from the root apex differ from one another. In other
words a ccll at a given point in a root cmbedded in gypsum is
not the same age as a cell at the same distance from the apex of
the normal root. The former cell may elongate somewhat more
slowly than the latter, but the age or length of time needed to
elongate is greater than that of the latter. As regards the cell length
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at the distance of ¢ mm from the apex of the root embedded in hard
gypsum, especially in the cases of longer duration of embedmeunt, it
may perhaps be explained as follows :— The cells situated at a greater
distance from the root apex must have passed through the larger part
of their elongation, and the differences of the length of cells differently
treated may appear more clearly in this case. This might be at least
one reason among other factors bearing upon our problem.

e} On the other hand, the fact that the average lengths of cells
at the same distance from the apex in the roots, treated under different
conditicns, are similar to each other, must show that the cells of
materials, which elongate slowly in the gypsum, are shorter than those
of the same agc in the control materials, in which the cells are far
more basipetal than the celis of the same age in the former roots, for
the reason above mentioned.

6) Relation of cell division and cell length.

The length of cells in mitosis as well as of resting cells at the
growing point of the roots embedded in hard gypsum is nearly equal
to that in the mormal root; neverthless, the intensity of cell division
in the former is very little compared with that in the latter.  On the
other hand, the cell length of a root embedded in soft gypsum, in
which cell division is somewhat abundant, is a little less than the
normal root and that in hard gypsum. In other words there is little
difference in the cell length of the three dilferent kinds of material,
though the difference of the intensity of cell division is remarkable
among them. It can not, therefore, be said that the small size of the
cell is strictly related to the scantiness of the cell division, rather it
may be thought that the pressure itself caused by the gypsum treat-
ment inhibits the cell division in the materials treated with gypsum.
And it may alse be mentioned that the smallness itself of the size of
the cell does not cause the inhibition of the cell division in the cases
under consideration. These results colncide with the conclusions of
HaMMETT (1929) and Ricmarns (1928) about the relationship of cell
division and cell size.

7)  The differcntiation of cell.

a) The fact that the tracheal elements appear nearer to the apex
of the root, when embedded in a hard gypsum block, has already
been described by Prerrer {1803), HERING (1896), NATHANSOHN (1898),
HarLsaUer (1909) and HorTTEs (1029), and the results in our case are
shown in table 17, column A. And with the increase of the duration
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of embedment, the tracheal elements appear nearer to the apex, namely
the average distance in question is found to be 5.0-1.4 mm, while the
average amount of distance found in five normal roots as control is
13.7 mumn.’ ‘

The lignification of the cell wall of tracheal elements also moved
in an acropetal direction as shown in table 17, column B, the average
distance of the first point of lignification from the root apex being
namely 4.5-1.5 mm, while the lignification in the control material
advanced to the point 26,0 mm (average amount of five roots) from
the apex. Thus it may be said that the progress of cell differentiation
in the root embedded in hard gypsum is more rapid than that in the
normal root, though the cell division and cell elongation in the former
root is practically inhibited.

Table 17. Average distances from root apex to the points,
where the tracheal elements begin to appear or
the tracheal elements begin to show lignification,
in the roots embedded in hard gypsum

A B

Duration of No. of Average distance ﬁ'r‘nn E Average distance f:r_)m
- root apex to the point | root apex to the point
embedment raots 1a |
) where the tracheal ele- | where the tracheal ele-
(in ]murs) observed 2 5 5
* ments begin to appear | ments begin to show
{in mm} ! lignification (in mm)
=z 3 36 —_
16 3 5.0 -
24 2 4.0 4.5
25 4 37 -—
0% 3 2.6 J—
44 5 31 3.5
56 4 2.6 =
73 2 2.7 33
114 2 L6 2.5
1703 s 1.4 1.5

1 PrrperER (1593) noticed that the tracheze appear al the position 25-35 mm from the
apex in a normal FPiede-root, and according to KonnNICKE (19o5) the tracheal elements
begin first aboul 2o mm from the apex, and according to Prkarkk (1u27) the tracheae
begin to appear from 15-22 mm from the apex.
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b) The above mentioned explanation is derived from the con-
sideration of the facts of the distance from the root apex; but by
considering the age of the individual cell, we may come to another
conclusion.  The root jn a gypsum block is hardly elongated at all;
so the age of the cells even at the point of § mm from the apex, eg,
in the case of embedment for 16 hours, is older than 16 hours. On
the other hand the normal root elongates 24 mm during 16 hours, so the
age of the cells at 13.7 mm from the apex, where the tracheal clement
begins to appecar, must be far less than 16 hours. And the same
remark can be made upon the lignification of the cell wall. It may
be said, thercfore, that the progress in regard to speed of cell dif-
ferentiation in the root embedded in hard gypsum is hindered to a
certain extent by gypsum pressure. TFor this reason one must say
that the cell differentiativn in the root tip treated with gypsum is not
absolutely, but only in a relative sense, emphasized.

Materials and methods

After making marks on the root with Indian ink at 5§ mm and
10 mm from the root apex, the seedling, produced in the same way
as described in the former chapter, is fixed by a pin to a wooden
frame in a glass cylinder, containing cane-sugar solution of a cerfain
concentration, so that the root is immersed in the solution in a vertical
position, and the cotyledons are above the surface of the solution.
The top of the glass cylinder was covered with a plece of paraffin
paper to prevent excessive evaporation from solution and cotyledons.
The methods of observation on cell division, cell length and cell dif-
ferentiation are the same as in chapter IL

Results and censiderations

1) The total elongation of the root.

Elongation of the roots immersed for 227, 24, 25 and 2545-28 hours
respectively in sugar solutions, tap water and distilled water is seen
in table 18; though there are some differences amongst the absolute
amounts found in those four kinds of materials, vet it will be found
that the elongation in a more concentrated solution is less than that
in a more diluted solution, tap water or distilled water, as would be
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Table 18. Elongation of the roots Iimmersed in sugar solutions

and water
Duration of | o, A:str:lgt Averape
Selution immersion Pl 1pth elongation elongation
{in hours) observed of roots pet oy
' (in mm} {irg)
Experiment I
20 9 sugar solution 2zl 2 nearly o nearly o
10 % sugar sclation 223 2 15.3 81y
Tap water 223 2 21.0 933
Experiment IT
15 % sugar solution 25 3 0.2 5
12.5 % sugar solution 25 : 3 jeos 132
10 9 sugar solution 23 3 7.0 250
% 25 sugar solution z3 3 16.7 663
‘Tap waler 25 3 16.3 652
Experiment IIT
13.6 % sugar solution z4 1z 5.0 253
11.5 25 sugar solution 24 6 11.0 450
9.4 % sugar solnfion 24 12 12.0 500
7.1 95 sugar solution 24 5 14.0 553
4.8 27 sugar solution z4 11 150 625
2.4 9 sugar solution 24 6 150 625
1 9% sugar solatien ] 24 1z 15.0 750
Iistilled water 24 iz 15.0 625
Ixperiment 1V
20 85 sugar solution 25% 9 —1.3 —3I
15 9 sugar solution 254 10 - 0.5 — 20
10 % sugar solution 27} o 4.5 175
5 24 sugar solution 25 g 19.3 669
‘fap water a7 5 22.2 322
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expected. Porovicr (1goo) tried to inhibit the elongation of the root,
by use of KNQO,-solution, diminishing the turgor pressure of it. Poro-
vict used 05§ 2 solutien’ and found no effect produced upon the
elongation of root of Picia Faba; but could see that 1% and 1.5 %
solutions® inhibit the elongation to a certain degree. In the present
investigation it was observed that the sugar solutions, stronger than

15 %, inhibited the elongation of the root perfectly or almost perfectly.
2) The intensity of cell division.
The average amount of the intensity of cell division, immersed in
solutions, is seen in table 19; as a whole, roots in solutions of higher
concentration show lower amount and the roots in diluted soluticns or

Table 19. Intensity of cell division in roots immersed 22}, 25 and
24 hours long in solutions of several concentration

: 1_)ur.'1l:m'1 of No. of roots _ Average
Solution LNunersion : intensity of
e : observed g dF
{in hours) cell division
|
Experiment [ J
r

20 25 sugar solution 22% | 2 0.5

10 % sugar solution 22% 2 19.5

Tap water 22} 2 355
Experiment IT

i5 % sugur solution : 235 3 0.6

12.5 9 sugar solution 25 3 4.5

1o 94 sugar solutinn =3 3 5.9

5 9% sugar solution 23 3 35.1

Tap water 23 3 20.4
Experiment JIT*

13.6 9 sugar solution 24 4 I.5

0.4 % sugar solution 24 4 54

7.1 95 sugar solutinn 24 | 3 26.2

t The pressure of D.S%KND3 -solulion is nearly 1.75 atm, p., and approximately
equivalent to (he pressure of 2.5 9 cane-sugar solution (PFEFFER, 1900, p. 146).

2 195 KNQj -snlution is approximately equivalent to 5.1 9% cane-sugar solution;
1.5 9, KNO, -solution is approximately equivalent to 7.6 % cane-sugar solatinn.
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4.5 2 sugar solution 24 3 24.5
2.4 % sugar solution 24 4 47.2
1 % sugar solution 24 A 40.4
Distilled water 24 4 LT

1

* Only the roots selected as follows were observed :—raots elongated shnrter from
materials immersed in higher concentrated solutions; roots elongated longer from
those in lower concentrated solutions and water; and roots elongated medially
from those in medial concentrated solutions.

water show higher amount, though there were some variations among
the results found in the experiments of the three different series.

3) The relation between the elongation of root and intensity of cell
divison.

Regarding the intensity of cell division, the roots immersed in
solutions of more than 15 9 concentration showed us only a slight
degree of intensity or practically none, in the same way as in the case
of the elongation of the root. Srvarrert (1921) recorded that the
osmotic pressure of a normal root of Vicia Faba is equivalent to that

of ;{fon KNO,; -solution (necarly equal to that of 12.8 ¢4 solution of
cane-sugar). It is possible that in the case under consideration the
15 % and 20 % cane-sugar solutions were hypertonic for the root, and
it is reasonable that the roots immersed in solutions of more than
15 %% concentration should hardly show any cell division or elongation.
And further, in cases of roots in diluted solutions or water, comparing
the elongation of the root and the intensity of cell division, we find
that there is an intimate correlation between those two phenomena,
namely the roots of rapid elongation show large amount of intensity of
cell division and that of slower elongation show small amount.
4) The length of cell.

a) The length of a resting cell at 5 mm from the apex of the
root immersed for z2% hours is shown in table 20, where it is secn
that the length of the cell in the root in 20 % sugar solution is shortest
and that of the root in water is Jongest. And the length of the cells
in the resting stage at 1 mm, 2 mm, 3 mm and 10 mm from the apex
of the root immersed in sugar solutions and distilled water for 24 hours,
is seen in table 21, column A. Generally speaking there is no remark-
able regular variation in the length of cells at 1 or 2 mm from the
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Table 20, Length of resting cell of the root immersed for
22% houts in sugar solution or water
N, of Average lengthitd of cells at 5§ mm apart from
Solation rools the apex at the end of immersion {no. of cells
observed | observed given in brackets)
20 9% sugar solution 2 10T {234)
10 % sugar solutinn 2 195 (146;
|
Tap water 2 230 (197}

ED]

Table 21. Length

The unit of length is w.

of resting cells in the

reot immersed for

24 hours in sugar solution or distilled water

A

B
Average lengihn, measured
al the end of immersion, of

Avérage dengehn of vellgar | cells sitgated at the points,

No.aof : L a and b, corresponding res-
; roots dlﬂ'e‘antt (3[15:1::55 n?qi?:mr'g;t pectively to the points § and
Solution observed “PE% 2 e]l' £ Aistances: " | 1o mm apart from the apex
; S1om, DRmely of QSLANCESE— | f {he root at the beginning
of immersion. Namely at the
points i1—
: S . S— .
ST 2mm o 3 EuNn 1o num o a ‘ I»
13.6 % sugar snlution 4 | 23 a3 7§ 162 ) 7{67 162
(4337 (a10) | (309)| (327} Late (327)
I11.3 9 sugar solution z | 4 25 | 70 31 100 201
C (206 | (220} (216} (a212] 1213 (162}
9.4 % sugar solution 4 25 26 51 163 125 203
{467) | (43311 (409} | (409! (415) (353}
7.1 2% sugar snlution 5 24 28 115 140 154 216
 (303) | (500) | (2761 | (299) (501) {231)
4.5 94 sugar solution 3 21 235 113 150 172 191
(306) | (302}, (295]§ (390 (308) (299)
. i
2.4 % sugar solution 4 ¢ =25 26 0 of 75 14g 223
[ (455) (422] (492)) (403 f412) (403
1 97 sugar solution 4 | 22 24 | 124 213 2583 _363\
L (414) | (435) | {216] ] (242) (347) (315)
Distilled water 4 21 21 122 156 215 238
(406) | (483] | (267} ] (203) (356) (393)

1)

The unit of length is p.
2} Figures in the brackets are

namber of cells observed.
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apex of roots due to the concentration of the solution, though there is
a certain inclination for the cell at 5 and 10 mm from the apex of the
root in diluted solution or water to be longer than that of the root in
stronger solulion. The above mentioned observation was made with
equidistant measurements at the end of the experiment. As the rate
of elongation varies with the concentration of the solution in which the
roots are immersed, the age of the cells at the same distance from the
root apex must differ according to the kind of material.  Though,
however, the individual cell of the root in a concentrated solution
might elongate more slowly than that in a diluted solution, the final
resuit obtained by the equidistant observation showed no considerable
difference between their cell length, because the duraticn of time needed
for the elongation of the former cell is greater than that of the latter.

b) In table 22 the length—measured at the end of immersion—of a
resting cell situated at points corresponding to the points 3 and 10 mm
from the root apex at the beginning of the immersion, is shown. The
cell length of the root in the concentrated soluticn is clearly less than
that in the diluted solution or water. And the difference between the
cells of different kinds of materials is more remarkable at the distance

Table 22. Average length, measured at the end of immersion, of
resting cells situated at the positions correspending to
the points § mm and 10 mim from the root apex at
the beginning of the immersion; the duration of the
immersion is 23 hours.

Average length? of cells at the positions
o of corresponding  to the different points apart
; ]\n.o. from the root apex at the beginning of im-
Selution brs?:;d mersion respectively :
0 T
5 mm | 10 mm
i
15 % sugar solution 3 04 (265 ‘ 169 {152}
12.5 % sugar solution o 91 (249) I 181 (150
i |
10 % sugar solution 3 i 126 (211) : 179 (140)
5 2% sugar solation 3 173 (193) ’ 202 ( 97}
Tap water 3 215 (191) 245 (1571)

1 The unit of length is p.
23 The number of cells observed is given in the brackets.
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of 5 mm from the root apex than at the distance of 310 mm from the
apex. This fact may be explained as follows :(—cells at the point 10 mm
from the apex are more advanced in growth than those at 5 mm from
the apex, so the remaining duration of the growth, to reach the full
grown stage, is shorter in the former cells than in the latter, The
retardation in the cell elongation caused by the action of the soluticn
might, therefore, become less visible in the former material than in the
latter, A similar result was also obtained from another experiment
indicated by table 21, column B, where the length—measured at the end
of the immersion in different solutions—of cells situated at the points
corresponding to the points 5 mm and 10 mm from the apex of the
reot, at the beginning of the immeersion. The above mentioned ob-
servations reveal the fact that, difference in the length of resting cells
chserved at the same distance from the root apex in the different kinds

Fig. =z
1o h
&
200 B
f
15C b
e
160 |
50
R e = SR e
a N s e L L . L N
Dist.
1%.8 11.5 9.4 7.1 4.8 2.4 1 waier

Comparison ol length of cells—measured at the end of experi-
ment—at the points 1, 2, § and 10 mm apart from the rnot apex at
the end of the immersion and at the points, a and b, corresponding
respectively to the points 3 and 10 mm from the ront apex at the
beginning of the immersion. The duration of immersion is 24 hours,
The ordinates give the length of the cells in g, the abscissa the
solutions (the Agures indicate the amount of sugar in per cenl) or
water, in which the root immersed. Curve a, cells at the peint a;
b, cells at the point b; curves ¢ (X ), d (0), e and f represent
respectively the cells at the points 1, 2, § and Io mm from the
root apex, at the end of the immersion.
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of roots treated with solutions of different concentration are small, and
on the contrary the length of cells of the same or nearly the same
ages in those roots is clearly different. This comparison is also shown
in fig. 2, where the relation of columns A and B in table 21 is graphi-
cally given. The inclination of curves (c, d, e and [ in fig. 2) fer cells
at the points, at the end of immersion, respectively 1, 2, 5 and 10 mm
apart from the apex is gently-sloping, as a whole, though there are
some zig-zags; while the curve (b) for cells at the point corresponding
to the point 1o mm from the apex at the beginning of the immersion
is more rapidly sloping, and the curve (a) for cells at the point cor-
responding to the point § mm from the apex at the begimning of the
immersion is the most steep.

¢) With regard to the length of the cell in mitosis, there is little
difference between the different materials. Yet in detail as a whole
the amounts for roots in concentrated solutions are somewhat higher
than those for roots in diluted soluticns though there are some irregular
variations.  Therefore at least it is impossible to say that the former
shows smaller amount than the latter (see table 23).

Table 23. Length of cell in mitosis in the root immersed in
solution for 24 hours

2 Na. of roots No. of cells Average length
Solution g of cells in
observed observed oo
nitosis {in u)

13.6 9 sugar solution 4 42 i 32T
11.5 95 sugar solution 2 135 30.7
9.4 % sugar solulion 4 120 b2
7-1 95 sugar solution g 246 : 3.6
4.5 95 sugar sclution 3 204 Ay
2.4 24 sugar solutinn 4 507 315
1 25 sugar solution 4 457 2015
Distilled water 4 560 ‘ 203

4) Relation of cell division and cell length.
The increase in the concentration of the soluticn is followed by
the cdiminution in the amount of the intensity of ccll division, neverth-
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less, the length of cells, with mitotic figure, in the materials treated
with solutions of different concentration, is rather alike ; and also there
is no remarkable difference of length between resting cells at the point.
2 mm from the apex of root {(that pcint nearly coincides with the
growing point of the root) in concentrated solution, and those in diluted
solutions or water.  Just as was menticned in the case of materials
treated with gypsum, se, it can hardly be said that the ccll division is
inhibited by the smallness of the cell. In this case it may be said
that the osmotic high pressure itself, caused by strong solutions, inhibit
the cell division, though probably in an indirect way.
5) The differentiation of the cell.

The distance from the apex to the point where the tracheal ele-
ments begin to appear, in the roots immersed in sugar solution or
water, is shown in table 24, column A, Though it is not remarkable,
yet there is an inclination for the average distance gradually to be-
come shorter with the increase of the concentration of the solution,
excepting in the cases of solutions of more than 13.6 2% concentration,
in which the distance is larger than that in more diluted solutions.
The lignification of the cell wall of trachea: takes a similar progress,

Table 24. Differentiation of cell in the root immersed in
sugar solution or water

A B

‘ Average distance Average distance

Duration Frivmy rﬁni a?}c‘-: o ;mn‘. :\g.r;t apex o

Solution . of - :‘foftzf the point where Ii?(;t(s)f the point where

”.m"lersm_'? bm” a the tracheal ele- hserved the tracheal ele-

{in hours) | observed) \opye begin to |° ¥ ments begin 1o

appear {in mm) lignify {in mm)
Experiment I

13.6 % sugar solution 24 4 10,5 2 1.5
11.5 % sugar solutinn 24 2 5.2 2 0.3
9.4 %5 sugar solution 24 4 . 86 3 16.0
7.1 % sugar golution 24 3 7.5 1 1L.7
4.5 % sugar solution 24 3 10.0 2 20.8
2.4 % sugat solution 24 4 0.4 4 22,5
1 9 sugar solution 24 4 3.2 4 25.0
Dyistilled water ; 24 4 g.2 4 26.0
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Experiment 111 3
22 95 sugar solution 254 G L 16.6 o] 15.5
15 % sugar solution ! 25d 10 16.0 10 1.2
10 95 sugar solution l 271 Y S 9 12.5
5 25 sugar solutiom : 25 9 13.9 9 17.5
Tap water ‘ 27 6 14.2 6 - 233
Controlz) ‘ —_ 10 I5.1 10 20.5

1 (Ohservation was made on hand-sectinns.

2)  Brolther seedlings to the materials before the experiment.

as scen in table 24, column B. In experiment II in table 24, the ad-
vancement of trachem as well as lignification in the root in 2049 or
15 9 solution, where the elongation of the roots is almost completely
inhibited, is nearly equal to that of the normal root, i.e. of the control
material examined before the experiment. In other words, in these
cases the appearance of the tracheal element or lignification did not
advance during 231 hours of treatment in the solutions. Within the
limits of hypotonic pressure, the progression of the differentiation of
the cell seems relatively more vapid under heavier osmaotic pressure
than under Jess pressure.  And as to the time required the conclusion
is similar to the case of treatment with gypsum — the csmotic pressure
rather retards the advancement of cell differentiation.

IV. GENERAL CONCLUSION

The gypsum mould surrounding the root tip inhibits further elonga-
tion of the root, neverthless the individual cclls which compose the
reot tissues tend to elongate; this force appears as pressure in the
root, consequently, at the same time, the external pressure caused by
the resistance of the surrounding mould zcts against the root. Amongst
the causes which produced the effects upon the materials treated with
gypsum mniass, we must consider, besides the mechanical pressure, also
other factors, namely want of the supply of oxygen and water in the
mass and chemiczl actions which may be introduced by the use of
gypsum. But according to Prerrer (1893, p. 244-246) those factors,
with the exception of the mechanical pressure, are negligible for mate-
rials treated with gypsum. The experiments with gypsum treatment
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in our worle were designed as nearly as passible so that only mechanical
pressure acted upon the materials. On the other hand the phenomena
which were obscrved in the materials treated with sugar solutions may
be considered as the action of the osmotic pressure of the solution.

In the present experiments we sce that the cells of roots embedded
in gvpsum are jnhibited both for elongation and for division, and in the
case of the cells of roots immersed in sugar solution, similar phenomena
are seen; we can say, therefore, that the pressure, mechanical as well
as osmotic, retards or inhibits the eclongation of individual cells and cell
division, partially or perfectly, according to the degree of the pressure.

In the case either of the root embedded in gypsum or of that im-
mersed in a concentrated sugar sclution, it is seen that the length of the
cells in the materials under heavy pressure—in which mitotic figures
are very rare—is mnever less than that of the materials under light
pressure or normal condition—in which the mitotic figures are abundant ;
we may, therefore, conclude that the inhibition is not attributable to
the small size of the cell, and that the pressure itself might inhibit the
cell division, though probably indirectly.

The dilferentiation of cells in the roots under pressure, caused either
by embedding in gypsum or by immersing in sugar solution, proceeds
nearer to the apex than on the normal root; yet in view of the time
required the progress of differentiation of the cell is really delayed
owing to the influeace of the pressure, namely the differentiation is not
“ absolutely,” but only “relatively 7 emphasized by the pressurc,

V. SUMMARY

The author treated the roots of I'icia f7aba by cmbedding them in
gypsuni or immersing them in cane-sugar solution, to inhibit their
elongation, and 1eached the following conclusions :—

Both the elongation of the individual cell and the cell division are
inhibited by the pressure, mechanical or osmotic; Lthe degree of inhibi-
tion is connccted with the degree of pressure. This inhibitory action
is caused by the pressure itself, and is not to be attributed to the
small size of the cell.

The differentiation of the cell in the root under pressure advances
nearer to the apex than in the normal root, but this phenomenon is
not accelerated absolutely but only relatively, because its progress is
in reality delayed more or less.
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