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Hitoshi Kojiaa

INTRODUCTION

-

The manifestation of daily periodicity in the rate of cell-division as
well as of growth in plants under normal external conditions has been
a well-known fact since the nincteenth century. For instance, STrAS-
BURGER (13) reported in 1880 that in Spirogyra the cell-division was
most rapid at night and MryER (8) found in 1827 that the elongation
in the tlower-stalk of Amarpllis Belladonna during the night was nearly
twice as rapid as during an equal period of daytime. But as regards
the question whether, when external conditions are kept constant, the
daily fluctuations may still occur or not, there are not so many infor-
mations. Keruicort (6), Karstex (4, §), FRIESKER (3), StALFELr (11)
and others made observations regarding this point, but there is little
concert of opinion among them, and the explanation offered with re-
ference to the cause of the rhythmic variation cannot yet he considered
conclusive.  The observations described in this paper are designed to
contribute something to the study of those questions.

The writer wishes to take this opportunity to express his very con-
siderable indebtedness to VUrofessor Dr. Riichirdo KokeTsy, for his cordial

' Contributions from the Jotanical Laboratory, Kyushu Imperial University, Ne. 19
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advice and unceasing encouragement given throughout the progress of
the work.

OBSERVATIONS ON CELL DIVISION, NO. I

Broad beans (Vicia Faba L., ** wase "-line) of nearly uniform shape
and weight® were sclected and soaked in water on the evening of May
31, 1g924. At 10:20 of June 2 they were sown in saw-dust of Coniferac
wood and placed in a room facing the north and rather dimly lighted.
Beginning at noon of June 4, at intervals of about 2 hours throughout
a 26-hour period, morc than ten scedlings each were taken out; among
which several sound, and alike in development of root were selected
for the examination.,  The root tips were fixed in FrLemsme's weaker
solution®, sactioned with paraffin Jongitudinally (exactly parallel to the
axis of the root) 10g thick, and stained in ITaipExtas’s iron-alum
haematoxylin.  From each root, the five sections passing nearest the
axis of the root were chosen and observed under the wicroscope.

A Zuss' microscope with objective DD and ocular 4 (10x), tube
length 160 mm, was uscd. A regular square frame corresponding to
0.2 mm square on the scction under the microscope was traced ocut on
the drawing table by camera lucida after ABBE, and the nuwmber of cell-
nuclei transcribed by the apparatus within the square [rame were counted
in two groups, respectively in resting stage and in mitosis (the two
daughter-nuclel of a cell in telophase were counted as one}.  The oh-
servation on the first 0.2 mm® was made at the growing point of the
root, while the second was made on the periblem of the root in contact
with the first; thus the third, fourth etc. in basifugal order, cach con-
tiguous with the previous one, were observed on the periblem. In this
manner the part of the periblem within ca. 2 mm of root tip was ob-
served®.

The room in which the examination took place was dimly lighted

» 5 F. Freceask and [L M. TwriLea

. (13} reported that seedlings from seeds ncarly
unifonn in size and weight were also uniform in vital force.  The weight of broad beans used
in this work was ca. 1o grams and the deviation was alout 29%.

2 Cf. CIAMBERLAIN {2) p. 27.

4 SCUUEPr {1o) reported that in the ot Lip of Tdae Ayde the nitutic figures were seen
ouly within 4 mm on periblem, and z—=2f nun on plerom, while the greatest value of the
percent for cell division was on the portion }—1 min above the growing point.  PrKarRREK's
study (9) also showed that the mitotic figures were most abundant within z mm of rout tip.
In the present work the mitotic figures were found also on outside 2 mm of root tip, vet their
number was so rare that the obscrvation was omitted.
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as it faced the north, and curtains were droped, and furthermore the
seedlings were placed within sawdust, and no part of them was exposed
to the light, so the influence of light may Le considered negligible. The
temperature of the room was 19°%-21°C (compare thermal curve of Fig.
1).  The humidity in the germination bed was always kept at the
saturation point.

Table L

v 5085 T . i .
Intensity of cell division indicated by quotient T (25), where a is the total number of

dividing cells and I is the total munber of cells in given area.

No No. Qf ‘ No. of ¢ells in mitosis Total + ‘Total No. of
Time .uf‘ izl:niﬁ - ] _nf)_. 9f"_ g of | a (%) unit
Hides I34 ) | dividing i cells b area
" ostage | Early® |Middless Late#**! cells (a)|  (b) examined

12:00 5 ‘ 7425 | 362 160 93 615 G040 7.64 160
14:25 5 | 5467 J 352 159 102 643 ol10 | 705 160
17125 4 | B2 0 932 324 173 1420 | 10192 | 13.93 171
20i1§ 5 4zo | §529 ns 145 1292 ] [I7I2 11.03 201
22:25 5 | 5644 319 204 121 649 | 0293 .98 162
2345 5 10055 [3%4 301 185 1147 12128 5.42 199
1:20 35 8660 304 267 160 731 9411 7.76 165
2150 5 11033 838 308 167 1313 12346 10.63 202
4:05 3 Y410 516 279 153 124G 10654 11.70 154
545 © 6 10630 455 252 164 gor 11731 7.08 192
7120 | 5 5590 1494 363 125 1962 10531 15.73 | 202
614§ 6 | 10495 406 271 214 891 11359 7.62 188
1305 5 9574 414 300 162 876 10450 8.38 1472
I1:43 6 | 10743 540 250 181 1051 | Ti794 Sa1 195
1345 5 Gayz 489 239 162 Huo 9162 9.71 157

#Prophase.  **Metaphase and early anaphase. ***Late anaphase and tclophase.

Some five root tips killed at a time were observed and the sum of
the results of the observation on these root tips are given in Table L
The intensity of cell division is expressed by the quotient, obtained by
dividing the number of cell-nuclei in mitosis in given area by the total
number of cell-nuclei in the same area. Fig. 1 shows graphically
the intensity of the cell division. In this time curve there are two
maxima. The first maximum oceurs during eight heurs, between 14-15
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Fig. 1. Tntensity of cell division.
and 22-23, having its highest point at about 17-18. From 22-23 to 3-6
is the first minimum stage (lasting about seven hours), following which
the sccond maximum begins, the apex of it being at about 7-8.  As
the peried of the second maximum is short the second minimum stage
soon appears, which continues for six hours, from 89 to 14-15, and is
again followed by the first maximum,

In other words, the first eight hours (from 15 to 23) are the primary
active phase, the next seven hours (from 23 to 6) form a relatively
inactive phase, the following three hours (from 6 to ¢) the sccondary
active phase and the last six hours (from ¢ to 15) the resting phase
{compare alsc Fig. gA).

OBSERVATIONS ON CELL DIVISION, NO. 2

Broad beans were sclected as in the preceding obscrvation, soaked
in water in a dark room at 15:30, October 29, 1026, At 11 of Novem-
ber 1, they were sown in sawdust, and placed in a dark electric
thermostat of 27°-25°C. From 8§ of November 4, at one-hour intervals
more than ten seedlings were pulled up; from among them several,
sound and moderate in growth, were chosen and fixed in formalin alcohol
mixture (formalin 4 cc + 70% aleohol 100 cc), then stained in alum
carmjn® in bulk 24 hours. Longitudinal paraffin sections of 10# thick

s Cf. CHAMBERLAIX (2) p. §3. Regarding the accuracy of stained figures this mcthod
is sumewhat inferior to the iron haematoxylin method, but it surpasses that method in trouble
saving when treating a yreal yuantity of malerlals, and in getling preparations uniformly
stained as it does not tend to overstain,
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Tabie

Il

79

Intensity of cell-division indicated by quotient J{ (2z), where T is the total mumber of

initotic figures and A is the relative value of the area examined.

Total
Time I ?l?d:af I*E?c.)t(i)(f:
: figares
(1)

800 5 2435
9:00 4 1507
| GoHole} 5 2103
11:00 [} 2426
1200 ; 3 3476
13000 6 2039
1400 5 1739
15:00 7 2678
16:00 [ 2105
17:00 5 2155
18:00 5 1916
19:00 ‘ 7 2173
20:00 7 1809%
2100 G 2185
22100 4 1710
23:00 | G 1923
24:00 6 22435
1100 5 2205
2:00 5 1675
300 5 1530
4:00 8 2563
5:00 6 1435
1o ) 1976
7:00 4] 1331
oo ) 20615
Q:00 [ 1963
10:00 5 1517
1100 6 1530

|

|

Relative
value
of the

area {A)

045
37
917
1063
bt
10G6
(}IZ
1302
1150
913
900
1246
1246
o285
Fo7
1036
10z6
Syz
G0
837
1356
996
1300
90
1164
052
841
966

) | Toral
x| i
i root
| {cm)
-
| 257 ca. 6
212 6—0.5
224 6—17.5
221 88—y
230 7—9
155 6,5—8
19a 7-5—85
205 6—17.5
i 183 h—19.5
236 7—56.5
212 =8
174 7.5—11
i52 510
21z G—y
241 G—10
| 152 8—103
219 g—1L.5
234 6511
197 G.5—11
. 155 G.5—1IL§
! 154 10— 13
146G g—12
152 5—13.5
1353 0.5--12
224 g.5—12
179 9.5 —11
130 ‘ll—lg
154 I0—13
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were made.  From each root tip, five sections, thosc passing nearcst
the axis of the root were observed. The microscope used was the same
as in Observations, Neo. 7. In order to express the intensity of the cell-
division the following observations werc made. The number of dividing
cell-nuclei (from prophase to telophase) within the space of 3 mm from
the root apex was counted. At distances of respectively 1, 2 and 3 mm
from the root apex, the diameters of the root were measured. The
sum of the numbers indicating the diameters thus measured was used
as the relative value of the tissuc area included in the space of 3 mm
from the root apex. The intensity of cell division is expressed by
the quotient obtained by dividing the number of cell-divisicn by the
relative value of the arca®  In Table IT the sum and average of results
obtained in observation of the several roots killed at a time, are given.
This table is represented as a cve in Fig 2.

224 -

200 = Cell-division
150 —
160 -
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120 o
100 =T~ 26°C

= 28e

b 27" Tewperature

- 26°

a 1 L 1 L L ed |l i A L b
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Time
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b
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% E

Fig. 2. Iutensity of cell-division,

There are two provable maxima: the first maximum, with two
crests, begins at 6 and finishes at 13; during the next seven hours
(between 13 and 20) the first minimum takes place; fullowing which
the second maximum phase occurs and continues seven hours (from 20
to 3). Between 3 and 6 (during threc hours) there is a second minimum
stage, and then the first maximum recurs. In short, the first seven

6 KeLLicory (6) stated that the size of a part or organ is determined by the number
of cellular elements contained in it, and not by variations in their sizc.
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hours (from 6 until 13) is the primary active phase and following seven
hours (Tfmm- 13 to 20) is the primary resting phase, in the next seven
hours (from 20 to 3) appears the secondary active phase and the last
three hours (from 3 to 6) form the secondary resting phase. Thus the
z4-hour period is completed (sce also Fig. 5B).

As these materials were kept in a dark thermostat and in germina-
tion bed at the saturation point, these three external conditions would
seemed to be constant.

OBSERVATIONS ON ELONGATION, NO, I

The materials used in this experiment were the same as in QObser-
vations on cell division, No. 1. The length of the young root of the
material was about 3 cm. The method emploid in this observation is
as follow :

On a photographic glass plate (Ilford's Process), by photography,
a scale each space representing 0.2z mm was produced. In order to
fix the scedling on the plate, by n'l_eans of a silver gilded pin, a block
of cork was glued to it. The plates, with seedlings being thus prepared,
were placed vertically in a glass box. The bux was covered with black
paper, and humidity within it was brought to the saturation point. At
intervals of about 30 minutes the degree of elongation in the root was
read under a normal microscope (Zeiss', Huygens' ocular 4 (10x),
vhjective AA, tube length 160 mm) with aid of the ccular micrometer
(Zeiss', ruled in tenth of & mm) and the scale on the plate.

Nine roots, under the same conditions, were observed in parallel.
In Table IIl the results of observations are shown, in which the rate
of elongalion within each two hours is cited in mm. Though there
appears some irregularity in the courses of some roots, due probably to
individual difference, speaking in general, there arc one active phase
and one resting phase.  That is, from 1 to 17 (ie. 10 hours) the rate
of elongation is rapid (active phase), and from 17 to 1 the rate is slow
(resting phase). Fig. 3A shows the curve of the total average in time
records of a day, while Fig. 3B is the curve of the total average
summed up so that the beginnings of the active phases come in coin-
cide.  These curves represent clearly the relation of active and resting
phases (cf. Fig. 5A).

These observations were made from 11:30 of June 4, 1924, and
ceased at 13 of the next day; and throughout the observation tem-
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Table III.

The rate of elongation, per two hours, indicated in mm.

~._Material ‘ \
U No. 1 No. 2 No. 3| No. 4 | No. 5 | No. 6 | No. 7 | No. § | No. 9 Total | Average Total | Average
Time* \\\ ‘ g 1
<
1 <
13:00 1.55 1.56 1.64 7.29 0.9 1.29 ! 1.46 | 1158 1.29 ] 7.29 0.81
14:00 1.00 ’ .79 | E
15:00 1.27 1.29 1.31 r33 1.01 0.96 | | 104 | 1010 112 & I1.13 1.24
10:00 | 090 1.05 | 2 g
17:00 r.oy¥¥ 1.21 1.00 r.03 1.24 0.69 | I 073 8.87 0.99 B 12.61 1.40
18:00 075 | 139 | s O
19:00 083 1.04 0.9 0.78 1.03 0.78 ! .25 879 0.9& H :’E‘Z i 12,71 1.41
20:00 075 | r1.ar | = &
21:00 087 1.8 0.9r1 0.98 0.92 0.64 1.35 854 0.95 ?; % 12.42 1.38
22:00 0.85 113 1 25 A
23:00 1.7z 1.04 1.04 1.55 0.88 0.72 1.4 10.11 rz2 =2 12.04 1.34
24 0o 0.98 1.17 g o
1:00 0.53 081 0.77 2.08 05r 0.33 1.56 8.06 0.90 %ﬂ 2 12.58 1.40
2:00 | 0.27 1.20 f v .=
3:00 1.33 0.70 1.13 2.02 0.85 0.85 1.56 10.24 1.14 s 8 11.22 1.25
4:00 0.73 1.46 % =
5:00 1.53 0.88 1.07 2.38 0.92 1.24 1.25 12.00 1.33 5 S.9r 0.99
6:00 i 1.04 1.69 )
7:00 1.39 1.04 1.43 1.92 1.22 1.39 ‘1.35 12.09 1.34 o 8.55 0.95
8:00 1.18 1.47 =
‘900 1.51 LI4 0.65 1.66 1.59 1.56 1.56 13.09 145 | 8.26 0.92
10:00 | 1.04 1.66 %
11:00 1.68 1.21 1.29 1.69 | 1.25 0.96 1.87 12.68 1.41 < 881 0.98
12:00 1.26 1.74
- 7-29 0.81

#The time indicates the middle of the every two-hour period.
*%The italics mean the resting stage.
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perature, illumination and humidity were nearly constant (compare
Observations on cell-division, No. r)

A

1,6—|
1.0
21°C
- Temperature
b == 20"
-t 197
D 1 'l L 1 L L ' L L ' 1 L J
13 17 19 1 23 1 3 5 7 E 11 13
Timne
1.5 =
10—
5 —
0 1 i " L 1 — i 1 i — L 1 J

Fach space represents a two hour perind

Fig. 3. Average curve of elongation, A based on the time of day by the clock ; B based

. . . -
on rearrangement of curves in coincideiice of phases,

OBSERVATIONS ON ELONGATION, NO. 2

In the afterncon of October 11, 1924, broad beans were soaked in
water and in the morning of October 13 were planted in sawdust.
From 19:20, October r3, the observation was begun.  The method of
obscrvation was same as before. The temperature of the room was 23°C
at the beginning, but it descended from the afternoon of the next day
te 19°C (compare Fig. 4, thermal curve).

The other two factors were nearly constant as in Odservations, No. 1.
In this observation eleven root tips were measured in parallel. In
Table IV the sum and avcrage in the rate of clongation of these eleven,
reduced in bi-hourly values, is cited. The descent of the temperature
in the later half scems to have had a slight influence upon the root and
the rate of elongation became somewhat slower’. In thesc cases also

7 As regards the relation between temiperature and clongation in /isam sefizem 1 Fricic
(7) reported that the descent of temperature has no influence spon the rate of clungation but
the roots adapt themselves quickly to the new level of temperature,  In this cage the degree
of descent in temperature was not so great, yet some influence wpon the elongation ust be

recognized.
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The rate of elongation per 2 hours, indicated in mn,

Hitoshi Konva

Table TIV.

averages based on experiments on eleven rool Lips.

Time# loral \ Average
21:00 3.27 ) ©.30
23:00 345 ’ ©.31

1:co 3.91 0.36
3:00 3-52 ‘ 0.32
5:00 3.46 0.31
7:00 2.62 ’ 0.24
400 2.38 0.22
L1:00 2.2¢Q a.2f
13:00 2.22 0.20
15:00 1.2 ‘ 0.17
17:00 2.15 ! 0.20
19:00 .66 1 0.5

A

2 24°C

Added up so that the beginnings of the active phases
come in coincide, regardless of time of day.

Total Average
1.72 ‘- .10
3.19 ’ ©.29
373 | Q.34
4.11 ‘ 0.37
349 ©.32
2.1 26
2.94 .27
2.48 0.23
2.07 0./8
2.0r1 ‘ o0.48
1.92 Q.17
.83 i a.17
1.yz I 0

|~ 22° Temperature

*The time reprcqents the widdle of the two-hour period.

1= 20°
- 18°
0 1 L A 1 1 " 1 i 1 . i Il
21 23 1 3 8 7 g 11 13 14 7 19 21
Time
‘91 B
3 -
9
1 -
] il L 1 L L L 1 L 1 i '} 4. — ]
Euch sprace ropresents 2 two hour period
Fig. 4. Average curve of elongalion. A Dbased on the time of day by the clock;

based on rearrangement of curves in coincidence of phascs.

I

The values given are totals and

)
4
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some slight irregularity was seen among individual curves, yet generally
they coincide each other. The table is plotted in the form of a curve
in Fig. 4A and Fig. 4B; the former is summed up in terms of
the time of day, and the latter as regards the coincidence of the resting
and active phases respectively.  Fig. 4A shows that from 19 to 11
(ie. 16 hours) is the active phase and from 11 to 19 is the resting
phasc.  This hourly relation of the two phases is more strictly seen in
IYig. 4B.

OBELRVATIONS ON ELONGNAUION, NO. 3

The material used in this experiment was obtained as same as in
Observations on cefl division, No. 2. The measuring, at one-hour inter-
vals, on the elongation of the root was donc on the ¢th and the sth of
November, 1926, The result is given in Table V, in which the first
15 houars (from 13 to 4) are the active phasc and from 4 the resting
phasc begins.  The observation ceased at 10, but this resting phase is
likely to continue until 13 and the active phase probably recurs at that
time.

Table V.

The rate of elongation, per one-hour period, indicated in mm,

Time Llongation Lime Elongation
T3 24100
e 1.36 % L.69
14:00 : 1:00
* 1.76 0.44
15:00 = 2:00 0.68
2.7z 5
16:00 : 300
1.60 121
17100 100
7 1L7L 4 o8
15:00 100
o 1.95 | 5 .00
14:00 0:00
4 191 .39
20:00 :00
2,35 ? 1 0.64
21500 4100 :
0.6 ot
22100 9:00
- Q.96 2 0.0y
23:00 10:00
L.93
24:00 |
I

This observation was done in a dark thermostat (27°-28°C) and
humidity was at the saturation point.  Only when measuring the length

of the root a weak red light was allowed to illuminate it.
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OBSERVATIONS ON ELONGATION, NO. 4

On the 20th of November, 1926, 1 germinated seedling was fixed
in a glass tube (diam. 3 em, length 20 cm) so that the root was im-
mersed in water and the cotyledones were embedded in moist sawdast.

WiNknEL's horizontal microscope (ocular 2, with micrometer, and
objective A+ B) was used. The measuring on the elongation was done
at intervals of from 30 minutes to 1 hour. The results of the observa-
tions arc given in Table VI, in which the numerals are calculated on
bi-hour period.

The first 16 hours (from 3 to 21) are the active phase, and the
next 8 hours (from 21 to 5) are the resting phase.  Throughout this
observation the temperature was about 26°C and ncarly constant and it
was always dark.

Table VI
The rate of elongation, per 2 hoars, indicated in muw.
Time Elongation | Time Elongation
1100 0.93 ‘ 3:00 0.55
13:00 0 66 5100 o.58
15:00 1.05 700 .08
17:00 . 1.15 ‘ G100 0.68
Ly:00 0.4 i 11:00 0.73
2100 a0z | 13:00 0.73
23:00 o.br 15:00 o.76
I:oo o0.br
i

#Tlie time represents the middle of the two hour period
CONCLUSION AND DISCUSSION

Krrricorr (6) observed in the root tip of Affjwm that the first
maximum in the rate of cell division occurs at 23 and the second
maximum at 13 and that the first minimum at 7 and the seccond minimum
at 15, namely there are two maxima and two minima during 24 hours.
KagrsteN (4) found that from 21:30 to r1:40, the cell division in the
growing point of shoot in Fisum sativunme is most rapid, the minimum
accurs at about 8§ and there are slight variations during daytime ; and
also that in the growing point of shoot in Zea the maximum is at 4,
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but in the case of the root there is mo such regular rhythm. He (3)
reported in the growing point of shoot in Fswm awustrica the maximum
is between @30 and 4 On the other hand Srivrerr {11) stated, con-
trary to KarsTex's (4) observation, that in the case of the root in
Pisun sattvum there exists a rhythm, ic. maximum at g—11, minimum
at 21—23.  ABELE (1) obscrved three maxima in the rate of cell division
in the root of Ficia amplicarpa.

According to these reports we may be certain that there are (Tuc-
tuations in the rate of cell division during 24 hours, and in the two cases
of the writer’s experiments (Qbservations on cell division, No. 7 and No. 2)
it was obscrved that there are two recognizable maximumn phases in
the curve of intensity of cell division, although the time and extent of
maxima and minima are not always definite

As regards the factors influencing this phenomenon, though there
may be some external unknown factors aside from the commonly known
ones, such as light, temperature, humidity cte. (cf. 12), yet it scems pro-
bable that some internal conditions may also be related to this oscillating
phenomenon, namely, the variation of rate of cell division in root origi-
nating from the alternation of active phase, ie. cell division, and resting
phase which necessarily follows the cell division for re-emassing the energy
that was lost during the active phase.  Ilence it would follow that there
is not such a fixed time, in which the maximum or minimum regularly
occurs.  But for cach individual there exists a peculiar periudicity, and
further for individuals under similar conditions, a rhythm common to
all.  For this reason it can easily be understond wly the observations
of the above mentioned workers do not show an absolute simlarily in
regard the course in the rate of cell division.

About the clongation Sirenn (t4) reported that in the root of
Lupives a maximum {at niéht) and a minfmum (at about noon) were
found. Krrnicori (6) observed that there are the primary maxiniun at
17, the primary minimum at 23, the secondary maximum during 3 and g
and the secondary minimum at 23 in the root of Afffwm. On the other
hand StiLkeLr (11) reported that there was no such a constant rhythm
regarding to the elongation. Yet in cases under our ocbservations,
although there was not always coincidence as to time between the courses
of elongation in different individuals, yet it was found that, generally
speaking, 16 hours formed active phase and following 8 hours were
resting phase.  Moveover as in Ofservations on elongation, No. 1 und
Ao, 2, it was shown that individuals under the same conditions agree
in their courses.
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Comparing Oéservations on cell division, No. 1 with Qbservations on
elongation, No 7, we can see the correlation het\.vccn the cell division
and elongation.  {The materials used in these two experiments were
grown from simflar beans and under the same conditions.)) In Fig.
5A the correlation is dingramatically showed ; the heavy line means the

e e O I et
Celi-divisicn
s i
Elongation
L L L ] "l 'l i i ] L ), 1 Dol 1 " 1 ] i W} L I i L J
14 15 16 17 18 16 20 21 22 28 24 1 2 8 4 5 6 7 6 & lo 11 12 i3 i4 13
Time

=

]
Cell-division
O O, == ===
Elengation
PR YU T REN WY RN TN SN TGN SN VNN S S S NN [N S T T SN S SR M T |
4 7 8 9 10 11 12 1% 14 15 16 17 18 19 20 21 223 23 24 1 2 3 4 5 @
Time

Fig. 5. The correlation of cell division amd elongation shown diagramaticaily, where the
heavy lines indicate the sctive phases, the thin lines the resting phases.

active phase and the thin line the resting phase.  About 2 and half
hours after the ending of the primary mawximum phase in cell division
(14— 22), the active phase of elongation beg'ns (at 1). This active phase
of elongation continues for 16 hours (1—17), and followed by the resting
phase of 8 hours (17 —1). This resting phase of elongation nearly coin-
cides in time with the primary maximum of cell division. During the
active phase of elongation the secondary active phase of cell division
occurs, yet there is no visible corresponding variation on the curve of
elongation.

In the case of Odservations on cell division, No. 2 as well as Observa-
tions on elongation, No. 3 (see Fig. 5B), the primary maximum phase
of ceil division occurs between 6 and 13, and concurrent with the ending
of the phase, the active phase of elongation appears. This active phasc
of elongation continues from 13 to 4, and the resting phase takes place
between 4 and 13. The first maximum of cell division ceoincides in
time with the resting phase of elongation, while the second maximum
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phase, which occurs during the active phase of elongation has no visible
influence upon the rate of elongation.

Regarding the relation between cell division and elongation Kriri-
coTT {6) reported that the rhythms agree in time but always occur in
opposite directions, L.e. when elongation is at a maximum cell division
is at a minimum and vice versa. And Friesner (3) observed that the
maxima and minima for elongation as compared to cell division were
generally found to alternate with one another, only rarely occuring
sinultaneously. -

Thinking for the relation between division and growth in a cell, it
is evident that at first the division occurs then gradually increases the
rate of growth until the maximum, and again decreases the rate; thus
finishing the grand period of growth for a cell.  And during the period
in which a cell divides and finishes its growth, the positions of the cell
gradually depart from the growing point, and in consequence, the p‘(>513
tion of a cell in the grand period of growth stands always at a definife
distance from the position where the cell divided. In the case of the
relation between cell division and elongation in the tissue of root tip,
the former must be most vigorous around the growing point, and the
latter must be most rapid in the part of * grand peried of growth”;
then the problem raises whether those two processes occur separately as
independent physiological actions, or whether there exists a  definite
correlation between the two. I the two processes proceed in uniform
rates respectively, neo rcal problem is involved, bul as the presence of
the rhiythmical processes is proved in both cases, cousideration must
be wiven to the existence and appearance of the correlation between

3

the two.
It may be mentioned that cell division as well as growth are pheno-

mena, which are carried out by using energy, thercfore, within a limited
tissue, when one phenomenon is active and spends much energy, the
lack of sufficient energy for the other is apparent.  As mentioned
above, in the case of a single cell the division and elongation do not
go on at the same time but alternately, and so the first half of total
energy which is to be spent during the entire development, is used for
the dividing and the latter half for the growth.  IFrom these reasons it
may be evident that in a iimited tissuc or organ, energy must be used
by cell division and elongation in a correlative manner.  In our observa-
tions, the active phase of elongation followed after the primary maximum
of cell division and thus reveals to us the true fact of the case.
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But in the root tip the cell division and the elongation take place
at separated points, hence the exact alternation of these Lwo processes
can not always be expected, and it can not be thought as irrationality
that we could not find in the present observations the tendency of
corresponding repression upon the rate of elongation by the secondary
maximum of cell division

In short, it may be taken ascertain that, originating in the energy
spending on the cell division and elongation in a root, these two pheno-
mena appear in rhythmical wvariation in a reversed correlation in their
principal courses.  [Towever it should be borne in mind that these
rhythms of different materials do not agree in the time of day by the
cluck, but only in the length of period in any given phase of fluctuation.

SUMMARY

1. In the growing point of the root of Fiefa Fada there is a daily perlodicity
in the rate of ccll division under constant conditions of illumination,
temperature and moisture.  The curves indicating the variation of
the rate are not always similar according as the differences in matceriai
and condition, but there is a certain definite curve for a knd of material
under the same conditions, i.e. there are a primary maximum and
a smaller secondary maximum during 24-hour period.

[§]

In the case of the elongation of the root under constant temperature,
moisture and illumination, it is found to proceed in a rhythmical
manner  In accordance with the material and condition, the maxi-
mum and minimum do not always occur at fixed time of day by
the clock, but they have some reguia,r. length of period, ie. the
resting phase of 8 hours follows the active phase of 16 hours.

3. The primary active phase in ccll division nearly coincides with the
resting phase in the elongation, but the sccondary maximum  is
accompanied by no recognizable resting phase in the clongation.
[Towever the active pliase in elongation vccurs several hours after
the maximum point of primary active phase in cell division,
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