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CELL DIVISION AND ELONGATION IN THE DECAPITATED
ROOT OF F/7C74 FABA L.

Hitoshi Kojiva

I. INTRODUCTION

In my previous papers 1 have given some accounts of the inves®
tigations on the relation between cell division and elongation (Kojiva,
1928, 1931}; and the present study, being done on the same subject,
is the continuation of them.

The opinion has been entertained thoughtlessly by some that the
differentiation of tissue in the root is accelerated, when the growth of
the root is inhibited by embedding in gypsum; but in my previous
investigation I have ascertained that the progress with regard to speed
of cell differentiation in the root embedded in gypsum is also delayed
by its pressure; and also I stated that the elongation and the division
of cells are hindercd at the same time by the pressure, mechanical or
osmotic. ‘

On the other hand, as in the case of the decapitated root, if the
further elongation of the root tip is inhibited to some extent, by cutt-
ing off its tip, and the further growth, in length or thickness, of the
root body is never hindered artificially, then in what relaticn do the
two processes, namely the cell elongation and cell division, pass along?
This guestion is the subject of my study described in this paper.

This investigation was made under the direction of Professor Dh.
R. KokeTsu; I wish to take this opportunity to express my very
great indebtedness to him, for his guidance and interest. My cordial
gratitude is due to Em. Professor Dr. I Fuji, for his kind advice
and unceasing encouragement.

1 Contriltions from the Botanical Laboratory, Kyushu Imperial University No. 47.
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Ji. MATERIALS AND METIIODS

As the material, young roots of secdling of Iicia Flaba were used;
the experiments were cartied on in indoor temperature during the
warm season, and in the green house during the winter season, so
that the plant might grow in normal or nearly normal conditions.
The secds used in every experiment were nearly uniform in size and
weight, and the seeds were got from the same hahitat, though it can
not be said that all of them were the same line.

Usually the seeds were soaked in water for about 24 hours and
after the seed coat had swelled satisfactorily, they were sowed in a
box filled with moist saw dust. When the root of seedlings grew up
to suitable length, seedlings, with roots of nearly uniform length and
size, were chosen out of many, and used as materials.

To decapitate the root tip a very sharp razor was used and the
ip was cut off not in the air but in water.

In usual cases the decapitated roots were brought back to the box
of saw dust and grown; namcly the seedlings with decapitated roots
were embedded carefully in wet saw dust, so that the roots were
planted vertically and cotyledons were covered with the saw dust.
In cases of culture in water, a wire-netting coated with paraffin, was
used, on which the cotyledons were placed, and through the meshes
the roots hung down vertically, The wire-netting was placed so as
only the roots were dipt in water, and the cotyledons were held in the
air.

In order to measure the elongation of the roots, the length was
measured not as to the whole root length, but certain definit portions
of the root which were determined at the beginning of the experiment.
Far this purpese black lines of indian ink were marlked on the surface
of the root respectively at the points 4 mm, §mm and to mm from
the root apex (in licia Faba the boundary between the root cap and
root proper is not remarkable, so I measured the distance from the
root apex) and after certain pre-arranged time the distances between
the muarks were measured as exactly as possible.

In abbreviation of the description 1 will use letters A, B and C
hereafter: A means the portion between the root apex and the mark
of 4 mm from the apex; B, the portion between the marks of 4 mm
and 5 mm from the root apex; and C, the portion between the marks
of § mm and 1o mm from the root apex.
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Materials for microscopical observations were fixed in FLEMMING s
weaker solution®; paraffin sections of 10p¢ or 152, being parallel to
the long axis of the root, were prepared and stained with HEIDENHAIN's
iron haematoxylin. The sections passing as near as possible to the
central axis of the root were observed. Zg1ss’ microscope AA or DD

. . 100
x K 8, with oc. micrometer 100 mm was used.
o/

It has been already mentioned that in the roct tip of Fide Faba
mitotic figures are seen most abundantly in the portion within 2 mm
from the apex {(cf. PERAREK, 1927), and the frequentness of the mitotic
divisions is limited in the root tip within 4 mm from the apex (cf.
Scutiepp, 1923); on the other hand the zone, where the elongation is

most rapid, is not near the growing peint but several millimeters apart
from it basipetally (cf. Prerver’s IHandbook, Vol. 2 p. 8).

For that reason, I studied the cell division chiefly on the porticn
A, namely the part within 4 mm from the root apex, and the elonga—.
tion of the cell, on the basipctal portion from that point. Of course
the cell division and cell elongation may take place on the same tissue
in succession; it might be, therefore, most reliable to cbserve and
compare these two phenomena on every part of the root having ability
of growth, but it results naturaily in the enlargement of the work; in
order to simplify the work and so to realize the desired object 1 took
the method above mentioned.

The cell length was measured on 4 or 5 sections of each root in
the region of the cortex, near the epidermis—at the several portions
corresponding to the points 4, 5 and 10 mm from the root apex at
the timec of decapitation. The length cf the cell of each portien of a
root was expressed by an average of length of more than 50 cells for
cach root; the number of length presented in this paper is the average
of the lengths of several roots thus obtained, and it is expressed by
observed value with micrometer scale; so, if necessary, we can get
the real length in g by multiplying this by LI—%).

The frequency of cell division was observed on 10 sections (in
some cases 5 sections) of each rcot®:. The number of mitotic figures
seen in the field—the belt-shaped field, across the long axis of the

z 19 chromic acid 25 cc + 19 glacial acetic actd 1oce + 18 osmic acid IToce +
water §55cc.

3 The thickness of the section for this purpose was always 1op.
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root, 123_36 {mm =184 #) in width and having a length of diameter of
the root section at that portion—was counted. The rate of frequency of
cell division is expressed by the quotient, dividing the total number of
mitotic figures thus found at similar given portions on several sections
of a root, by the total amount of the area (calculated in gmm) of the
fields examined ; namely the rate of frequency seen in the tables in
this paper is the number of mitotic figures found in 1 qmm of the
field.

In connection with the growth of cell or tissue of the root the
water content in the tissue was alse considered. The root used tor
this purpose was previously cleared away from the saw dust and the
moisture was blotted off from its surface. The portion, between the
two maris made at 4 and 10omm from the root apex at the beginning
of the experiment, was cut off, then the fresh weight of that portion
was measured ; afterwards it was dried in an electric oven of about
100°C for about 24 hours, cooled in an exicator containing CaCl, for
1-2 hours, then the dry weight was weighed.

L. OBSERVATIONS ON TIIE ELONGATION OF DECAPITATED ROOT

a} Experiments in saw dust: The roots, respectively decapitated
at 1, 2, 3 and 4 mm from the root apex, and intact roots were em-
bedded in wet saw dust and grown for about 24 hours. Then the
length of cach po.rti'on respéctivdy A, B and C, was measured, and the
amount of the elongation was found. The results thus found are given
in Tables 1 and 2, in which we can see that the elongation of the
root, of which a large part of the root tip has been cut off, is gene-
rally speaking less than that of the root intact or the roct of which a
small part of the root tip has been cut off And comparing the
intact root and the I mm decapitated root, the latter shows larger
elongation than the former, in case of regions B and C, though there
are some exceptional cases; and in A region, the elongation of the
I mm decapitated root is certainly less. With regard to the total

length of root, namely A <4 B 4 C (basipetal the region C, there is

4 Iwescir, 1884, stated that, regarding the total length of root, the elongation of the
root decapitated more than 2 mm from the root apex is rather pathologically hindered; and
BixNwG, 1925, found that roots decapitated more than 1.5 mm {rom the root apex show

less elongalion than the intact roots,
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Table 1. Elongation of the

273

roots (in saw dust) about 24 hours

after decapitation
. S Roots decapitated at the several o
. Time ble- Portion Intact roots - points respectively from the
Exner] t(‘)vi:er?lttiolﬁ of which !__ root apex:
~XPEE p the elonga- ]
ment and the L P | Observed 5
bservation oM 1 ob- al Relative | 5 -
oiservaliion| Yiiue | I mm mim 3 min 4 num
5 ; served’ i . value |
| {in hours) (in mm} ‘ :
T 24 A 26.54(8 1 100 86.0(10)| 40.5 (6] 8.8 (). —
B 4.87 (8} 100  oro(10)| 76.2 {6) 6L (9). 13.6 (9]
. | :
i C 5.30(10} 100 126.4(10)| 84.3 (9)i 79.0 (9 44.3 {9)
I 24% A 327 (7 too |oni(7)] 60z (s) 135 (7, —
i 2
B 334 (7)) 100 [126.3 (7)] 934 (5) 665 (7] 17.7(10)
C 365 {7) 100 ‘1208 (7)| 57.8 (5] 805 (6) 45.5(10)
TIT . 22323 A 20,22(10) 120 | 76.6 (9)] 59.5(11) re6(iry  —
: B 2.10{10) 100 (153.8 (§)|r25.7(11] 68.6(11) 16.7(12)
| C 2.30(10) oo (145.2(11}|124.3(12] 97.4(11) §70(12)
iv z43-25 A 26.32(11) 100 | 39.0(14) 49.0(;4]‘ 7.4l14) .
B 3.75(10) 100 1oL.3(13)| 73.3(14) 52.0(14) 9.9{14)
C 4.16(13) 100 %o 4(14)[ B80.5(14; 03.5(14) 32.9(14)
v anl A 688 (8 sae 828 (8 20k (8) 46 (3 —
o W =) 0 AR A )
| o : i
B i 100 9L (G} 73.2 (8} 47.9 (7} 4.5 13)
C 100 I3 (8) 704 (5) 585 (8) 383 ()
|7ﬁ ) i
| :
Average A ! wo 857 516 9.1 —
| ' i
: B JiEs 100 1127 ' 85.4 S0.4 13.5
C 3.9 100 1186 |1 569.5 76 1 : a4.3

A is the portion from the root apex or cut surface to the point 4 mm from the apex;
B is the portion between the two points respectively 4 and 3 mm from the root apex;:
and C is the portion between the two points respectively 5 and 1o mm from the roat
apex.

2z The number of the roots observed is given in brackets.
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no elongation practically), the elongation of the 1 mm decapitated root
is also less than that of the intact roots. The fact that the elongation
of regions B and C is somewhat accerelated in the 1 mm decapitated
root is possibly related to the irritation or hormone action caused by

cutting the root tip, yet this is beside the question here.

Table 2. Elongation of the roots (in saw dust) 24 hours
after decapitation

* Time 1 Roots decapitated at the
1 tulvf:;i &e!;: Portion Tntact roots several points respectively
Experic | oneration | °f which from the root apex :
s P the elonga-
ment and the |° o .0 Ohserved Yelativ
| observation| WOT 18 ol value Tehtive I mm mm
P \ served . 5 value 4
{in hours) {in mm)
VI 24 A 2.65 (8) 100 53.7 (8) e
z.20 (&) 100 107.3 (B) 15.0 (8)
C 6.qz (8) 1c0o 103.3 (8) 40.7 (5)
i
VII | 24 A 595 (4 102 75.6 (4) —
. B 3.57 (4} 100 938 (4) a5 (4)
‘ C 6.50 {4) 100 1132 (4) 26,0 (4)
VIIL 24 A 7.10 (14) 100 I 887 (14) —_
i B 4.12 (14) ! 100 105.3 (14) 31.3(14)
i
1 & 5.54 (14) 100 118.3 (14) 70.4 (14)
IX 24 A 18.62 (11) | 100 7L.4 (10] —
| I 3.63 (¥1) 100 109.1 (10} 3.1 (12)
‘ C 4.81 (11) 160 104.6 {10] 58.8 (12)
Average A . 558 o0 50.4 —
| ! B 3.38 ' 102 104.6 21.8
! 3
. : C 597 100 109.9 40.0
i ’

2 Frwtsci, 1884, observed that roots decapitated at a point within 2 mm from the root
apex elongale to same extent or often a little Iess than the intact roots; MoLiscH, 1883,
stated that the 1 man decapitated voot elongates always less than the intact root ; YWIESNER,
1681, reported that the root, of which the growing point has been cut off, clongates slower

than the intact root.
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The above mentioned facts are the cases 24 hours after the de-
capitation, yet the fact that roots of which the greater portion of the
tip has been decapitated elongate slower than the 1 mm decapitated
roots or intact roots, is also seen in the material 7 hours after the
decapitaticn (Table 3).

Table 3. Elongation of the roots (in saw dust) about 7 hours
after decapitation

S— o - Roots decapitated at (he several
; me ’}el' Tortion Intact roots points respectively from the
. ooy tween the | e e root apex :
]‘LXPEI’[- opemtlon the elonga- B e . :
ment and the | %% SO Opserved| [, L i
abservation tion is ab- value Relative I mm 2mm | mm mm
e e served N value b3 4
- (in hours) {(in mm)
X 74 A 1.57 (7); 100 |rooo (9)) 57.3(7) . 59 (9) —
B 108 (8) 100 | 95.1 (9)] 95.4(7) | 59-3 (9] 18.5 (9)
: i
C 3.40{10)‘ 100 (123.5(10) 93.8(9) | 76.5 (9) 385 (9)
X1 bl A 0.41(13) 100 | 97.6812) — 2.4(14) —
B 0.50{13) 100 | 9fg(12}| = 34-0(14)  5.0(13)
c 16513) 100 |o39(1z) — | 530014) 43.5(13)
XIr 7 A 0.94 (9) 100 | 79.8(10}) — 4.3(10) —
B 0.84 (9) 100 |oLy(IO} .= | 429(10] 7.1{10)
Cc 291 (9) o0 | 9zI(10) — | s8a{10] 28.4{10)}
XITL | 7 A 1.75(12)  1co | 73.7(12)  — 10-3{:3)1 —
| B 1.24(12) 100 | Bo.fi{12) — 42.7(1:]‘ 1a.5(12)
C 2.57(12) 100 |1o28{12};; — ! 73.5(12:{ 39.0(12)
i i
XIv 7 A 08012} 100 |98.5(12)| — | — ! —
] ! |
B : 0.33L|2‘J‘i oo |L15.I(12) — | — | 33.9(12)
C z.54{12]l 1o | 79.1{12)| — — 1 4B3.4(12)
- ! e
Average : A .09 ' 100 | GO0 — 6.5 } -
B 0.84 100 | 96.3 = 44.7 : 15.6
| C 267 | 100 |¢53 — 1655 - 401
. i " :

But the difference between the elongation of the intact root and
the 1 mm decapitated root is not always alike in C region, in B region
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the intact root elongates rather more rapidly; and in A region, of
course, intact root elongates more rapidly.

Now we consider the experiments with decapitated roots observed
4 hours after the operation; we can see also in this case that the roots
of which the larger portion of the tip has been cut off stretch slower
than the intact roots or the @ mm decapitated root. There is not a
decided differnce hetween the elongation of the intact roct and that
of the 1 mm decapitated root, yet, speaking in general, the elongaticn
of the intact root is likely to be larger than that of others (Table 4).

Table 4. Elongation of the roots (in saw dust} 4 hours
after dccapitation

Time be- | int el tl
tween the | Tortion of | Intact roots ‘ points refsstc;l;:xy: rom the
Experi- | operation | which the 1‘ e e e e
ment and the 'elongation  Observed |1, .-
: S e ; Relative
observation is observed | valeze i 1 mm 3 nm 4 mm
2 : 0 value
(in hours) : ¢ {in mny) i
XV 4 A .26 (11) 100 | 236 (13) 107 (14) —
B 0:25 (12) 100 Saq.c (13} 28.0(14) | 12:0(16)
C 1.37 (12) 100 58.3 (13} 56.2(14) | 535.5(16)
NVI 4 i A .50 (10) | 103 70.0 {10)| 2.0(10) —
i B 0.2z (10) 100 | 127.3 {10} 27.3{ro) i 27.3{I0)
} C 1.09 (1) 100 9a.1 (10) | 587 (10) | 34.9 (10)
XVII 4 ! A 0.45 (14) | 102 935.6 (18] 6.7 (16) —
| !
]
| B 0.25 (14) 100 | 1000 {16)| 39.3 (16) | 17.9 (14)
I
: C 1.50 {14) o | 104.7 (16} 40.7 (16) | 36.7 (14)
XVIIT 4 . A 0.39 (11) 100 | 110.3 {9) i 12.3 (11) —_—
0.40 (11) 100 8o.o (9)| 52.5(11) | zoo0(11)}
| 1.60 (11) 100 | 1000 (11} 02.6 {11} | 37.5(11)
| . e
! i
Average : A 0.41 100 76.1 | 7.4 —
i B .29 100 97.5 - 36.8 19.3
| C 1.39 100 45.0 54.1 6.2

b) Experiment in water: The similar experiments as above men-
tioned have been done, not in saw dust but in water. The roots,



Cell divisivn and elongation in the decapitated root of Vicle Fuba felrinl

decapitated as well as intact, are grown in water for about 24 hours
{Table 5); under these several experiments the results of observation
can not be said to be exactly parallel, as seen in the cases in saw
dust. Concerning C region, somctimes the 4 mm decapitated roots
show less elongation than the intact roots, but in other cases, cn the
contrary ; yet generally speaking there is likely to be no clear dif-
ference between them (the average elongation of the intact root : that
of the 4 mm decapitated root = 100:104). .Regarding C region, in

Table 5. Elongation of the roots {in water) 24 howrs
after decapitation

T | Roots decapitated at the several
: me [Eﬁ Portion Intact roots points respectively from the
Eiisen. :ei:tjo: of which | TOOL Apex !
: p per: the elonga- | |
ment | and the [Goon i b, | Observed bpapiie ‘
observation| O 18 B0 value I mm 3 mm 4 mm
{in hours) served {i e
. in mm)
XIX 24 A 12.36 {19} 100 120.1 {22 320 (21) —
9 £ L2k}
B 3-39 (19) oo 117.7 (22)| 105.3 (21)| ©64.9(20)
& 4.10 {20} 10> | 110.7 (20)| 104.2 {ze}! 105.5 (20)
XX 24 A 7.24 (9} oo | 102.5 (9)| 376 (9) ——
B 4.08 (g} 100 525 (g)| 65.1 (9)| 627 (16)
C 4.36 {14} 100 | 1330 (15| 1167 (14) | 141.3 (16)
XXI 24 A 01 (1G] 100 | 133.2(10 963 (14‘}3 —
4 ) i 13324 L4
B 2.66 {16) o 107.9 (18} | 103.5 (14} 67.3 (16)
¢ 3.66 (16} 100 | 1026 (158)] 117.9{15) g2.2(16)
XXII 23 A 8.99 (1y) 102 12.5 (14} ot —
B 3.1 (14) 100 | IE7.1(14) — i 63.2{15)
C 585 (15)| 100 | 100.6 (14) — ! 81.2(13)
XXIIIT 24 A S I0Bz {13} 100 . 1T0.7 (12) — —
R 370 (13} 100 86.5 {12) — 78.4 (11}
¢ 5.b1 (13; 100 75.6 (12) — 96.4 (11}
Average A 8.65 109 | 1159 55-3 —
n 3.35 100 102.4 Gz.4 67.3
(5 4.56 | 100 106.3 112.9 103.9
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general, the 3 mm decapitated roots elongate rather more rapidly than
the intact roots. And comparing the 1 mm decapitated root with the
intact root there are not such definite differences between their elonga-
tions as regards C region and B regien, but within A region the 1 mm
decapitated root shows larger elongation. Hence as to the sum of
these 3 regions (A + B + C) the t mm decapitated roots elongate
more rapidly®.

Table 6. Elongation of the roots (in water) 7 hours
after decapitation

. . | """ Roots decapitated at the several
T{mt lJ]L' Portion |  Intact roots points respectively from the
N ] tween the of which ront apex 2
Experi- | operation =
the elonga- 2
ment and the EER Observed 0
ohservati ton s gt value Telative 17 2 num 3 mm
G M cerved e - vilue R = 2 g
{iz in o
XXV 7 A 0.67{14) 100 |143.3(14) —_ 70.1(14)' —
B 0.53(14)1 100 |147.2(I4)) — 154.7(14) 105.7(15}
C 2.50(14) 100 [103.9(14)]" — 130.4(14)| 120.7(15)
XXv 7 A 0.7c{12) oo }loT.g{12)] — — o
|
B 0.43(12) 100 [Io9.3(12l — — 90.7(13)
; < zif{iz)  1os o451z} — — 160.5{13)
XXVI 7 A o.43(r2)) 100 |140.5{13)|114.0(12) — —
B o431z} 100 | 86.0(13)100.0012) — B6.0(12)
{5 Toa{1z)l  roo l1a6.5(13) 93:?(19:“ - 0g.3(12)
- ;_ e
Average A a.6o o |1304 | — — —
3 - 0.4 100 |[1142 , — - G4.1
C i 2.29 100 | IC5.I wy — 1073

The experiments, in water for about 7 hours, show that, in general,
the 4 mm decapitated root has a little more rapid elongation than the
intact root, in C region; and the former elongates in less degree than
the intact root as regards B region (Table 6). The 1 mm decapitated
root elongates more rapidly than the intact roct, in general, in every
region.

cor

& This fact coineides with the results of WiEsvEn [1554), who stated that the 1 mm
decapitaled root cultured in water elongates far more rapidly than the intact root by maizc
root.
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Roots cultured in water for 4 hours were also examined. As a
whole, the rate of elongation of the 3 mm decapitated roots as well as
the 4 mm decapitated roots in C region is larger; and as to T3 region,
with some excepti'ons, it is also larger. The elongation of the 1 mm
decapitated root is always larger than the intact root as regards the
total length of the root (Table 7).

Table 7. Elongation of the roots (in water) 4 hours
after decapitation
Tire 1 i i Ronta_décnpitntcd at the several
t ,lme t)[?le Portion Tntact roots points respectively from the
Experi- (:;)eecr:tiun of which root apex
ment and the :1:31615031%? Observed Relative
ohservation lrscrlved valoe | e 1 mm 2 mm 3mm 4 mm
(in hours) | ~ (in mm)
XXVII 4 A a.42(12} 100 |142.9(13) — 69.c(13)i e
|
B 0.25(12) 100 [120.0(13) - 133.2(13)‘[124‘0[;2)
C 10.7(11) 100 '1r7.5(13% — ::2.1(12]}119.6(13)
XXVTIT 4 A 0.30(14) 102 1 140.0(14) —~ | 50.0(14) —
i :
B o-z4(14)| 100 E104-2(!4}| = 137.5(14) 87.5(14)
C 1.39(14) oo jrx7.7(14)  — | 105.5{14) 100.2(14)
XXIX 0.14(13) 100 |(207.I{13} — 142.9{13) —
4 i
i 0.15(13) 1oe (122213} —  [150.0{13} 127.5(13)
C La17(13) 100 lrrna{i3) - 118.8(13) 115.1{13)
XXX ! 4 ' A 0.53(12] 100 |120-8{(13)126:4{13} — —
B '0.35(12] rco  x28.6(13) 122.9(130  —  102.9(12)
; C 1.73(12) 1oc - 102.6(13) 07.1(13) — Imz,g(rz)
i ; e el
Average | | 0.35 100 |152.7 — 87.3 —
i 0.26 100 [118.7 —  140.2 ‘T10:6
‘ C .32 [ 100 |111.8 — |11z lrrey
| |

¢} Comparing the above mentioned two series of experiments,
we can find that in the series in saw dust, the results of each ex-
periment are almost parallel, namely, it may be said that the more
largely decapitated roots, either in A, B or C, elongate less; while in
the cascs of series in water the results of individual experiments are
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variable, and in these cases, for example, the 3 mm and 4 mm de-

capitated roots 4 hours after the cutting, in regions B and C, the 4 mm A
decapitated root 7 hours after the decapitation, in G region, the 3 mm
decapitated root 24 hours after the decapitation, in C region, etc., the
clongation of the decapitated roots is rather greater. And the 1 mm
decapitated root cultured in saw dust shows greater elongation than
that of the intact root in regions B and C, and in A region the former
is less in thc rate of elongation, while the 1 mm decapitated root
cultured in water always elongates to a larger extent (either in A, B
or C).

In the decapitated surface the cells being cut are exposed, so the
conditions of the tissues near the cut are quite contracy to those of the
tissues in the normal root. The influence of the cutside conditions upon
the water content of the tissue of the root is, therefore, quite different
in this case. As a matter of fact, the cut surface of the root cultured in
saw dust is adjoined to moisture or grains of saw dust, as the case may
be; and in other and more common cases, the cut surface is exposed
to the air with meisture, kept at saturation point, contained in the
space among the grains of saw dust. On the other hand, in the cases
of the roots, cuitured in water, it goes without saying that the cut
surfaces are always covered with water. It must be possible to at-
tribute the majority of these discrepancies between the results, obtained
in the experiments in saw dust and in water, to the influence of water.
The fact that the decapitated root in water showed greater elongation
may be considered as the results of superfluous elongation caused by
the absorption of excess of water through the cut surface.  On this
account, we have scen that the regions B and C the decapitated roct,
in water, elongated rapidly within 4 hours after cutting, but decreased
its rate with progress of time, namely 7 hours and 24 hours after de-
capitation; and it perhaps reveals to us the truth that the rapidity of
elongation within 4 hours is not the growth, in real sense, but only
the symptom of growth disturbed by the superfluous elongation. In the
same manner, we may think that the rapid elongation in A region of
the 1 mm decapitated root is due to the excess of water.

Of the two methods of experiment above mentioned, the one has
a defect in the loss of water through the cut surface, and the other,
a superfluous elongation by excess of water; both of them have ad-
vantages and disadvantages, yvet we can see from these experiments,
the state of elongation of the decapitated roots even though it is not
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so exact. Consequently, the relation between the elongation of the
root and that of the cell can be seen by either of the two methoeds of
experiment ; and jn order to observe this point of question I used the
materials cultured in saw dust,

IV. OBSERVATION OF CELLS IN THE GROWING ZONE OF THE
DECAPITATED RCOT

As T have already mentioned in § 2 (on the methods), the obser-
vation on the elongation of individual cells was made on the basipetal
portions from the point 4 mm from the root apex.

Selecting several roots out of the materials of Exp. II, Table 1
(i.e. roots 24% hours afler the decapitation), that had elongated at a
nearly average rate of elongation in that experiment of growth, and
fixing and preparing them for the microscopic use, I measured the
length of the cells (Table 8, Serics 1). And it was found that the
1 mm decapitated root and the intact root had ncarly the same length
of cell; the length of cell of the 3 mm decapitated root at the portions
corresponding to the points 4 mm and 35 mm from the root apex at
the time of the operation, is a little shorter ; and the length of cell of
the 4 mm decapitated root, in the portion corresponding to the point
5 mm from the root apex at the time of the operation, is very short,
nearly the half of that in the roots, being decapitated at 1T mm or
intact, at the corresponding portion.,

Table 8. Length of cell in the roots (in saw dust) about
24 hours after decapitation

Series 1.
T } "~ Roots decapitated at the several
Intact roots . paints respeetively from the
root apex :
Obscrved | selitie I mm 3 mm ‘ 4 mm
valuer © wvalue
No. of roots abserved 7 . : 5 5 6

hours after the decapitation,
at the points corresponding
to the points apart from !hel

i : i
Cell lengths, measured z;g,l 4 mm14.32(707)7| 106 I01.5{323}| 68.4 (649} —

§ mm 14.19(534) ico  I0L5(333)| 75.9 (666). 36.2 (464)
‘ i

apex of root at the time of
the operation, respectively :

I0 mm

14.73(634) | 100 ¢ 98.1(340) 91.1 {sssbi 08.5 (367)
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Series z.
- [ “Roots decapitited at the several
Tntact rouls points tespectively from the
OOt Apex ¢
Observed | Relative % e Ganm
value value 2
No. of rocts obscrved 5 €] 7 6
Cell lengths, measured 224. , 4 mm| 14.57(300) 100 | 4.4 (361)| 57.2 {440) —
23 hours after the decapita-
tion, at the points corres-
pending (o the points apart] 5mn| 13.37(309) 100 | §6.5(352)] 76.4 (416} | to.5 (367)
from the apex of root at
the time of the operation,
respectively : U romm| 14.37(303) 302 | 95.5 (361)] 93.0 (410) | Gb.0 (362)
: i !
© The unit of cell length is il 3

-3

&9

No. of cells observed is given i Lrackets,

The results obtained by measwing on the cell length in several
roots, selected cut of the scedlings of Exp. 1II, Table 1 (i.e. materials
about 23 hours after the decapitation), having the rate of elongation
nearly equal to the average elongation, are nearly identical to thase
above mentioned (Tahle 8, Series 2).

In the same manner I studied the materials (out of the roots of

Exp. XII, Table 3) 7 hours after decapitation.

The length of cells in

the 3 mm decapitated root or the 4 mm decapitated root in smaller to
some degree than that of the intact root or the 1 mm decapitated root
(Table g), in this respect the result is identical to that of experiments

24 hours after the decgpitation.

Table g.

MNo. of roots observed

hours after the decap
at the points corresponding
to the points apart from thcl

Cell lengths, measured 7
;l:ltl.()n,!

apex of root at the time of
operation, respectively !

Length of cell in the roots {in saw dust) 7 hours

after the decapitation

Intact roots

Roots dccapi't."ilréid at the several
points regpectively from the
root apex :

- . o f
. Ohserved | Relative —— 2 mm mm
value value 2 4
i &
4 5 ‘ 5 5
4 mmi 3.14 (206] 100 112.7(2607) | 774 {2500 76.4 (255)
I
| |
smm 451 (197|100 | 120.2/248)' 81.9 (285} | 84.2 (277)

1o mm11.29 (196 ° 100

102.2(2435) $9.4 (240)| 94.3 (254;
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In the materials 4 hours after the decapitation (out of the material
of Exp. XV, Table 4), theve i{s not such a remarkable difference be-
tween the cells of the different kind of roots (Table 10} {except in
the smallness of cell length of the 3 mm decapitated root, at 5 mm
point) as seen in the materials of the experiments 24 hours and 7 hours
after the decapitation. This is explained by the reason that as the
time of elongation is too short, the differences of the length are not
remarkable enough to he measured.

Table 10. ILength of cell in the roots (in saw dust) 4 hours
after the decapitation

~ Roots decapitated at the several
Intacts roats ' points respectively frem the
' root apex :

Ohserved | Relative

Gilie Silie 1 mm jmm | 4mm
No. of roots observed 5 5 5 5
Ceil lengths, measured 4 4 mm 1.70 (250) 100 110.0(272) | 96.5 (250) . 103.5 (243)

hours after the decapitation,
at the points corresponding
to the points apart from lhcl

§mm 3.32 (256) 100 roz.4(273)| 6.6 (252)| €04 (259)

apex of root at the time of
the operation, respectively &

10 mm 9.73 {253) {el] 97.6(2461 | 92.3 (2493 | 63.5 (249)

From the observations on the cell lenpgth, taking into consideration
the results of experiments in saw dust as well as in water, we find
that the difference between the cell length of the different kind of
roots is parallel to the difference in the elongation of the roots.

V., OBSERVATIONS OF CELL DIVISION IN THIE ROQOQT TIP OF THE
DECAPITATED ROOT

Observation of cell dJivision was made mainly in the portion within
4mm from the root apex as above mentioned. Measuring the fre-
quency of cell division in the root, 4 hours after the decapitation
(material of Exp. XV, Table 4, selected by their rate of eclongation,
namely the roots elongated in a rate nearly equal to that of average
elongation of the whole roots of the experiment} we can get the results
shown in Table 11. In the intact root the frequency of cell division
is maximum at the portion 1.0 mm from the root apex, and from that
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point upward the rate decreases gradually ; in the 1 mm decapitated
roots the maximum of the rate is at o.5 mm from the decapitated
surface—and the absolute value of the maximum rate in the I mm
decapitated root is far less than that of the intact root—and from that
point the rate decreases; and in the 3 mm decapitated root the fre-
quency of cell division in the portion ncar the cut surface as well as
that of the basipetal is always small; the region observable in this
root is 3 mm from the root apex to the basipetal and as there is no
more frequency of cell division, it is natural that there arises no re-
markable variation of the frequency of cell division, by the cutting.
The roots, used as the material of this observation, elongated
during 4 hours after decapitation, in an average, as follows: the intact
root 0.28 mm, the [ mm decapitated root, 0.08 mm and the 3 mm
decapitated root, 0.03 mm. So not taking into consideration the
enlongation of each of the different kind of roots, we may rearrange
the curves as in Fig. 1, namely placing the portion most contiguous
to the cut surface of the 1 mm decapitated root (i.e. 0) to the point
1.0 mm from the root apex in the intact root, and the points o of the

o 0,8 1.0 1.5 8.0 2.3 3.0 5.5 4.¢ 4.3 5.0 .0 7.2

Fig. 1. Yreguency of cell division of the decapitated roots (4 hours after decapita-
tion), in comparison with that of the intact root. Ordinates represent the frequency of
cell division; abscissa, distance (in mm) from the apex of the intact root, at the time of
measurement. Curve a, the intact root; b, the T mm decapitated root; ¢, the 3 mm

decapitated rool.



Table 11.

Frequency of cell division at the several points in the root (in saw dust) 4 hours after
decapitation, indicated by the number of mitotic figures found in ihe ficld of 1 gmm
(The area of the ﬁeh[ exammed is given in brackets (in gqmm))

I*l(‘(]llCllL‘ of cell dnlbmn at the distance from the rool apex or cut surface
{at the time of n]r‘:Lnutmn) of :

o ! 0.5 mm | 1.0 mm | 1.5 mm | 2.0 mm

| | = ’

Initact root — 5.06 13650 | 122,14 §2.24
Average of 5 reols (3.81) (4.27] {4.86) (5-37)

1 mm decapitated root 30,00 | 100,32 70.20 | 52,90 38.72
Average of 5 roofs (4.64) 1 (5.23) (5.75)| (000} | (6.28)

3 mm decapitaled root 15.44 17.68 20.84 18.20 11.16
Average of 5 rooly (5.30) | (5-58) ‘ (6.73)| (5.81)| ({5.52)

Table 12, Frequency of cell division at several points in the root (in saw

2.5 mm | 3.0mm| 3.5 mm i 4.0 mm
53.42 45.56 I 26,28 19.90
(574)1 (5.05)| (bo3)| (68
26.20 20.783 16.06 15.38
(6.31) | (628)| (6.30); (6.32)
— 5.84

(5.80]

5.0 mm
5.8
(b.09)

8.
(6.25)

6.0 mm

322
(6.08)

5.
6.

b
= &

dusl) 7 hours after decapita-

tion, indicated by the number of mitatic figures found in the field of 71 qmm (The area
of t%e field examined is given in brqckets (in qmm))

Intact root
i A EEi
AECF (lé;t.' l/)' o FOGES

Imm dC‘C’lplt’lted root |
Average of § vools ‘

3 mm decapitated root |
Avernge of § roofs

Trequency of cell divigion at the distance from the voof apex or ecuf surface {at the time Of observation} of :

39.48
(a.50)
22,14
{5.25)

0.5 mm | L.O i L5 miu ! 2.0 mm 2.6 mm ' 3.0nun | 3.5 man
______ . : | e
21.58 | 104.38 : T1g.25 77.95 52.40 43,00 25.00
fapat 4 ozl T Foomy fz BRY (B 1= {6 208
13-84}) \4.‘,4)| 15-3%) ; 15-79) 5.0} (U17) {UZo)
|
§2.08 75.50 65.36 | 3062 34.04 Z0.I4 —
(5.001 ] (Bag) | (0.62) | (0o {7-01) {G.go)
1116 6.04 | 604 | 6.86 — 394
{5.63)1 (568)1 (581) [5.b1) {5.83)
| i

4.0 mm

=
5.0 mm | 6.0 mm, ; 7.0 mm | 5.0 mm
i
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3 mm decapitated reot to the point 3.0 mm in the intact root. Com-
paring these three curves it is seen that in the 3 mm decapitated root
and the 1 mm decapitated root, the frequency of cell division is very
small at the portions most contiguous to the surface of decapitation
(namecly 0), as a matter of course, and also at the portion ©.§ mm from
the cut surface it is small

in the next place I studied the frequency of cell division of the
roots 7 hours after decapitation (as materials the roots, showing an
intermediate rate of the elongation in Exp. XII, Table 3, were
chosen). 1In this case (Table 12) the maximum point of the frequency
of cell divisien in the intact root moved to the point 1.5 mm from the
apex; as in the case of the roots 4 hours after decapitation, in the
I mm decapitated root the frequency in the portion nearest to the cut
surface is small and the maximum point of frequency is at the point
05 mm from the cut surface; and in the 3 mm decapitated root, the
portion nearest to the surface is the maximum of frequency, theugh
the absolute value of it is very short.

The average elongation of the portion within 4 mm from the root
apex, before the decapitation, during 7 hours after the decapitation,
are as bhelow: in the intact root, 1.1 mm; in the 1 mm decapitated
root, 0.9 mm and in the 3 mm dccapitated root, 0.2 mm. We may,
therefore, put the point of 40 mm of the 1 mm decapitated root to
the point of 5.0 mm of the intact root; and the point of 1.0 mm of
the 3 mm decapitated root, to the point s.omm of the intact root,
as shown in Fig. 2.

Comparing these three curves, we find that in the 1 mun decapitated
root, the frequency of the point nearest to the cut surface is of course
small, and the value at the maximum point is also less than that at
the corresponding point in the intact root. It must be, therefore,
recognized that the influence of cutting extended to this point namely
0.5 mm from the cut surface. The 3 mm decapitated root shows a
curve nearly similar to the corresponding part of the curve of the
intact root in this figure. But the majority of the results of the
elongation of the region within 4 mm from the apex (at the beginning
of the experiment) of the intact root, during 7 hours, is attributable
rather to the elongation of the basipetal part of that region, namely
near the porticns 4 or 5 mm from the root apex, measured 7 hours
after the operation. Therefore, the position of o of the 3 mm de-
capitated root must be removed more to the leftward than shown in
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< 0.5 1.0 1.5 2.0 2.5 3.0 8.5 4.0 4.5 5.0 5.5 8.0 7.0

Fig. z. Frequency of cell division of the decapitated roots (7 hours after decapita-

tion), in comparison with that of the intact root. Ordinates repre

prosent the frequeney of

cell division; abscissa, distance in mm from the apex of the intact root, at the time of
measurement. Curve a, the intact root; b, the 1 mm decapitated root; ¢, the 3 mm
decapitated root.

the figure ; consequently, perhaps it may be true that the frequency of
cell division in the root is less than that of the other two.

1 did not test the frequency of cell division in the preparations of
material more than 7 hours after the cutting, as the real state of the
effect of cutting is likely to be fully seen in the two experiments above
mentioned, also in fear that in a long time after the operation, be-
sides the direct influence of cutting, there may appear the secondary
factor as regeneration, which might disturb the observation.

\
VI. COMPARISON QF THE CELL DIVISION AND
THE CELL ELONGATION

The elongation of the decapitated roots are *retardated by the de-
capitation ; on the other hand, there is found no tendency to accelerate
the frequency of cell division by the decapitation, but, in general, it
tends also rather to decrease; especially at the point nearest the cut
surface the frequency is very minute.

As regards the influence upon the elongation, in the case 4 hours
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after the cutting, as the method of observation is to compare the
length, which is the final result of elongation during 4 hours, the
difference of elongation is still so small and not so remarkable.

Yet in the experiments more than 7 hours after the decapitation,
we can recognize the influence of cutting more clearly.

However, regarding the frequency of cell division, we can see
remarkable differences between them, already in the materials 4 hours
after the cutting. The influence of cutting upon elongation extendes far
from the cut (in the 3 mm decapitated root we could see the result of
influence in the portion far more than 2 mm from the cut surface); on
the contrary, the influence upon the cell division extends not so far:
within 0.5 mm it is seen clearly but at a distance from the cut end
of 1.0 mm less distinctly.

In short, the cutting decreases the frequency of cell divisicn and
at the same time hinders the elongation of cell.  This fact is similar
to the result of the inhibition upon the elengation of the root by means
of gypsum, showing the retarding of cell division as well as cell
elongation.

E: Now we must consider the various inﬂuenccsl from the conditions
introduced by the operation of decapitation, upon the cell divisicn, cell
elongation or cloagation of root tissue. It is hard to research the
results of influences upon the cell division but it is relatively ecasy to
cxamine some influences concerning the elongation of the cell or that
of the root tissue. In the first place we must consider the influence
resulting from the change of water content of the tissue.

VII. MEASUREMEXNT ON WATER CONTENT

In the nature of the study, the measurement on water content was
done in the region basipétal 4 mm from the root apex, namely in
regions B and C.

The material cultured in saw dust for 24 hours (Exps. VIII and
IX, Table 2) was weighed (Table 13) and it was scen that there
was no remarkable difference between the 1 mm decapitated root and
the intact root in fresh weight, water content and also the ratio
Wite—]-’--—cgf@--, and that the 4 mm decapitated root showed less values

dry weight
as to those points. It can be said, therefore, that the 4 mm decapitated
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roots were in the state of want of water. However, the materials
discussed here are those 24 hours after the decapitation and show only
the state of that time. In reality, the elongation of the cell is in-
Auenced in the majority of cases by the state of the root prior to that
time. So we must research, in the next plan, the materials 7 hours
after decapitation.

Table 13. Average water content of the decapitated root (in saw
dust) measured about 24 hours after the operation
(The unit of weight is mg)

[ ] Roots decaptitated at the i
Tntact roots several points respectively
from the root apex :
Observed Relative % man 4 mm
value value
Series 1 No. of roots observed 14 100 14 14
Fresh weight 41.5 100 100.7 90.6
Dry weight 2.32 100 101.2 99.1
Water content | 392 100 100.5 36.5
Water content i 3
~ Dy waght 16.86 100 99.3 59.2
Series 2 No. of roots observed 11 ! fo 12
Fresh weight 38.2 100 | 109.4 91.6
Dry weight 2.43 100 106.6 97-1
Water content 35.7 100 109.5 91.3
Water content
Dy et 1472 | 100 100.7 940
Average Fresh weight . 39.9 o | 1C5.1 ; gL.1
Dry weight 238 jo0’ 104.9 90,1
g i 3 i
Walter content 37.5 100 105.0 39.9
. i )
‘ﬁ%‘f;ﬁ‘;_g;:’:t {1580 100 100.0 gL.6

Measuring the materials 7 hours after decapitation (Exp. XI, XIII
and XIV in Table 3) we can find that regarding water content and
water content

the ratio —— —-——
dry weight

the 1 mm decapitated roots are nearly equal
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to the intact root or a little less than that, and the 4 mm decapitated
root and 3 min decapitated root are less than the intact root (Table 14).

Table 14. Average water content of the decapitated root (in saw
dust) measured 7 hours after the operation (The unit
of weight is mg)

Roots decapitated at the several
Intact roots points respectively from the
root apex:
Observed | Relative - | p— N
value | value mm 3 4
'j 1
Serics 1 No. of roots observed 13 12 ‘ 14 13
Fresh weight 15.1 100 94.0 ! 90.7 37.4
i
Dry weight 1.07 100 93.5 100.0 107.5
|
Water content 14.0 100 94.3 0.0 86.4
Watersennient 13.08 100 100.6 90.3 So.2
Diry weight
Series 2 No. of roots observed 12 1z 1z Iz
Fresh weight 17.0 1C0 105.3 94.1 1.2
Dry weight 1.02 100 1115 102.0 59.2
Water content 15.0 100 105.0 94.3 811
Water content i
i A= I5. i 100 .1 2.6 40.6
Dry weight 539 i ' 94 9 o
i
Series 3 No. of roots observed 1z i 12 — 12
Fresh weight 16.1 | 100 87.0 — 82.6
Dry weight 1.08 100 86.1 — 58.0
Wiater content 15.0 100 87.3 — 520
Water content n
il el I3 100 101.2 —_ 93
Dry weight 37 937
Average  Fresh weight 16.1 100 Q5.4 92.4 83.7
Dry weight 1.06 100 a97.1 101.0 94.9
Water content 15.0 100 05.5 g9z.2 53.2
WitérGntent 14.18 100 g8.6 9L.5 85.2
Diry weight
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In the materials 4 hours after decapitation (Exp. XVI, XVII and
XVIII in Table 4), also we can see the smallness in the valuc of
water content and its ratio to the dry weight of the 3 mm decapitated
roots and the 4 mum decapitated roots; the 1 mm decapitated roots are
also small in a slight degree {Table 15).

Table 15. Average water content of the decapitated root (in saw

dust) measured 4 hours after the operation (The unit
of weight is mg)

Rooté decapitated at the several
Intact roots peints respectively from the
. oot apex

Observed | Relative ! | )
Sl it I mm 3mm * 4 mm

Series 1 No. of roots observed 10 10 {e] 10
Tresh weight 9.9 100 100.0 88.9 89.g
Dry weight . 0.75 100 101.3 93}.3 100.0
Water content 9.2 too | g8,9 850 59.1

| ;

—“f;;r ";C;Il];;[:t 12.20 100 | ud.g | 944 89.3

Series 2 No. of roots observed 14 15 16 14
Fresh weight I17.4 100 g8.5 a3 54.3
Water content .98 {ele] 101.0 9549 96.9
Dry weight 12.4 100 90.3 53.9 53.9
Water content ARG 9 amt [ [T

Diry weight 7 o

Series 3 No. of roots observed 11 o 11 I1
Fresh weight 16.1 100 93.5 57.6 57.6
Dry weight 1.24 100 98.4 8.4 1016
Water content 14.5 100 Q3.5 56.5 G7.2
Y“B%‘;f::g%‘:j 11.59 100 G5.4 540 585.6
Average Fresh weight 13.1 i 100 a97.4 66.9 87.3
Diry weight 0.99 : 100 100.2 95.9 96.5
Water content 12.1 .‘ 100 4.3 86.1 86.7
% 12.25 100 } 97.0 80.g 87.0

;
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The above mentioned measurements show that the decapitated
roots are in want of water. The lack of water probably has its in-
{luence intensely upon the cell elongation, thenceforth.

Next, I studied the materials of experiments in water. Materials
24 hours after decapitation (Exp. XX, XXI, XXII and XXIII in
Table 1) do not show any definite visible differences among the different
kinds of roots, except that the 4 mm decapitated root is a little less in the

water content

ight . ther 6).
Ty weieihr * ompared 1o the others (Table 16)

ratio

Table 16. Average water content of the decapitated root (in water)
measured about 24 hours after the operation (The
unit of weight is mg)

Ronts decapitated at the several
Intact roots points respectively from the
i root apex ©

Obsereed RS | | ymm | g

Series 1 No. of ronts observed § 7 i 8 15
Fresh weight 28.5 - 102 g8.2 102.8 1c5.8
Dry weight : 1.65 100 97.0 104.8 112.7
Water content 26.8 100 98.5 . 102.6 108.6
E’:EQM 16.25 100 105.6 97-4 gb.1

Dry weight '

Series 2 No. of roots observed 16 15 14 16
Fresh weight 3L.1 100 95.8 103.9 : 87.5
Diry weight ! 2.02 100 43.6 | 102.0 | 59.6
Wiater coutent 20.1 100 45.9 104.1 387.3
Eﬁgr“c—:lrg;;“ 14.4X 100 102.5 102.1 7.6

Series 3 No. of roots observed 13 14 —_ 15
¥resh weight 35.1 100 104.3 — 81.8
Tiry weight i 2.16 100 104.2 — 56.6
Water content | 33.0 100 1039 — 51.5
%’;‘;’:ﬁ‘:' 15.25 | 100 | 999 — i 932
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[%e)
(93}

_ Series 4 No. of roots observed | 13 I iz S 11
]
Fresh weight 300 oo . OL3 — g7
Dry weight .97 100 grL.g e 08,5
Water content i 28.9 100 ‘ 01.3 — L b
Water content ) u '
; I)F)iVTigﬁt = 14.66 100 90.4 —_ 98.6
Average Fresh weight | 3.4 100 97.4 103-4 3.8
Drry weight i 1.95 100 96.7 103.4 969
Water eontent } 29.5 ! 100 97.4 103.4 3.6
|
Water content | i
ki sl I -9 1100 g : 6.
Thry weight 515 ‘ ;192 6 99-8 90-4
\ \

Results of measurements on the materials 7 hours after decapitation
(Exp. XXIV, XXV and XXVI in Table 6) is shown in Table 17. As
we can see there, in two cases, the 4 mm decapitated root is rather
larger than others in the ratio wc:ia]t;r_‘;z]ngts ?t; it seemingly prowmises
the superfluous or real elongation of the root, thenceforth.

Table 17. Average water content of the decapitated root (in water)
measured 7 hours after the operation (The unit of
weight is mg)

Roots decapilated af the several

Intact roots points respectively from the

raot apex ;
Observed | Relative o

valoe o I mm 3 mm 4 mm

Series 1 No. of roots observed 14 14 14 15
Fresh weight 16.0 100 107.5 10G.2 103.1
Dry weight 11 100 103.4 90.1 95.5
Water content 14.9 100 107.4 1o8.1 103.4

Water content

e 13 1co 103. 1032 107.8

Dry weight 3-39 39 3 7

Series 2 No. of roots observed 12 i 12 — 13
Fresh weight 14.3 100 100.7 — 100.0
Dry weight 1.05 100 | g6z T
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Water content 13.3 100 100.8 | —_ | 100.0
Water ¢ 63 |
ater content 12.63 100 tas.2 _ | 103.5
Dry weight =
Series 3 No. of roots observed hE ' 13 12 i 12
Fresh weight 16.1 100 100.0 | 95.6 91.9
Dry weight 1.18 100 100.0 101.7 93.2
‘Water content 149 100 100.7 98.7 91.9
Water content
il 12.61 10 100.2 =3 i 2
Diry weight 3 973 E 99
Average  Fresh weight 15.5 100 102.7 104.0 95.3
Diey weight LI 100 99.9 100.4 94.6
Water content 14.4 100 103.0 | 103.4 98.4
Wi ,
S AET Gt 12.85 100 103.1 100.3 104.1

Dry weight

Materials 4 hours after decapitation (Exp. XXVII, XXVIII and
XXIX in Table 7) were weighed, and the results are shown in Table
18. In two cases of these, the 4 mm decapitated roots are large in
the ratio WAET COMIENE pie st be also favourable for the roots

dry weight
to grow superfluously, henceforward.

Table 18. Average water content of the decapitated root (in water)
measured 4 hours after the operation (The unit of
weight is mg)

Roots decapitated at the several
Intact roots points respectively from the
o0t apex:
Observed | Relative ”
value vilig I mmn 3 mm 4 mm
Series 1 No. of roots observed 1L 13 1z 12
Fresh weight 13.3 100 1045 | 106.3 103.8
Dy weight 1.0l 100 1069 | 1059 95.0
|

Water content 12.3 100 104.1 100.1 104.9
Water content - —— —_—
Dry weight 1215 100 g97.0 ; i 110.3
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‘ |
Serdes 2 No. of roots observed 14 ‘ 14 : Iq 14 .
Fresh weight 12.6 l 100 ‘ 1074 1003 107.1
Uiry weight 0.95 100 ‘ 108.4 104.2 ! 1084
Water content 11.7 100 106.8 1060 106,53
%tﬂf 1z2.27 100 gg.z ICL.7 99.0
Series 3 No. of roots observed 13 13 13 13
Fresh weight 13.5 100 103.0 | To2.2 1044
Dry weight I1.03 100 1a4.9 102.9 1oL
Water content 12.4 | 100 1032 ¢ Iozg [04.5
ater Tontene 12.07 100 98.8 F 90.4 102.5
Dry welght : ;
| ‘;V#_V__
Average Fresh weight 151 100 105.1 1056 1051
Iiry weight [.ce 100 106.7 1043 0.8
I
Water content | 12.1 i 100 104.7 105.5 | 1055
‘Eirzr“cz’;ftﬂt 12.17 100 68.3 12 193y

As a whole, the 4 mm decapitated roots, in saw dust, show the
. t . . . s
ratio St CO,HEEE in small amount; but as to those in water, it is
dry weight
water content

not necessarily the case, namely, in some cases the ratic - -
dry weight

in the 4 mm decapitated root is larger than the intaet roots.

Now, we see that there are some differences in regard to the
water between the materials in saw dust and in water. Therefore,
when we discuss the length of the cell, measured in the decapitated
root, we ought to consider, beside the primary effect of the cufting,
also the secondary influence of the water absorbed upon the growth
of the cell. At any rate, the fact is sure that the shortness of elenga~
tion of the decapitated root is due to the shortness of the elongation
of the cell.

VIIl, EFFECTS OF PRICKING ON THE ROOT TISSUE

In order to give an unusual condition upon the root, instead of
cutting, I pricked’ it and examined the result of the pricking influenced
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upon the elongation of the normal part of the root. The method
applied here is as follows: after pricking the roots uniformly about
15 times in the respective regions with a fine glass needle (dianeter:

Table 19. Elongation of the pricked root during 24 hours after
the operation

Intact toots Roots pricked at the several portions between
¢ the respective points from the root apex :
Observed | :
value R:i?‘:;ve 9-4mm | 4-5mm | 5-Iomm |I0-I§ mm
(in mm) ' |
No. of roots ob- 8 9 g 10 9
served
A 14.45 100 199 34.2 372 21.2
Portion of which
the elongation is7 1 394 100 98.0 20.1 45.9 35.8
observed 1
C 5.63 100 774 2.2 + 10.5 26.8

Table zo. Elongation of the pricked root during 24 hours after
the operation

. . I Roots pricked at the several portions between
Intact roots i the respective points from the root apex :
Observed P !
value | REALYE oy I-2mm | 3-4mm 3-6 mm
value | i
{in mm) i
i
Serigs 1 i }
No. of roots observed 13 i I 9 1z I3 12
930 | too | 777 90.6 30.6 65.5
Portion of which :
the elongation is1B 371 ; 10O ub. 5 ©11L3 7.3 58.2
observed : !
G 351 ! 106 | u3.3 . IoL1 | 356.2 34.8
Series 2 |
Na. of roots observed 10 ¢ I i1 11 11
A 10.90 oo 3.8 75.6 37z | 6G.1
Portion of which I
the elongation  isy B 372 100 Q4.4 102.4 65.6 51.9
obseryed y
\C 4.73 100 97.0 1e8.9 85.4 ] 21.8
Average A 10.15 100 58.3 83.1 33.4 i 66.8
Portion  of Whichl
the clopgation 1syDB 3.72 100 95.5 1c6.9 5.1 | 55.1
observed l ‘
C 5.I2 100 | 95.2 105.0 57.3 1 25.3
i
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20 ) ) |
= mm), they were planted in moist saw dust.  After 24 hours,

the elongation of each region was measured {Table 19 and z0). The
results of the experiments arve similar, in general, to those of decapitated
root; the elongation of the portions near the positicn of pricking are
short.  After all, this must be attributed to the distraction of some
cells and the change of turgor of irritated cells by pricking, and it is
the similar cause as in the case of the decapitation. In this case the
influence of pricking does not extend fo so far a distance as in the
case of cutting, and the reason of it may depend on the smallness of
the change of water relation in this, in comparison to that case.

IX. EFFECTS OF PRESSURE GIVEN ON A PART QF TIIE ROOT

Instead of cutting or pricking, I gave pressure to a root so as to
change the turgor of that portion.

A piece of fine thread was tied around a distance 3 mm from root
apex, and tightened for a while (but not tec tightly or the root would
be cut off at that portion}; that portion was scen to be depressed a
little and at the same time the suiface of that part moistened slightly,
then the thread was untied. Ueside these roots, roots decapitated at

Table 21. Elongation of the squeezed root during 24 hours after
the operation

' |
1 Tandm mb mmmdon
Fostion of which, l : | 3 mw dlecapitated
the elongation | Olssevad-value | ; Squeezed Toots |2 rnuis‘p
is observed | ’S(Ci:“ilm:; ' Relative value i
B 1 521 {7)r 100 $5.6 (8) 67.0 {10)
C 7.27 (11) 100 k 89.5 (12) 74.3 (12)

v The figure given in brackets is the number of roots ohserved.

3 mm from the root apex, and the intact roots were embedded in saw
dust; after 234 hours the elongation of these roots were measured.
The results are as shown in Table 21, namely in C region and B
region, the squeezed root elongates to less extent” than the intact
root, though the elengation of the former is not so little as the 3 mm

7 Janse (1926, 1927) hindered the clongation of the root by pressing it between wet

fingere,
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decapitated root shows. Perhaps the smallness of elongation of the
squeezed root may be attributed:to the destraction or the diminution
of turgor of the cells.

X. GENERAL CONCLUSIONS

The principal object of the study is to see the correlation between
the cell division and ceil elongation, and not to know the detail of the
cell division and elongation in every portion of the given material.
So, as it is convenient to simplify the work yet to fulfil the expected
purpose, I divided the root tip at 4 mm from the apex, and in the
portion from that point up to basipetal, I studied mainly the elongation
of the cell and the tissue, and in the portion from the point to the
apex, I observed the cell division.

To sum up the results, we can find that the cutting diminishes
the frequency of cell division, and at the same time shortens the
elongation of the cells. But there must be consideration on the re-
sults of the investigation, whether those facts are the result influenced
directly by the inhibition of further elongaticn of the rcot hy cutting
of the tip, or not. Cutting with even thc best sharpened razor, pres-
sure on the portion to he cut can not be avoided. When the root is
cut in water, as I did, it can not be seen, but if it is being done in
the air we can see that the gloss is off the surface of the portion of
root most contiguous to the cut surface and it becomes dull and trans-
parent, and the surface becomes moistened to a slight degree.  These
phenomena are seen also in the root pricked, namely on the surface
near the point of pricking, there appears a small fine strip, which
the gloss is taken off and becomes dull and transparent, running
parallel to the long axis of the root. And in the squeezed root,
as in the case of the cut root, the taking off of the gloss, turning
dull and transparent and the moistening of the surface are seen®
On the other hand, by cutting we can see that the surface of the
cut is wet with moisture from the tissue of the root. Perhaps
those abnormal phenomena may also happen when the rcot is cut in
water, as in the cases of our experiments. Moreover, from the measur-
ing the water content and the difference between the results of experi-
ments in saw dust and in water, we can generally say that the de-

8 cof, Jansg, 1926, 1927.
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capitated roots in saw dust are losing the water fram the cot sorface.
Putting these facts together we may consider that the cufting or in-
juring causes the change of water content in the tissue or of the
‘turgor. Therefore, at least a part of the cause of the diminution of
the elongation of tissue or cells of decapitated rocts is due to the in-
hibition of cell clongation by the diminution of turgor. But it is
questionable in this case whether it is the whole of the cause of that,
or not. On the other hand it was obscrved that the cell division is
hindered by the cutting, on the portion near the cut surface. 1 have
observed in my previous study {1931) that the frequency of cell divi-
sion was hindered by diminution of turger of the root by the use of
sugar solution. Probably also in this case, it must be one of the
causes of the hindering of ccll division, that the diminution of turgor
has influenced it either directly, or indirectly, through the effect of it
upon the cell clongation, Namely the presence of conditions diminish-
ing the turgor of the ccll seems to causc the hindering of the cell
division. Yet it is not of importance to discuss here whether the
cause eflects directly or indircctly, or in these two ways side by side.

In short, in case of inhibiting the elongatien of the reoot tip by
decapitation, the cell division and cell elongation are hindered at the
same time, as in the cases of inhibiting the growth of the root by
means of gypsum or sugar sclusioen.

It is obvious that after a long time there may be the formation of
a callus or adventive root at the place of cutting or that in the neigh-
bourhood to it, for the sake of that, the regenerative activity of tissues
must induce the cell division; but this must be considered rather the
appearance of secondary phenomencn caused by injuring.  The point
of view of this study is to see the direct relation of cell division and
elongation in the root tissue itself, inhibited from the growth; there-
fore we are to deal with only the primary results of cutting, in our
case. In other words, the correlation of growth and cell division or
tissue differentiation is mingled in complicated connection of several
direct or indirect phenomena, therefore, these problems must be considered
carefully and analytically, lest one should reach an unexpected and
conflicting conclusion. It is regrettable that one is liable to get the true
phase of phenomenon, concerning these problems of differentiation of
tissue and growth, from considering only the final state which has
resulted from the phenomenon during a long time. One must inquire
into the problems as analytically as possible.



300 ILitoshi Kojima

XI. SUMMARY

1) The writer observed the relation between cell divisicn and
cell elongation in the decapitated roots. And in order to simplify
the study the cell division was studied chiefly in portions within 4 mm
from the root apex and the elongation in the portions basipetal from
that point.

2) Measuring the roots cultivated in saw dust, it was found that
the elongation of the portions besipetal from the 4 mm point of the
roots decapitated at 3 mm or 4 mm from the root apex is less than
the intact root; and that the T mm decapitated roots, 24 hours after
decapitation, elongate rather longer than the intact roots (control), yet
the 1 mm dccapitated roots, 4 hours or 7 hours after the cutting,
clongate in a stiil lesser degree, compared with the intact roots.

Next, measuring the portion within 4 mm from the root apex, it
was scen that the elongation of all the decapitated roots was always
less than the intact root.

In the cases of experiments of materials cultured in water, it often
happened that decapitated roots clongate longer than the intact roots,
especially concerning the portion within 4 mm from the root apex, the
elongation of the 1 mm decapitated root was always longer than that
of the intact root. However, this is probably to be attributed to the
“disturbance of the normal elongation, by superfluous stretching, caused
by the excess of water.

3) Putting together the results of measuring the water content
of the portion of root, on which the elongation was observed, and
other several experiments, it s likely to be assumed that Ly cutting
or by other analogous operations the water content or turgor of the
portion is mindered, and this must be one of causes inhibiting the
¢longalion.

4) The cell lengths measured in the positions basipetal from the
4 mm peint, run parallel to the rate of elongation of corresponding
portions,

5)  Diminution of the frequency of cell division is seen at the
portion near the cut surface,

6) What is the cause of the diminution of cell elongation and
cell division, in the decapitated roots, is beside the question in our
case, yet the diminuent of the frequency of ceil division as well as
retardation of elongation of cells go together side by side, And this
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result is parallel with the cases of inhibition of growth of the root

treated by gypum or sugar solution.

7) In considering the final results only of such experiments one

may come to an erroneous conclusion, because there are several related

indirect phenomena such as the formation of calli or adventive roots

etc., besides the direct effects of cutting upon the division and elonga-

tion of cells, which is the only question which should be analysed

here.
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