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CELL DIVISIOK AND ELONGATION IN THE DECAPITATED 

ROOT OF V/CIA FABA D. 

Hitoshi KOJIl\IA 

I. TNTRODUCTIt'n.; 

In my prevIOus papers I have given some accounts of the inves! 
tigatiolls on the relation between cell division and elongation (KOjJ:\1A, 

1928, 1931); and the present study, being done on the same subject, 
is the continuatioIl 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 \vith 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 hindered at the saIlle 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 gro\j/th, in length or thickness, of the 

root body is never hindered artificially, then in \vhat relation do the 
two processes, namely the cell elongation and cell division, pass along? 
This question is the subject of my study described in this paper. 

This investigation was made under the direction of Professor Dr. 

R. KC)KETSO; I wish to take this opp:::::rtunity, to express my very 

great indebtedness to him, for his guidance and interest. l\Jy cordial 
gratitude is due to Em. Professor Dr. K. FUjl1, for his kind advice 

and unceasing encouragement. 

Contributions from the Hot::mic::Ll LalJoratory, Kyushu Imperia] lrni\'er~ity ~o. 47. 
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n. ::\rATERIALS A:\,D METHODS 

As the material, young roots of seedling of Vicz'a Paba ~\:ere used; 

the experiments were carried on in indoor temperature during the 

\varm season, and in the green house during the winter season, so 

that the plant might gro\\' in normal or nearly normal conditions. 

The seeels used in every experiment were nearly uniform in size and 
\veight, 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 s\vellec1 satisfactorily. they were sowed in a 
box filled \vith moist saw dust. \Vhen the root of seedlings grew up 

to suitable length, seedlings, w'ith 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 

rip \vas cut off not in the air but in ,yater. -

In usual cases the decapitated roots were brought back to the box 
of saw dust and grO\vn; namely the seedlings with decapitated roots 
were cmbedcled carefully in wet saw dust, so that the roots were 

pla~ted 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 \vas placed so as 
only the roots \vere dipt in water, and the cotyledons ,vere held in the 
air. 

In order to measure the elongation of the roots, the length was 

measured not as to the whole foot length, but certain definit portions 
of the root which \vere determined at the beginning of the experiment. 
For this purpose black lines of indian ink were marked on the surface 

of the root respectively at the points 4 mm, 5 111m and 10 mm from 
the root apex (in Vicia j;~aba the boundary between the root cap and 

ruot proper is not remarkable, so I measured the distance from the 
root apex) and after certain pre-arranged time the distances between 
the lll;uks were measured as exactly as possible. • 

In abbreviation of the description I will use letters A, 13 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 111m from the root apex; and C, the portion bet\vecn the marks 
of 5 mm and 10 mm from the root apex. 
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I'vlaterials for microscopical ob::ervations \vere fixed in FLEMMIKG'S 

weaker solution2
; paraffin sections of 10/.1 or IS /J, being paranel to 

the long axis of the root, were prepared and stained \vith HEIDENHAI~'s 
iron haematoxylin. The sections passing as ncar as possible to the 

central axis of the root were observed. ZEISS' microscope AA or DD 

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

It has been already mentioned that in the root tip of Vz'cia Faba 
mitotic figures are seen most abundantly in the portion \vithin 2 mm 
from the apex (cf. PEKAREK, 1927). and the frequentness of the mitotic 
divisions is limited in the root tip \vithin 4 mm from the apex (cf. 

SCHUEPP, 1923); on the other hand the zone, where the elongation is. 
most rapid, is not near the growing point but several millimeters apart 
from it basipetally (cf. PFEFFER'S Handbook, Vol. 2 p.8). 

For that reason, I studied the cell division chiefly on the portion 
A, namely the part \I,"ithin 4 mm from the root apex, and the elonga~ 
tioH of the cell, OIl the b~sipctal portion from that point. Of course 

the cell division and cell elongation may take place on the .'ian~e tissue 
in succe.'-3sion; it might be, therefore, most reliable to observe and 

compare these two phenomena on every part of the root having ability 
of growth, but it results naturally' in the enlargement cf the \vork; in 
order to simplify the work and so to realize the desired object I took 
the method above mentioned. 

The cell length \\'as measured on 4 or 5 sections of each root in 

the region of the cortex, near the epidermis-at the severa! portions 

corresponding to the points 4, 5 and 10 mm from the root apex at 
the timc of decapitation. The length cf the cell of each portion of a 

root was expressed by an average of length cf more than 50 cells for 

each root; the number of length presented in this paper is tbe average 

of the lengths of several roots thus obtained, and it is expressed by 
observed value \vith micrometer scale; so, if necessary, \ve can get 

the real length in p. by multiplying this by -0° . 
The frequency of cell division was observed on 10 sections (in 

some cases 5 sections) of each root 3. The number of mitotic figures 

seen in thc field-the belt-shaped field, across the long axis of the 
----- . ----------

" I % chromic J.cid 25 cc + I9-{; glacial acetic acid IOCC + I % osmic aeid IDee + 
wJ.ter 55 CC. 

3 The thickness of the section for this purpose was always 10 iJ .• 
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root, 

Hitoshi KO]I\!A 

_?5,.:: (mIll ~.- I84 p) in ·width and having a length of diameter of 
13 0 

the root section at that portion-\vas 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 

Df a root, by the total amount of the area (calculated in qrnm) of the 
fie1d~ 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 grow! h of cell or tissue of the root the 

water content in the tissue was also considered. The root used for 

this purpose \vas previously cleared away from the saw dust and the 

moisture was blotted off from its surface. The portion, between the 

two marks made at 4 and 10111m ii-om the root apex at the beginning 

,of the experiment, was cut off, then the fi-esh weight of that portion 

was measured; afterwards it \vas dried in an electric oven of about 

100°C for about 24 hours, cooled in an exicator containing CaCl 2 for 

1-2 hours, then the dry weight was weighed. 

Ill. OB:3ERVATIOXS ox TIlE ELO:NGATION OF DECAFITATED ROOT 

a) Experiments in sa.v dust; The roots, respectively decapitated 
at I, 2, 3 and 4 mm from the root apex, and intact roots were em-
bedded 111 wet sa.\" dust and gro\vn for about 24 hours. Then the 
length of each portion re"pectivd}- A, Band C, -was measured, and the 
amount of the elongation was found. The results thus found are given 

in TabJes I and 2, in \vhich 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 root of which a 

small part of the root tip has been cut off4. And comparing the 

intact root and the 1 mm decapitated root, the latter shows larger 

elongation than the former, in case of regions Band C, though there 
are S(lIne exceptional cases; and in A region, the elongation of the 

1 mIll decapitated root is certainly less. \Vith regard to the total 

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

4 FUn'serf, 1884, st::tted Hut, reg::trding the tot::tl length of root, the elongation of the 

root decJ.p:tltcd morc th;m 2 mm from the root ::tpex is rather p::tthologic::tlly hindered; aDd 

TICl\:;.lING, HI::!::;, found that roots deClpitJ.tcd more Hun 1.5 111m from the root apex: show 

less eJong-3t:oll than the int::tct roots. 
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Table I. Elongation of the roots (in saw dust) about 24 hours 
after decapitation 

Experi­
ment 

Roots decapitated at lhe ~everal 
Time Le- Portion Intact foots tKJints respectively from the 

I 

tween ~he uf which __ ---, __ "'-'x"t_ apex: 

2mm 3 Illm 4 mm 

operatlOn the elonga- --_. I 
and the tion is ob- OL,.,"j·u'e

ved 
Rebjtivc I,' r n"" 

I 

ollscfvation , , 
served' (' )' va ue ' 

____ ' (in hours) mmm i ____ ~ ___ ,.I----

I A 

c 

II A 

B 

c 

III A 

n 

c 

IV A 

B 

c 

v A 

c 

A~'cfage A 

B 

c 

4,37 (8) 

5·3°(lO) 

23.27 (7) 

3·34 (7) 

20_22(10) 

2_10(10) 

3·75(ro; 

4_16(13) 

1'6.[:8 

3·:';0 (") 

4,52 (8) 

, 

-I 
I 

]·57 

3-99 

, 

roo 86.0(10) 49.5 (6); Kg (9) 

roo 91.0(10) 76_2 (6)' 61.8 (9) 13.6 (9) 

100 ,1:26_4(10) 84-1 (9)i 79':; (Y) 44·3 (9) 
I 

100 191.1 (7) 60.2 (5) 13·3 (7) 

leo Ilz6.3 (7) 93-4 (5) 66·5 (7) 17·7(10) 
! 

100 jew.8 (7) ::>7.8 (5J 80.0 (6) 48_8(10) 

1:::0 

roo 

"" 
100 

roo 

!eo 

roo 

roo 

roo 

i 76.6 (9)' 59-Sl11) II-bPI) 

! 00 5·' , 6" 61 ) 6 -( ) )153_0 Iy) IZ '/ll1) o. JI 1./ [Z 

I 
I ., (' ') ') 1145.21.11) 124.3 12; Y7·4 ... 11 57'0\12 

! Sy.o(i4) 49-0(i4) '·4(14) 

90414') 80·5(14) 63·5(14) 32-9(14) 
'I 

85.8 (8); 3Sl.5 (8) 4.6 (::) 
I 

9I.I (G): 73.2 (8) 47·9 (7) 9.5 IS) 

(0) 

lao IIz.7 59·4 13·5 

100 IIG.S 44-3 

A is the portion from the Toot apex or cut surface to the point 4 m!l1 from the apex; 

D is the portion between the two points respectively 4 and 5 mill from Ihe rO(.lt apex; 

and C is the portion between the two points respectively 5 and 10 mIll from the foot 

apex_ 

The number of the roots observed is given in brackets. 
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no elongation practically), the elongation of the I mm decapitateu root 
is also less than that of the intact root5• The L-1.ct that the elongation 

of regions Band C is somewhat accerelated in the I 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 be-
Portion Intact 

tween the 
r-::":peri- operation of which 

ment and the the elonga-
Observeo 

observation tion is oh-
value 

(in hours) served 
(inmm) 

VI 24 A 2.65 (8) 

n 2.20 ( ") 

c 6+~ (8) 

VTJ 24 A 5·95 (4) 

B 3·57 (4) 

C 6.50 (4) 

V111 24 A 7.10 (I4) 

B 4.12 (14) 

C 5·$4 (14) 

IX 24 A 18.62 (II) 

B 3.63 (II) 

C 4.81 (I I) 

AYerag-e A b·5S 

B 3.38 

C 5·97 

r,JOts 

Relative 
value 

roo 

100 

reo 

ro, 

roo 

100 

roo 

roo 

roo 

roo 

roo 

roo 

roo 

roo 

roo 

Roots decapitafe<Cattlle 
!o'eyeral poiuts respectively 

from E~~_r~~~::_:_ 

I mm 

107.3 (S) 

103.3 (S) 

75·6 (4) 

93· S (4 ) 

113.2 (4) 

00·7 (14) 

108·3 (14) 

1I8'3 (14) 

71.4 (10) 

109.1 (10) 

109.9 

4 rum 

15·0 (8) 

40.7 (8) 

9.8 (4) 

26.0 (4) 

31.] (14) 

70·4 (14) 

31.1 (12) 

58.8 (r2) 

21.8 

S FIRTSCH, 1854, observed that roots ilecapitated at a point within 2 mm from the root 

apex elong~lte to same extent or orten ::l little less than the intact roots; MOLlSCH, 1883. 

stated that the I nnn del:apitaled root elongates always 1<:55 than the intact root; \\'IKSNER, 

1881, rcporkd th:11 the root, of ·which the growing point ha5 l,een eut off, elongates slower 

than the intact rO(lt. 
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The above mentioned facts are the cases 24 hours after the de­
capitation, ye t the fact that roots of \vhich the greater portion of the 
tip has been decapitated elongate s lower than the r mOl decapitated 
roots or intact roots, is also seen in the material 7 hours aftcr the 
decapitation (Table 3). 

Table 3· E longation of the roots (in saw dust) abou t 7 hours 
after decapitatiOl~ 

Experi­
ment 

I Time be- Portion ... Intact root!; I 
: tween ~hc of which 

-Roots' decapitated at HIe ~c,'cral 
points rClOpectively fmlll the 

ruot ape::.:. 

4 mm I 
~-in~a~;~: the clonga- -(;i~ :;ctvedl . 

tion i<; ob- I ' Relative I obse rv:'Iti on eel V:\ UC I nUll 2 mm j 3 mill 

___ : (in 1"",,,) '"''' (In n'm) I~'---f---
X i! A 1·57 (7)1 100 100.0 (9) 57-3(7) 

Xl 

XII 

XIn 

XIV 

Average 

7 

7 

i 

i 

H 1.00 ([;), 100 9[;.1 (9) 95.4(7) 

A 

B 

c 

A 

R 

C 

A 

B 

c 

A 

R 

c 

100 T·O;)Z} 0·50( 13) 

1.05(13) 
,! 

100 93.CJ( I 2! ) 

100 79·S{IO} 

100 

100 

9I.7(1O}1 

92.1(IO)i 

I 
1.75(12) ICO 73·7(12): 

1.::4( 12) ]00 So.6(I:!) 

0.8o( I Z; 100 9G.3(12) 

. 0_53(12)1 100 115·I(I:."!) 

i • I, )1 ( , 
~ ·,,4\ Z 100 79.1 12} 

I '---'- -- - .-i-- - -
A 1.09 100 go.o 

B 100 g6.J 

c 2.67 100 ~.3 

53·9(14) 4; .5( 1:;) 

4·3(1O} 

i 42 .9(10) 7. 1{I O) 

i 58.1(10); 28.9( 10) 

10·3(12), 

42.7(12) 10·5(12) 

""" S( l z i' 39.o{ 12j ''', 'I 
3J·9(U ) 

4~;.4( I 2) 

6·5 

44·7 15.6 

05 .5 40.1 

, -----~ .. ----,-----
Hut the difference bet ween the elongation of the intact root and 

the I mIll decapitated root is not always alike in C region, in n region 
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the intact root elongates rather more rapidly; and in A regIOn, of 
-course, intact root elongates more rapidly. 

Nov.' we consider the experiments 'with decapitated roots observed 
4 hours after the operation; \\'e 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 I mm decapitated root. There is not a 
cleciJed diffcrnce between the elongation of the intact root and that 
of the I mill decapitated r09t, yet. speaking in general, the elongation 
Df 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 decapitation 

- -_ ...... --
Time be- I R-oots decapitated at the several 

tween the I Portion of I 
Intact r(X)ts points respectively from the 

Experi. operation which ~he 1 ------
root apex.: 

ment and the elongation Ohserved I PIt" 
I observation is observed I "e a lye 

va ue ' I 1 mm 3 mIll 4 mm 
(in hours) i 

, 
(inmm) I 'laue , 

-- -- ----- -_.".-----
I 

XV 4 A I 0.2[; (II) 100 28.6 (13) 10·7 (141 -

Il 0.25 (12) 100 [;4·C (13) 28.0 (14) 12.0 (16) 

C 1.37 (12) >00 85·3 (13) 56.2 (14) 35.0 (16) 

XVI 4 , A 0.50 (10) 10' 70.0 (10) 2.0(10) -
! 

B I 0.22 (10) 100 127.3 (10) 27.3 (ro) 27.3 (10) 

I 
I c LOg (10) 100 9~l.I (10) I 58.7 (10) 34.9 (ro) 

xvrr 4 A 0·45 (14) 100 95.6 (16) 6·7 (16) -

I 
B 0.2g (14) 100 100.0 (16) I 39·3 (16) 17·9 (14) 

! 

I 
40.7 (16) 36.7 ('4) c 1.50 (14) 100 104.7 (16)' 

xvnI 4 A 0.39 (II) 100 110·3 ':9) I 10.3 (II) -
Il 

I 

0.40 (II) 100 80.0 (9) 52.5 (II) :!o.o (II) 

i 
C 1.60 (II) 10' 100.0 (II) 60.6 (II) 37.5 (II) 

! 
, ,- ---- - -,-

! 
i I Average I A 0.41 

I 

100 76.1 7·4 -
B I 0.29 100 97.3 36.8 19·3 

I 

! 

I I c 
[ 

1.39 '00 98 .0 54. 1 
I 

36.2 

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

above men­
The roots, 
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decapitated as ,veIl as intact, are grown in water for .:lbout 24 hours 

(Table 5); under these several experiments the results of observation 

can not be said to be exactly paraIlel, as seen in the cases in saw 
dust. Concerning C region, sometimes the 4 mm decapitated roots 
5ho\\' less elongation than the intact roots, but in other cases, on 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 ,vater) 24 hours 
after decapitation 

Time be 
tween the 

Expcri- operation 
ment and the 

observatio n 
(in hours) 

XIX 24 

XX 24 

XX! 24 

XXII ::q_ 

XXIII '4 

Average 

Portion 
of which 

the elonga-
tion is ob· 

served 

A 

n 

c: 

A 

n 

c: 

A 

n 

C 

A 

D 

c 

A 

R 

C 

A 

.n 

C 

1 

Tntact roots 

I -----

Observed 
I Relative I: 

value value 
(in Hun) 

1 

12.36 (19; '00 
, 

3·39 (19) wo 
i 

4.10 (20) roo 

7.2 4 (9) roo 

4.n8 (9) roo 
, 

4.36 (f4) roo 
1 

I 

4.01 (16) roo 

2.66 (16) roo 

3./'6 (16) roo 

8·99 (14) roo 

3.91 (f4) roo 

roo 

roo 

roo 

100 

--- ---

8.68 10') 

3·55 roo 

4.7 6 100 

Roots decapitated at the several 
points respectively from the 

I mm 

----

120.1 (2') 

117.7 (22) 

110.7 (20) 

102·5 (9) 

82); (9) 

133.0 (15) 

133.2 (rg) 

107.9 (I::;) 

102.6 I: I S) 

112.8 iJ4) 

117·1 (14) 

Icg.6 (14) 

75.8 (12) 

-------

II5·9 

102-4 

106·3 

root apex: 
---I ---

3 mm 

32.0 (21) 

105..1 (21) 

104.2 (::!o) 

37.6 (9) 

68.1 (9) 

1I6.j (14) 

963 (14) 

103·;; (14) 

117·9 (15) 

--

55·3 

92.4 

112 9 

! 

4 mm 

-
-

64-9 (:w) 

108.5 (20) 

-
62.7 (16) 

141.3 (16) 

-

67·3 (16) 

92.2 (16) 

-

784 (II) 

96-4 (II) 

67·3 

103·9 
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general, the 3 mrn decapitated roots elongate rather more rapidly than 

the intact roots. 

intact root there 

And comparing the I mOl decapitated foot 1,\·ith the 

are not such definite differences between their eJonga-
tions as regards C region and n region, but within A region the I mOl 

decapitated root shmvs larger elongation. Hence as to the sum of 
these 3 regions (A + B + C) the I mm decapitated roots c10ngate 
more rapidly6. 

Experi-
ment 

XXIV 

XXV 

XXVI 

Avcmgc 

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

Time I)e-
Roots decapitated at the several 

l'ortion Inbct roots point:; respectively from the 
tween the of which _ root apc::,:_: __ 
operation 

and the (h, e1onga·' 01 . II --
I I observation 

tion is (;b-I J:,~rve( Relative 
I lnm z nlIn 3 mm 4 mm 

{;~ l"-,,,rc-. sen-ed (;:a,~~,\ value 
~ u, "~~'''J 

I~~;;~:) 1 ---------

7
0

.
,
(14)-----

7 A laO 143·3(14) 

n i 0·53(14) 100 14).'(14) [SH(4)! lO\·7([5) 
I c 2.80([4)! [00 103·9( 14) , 130·4(14) DO·7(15) 

7 A o·7c(I2)' lOa 1OI.4lIZ) 
I 

B 0·43(12) '00 109.3( I:!) 90·7(13) 

,. _ .,,' r _,I 
100 1;04·6(12) r06·5(13) ... ·H'\~.:,) 

7 A 0043(12) [00 J46·5(13) II4.o(IZ) 

13 °-43(12 [00 86.0( 13) 100.0(12) [;6:0(12) 

C L9:t(I2) 100 In6.g(I11 93 ·7(12) 95 ·3(I?} "'I 
---

A 0.60 '00 13°.4 

B 0.46 '00 114. 2 94. 1 

C 2.29 [00 Ilc5· 1 107.5 

---"------'--_----'._------_ .. _-

The experiments, in water for about 7 hours, show that, in general, 
the 4 111m 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 I mm decapitated 
root elongates more rapidly than the intact root, in general, in every 

region. 

6 Thi~ fact coincides 'with the re:;u,b of \\'I£S",I':I, (ISg4), who sLlted th,lt the I mm 

decJ.pitJ.lcd root C'llHnred in -wa\cr elongates feu more r'lpidJy than the intJ.ct root Ly maize 

root. 
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Roots cultured in u'ater for 4 hours were also examined . A s a 
whole, t he rate of elongation of the 3 mIn decapitated roots as well as 
the 4 mOl decapitated roots in C region is large r ; and as to H region, 

with some excepti~ns, it is also larger. The elongation of the I mm 
decapitated root is always larger than the intact root as regards the 
t otal length of the root (Table 7) . 

Experi . 
ment 

T abJe 7. E longation of the roots (in water) 4 hours 
after decapitation 

--R;;;;ts-dtc:J.pCt.1tcd at the:- several 
Time be- Portion Intact TOO t!; points respectively from the 
tween the 
operation of which root apex : 
and the t!le e.IonFa" obsen ed

l
l R: ,: t ive ---- ·---·r·"·· 

obSt!rvation: tlon /\~ ~)- . v:11ue value 1 m m :: mm 3 m m 4 mm 
( in hours) sc e<.. (m mm ) 

·-- -1- - -1 
XXVll -4 A 0.4~( 12; >00 14 ' .9( 13)1 69.c( 13}1 

XXVIII 4 

I 

XX IX 
4 

1 I 
B 0.2 5(12) 100 120.0 (131 133·2 ( 13)i 124·0(12} 

c lo.7( 1l ) 100 Il7·B(13)! I [2.I( IZ)! I [9.6( 1 ~) 

i 14 0.0; 141 A 0.30(14) 100 50 .0( 14) 

B 0.24( 14) '00 i 104.2( 1 4 )1 1.1 7-5( 14) 87·5(14) 

C 1.30( 14) >00 
1" 77( 141 i " ):';·5( '4 ) 1 09. 2( 14 ) 

A 0. 14(13) 100 207. 1(13; 14:: ·9tIJ) ~ 

1; 0.1 ::;: 13) >00 iI22. :!( 13); ! 150.0( 13) 127.2( 13) 
I ! 

XXX I 
4 

c 1.17( 13) .00 IIILI (13)! - Il g.t!( I3) III.I (13) 

A o·5J( u ) 10' ! 120·8( 13) 126·4( 13; 

I 
Average-I 

II ! O· 35( T2 } >co : Iz8.6( 13\ J22·CJ( 13; : I 02.9( 1:=! ) 

c: 1.7 J( IZ) w e IO:J.6(r3) 97. 1( 13) I IO~.9( I2) 
I .--- -- ---- _ . 

A . 0· 35 100 152·7 87-3 

B · 0.26 >00 I IS.7 140 .2 110. 6 

I 
C I. 32 i 100 I II.G 

j 1
11

.1. : 
' 110 7 

I ... _--_.··--0 __ _ - --_._- -

c) Comparing the above me ntioned two ~eries of experiments, 
we can find t l1at in the se ries in sa \\! dust, the results of each ex­

periment are almost parall el, namely, it may be said that the more 
largely decapltated roots, ei the r in A, B or C, elong-ate less; whi le in 

the cases uf series in water the results of individllal 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 Band C, the 4 mm 
decapitated root 7 hours after the decapitation, in 4 region, the 3 mm 
decapitated root 24 hours after the decapitation, in C region, etc., the 
elongation of the decapitated roots is rather greater. And the I mm 
decapitated root cultured in saw dust sho\vs greater elongation than 
that e)f the intact root in regions B a11l1 C, and in A region the former 
is less in the rate of elongation, while the I mm decapitated root 
cultured in ,vater ahvays 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 con tracy to those of the 
tissues in the normal root. The influence of the outside conditions upon 
the water content of LIle 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 \vith moisture, kept at saturation point, contained in the 
space among the grains of saw dust. On the other hand, in the cases 
of the roots, cultured in water, it goes \vithout 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 ,vater. 
The fact that the decapitated root in wClteJ" 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 seen that the regions Band C the decapitated root, 
ill: 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; anel 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 superfluou!:i elongation. In the 
same manner, we may think that the rapid elongation in A region of 

the I 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 tbe other, 
a superfluous elongation by excess of \vater; both of them have ad­
vantages and cli:';advantages, yet we can see from these experirr.ents, 

the state of elongation of the decapitated roots even though it is not 
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so exact. Consequently, the relat ion between the elongation of the 
root and t hat of the eelJ can be seen by either of the two methods of 

experiment ; and ;n order to ob!ierve this point of quest ion I l1 sed the 
materials cu ltured in saw dust. 

I V. onSEl{VATLO~ OF CELLS l :"f THE GRowrXG ZONE OF THE 

DECAPITATED ROOT 

As I have al ready mentioned in § 2 (on the met hods), t he obser­
vation on the elongation of inuiviuual cells was made a ll the basipetal 

portions £i·om 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 afle,. 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, r mei1SlIreO the 
length of the cells Cfable 8, Se ries I ). And it was fOllnd that the 
I 111m decapitated root and the intact root had nearly the same length 

of cell; the length of cell of the 3 mOl decapi tated root at the portions 
corresponding to the points 4 mill and 5 mIll frolll the root apex at 
the time of the operation, is a little shorter; and the Jength of cel1 of 
the 4 mOl decapitated root, in the port ion corre£ponding to the point 

5 m ill from the root apex at t he time of the operation. is very short , 
nearly the half of that in t he roots, being decapit ated at I mm or 
intact, at the corresponding portion., 

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

('.ell len~t h !>. mC:l.surcd 2.d / 
hour", afler the decapiL1.tion, 
a t the poin ts corre,spondiog 
to the points ap.ut from thel 
::lpex of Toot :It the time of 
the operation, rt!~pectiyely: 

Series I. 

! Intact roots 
-- -·i{"(lOts th,.·clpi latcd at the 'Se\-er:d 

point s r<: ~pcct i\'<:ly from the 
rnot ::lpex : i--· . 

I 
OLsc rved I Rel::itJve 

v::llue t ! v::llue 3 mill 4111111 I 111m 

i ' . 
! 7 5 5 6 

4 mm·q .3::l(i07 )1 1 <ce 101.5(.123) 6:;·4 (6.tg; 

5 mm,14.1 9(H34) , eo 101.$(353) 75.9 (666). 56.2 (464) 

10 "'+4.73(034: . 100 yg.l(~49 ) 91.1 (535) 198.5 (367) 
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Series 2, 

No. of roots (1)~crvcd 5 

Cell lengths, measured 22~-_ (' 4 mm 14.87(3°9) 100 
23 hours :lfter the decapita-
tion, at the Ix)ints corres-
ponding (0 (h, point, apac'j 5 mn] 13,37(3°9) 100 
from the apex of root at 
the time of the operation, 
respectively: 1 101111ll 14.37(303)1 100 

The unit of cell length is . 100 IJ. 
69 

6 

944 (361 ) 

96,5 (352 ) I 

95.8 (361 ) i 
i 

No. of cells observed is given in br::tekets, 

7 6 

57.2 (44°) 

76.4 (4 16) 50 .5 (367) 

93.0 (410) I 86.0 (362) , 

The results obtained by measuring on the cell length in several 
roots, selected out of the seedlings of Exp. III, Table I (i.e. materials 
about 23 hours a~ter the decapitation), having the rate of elongation 
nearly equal to the average elongation, are nearly identical to those 
above mentioned (Table g, 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 Illm decapitated root or the 4 mm decapitated root in smaller to 
some degree than that of the intact root or the I mm decapitated mot 

(Table 9), in this respect the result is identical to that of experiments 
24 hours after the decZlpitatioll. 

Table 9. Length of cell in the roots (i11 saw dust) 7 hours 
after the decapitation 

:Ko. of roots observed 

Cell lengths, measured 7 J 
hours after the dcmpitltion, 
at the points correspeJl1rling 
to the points apart from thet 
apex of flX)t at the time of 
operation, re~pectively: 

---Roots dcc;1.p{t;iiC-cl at the scvcral 
Intact routs points respt:ctively from the 

4111ml 

5 mm 

Oh,crn:ci 
value 

4 

3,14 (z06) 

4·::;1 (197::' 

lO mm 11.29 (196) 

Relative 
y::tIue 

wo 

wo 

'00 

, 

I 
I 

root ape:-:- .:_ 

I 111m 3 mill 4 mm 

5 5 

112.7(267) 77.4 (::::;0) 76-4 (255) 

120.2~248) 81·9 (285) 34.2 (277) 

10::>.2(245) 39.4 ~Z40) 94·3 (254) 
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In the materials 4 hours after the decapitation (out of the material 

of Exp. XV, Table 4), there is not such a remarkable difference be­

tween the cells of the different kind of roots Cfable ro) (except in 

the smallness of cell length of the 3 mm decapitated root, at ; 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 be measured. 

Table ro. Length of cell in the roots (in saw dust) 4 hours 
after the decapitation 

);0. of roots observeu 

Cell lengths, mcasurcd 4\ 
hours after the decapitation, 
at the fX)lllts corresponding 
to the points apart from thel 
apex of root at the time of 
the operation, re~pcctivc1y: 

Intact-; roots 

5 

41ll1ll 1.70(250) wo 

IOC) 

10 Illlll 9.73 (255) 100 

H.oots decapitated at the several 
points respectively from the 

root apex: 

I mm -~-~lm---I--4 :~-, 

110.0(272) 

1
10:'.'.4(2 73) 

97. 6(246) 

5 I 5 
96.5 (250) 100.;; (248) 

From the observations on the cell length, 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. OBSEl{VATIO)lS OF CELL .IHVISIO~ IN THE ROOT TIP OF THE 

DECAPiTATED ROOT 

Observation of cell division was made mainly in the portion \vithin 

4 mm from the root apex as above mentioned. i\Ieasuring the fre­

quency of cell divi.'5ion in the root, 4 hours after the decapitation 

(material of Exp. XV, Table 4, selected by their rate of elongation, 
namely the roots elongated in a rate nearly equal to that of average 

elongation of the whole roots of the experiment) \ve can get the results 

sho\vn in Table 11. In the intact root the frequency of cell division 

is maximum at the portion ].0 mm from the root apex, and from that 
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point l1 pwa rd the I-ate Jccrea~es g rad uillly; in the I mm decapitated 
roots the maximum of the rate is at o.S mm from tbe decapitated 

surface - and the absolute vrllue of the maximum rate in the I mm 
decapi tated root is far less tha n that of the intac t root-and from that 

point the rate decreases; and in the 3 rnm d ecapitated root the fre­
quency of eel! division in the portion ncar the c ut surface as well as 
that of the basipetal is a lways small; the region observable in this 
root is .) mm frol~l the root apex to the basipetal and as there is no 
more frequency of cell division, it is natural that there adses 110 re­
mark:lblc variation of the frequency of cell division, by the cuttin g . 

The roots, used as the material of this observation, elongated 
durin g 4 hours after decapitation J in an average, as follows: the intact 
root 0 .28 mill , the I mill decapitated root, 0.08 mm and the; 3 mm 
decapitated root, 0.03 mm. So not taking into consideration the 
enlongatioll of each of the d ifferent kind of roots . we Illay rearrange 

the cu rves as in Fig. I, na mely placing the portion most contiguous 
to the cut , urface Xlf th e I 111m decapitated root (i.e. 0) to the point 

1.0 mill from the root apex in the intact root, and the points 0 o f the 

o 

I 
I 
I 

I 

"* I 
I 

I 
I 
I 

I 
I 

\ 
\ 
\ 
\ 

+ b 

\ 
\ 

-+ 
\ , , 

, , , 
'+-: , , 

o.~ 1 .0 1 .S 2_0 ? . i> :~ . O ,!o . ~ 4. e 4 . 5 b.o f _O 7.0 

Fig:. J. Freqllency of cell d ivis ion of the decapi ta ted roots (4 hour>; aft e r llt:c:l (.>i t."I­

t iOlI; . in comparison with tha t of the intact rooL O rd in:ltc::> rcp rescnt the frequenc), of 

<x::tl d ivi:. iun; al, '>(; iss:l. , disl1.ncc (i n mm) from the ;\PCX of the int:lct f CH) t, a t the tiw e o f 

me:lS llrcmen t. Curve a , the int.tct r(~)t; b, the I mill deC.l pit:lted f00t; c, the 3111111 

ckcapit:ltcu f(.>< ,L 



Table I J. Frequency of ceIl division at the several points in the root (in saw dust) 4 hours after 

decapitation, indicated by the number of mitotic figures found in the field of I qlllm 

(The area of the field examined is given in brackets (in .. qmrll» 

Intact root 
Al/i· /,flg,,· (Jj; rro/J 

I nlln decapitated root 
A'l'er(lgl' f!! 5 roots 

3 lhm decapilaltcl root 
.'/'l't'mge (;15 }"(,(,t.1 

Frequellcy of cell division at the disLlIIce from the runt apex (Or cut surface 
(at the time of ohservation) of: 

0 t. o·S mm I 
i 

1.5 111m I 2.0111111 2.5 mnl 1.0 mm I 

--- ----- ,----
3.0 111m I 3·5 mm i 4.0 mm ~.O mm I 6.0 mill 

" 1-
I I 

li.06 
I3

6
.
S6

1 
122,14 

(3.81 ) (4·'7) (4.56) 

39.60 100.32 70.20 52.go 
(4. 64) • (5. 2 3) (S·7S) (6.06) , 

15·44 I 17.68 20.84 IS.20 I 
(S·30 ) I (5.58) I (575) _~~_~;I~ 

82.24 5.1·42 
(S37) (S74) • 

38. 72 26.20 

(6.28) (6·31) 

11.16 I 
(5 S2 ) i 

45.56 I Z6.2b 19.90 bo7S I 
15.95) (6.oJ) (6.08) (0.09) I 

20·78 16.06 15·:;8 8.(6 
(6.28) (6.30 ) (6.3 2) (6.,,;) 

5·84 
15.80) 

--------

.1.22 
(6.08) 

5·33 
(6·34) 

Table 12. Frequency of cell division at several points in the root 
tion, indicated by the number of mitotic figures found 

of the field examined is given in brackets (in qmm» 

(in 
in 

saw dust) 
the field 

7 hours after decapita-

of Tqmm (The area 

Intact f<-,ut 
AI;[r<i~i{I' of 4- i (i(d:; 

I ml1, dec1.pitated roo t 
Anra;;e nf5 1"(iois 

3 mm dec:lpit:l.lerl wot 
AI'emg~ f.{5 roots 

Frequency of cell divisin!l ;It the ili~t:l.nce frnm tht· mot .11)1'X Of cut smf:w.c (:1t till" time of ()b~Crv;ltion) of: 

o I 0·5 rnm 

1 

I 
~9·~~\ I 
l4.'~) i 
22·11, I 
(5. 2 5) I 

21.88 
(~ r ., 

\J·Co"lJ 

82.og 
(5·u')) 

11.16 

(5- 63) 

1.0 mm 

104.38 
(4·54) 

75.50 

(6'44) 

6·94 
l5·68) 

los-mill I 2.e) mm I 2.5 mm 3.0 HIm I ;).5 Hun 

-------.. -1 
I 19.~5 

(5. it)) 

65.36 
((1.3~) 

6·94 
(5. 81 ) 

7).95 
f _ ~(. \ 
\J'/ V ) 

3[_;·62 
(6·99) 

6.R6 

52 .40 

(5.86) 

34.0 4 
(7.01 ) 

43.00 I 25·90 
(6.17) I (6.28) 

20·14 1 

(64)) I 

3.?4.1 
t5·(53) I 

4.0 nlill 

22·53 
(6.25) 

'9·94 i 

(6·99) ; 

I 1 _ 1 

(~:~~) I (~~i~) I (~:;~) I 

,::;) I ,;~) I . 

--'----'---
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3 mill decapitated root to the point 3.0 mm in the intact root. Com­

pa.ring these three curves it is seen that in the 3 mIll decapitated root 

and the I mm decapitated root, the frequency of cell division is very 

small at the portions most contiguous to the surface of decapitation 

(namely 0), as a matter of cour.se, and also at the portion 0.5 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 elong:ltion in Exp. XII, Table 3, 1\'cre 

chosen). I~ this case Cfable J 2) the maximum point of the frequency 

of cell division 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 dIc cut 

surface is small and thc maximum point of frequency is at the point 

o 5 mm frol11 the cut surface; and in the 3 mm decapitated root, the 

portion nearest to the surf<lce is the maximum of frequency, though 
th~ absolute value of it is very short. 

The average elongation of the portion \vithin 4 mm from the root 

apex, before the decapitation, during 7 hours after the decapitation, 

are as belO'w: in the intact root, 1. I mm; in the I mm decapitated 

root, 0.9 mm and in the 3 mIll decapitated root, 0.2 mm. \Ve may, 

therefore, put the point of 4.0 mm of the 1 111m dec<l.pitatcd root to 

the point of s.o mIll of the intact root; and the point of 1.0 mm of 

the 3 rnm cleC:l.pitated root, to the point 5.0 mm of the intact root, 

as shmvn in Fig. 2. 

Comparing these three curves, we find that in the I mm decapitated 

root, the frequency of the point nearest to the cut surface is of course 

small, amI tbe value at the Inaximlll1l point is also less than that at 

the corresponding point in the intact root. It must 

recognized that the influence of cutting extended to this 

0·5 mm from the cut surface. The -' mm decapitated 

be, therefore, 

point namely 

root 5110\vs 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 mIll 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 portions 4 or 5 mm from the root apex, measured 7 hours 

after the operation. Therefore, the position of 0 of the 3 rum de­

capitated root must be removed more to the leftward than shown in 
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I 
I 

I 

I 

I 
J 

I 
J 

+ b 

+--I " 

, 
-+ + , , 

0.5 1.0 1.5 2.0 2.5 :3.0 ;5.5 4.0 4.5 5.0 5.5 0.0 7.0 

Fig. 2. Frequency of cell division of the decapitateu roots (7 hours after decapita-

tion), in comparison \ .. ·it11 that of the intact root. Ordinate;; represent the frequency of 

cell division; abscissa, distance in mm from the apex of the intact root, at thc time of 

measurement. Clave:1, the intaet root; b, the I mm decapitatetl root; c, the 3 mm 

decapitated fOOt. 

the figure; consequently, perhaps it may be true that the fi-equency of 
cell division in the root is less than that of the other hyo_ 

I 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 hyo 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. COMPA.RTSO~ OF THE CELL nrVIsroK /1)lT) 

THE CELL ELO)lGATlO:-' 

The elongation of the decapitated roots are 'retarclated 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 
len g th , which is the final result of elongation during 4 hours, the 

difference oi elongation is still so small and not so remarkable. 

Yet in the experiments more than 7 hours after the decapitation, 

1ve can recognize the influence of cutting more clearly. 

H owever, regarding the frequency of cell division . we can see 
l'ClIlarkable differences between t hem, a lready in the materials 4 hours 

after the cli tting . The influence of cuttin g upon elongation extcndcs fa r 
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 d early but at a distance from the cut end 
o f 1.0 mill less distinctly. 

In short, the cutting decreases thc frequency of cell division and 
at the ~am e time hinders the elongation of cel l. T his fact is similar 
t o the result of the inhibi tion upon the elongation of the root by means 
of gypsum, showing the retarding of cell division as well as cell 
elongation. 

Now \V~ must consiuer the various influences from the conditions 
introduceJ by the opera tion of deca pitation, lIpon the cell division, cell 
elongation or elongation of root tissue . It is ha rd to research the 
results of influences upon the cell division but it is relatively ea sy to 
examine some influences concerning the elongation of the cell or l11at 
of the root tissue. In the first place \ve must consider the influ ence 
resul ting from the change of \vater content of the tissue. 

VII. MEASUI{EME~T ON WATER CO).lTE~T 

In the nature of the study, the measurement on water content was 
done in the region basipetal 4 mm from the root apex, namely in 
regions n and c. 

The IlIaterial cultured in sa w dust for 24 hours (Exps. VIII a nd 
IX, Table 2) was ' Veighed (Table 13) and it was seen that there 
was no remarkable 
the intact root in 

water content d - -_ .. _.,.,_ ... _-_. an 
dry weight ' 

as to those points. 

difference between the I mm decapitated root and 
fresh weight, water content and also the ratio 

that the 4 mm decapitated root shmved less valu es 

It can be said, therefore, that the 4 rum decapita ted 
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roots were in the state of want of water. Howe\,er, the materials 
disc ussed here are those 24 hours after the decapitation and show only 

the state of that time. ln reality, the elongation of the cell is in­
flu enced in the majority of cases by the st ate of the root prior to that 

time. So we must research, in the next plan, t he materia ls 7 hours 
after decapitation. 

Table 13. Average water content of the decapitated root (in saw 
dust) measured about 24 h ours after the operation 
(T he L1nit of weight is mg) 

I Roots rlecaptl tated at the 
Intact roots several point5 .re5pect ive ly 

i 
._ ~:?::n_.the root ape x: 

Observed ReJali".e 

I value value I mm 4 mm 

Series 1 No. of "'0" "I»e'::-I '4 .00 ' 4 '4 

Fresh weight 41.5 .00 100· 7 1)O.(j 
I 

Dry weight 
, 

I 
2.32 '00 101.2 99. 1 

\Vater content ! 39·2 ' 00 100·5 ;;;;·5 

\ V:J.ter content I 
Dry weight 

16.& .00 99·3 ::;9. 2 

Series 2 NQ. (If ruots observed Jl '0 '2 
Fresh weight 38.2 ' 00 109·4 91.6 

Dry weig ht 2·43 '00 10[;.6 97· 1 

\V:lter content 35·7 .00 109-5 91.3 

\V.1ter content 
Dry weight 14.72 ' 00 100·7 94.0 

-.. -:---- -
Avt!ragl! F resh ..... eight 39·9 .00 105.1 9 1.1 

Dry weig ht 2.38 '00 104·9 9:;' 1 

Water content 37·5 ' 00 105 .0 89·9 

\-Vater conten t 
15·So 

Dry weight 
. 00 10:>.0 9 1.6 

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

the ratio 
water content 

d ry weig ht 
the I rum decapitated roots 'a re nearly equa l 



to the intact root or a little less than t hat, and the 4 mm decapitated 
root and 3 111111 decapitated root are less than the intact root (Table 14)· 

Tabl e 14. A verage \,.fater content of the decapitated root (in saw 
dust) measured 7 hours after the operat ion (The unit 
of weight is I11g) 

R oots decapitated at t he seve ral 
1n l :;lC I roots points re~ pt'=c.ti .... cly f rom the 

root a pex: 

Observed I Re b th.c 
va lue I va ltle I mnl 3 mm 4 mIU 

Se ries I No. of roots observed '3 " ' 4 ' 3 

Fresh weight J 5.1 .00 94.0 ')0·7 87-4 

Dry weight 1.0 7 ' 00 93·5 100.0 107·5 

\V:lter content 14·0 .00 94·3 90.0 S6·4 

\Vater content 13.08 .00 100.6 90 .3 So. :! 
l )ry wl'ight 

Series 2 No. of root s observed '2 " " " 
Fresh weight 17·0 ,co 10 5.3 94.1 GI.2 

Dry weight 1.0 2 ' 00 111 .S 102.0 ~). 2 

\Vater content J 5.9 '00 105 .0 94·) S I.I 

\,,'a te r content 
15·59 100 94. 1 9 2 .6 90.6 

- DrY-;"cighl 

Series 3 No. of rools obscn-cd " " " 
Fresh weight 16. 1 '00 [;7.0 S2.6 

Dry weight LOS 100 [;6.1 SS.o 

\V:lter content 1 5.0 wo S7·3 82.0 

\Vater conlcnt 
13·07 100 101.2 93·7 ·-bry , ... eight 

----- -
Average :Fresh weight 16. 1 100 95·4 92 .4 83·1 

Dry weig-ht 1.06 100 97. 1 101.0 94·9 

"Vater contcnt 1 5.0 100 95-5 92 •2 b3· 2 

'Y:l.ter content )4· I S 100 
Dry weight 

98·6 9 1.5 SS. , 
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In the materials 4 hours after decapitation (Exp. XVI, XVII and 
XVIII in TabJe 4), also we can see the smallness in the value of 

water content and its ratio to the dry \veight of the 3 mm decapitated 
roots and the 4 mm decapitated roots; the I mm decapitated roots are 
also small in a slight degree (Table 15). 

Table 15. Average water content of the decapitated I-oat (in sa,,\, 
dust) measured 4 hours after the operation (The unit 
of weight is mg) 

---------
Series I K o. of roots observed 

Fresh weight 

Dry weight 

\Vater content 

'Vater content 
Dry weight 

Series 2 No. of roots observed 

Fresh weight 

\-Vater content 

Dry weight 

'Vater content 
Dry weight 

Series 3 No. of roots observed 

Fresh weight 

Dry weight 

\Vater content 

'Vater content 
--Dr)-- \\;e~iht 

Average Fresh weight 

Dry weight 

\Vater content 

\-Vater content 
Dry weigh 

I 

-~ Roots decapitated at the several 

_.

I_ntact roots points respectively from the 
,~ _____ r..()()t apex: 

I 

Observed Relative 
value value 

I 

'0 

9·9 .00 

0·75 .00 

9. 0 100 

12.20 wo 

100 

0.98 '00 

100 

12.66 !o:) 

" 
16.1 100 

100 

"'0 

"'0 

13.1 100 

100 

12.1 100 

100 

I mm 3 mm 

.or w 
100.0 83.9 

101.3 9]·3 

83.0 

94·4 

16 

101.0 

<)0·3 

97·! 

9 " 
93.8 

93·9 

954 GtLo 

974 

100.2 95·9 

94·3 86.1 

4 Inm 

10J.O 

°9·3 

'4 

96.9 

86.2 

" 
37.6 

10[.6 

1--· 
87·3 

99·5 

86·7 

87.0 
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The above mentioned measurements sho".· that the decapi ta ted 
roots are in want of water. The lack of "\,,'ater probably has its in­
Ouenee intensely upon the cell elongation, thenceforth. 

N ext, I studied the materials of experiments in water. IVlaterials 
24 hours after decapitation (Exp. XX, XX I, XXII and XXIII in 
Tabl e 5) do not show any d efinite visible d ifferences among the different 
kind s of roots, except that the 4 111m decapi tated root is a little less in the 

water content ) ratio - d--- ' , - , compared to the ot hers (Table 16 . 
ry wCIg 1t 

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

." .. _ . . --_ ... ,._._. 
Roots de-c..1:"p"i"tatcd ~t ' the ~cve-ral-i 

i Tntact ttlots points respectively from the 

!----_ .. .. _ .- root apex: -----
! Obscn-ed I Rei",,, I mm 3 mm 4 mm 
i va lue value 
, ---- -.. . _ ...•. _-_._--

Series I :-'TO. of roots observed G 7 8 IS 

Fresh weight 25·5 100 98., 102.8 ICG.8 

Dry weigh t 1.65 100 97.0 104.8 11 2·7 

\Vater content 26.::; 100 98·s 10 2.6 108.6 

\Vater contcnt 
Dry ",:eigh l 

16.25 100 1~.6 97-4 96.1 

Serics 2 No. of foots obsen-oo 16 13 I. ,6 

Fre~h weig ht 3I. 1 100 9S J, 10 3.9 S7·5 

DI)' weight 2.02 100 93.6 10:2.0 ::;9.6 

''':lter content 29. 1 100 95·9 I04·1 37·.1 

'Vater conteflt 
Dry weight 

14-41 100 102·5 102.1 97.6 

Series 3 :'\0. of roots observed 13 ' 4 IS 

Frcsh weight 35 . 1 100 1 0 4_3 81.8 

Dry weight 2.16 100 104.2 86.6 

\Vater conteflt 33·0 100 10.1-9 SI.S 

\"ater content 
I S·2S 100 99·~ 93.2 

D r)" ""eigh t 
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Series 4 No. of roots observed ' 3 " 
F rt:sh weight , eo 97. 1 

nry weight t.97 roo [ 

\V:llcr C0ntent 100 I 9 1.3 

_ _ ___ __ D_ry_· ._,_.,_,_g_h_i_" _ __ __ ~ 4.6~. -=-- 994 : _____ __ _ '18_"_' . 
\Vater content I~ 

Average Fresh weight I 31.4 100 974 103·4 93.8 

Dry wt:ig-ht I'. 1.95 1 00 96,7 

\Vnter content 29.5 100 97.4 

\Vate r content 
- Dry"weight 

100 102 .6 

._._1 __ .• J __ --'-__ -'-

103 ·4 1)6·9 

103·4 93.6 

99·S 

Resul ts of measurements 0 11 the materia ls 7 hours after decapita tion 

(Exp. XX IV, XXV and XXVI in Tab le 6) is sllOwn in Table 17. A s 
we can see the re , III two cases, the 4 mm decapitated root is r.a ther 

in the ratio _~v.~,~_~_~ __ content. it seemingly promises 
dry weight ' 

larger than others 

the superfluous or real el ongat ion of the root, thenceforth. 

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

~~.~-.~- -~,,--;-~~~=n'~f,;;;;;-
Roots dec:lp·lta'-ted at tile several 

Jn lact root s points respecti .... ely from lh{~ 
i . tont apex : 

I R~~~~;~- - 1-:::-- -3 onm I PH" Obser ved 
va.lue 

Series 1 No. of roots ohservell I. '4 14 I S 

Fre~h weIght 16.0 100 10 7.5 lO9·:! 10 3. [ 

Dry weight J.t1 100 1 0 34 99.1 95·5 

\Va.ter content 14·9 100 107·4 108.1 103.4 

\Vater content 
13·39 

D ry weight 
l CO 10).9 1°3.2 IOi·S 

Ser ies z No. of rools observed " 12 13 

J,' res h we ight 14· 3 100 100·7 100.0 

Dry weight 1 .05 100 96.z 95· z 
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\Vat~ r cr)nlcnt 13·3 100 [ 0 0.8 10;'.0 

\Vater content 12.63 
100 10 5.:: 103·5 Dry weight 

Sai63 Nn, of roots observed I: 
13 " 1 2 

Fresh weight 16. 1 100 100.0 9S.b SlI.9 

Dry weigh t 1.18 >00 100.0 10 1. 7 93.2 

\ Vate r motent l<t.y 100 100·7 <)8-7 9 1.9 

\ Vater content 
- j)ry weight 

1 2.6 1 100 100.2 97·3 99-0 

_._-._-

AYtr3ge Fresh weight 15-5 roo 102·7 104.0 9[;·3 

D ry weight LII >00 99-9 100·4 94-6 

\'Vater content 14·4 '00 10 3.0 103.4 98-4 

\Va ter content 
Dry weight 

12.8[; 100 103·1 100 · 3 104. 1 

---_ .-- - --_ .-._.-

l\lateria ls 4 hours after decapitation (Exp_ XXVII, XXVIII and 
XXIX in T ab le 7) were weighed, and the results are shown in Table 

18. ]n two cases of these, the 4 mIll decapitated roots a re large in 

t
' water content the ra 10 ---;-- - _ 

dry weIght 
This must be a lso favourable for the roots 

t o glow superfluously, henceforward . 

Table ] 8. Average water content of the decapitated root (in ,vater) 

measured 4 hours afte r the operat ion (The unit of 

weight is mg) 

I 
J~oots dec.'llllt..1.ted :It t he 5e \-erai 

___ Jnt:lct roots I __ po_ i_n_"_-_re~,~pe:::.:C'~i~V<~I~Y~f,ro_m_I I_'''_' __ __ _ root apex: 

Ol>served I Relative 
v:tJuc v:llue 1 min 3 mm 4 111 111 

- - ------- - --1 ----"'"'_. - --,._,. 

:-:;eries t N(). of roots observed t I ,--' " <2 

F resh weight 13·3 100 104.5 l of.·3 103.5 

Dr)' weight 1 .0 1 '00 106·9 10 5·9 95 .0 

\Vater content f 2·3 100 104·1 10:].1 104.9 

\V:l ler con tent 
I Z. l v Dty weight 100 97.0 102.6 110·3 
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~cries 2 No. of roots observed '4 I. '4 I4 

Frc~h weight 12.6 lOO 107.'-) 106·3 107. 1 

Dry weight 0·95 lOO 108-4 104. 2 10804 

\Vater content 11.7 roo 106.8 106.0 IOG3 

\Vater content 
Dry weight 

12.27 lOO ~y.2 Ie!.7 9~·O 

Series 3 No. of roots observed '3 13 . ' ., IJ 

Fresh weighl 13·5 roo 103.0 102.2 I04-4 

Dry weight 1.03 roo 104·9 102·9 IOU) 

\Vater content 12·4 '00 103.2 102·4 £04.3 

\-Vater content 
Dry weight 

12.07 wo 98.8 99·4 102·5 

-------
! 

Average Fresh \"eight 13.1 .00 105·1 105·6 [05. 1 

Dry weight 1.00 lOO 106·7 104.3 IOr.S 

\Vater content 12.1 roo 104·7 105.5 I05·5 

\Vater content 
Dry weight 

12.17 lOa 98.3 101.2 10.')·9 

----. ---------

ratio 

As a \vhole, the 4 mm decapitated roots, in saw dust, sLow the 
water content . . .--h---- m small amount; but as to those in \vater, it is 
dry welg t 

not necessarily the case, namely, in some cases the ratio 

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

water content 
dry weight 

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 disclISS the length of the ceIl, measured in the decapitated 
root, we ought to consider. beside the primary effect of tbe cutting, 
also the secondary influence of the water absorbed upon tbe growth 
of the cell. At any rate. the £.'1ct is sure that the shortness of elonga­
tion of the decapitated root is due to the shortness of the elongation 

of the cell. 

VIII. EFFECTS OF PRICKING O~ THE ROOT TIESUE 

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. T he met hod 
applied here is as follows : after pricking the roots uniformly about 

15 t imes in the respective regions with a fine glass needle (dian:et e r: 

T able 19. Elongation of the pricked root durin g 24 hours after 
the operation 

.'.- - - ---

l nt.:l.ct root s I Roots pricked a t the se \·e r.l.1 po rtions be l\\-een 
the respecti ve JX"ints from Ihe root apex: 

Observed , 
f Relative I value v;'J,!uc 0 -4 mm 4-5 m nl 

1 

5· 10 mm 10-15 mm 
, (i n Dlm:1 , 
, -- - _._-- -----

~"----, 

No. {If roul i ub- I 8 9 9 
I 

10 9 
ser\·cd 

I 
Port ion 0' which {A 

14·45 100 '99 54·::: 37.2 :.!1.2 

I 
30.:; the d ong:ltion iSI n 3·94 . 00 98.0 2 0 . 1 45-9 

ob...cn-ed 

_I 

, 
c 5.63 , 00 77-4 52. 2 , 10·5 26_~ 

I 

Table 20. E longation of the pricked rout during 24 huurs after 
the operation 

Root" p ricked at the :5c.vcml portions hetween 
the respect ive points from the root apex: 

! Ohs.ervl:!dl Rel:!.tiye ! r 
value , 0-1 mm 1·2 mm I 3-4 mill 

_ _ --------~( ;=n='=n=n"'-l ) , v31uc . ____ _ 1 _____ 1 

I 

5-6 mm 

Se ries I 

~o. nf nX)ts fl1)served 

Port ion of WhiChl A 
the e long.uinn is B 
Ol.;.e f\-,cd 

C 

Serie .. 2 
N o. (If roots oL~ncd 

j
A 

P ortion 0' which 
the dong:atirm i ~ n 
oiJc,erved 

' C 

A\'emg:e IA 
Portion of which 
til" ch ,ug-at iu n i::,.( B 
olJservcd 

c: 

' 3 

9.30 '00 
3.7 1 ,00 
5.5 1 ' 00 

10 

' 00 

3·72 . 00 

4·73 ' 00 

10· · S . 00 

3·72 100 

5. I.::! ' 00 

9 12 I } '2 
90.6 

111. ] 

93·3 10 1 . 1 !:;6.2 

II II (I 

98.8 37. 2 63.1 

94·4 6:=:.0 

21.8 

66.8 

95 ·5 55·1 

95. 2 

-
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ca. -~~ nun), they were planted in moist saw dust. After:q hours, 
100 

the elongation of each region \vas measured (Table 19 and :w). The 

results of the experiments are similar, in general, to those of decapitated 

root; the elongation of the portions near the position 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 to so far a distance as in the 

case of cutting, and the reason of it may depend on the smallness of 
the change of \vater relation in this, in comparison to that case. 

IX. EFFECTS OF PRESSURE GIVEN" O:-.r A PART OF THE IWOT 

Instead of cutting or pricking, I gave pressure to a root so 8.S to 

change the tlll:gor of that portion. 
A piece of fine thread \vas tied around a distance 3 mm from root 

apex, and tightened for a whiie (but not too tightly or tLe root vvould 

be cut off at that portion); that portion was seen to be depressed a 

little and at the same time the surface of that part moistened slightly, 
then the thread was untied. Beside these roots, roots decapitated at 

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

the operation 

Portion of which 
the elongation 

is observed 

In'''' ,mb I 1 

I
' Ohsc--,-,-,rl-,-a-lu-, !------I Squeezeu roots 113 nllll ~l~~tttateu 

(in nun) Rebtlve value I 

__ ~,_' __ -,-_:_2_'; __ (~_:_~lr_-,-__ :_~_o __ t-_-_-S-~:-::-(~-(::;] _ ::: ;::~ 
1 Thc figure given in brackets is the number of roots ohserved. 

3 mm rrom the root apex, and the intact roots were embedded in saw 

dust; arter 23t 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 tbc intact 

root, though the elongation of tbe former is not so little as the 3 rum 

7 JAKSE (1926, 1927) hindered the elongation of the root by pressing it between wet 

fing('r~. 
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ciecapitated root shows. Perhaps the smallness of elongation of the 
squeezed root may be attributed' to the c.l estrac tion or the diminution 
of turgor of the cells. 

X. GENERAL CO NCLUSIONS 

The principal object of the study is to see the correlation between 

the cell division and cell elongation, and not to know the detail of the 
cell division and elongation in every portion () f the given material. 
S o, as it is convenient to simplify the work yet to fu lfil the expected 

pllrpose, I divided the root tip at 4 mm f.·om the apex, a nd in the 
portion from that point up to basipetal, I studied mainly the elongation 

of the cd l a nd the tissue, and in the portion from the point to the 
apex, I ubserved the cell division. 

T o sum up the results, \ve can find that the cut~ing 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
su lts of the investigation, v,rhether those facts are the result influenc~d 

directly by the inhibition of further e longation of the rcct by cutting 
of the tip, or not. Cutting with even the be~t sharpened razor, pres­
su re on the port ion to be cut can not be avoided. 'VVhen the root is 

cut ill water, as I did, it can not be seell, but if it is being done in 

the air we ca n see that the g loss is off the sl~ rfacc of the portion of 
rout most contiguous to the c ut surface and it becomes dull and trans­
pare nt, and t he su d:1.ce becomes moistened to a slight deg ree. Thc~e 

phen011lena arc seen a lso in tlte root pricked, namely on the surface 

near the point of pricking, there appea rs a small fine st rip, which 
the gio!;s is taken off and becomes dull an d transparent, running 

p :-l ra Jltl 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 a nd transparent and the moistening of the surface are seens. 
O n the other htlnci, by cutting we can see that the surface of the 

cut is wet with moisture from the tissue of the root. Perhaps 
t hose ab normal phenomena may a lso happen when the root is cut ill 

water, a') in the cases of our experiments. l'vlorcover, from the measur­

ing the water content and the difference bet ween the results of experi ~ 

ments in saw dust and in water, we can gene rally say tha t the de-

8 cr. J.\!\"SF., 11)26, 19'17. 



Cell divislon and dong~~ti()n in the decapitated r'.lot of Vitia Fe(,a 299 

r::1pitri.led roots in saw dl]st .1re losing l-jw -"V;-ltcr from tlw Cllt .sllrfacc 

Putting these facts together Ive IllCl}r consider that the cutting or ill­

)uring causes the change of lvater content in the tissue or of the 

turgor. Therefore, at least a pa.rt of the cause of the diminution c,f 

the elongation of tissue or cells of decapitated roots is due to the in­

hibition of cell elongation by the diminution of turgor. But it is 

questionable in this case ,vhether it is the whole of the cause uf that, 

or not. On the other hand it was observed that the cell division is 

hindered by the cutting, on the portion near the cut surface. I have 

observed in my previous stud,}" (1931) that the frequency of cell divi­

sion was hindered by diminution of turgor of the root by the use of 

sugar solution. Probably also in this case, it must be Olle of the 

causes of the hil~dering of cell division, that the diminution of turgor 

has influenced it either directly, or indirectly, through the effect of it 
upon the cell elongation. )Jamely the presence of conditions diminish­

ing the turgor of the cell seems to cause the hinderillg of the cell 

division. Yet it is not of importance to discuss here whether the 

cause erfects directly or indirectly, or in these two ways side by siele. 

In short, in case of inhibiting the elongation of tI,e root tip by 

decapitation, the cell division and cell clongaticn <"Ire hindered at the 

same time, as in the cases of inhibiting the growth of the root by 
means of gypsum or sugar solusion. 

It is obvious that after a long time there may be tbe formatioll of 
a callus or adventive root at the place of cutting or that in the ncigh­

bOUl'hood to it, for the sake of that, the regenerativc activity of tissues 

must induce the cell division; but this must be considered rather the 

appearance of secondary phenomenon 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 grOlvth; there­

fore \vc are to deal with only the primary results of cutting, in our 

casco In other words, the correlation of growth and cell divi::jOll cr 

tissue differentiation is mingled in complicated connection of several 

direct or indirect phenomena, therefore, these problems must be considered 

carefully and analytically, lest one shoulu reach an unexpected' <aId 

conflicting conclusion. It is regrettable that one is liable to get the true 

phase of phenomenon, concerning these problems of differentiation of 

tissue and grOlvth, from considering only the final state ,vhich has 

resulted from the phenomenon during a long time. One must inquirc 

into the problems as analytically as possible. 
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I) The writer observed the relation betv,'cen cell division and 

cell elongation in the decapitated footS. And in order to simplify 

the study the cell division "\vas studied chiefly in portions within 4 mm 
from the root apex and the elong~tion in the portions basipetal frem 
that point. 

2) I\.Ieasuring 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 I mIll decapitated roots, 24 hours after 

decapitation, elongate rather longer than the intact roots (control), yet 
the I mIll decapitated roots, 4 hours or 7 hours after the cutting, 

elongate in a still lesser degree, compared with the intact roots. 

i\""ext, measuring the portion within 4 mm from the root apex, it 
was seen that the elongation of all the decapitated roots \vas always 
less than the intact root. 

In the cases of experiments of materials cultured in water, it often 

happened that decapitated roots elongate longer tban the intact roots, 
especially concerning the portion within 4 mm from the root apex, the 
elollgation 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 exce:-;s of water. 

3) Putting together the results of measuring the ,vater content 
of the portion of root, on which the elongation was observed, and 

other several experiments, it is likely to be assumed that by 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 
elongation. 

4) The cell lengths measured in the positions basipetal from the 
4 mt1l point, run parallel to the rate of elongation of corresponding 
pOltions. 

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

6) \Vhat 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 cell division as well as 

retardation of elongation of cells go together side by side. And this 
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resul t is parallel with the cases of inhibition of growth of the root 
treated by gypum or sugar solution. 

7) In considering the final result.s only of such experiments one 
may come to an erroneous conclu:=;iol1. because there are several relat ed 
indirect phenomena sllch as the. forn' atifm of calli or adventive roots 

etc. , besides the direct effects of cllttin g upon the division and elonga­
tion of cens, which is the only qu estion which should be analysed 
here. 
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