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D IVISION, GROWTH A ND DIFFERENTIATION OF CELLS 
I N T HE ROOT OF V[CfA FABA ARTIFICIALLY 

INH IBITED FRO:\1 FURTHER ELONGATION ' 

Hitoshi KOJIMA 

1. IXTRQUUCTlQN 

The g rowth of a plant body is the resu lt of the growth of the 
cells of which it is composed. The growth of the cells must be C011-

sidered in two "\vays, i. e. increase in cell number and- increase in cell 
s ii~,e , If the elongation of the root were inhibited partially or absolutely 
by external pressure, what would be the results in the processes of 
increase in the number and length of the cell s ? Olle is grateful to 
several authurs<~ who have a lready published their information conce rn­
ing t his question. Y d there remain seve ra l points that must be more 
c ritically d iscussed. This paper is the record of the writer's investiga­
tions regarding this subject uuring se\'eral yea rs , a nd though they are 

not yet complete, he hopes that it lila), con t l'i b~ tc to a bettcr under­
standing concerning this question. 

The writer wishes to acknowled ge his g ratitude <lnd indebtedness 

to Professor Dr. R. KOKETSC , 'who s liggested the problem, for his 
encouragement and interest during the progress of the investigation. 

II . EXPERnm:-iT OK TIl E ROOT E :\lDEDIJEI) I~ G\'PSV~1 

Materials and methods 

A s mate rial for the experiment seeds of Vicia Faba, neady equal 

COtltrilourions from t he Botanical - Lauorulory, K yushu Imperi al U niYe r5ity, No. 37. 

Pn:l"F"f'. 1t ( I ;;YJ). l[J<:ln:"lG ( l g96), K ){y, ( l ll96, 11) 0 2 ), 1\)J':)\"I C! ~ 1 90~) , TIOTTES ( I~J. 

IYZ9), H ,\LLEAUER ( 1909). S·r)\U'EI.T ( ry~() e lc. 
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in size and form were selected. The seeds "vere soaked in tap-,vater 

for 23-1- to 50 hours in order to make the seed-coat absorb sufficient 

"water and swell; then so\\-'n in a box containing moist sa"w-dust, loosely 

packed. The box was placed in an incubator of constant temperature 

electrically regulated, and the seeds were allowed to germinate. Seed­

lings of as equal a root length as possible "were chosen. The roots 

,yere embedded in gypsum as applied by PFEFFER (IB93) and others. 

A paste of gypsum, obtained by adding \vater to plaster of Paris 
(gypsum ustum), was spread one or hvo em thick on a glass plate, 

and the young roots of the chosen seedlings were laid on the paste 

so that the cot)lledons were never embedded, then the roots ,vere 

elllbedded by the addition of another layer of paste of gypsum over 
them and covered with another glass plate. The gypsum paste soon 
became stiff. The materials thlls emhedded were buried vertically in 

moist sa\v-dust and pl(lced in all incubator of constant temperature. 

The gypsum thus hardened is referred to hereafter in this paper as 

"hard gypsum" for convenience; and on the contrary gypsum treated 

in the following 0l3nner is described as "soft Kypsum." The soft 

paste of gypsum was procured by mixing sufficient water lvith plaster 

of Paris, kneading and watering it in a mortar. The soft gypsum 

never harden so bng as it is kept in moist sa\\'-dust. In this soft 

gypsum the roots of the seedlings ,vere embedded and the materials 

\vere placed vertically in the moist· saw-dust in the illcubator. After 

a definite period of time, the blocks of gypsum 'vere broken carefully 
with a ha.-nmcr and knife, and the roots ,vere freed. 

The seedlings used as controls for comparison 'vere placed ,vithout 

treatment with gypsum in a vertical position in the saIlle saw-dust. 

The elongation of "the roet during the research period ,vas measured 

by reading the variation of the total length of the root, from the 

attached point of the cotyledons to the root apex. In case of need, 

roots 'vere marked with Indian ink' at points 5 mm and 10 mm 
distant from the apex2 before the experiment, and the degree of 

I'I'Ej'TF.K failed in .his ob5cryatiun on the elongation of roots embedded in gelatine 

plaster, because marks of Indian ink glided Oil the f(lot surface (PFEFFER, 1895 <111rl 

I{ERj]\;G, 181)6). 1n our case even when the root ,vas cmhec1ded in soft gypsum the 

marks were not removed, but always adhered to the roots; however in one or two 

cases of rapid elongation of the root the Jines ;of the III arks ~pread and became 

useless. 

In Vid·j Frrorr the bOLlIldary of the root proper and root cup is not clear (IIABERLA]\;])T, 

p. :";4) so the writer measured the distance from the root apex. 
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elongation of each space at the end of the experiment \vas carefully 
measured. 

To prepare them for the microscope the roots of the materials 
above mentioned were fixed in FLEIIBllNG'S ,\"Teaker solution (CIlAMBER­

LAIN, p. 27), and paraffin sections of 10/1 thick wefe made parallel to the 
long axis of the root, then stained with IIEIDE~IIAl:\'S iron haernatoxylin. 

ZEISS' microscope \vith AA x KS or DD x K8, tube-length 160 mm, was 
used. The intensity of cell division was expressed, as described in the 
author's previous paper (KO}l.lIIA, p. 80), by the relative number denoted 

b h . N I >.,. I I b f . . c Y t c quotient A-; W lere H IS tIe tota num er 0 mItotIC llgures 

found on five sections of root tip, sectioned parallel to the axis of the 
root and passing as ncar as possible to the axis, within the space of 
3 mm from the root apex, and A is the relative value of the area 
examined, which is represented by the sum of the numbers indicating 

the diameters measured on the five sections above mentioned at dis­
tances of respectively I, 2 and 3 mrn Ii-om the root apex. The length 

of the cells was measured ,vith the aid of an ocular micrometer on the 
sections (usually five sections for each I-oat), \vhich \vere made through 

the portion near the central axis of the root. The ceIIs in resting 
stage were chosen for the purpose of measuring their length from the 
outer portion of the cortex of the root; and with regard to the cells 

in mitosis, because they were relatively rare, all the mitotic figures 
found in the cortex as well as in the central cylinder, within about 

3 mm from the root apex, Vi"crc cOlinted and measured. 
The differentiation of tissue in the root \vas determined by the 

existence of the tracheal element; and as the mea.':iUl"e of the grade 
of this phenomenon the distance from the root apex to the p:)int 

'\vhere the tracheal clement began to appear was used. The lignification 

\vas al.':io observed by the colour reaction produced by adding phloro­
glucin solution and hydrochloric acid to the preparations obtained by 
removing the paraffin from the paraffin sections. The grade of lignifica­
tion of the tissue \vas denoted by the distance f\"(lm the root apex to 

the point where the reaction of lignification appeared. 

Results and considerations 

I) The total elongation of the root. 
a) The elongation of the root in a hard gypsum block ,vas in-
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variably very little. 

the roots embedded 

56, 74, 78~, 99, 114 

The average amounts of the tutal elongation of 

in hard gYPSUIll for 4, 7}, J2, IG, 221, 
and J 70t hours are gh'cn in table I. 

20, 36}, 
Only on 

sOllle occasions, especially ,vhcn the duration of embedment was long, 

it was seen that the root stretched some mm. \Vith reference to this 

fact, it is probable that some of the roots lengthened through cracks 

in the gypsum block, which were probably crazed by the increasing 

turgor pressure of the root as described by PFEFFER (1893); and, e.g., 
in the case of the roots embedded fi)t' [70~ hours in the gypsum block 

(the elongation of the roots was 5 nllll in one case and 2 mIll in anotber), 

it \vas really seen that there v,'cre cracks created about the root tip. 

HorrEs (1929) mentioned that when a root which had suffered under 
the pressure of the surrounding gYPSUlll block "vas brought a\vay from 

the gypsum, the root gre\\l in length to some extent because of the 

diminudon of external pressure. The writer measured the length of 

the root as soon as it was freeu fr0111 the block, the error of measure­
ment caused as HorrEs suggested is therefore probably not considerable, 

even if any. In addition to this, the writer frequently discovered that 

the gypsum block in contact with the root tip was softened; such 

portion of the gypsum would allow the root to elongate more or less. 

CnIcss such exceptional conditions occured the hard gypsum would in 

.1.11 cases inhibit the elongation of dIe root; it may be said, therefore, 

that the hard gypsum block by its pressure Joes not permit the root 

to gro\v in leIlgth. 

Table 1. Elongation uf the root embedded in hard gypsunl 
---=--~------

Duration 
;""0. of Mean of ;vfean of 

of total elungation 
rnots mbedment observed elongation per hour 

(in hours) (in lllTn) (in mm) 
-

4 " D·3 0.' 

7} 6 La 0.' 

u 3 0·3 0.' 

,6 5 0.' nearly 0 

:C2} , 
4 0.0 0 , 

I 
26 , 

4 0·5 nearly 0 
I 

36} I 3 0·5 nearly 0 

I 

Duration 
No. of 

Mean of 
of total rooLs. . embedment U' d elnngat!0n 

(in !tours) o ~erve (in mm) 

------

56 5 2·5 

74 2 0.0 

7i,~- 5 2.0 

99 4 

! 

0.6 

"4 2 

I 

z.o 

,I 

IiO} 2 3·5 

I 

tIea n of 
gation 
hour 
111n) 

clon 
pce 
(in] 

near! y 0 

0 

near ly 0 

ncarl yo 

nearl yo 

ncar! yo 



Root-cells of vid{l Eid){I inhib it ed from elongation 125 

b) T he roots in soft gypsum e longated to some e xtent as seen in 
table 2 . 

T able 2. E longation of th e root embeddeu in soft gypsum 

Durat io n o f N o. o f f ()l1ts 
Mean of to la! "fo,'lean of 

embed ment obsen'ed e longation e long.1l io n per 
( in hours) ( in mm) hour (in mm) 

4 7 4,9 L2 

7} e 
3-4 I.' " 

16 ' 0 I2 .2 0.8 

c) In table 3 the elongation of no rmal roots (control materials) 
is g iven. The normal roots elongated, a s expected , more quickly ill 
c omparisull wi th the roots of two g roups above mentioned ; fo r the 

averages of e longation per hou r of the normal roots were from 1.4 to 
1.6 fTIm, while those of the roots in hard gypsum were nearly zero and 

those of the roots in soft gypsu m were from 0 .8 to 1.2 111m. 

T able 3. E longation of the normal root (cont rol) 

D"" ' ;n,, of leadng I Xn. f)f r ()<) ts 
Mean of tntnl jl,l ean o f 

in s:.lw· dust as 
oLse n 'ed 

elongat ion e lnogat ion per 
cnntrol (in hours) ( in nlll l) hour (in m rn ) 

4 6., L5 

i~· G Io .6 '4 

,6 w 24 ·3 L6 

zz~ 4 30.G '-4 

2) The intensity of cell division. 

a) T he intensity of cell div ision of the roots ill a hard gypsum 

block is give n in table 4- The roots em bedded in a ha rd gy psum 
bJock for a shor ter p eriod had jntensity of cell d ivision to a certain 

degree, but those embedded longer (more than 16 hou rs) had very 
.small intensi ty, excepting the roots which had a period of 114 hours 

and I 70~ hou rs, which showed somewhat larger intensity (in these cases 
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the external pressure was "weakened as already mentioned above, and 
the cell, therefore, regained its ability for division). 

Table 4. Intensity of cell division') of the roots embedded 

ill hard I<ypsum 
.. - .- --,-

D uration 
No. of Xo. of . A"ern.gc J)u(:1ti'm :-l,'}; of No. ()f Average 

of 
roo ts 

mitotic : intensi ty of rools mitotic intensity 
embedme nt 

o bse rved 
figures I of ce ll e lnbedment ol)scr\'cJ figu res of cell 

(in hQu rs ) obsened . di \' iS i~~} . (in hours) obse rved divisio n 
.. ..•. 

I 
4 7 107g 14.2 36} 3 . 6 0.6 

i! 6 52 ' 7 9 56 2 7 o.J , 
.2 2 4) 2. ' 7G! 3 " 0·3 

. 6 " 3S 0·3 99 • 0 0 
i 

22! 4 9 

I 

0.2 1T4 2 I J 12) 3.92 ) 

26 
I 3 w 0·3 fiO! 2 i 5 2) 

I 
2.92 ) 

--- ._- J 

I) Intensity of cell di vis ion is indicated Ly the (luotient ~ (%) , which is explained 
in the text. A 

"3) See the explanat irlll in t he text. 

b) The intensity of cell division jn the roots embeuded in soft 
gypsum is g iven in table 5. 

Table 5. Intensity of cell division of the roots embedded 

in soft gypsum 

Duration of 
embedment 
(in hours) 

4 

71 
.6 

No. of ronl s 
nLsen·ed 

w 

--
No. n( mit ot ic I 
figure~ obse rved 

2202 

22jO 

A verage 
in tensit y of eell 

dhdsion 

54.1 

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

Duration of Jeaving 
in saw dust as 

c0ntrol (in hours) 

No, of m0ts 
observed 

----------1---------
4 7 

" 
16 10 

I 
~o, of mitotic 

figures observed 

3222 

Average 
intensity of cell 

division 

43,S 

69·3 

53,2 

1 2 7 

d) In comparing the amount of intensity of cell division in these three 
groups of material we get the ratio as seen in table 7. The amounts 
of intensity of cell division in soft gypsum always show a smaller 
number in comparison with those of the control roots i and the roots 
in hard gypsum show extremely small ;lmOlJnt; moreover it is to he 
remarked that the amount in question diminishes as the duration of 
embedment increases. It is presumable from these facts that the 
mechanical pre!:isure caused by embedment in gypsum inhibits the cel! 
division of the rcot tip, and this is in agreement v, .. ith the opinion of 
PFEFFER (1893). HOTTES (1929) also acknmvledged the inhibitory action 
of mechanical pressure upon cell division in the root, but he described in 
his paper that the cells near the tip continue to divide mitotically for 
approximateiy four days. In our case, hO\vever, the ceil division in 
the root in hard gypsum almost ceased ,vi thin r6 hours. 

Table 7, Comparison of intensity of cell division found 
in the roots embedded in hard' and soft gypsum with 

that found in the normal roots (control = 100) 

Duratirm of embcd-I Roots in hard Roots in s:Jft 0."nrmal Toots ment or leaving in 
sa\v dust (in hours) i gyp'ium gypsum (controls) 

4 32 66 100 

7:J II 73 100 

16 0.6 43 roo 

22~- 0·5 100 
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3) The relation between the elongation of root and the intensity of 
cell division. 

Considering the cell divi5ion together lvith the elongation of root 

"\ve find tInt there is some relation behveen them, as seen in table 8, 

namely that the roots elongated in a small degree have but a slight 
intensity of cell division. The materials embedded in hard gypsum for 

4 and 7 J- hours, in spite of little elongation, showed somewhat larger 
intensity of cell division. The reason for this discrepancy may be that 

the duration of embedment was too short to exert mechanical pressure 
sufficient to inhibit cdl division. The comparison with the results found 

in materials embedded in hard gypsum for 114 and 170t hours is 
omitted in this table for the reason explained already in the previous 

paragraph. , 

Table 8. Relation between tbe elongation of foot and the 

intensity of cell divi~ion 

Duration of 
embedment 
Of leaving 

in saw dust 
(in hours) 

-----------

4 

-, 
" 

12 

16 

22} 

26 

36! 

56 

7~;! 

99 

Ie, hard gypsum In soft gypsum Contml 
1---,---1-------1--- ---- --~-

Average Average Average I Average 
elongation intensity elongation! intensity 

of foot of cell of root (If cell 

Average Average 
elongation intensity 

of root of cell 
per hour division 

--
I 0_1 14. 2 

l~', I:,", I d::;';'~_ P", I:=- _ rl::,~on 

a_I 7·9 LI 54· r 69·3 

0_1 2 I 

0_1 0·3 0.0 22.S L6 

a 0.2 

0 03 

0 0_6 

a 0·3 

a 0·3 

0 0 

I 

4) The length of cel1s in mitosis. 
a) The length of celis in mito.sis found in roots embedded in 

bard gypsum is seen in table 9, where the average lengths of cells 

embedded for 4. 7§ and 16 hours are respectively 31.0, 27·5 and 26.911· 
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Table 9. Length of cell in mitosis in the root (mbedcled 

in hard gypsum 

Du ration of 
~·n. (.f root s XI'). of ce lls Aver:1ge length 

e mhedment 
(in hour~) 

observed obseryeri I)f ce lls (in !J.) 

4 5 1073 3 1.0 

7:t 6 492 27·5 

,6 9 6~ :::6,9 

1 29 

b) The length of cells in mi tosis in roots embedded ill soft 
gypsulll is g iven in table ]0, where t he ave rage lengths of cells em­

bedded for 4, 71 anti J6 hQurs are respectively 27.R, 272 tllld 26.0/J. 

T able TO. Length of cell in mit osis in the root 
embedded III soft gypsum 

7 ~ 

N o. of m ots 

I 
N ......... ( ce lls I Avec"g' k "gl h 

observed observed of cells (in [1.) 

-I 1- -
2 7·:'; 5 2725 

7 +OZI 27. 2 

Durati on of I 
embedment 
(in hours) I ------- ----i 

I 

+ 

, 6 00 221)0 2 0.0 

c) The length of the ceJls in question ·found in normal roots is 
shown in table I I. The average lengths of ce lls in root s which were 
left in saw-dust for 4 . 7~ and 16 hOll rs as controls arc respectively 

30.2 , 27·R and 27.9 ,fl. 

Table I r. Length of cell in mitosis in the normal root (control) 

Duration of leaving 
in :saw dust as 

c<lntrol (in h our:s) 

4 

i} 

, 6 

No. of r00ts 
observed 

5 

7 

00 

N n. of cell s 
nvserved 

330{ 

4950 

5'20 

Average length 
of cells ( in fJ.) 

:.p. ::: 

27.8 

27·9 
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d) Comparison of the average lengths of cells in mitosis of roots 
treated with hard and soft gypsum with those of normal roots is given 
in table 12. Compared with the cell length of the normal root, that 
of the root in soft gypsum is a little smaller, and that of the root 
embedded in hard gypsum for 16 hours is also somewhat smaller, while 

that of the root embedded in hard gypsum for 4 hours is slightly 
larger; but on the v.Thole there is little difference between the three 

kinds of material. 

Table J 2. Comparison of the length of cells with mitotic 
figures in the normal root with those in roots 
embedded in hard and soft gypsum 

Relative lengths (xontroi = 100) Duration of 
emLcdmcnt or 

leaving in S:J.W dust 
(in hours) 

Normal foots Rrnts embedded Roots embedded 
(cnntrnls) in soft gypsum in hard gypsum 

~--~-I-~~-

4 HX> 92 103 

wo 

16 100 93 96 

5) The length of cell \vith resting nucleus. 
a) The length of resting cells, in roots embedded in hard gypsum, 

is shown in table 13· 

Table 13· Length of resting cell in the root 

hard gypsum 

embedded in 

===,===-=;-==== ------
1 
~ 

No. of roots I 
observed 

, 

Duration of I 
embedment 
(' 1 u s) on m , 

4 

7& 

16 

1 

5 

6 

9 

Aver~ge length') of resting cells (and number of cells 
observed given in IJrackets) situated at the distance 
from the root apex of: 

i ~-i~ mm 3 mill 4 mm I S mm 6mm 
--------1 

2.2.1 [g.g ~~';'7 52.3 
I 

74·4 94·4 
(6Il) (700) (516 ) (462) 

I 

(462) (358) 

20.1 19.6 31.5 50 .0 
, 

6U.8 89·7 I 
(6')6) (676) , (410) (367) 

I 

(50 7) (343) 

20.8 H).O 31.9 50 .5 G6.() 87·4 
("79) (853) 

I 

(75 1 ) (667) [566) (soo) 
I 

, ) Tbe unit of length is PH 
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b) The length of resting cells, III roots embed ded 1Il soft gypsum, 

is given in table 14. 

Table 14. Length of rest ing cell in the root emhedded in 

soft gypsum 

4 5 

i' S 

,6 W 

A verage length (i n :J. ) o f resting cc! h (and numbe r of 
cells o(~e rvcd ~h'en' in brackets) situated at the dis­
tance from t h e root apex of: 

I nlln ! 2 mm 3 mm I 4 Ol m 5 mm I 6 mOl 
-- ---------- --,- --

20·3 13·5 :;0. 1 5z.6 S2_0 J07·4 
( 577) (S51 ) ('11;6) (1"6) (4~5) ~29g) 

20·7 1 0 . l 27·9 4K z 74· 7 1°3· [ 
(5 42) (<)06) (48<}) (466) (566) (43 1 ) 

20.1 1 6. 6 :::8. 7 51.7 [;0·5 l OO. g 

(954) (m S) (544) (4 IY) .: 556) (464) 

c) The length of restin g cell!; in th e normal (control) roots is 
illdicated in table J 5. 

Tab le I j_ 

Du rj.t ioll of 
le:w iog in 

saw <iust as 
coot ro l 

(in hours ) 

16 

Length of res tin g ceil of the normal root (control) 

! Average length (i n IJ.) o f resti ng ce lls (alld numLe r of 
. r - cells observeu gi\'cn III hradets"; s ituated a t the dis-

:\:0.0 mots ! tance from t he root apex of: ' 
o~rved - _ -------------,------,------,------c--------

! I mlH I 2mm I 3 01m 4 mm 5 mill 6 m m 

- - - -1----- -1-- - --1- -
5 I 2+0 t9·2 · :26.5 46.5 iLl 99.1 

(516) ( (.~3) I (574) (50 3) (443 ; (2S3) 

i 

10 

21.5 
(50<)) 

I S.8 
( I276 j 

. - ------~--, 

30 .9 
(501) 

(6~o) 
53 ·':) 

(540) 

70 .5 
':547) 

;; 3·~; 
:Syf: 

95. 6 
·:345) 

114.1 
! (430) 

d) To compare the cell length of the th ree different kinds of 
rllateria is the relative amounts . are g iven in table J6 and the real 

amounts are plotted in fig. I, in th ree separa te g roups according to 
the d urat ion of embedment. 
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Table 16. Comparison of the length of resting cells in the normal 
root with those in roots embedded in hard and soft 
gypsum 

Duratiun of 
embedment 
or lea\·ing 

in S;l\V dust 
(in hours) 

4 

7~-

" 

" 
[6 

Kind of 
materials 

p,"ormal roots 
(controlJ 

Roots in soft 
gypsum 

Roots in hard 
gypsum 

N(Hm::d roots 
(contn!)) 

R00tS in soft 
gYPSUlll 

Roots in hard 
gypsum 

~ormal roots 
(control) 

Roots in soft 
gypsum 

Roots in hard 
gypsum 

Relative lenglhs of resting cells situated at the dis-
lance from the root apex of (c(mtrol = 100): 

-
I lHm 2 mlH 3mllll~. 5111m I 6 mm 
------ -------

100.0 100.0 100.0 JOO.o 100.0 100.0 

0+5 96.3 113·5 I J3.1 115·3 lOS.] 

<}2.0 ':J:~4 100·3 1124 104. 6 95.2 

100.0 10:).0 WO.O 100.0 10J.Cl 100.0 

96.2 95·7 90 . 2 94.6 105-9 107.8 

93-4 103.7 101.<,) 9[;,2 97·5 <J3·~; 

100.0 [00.0 I C)O.O IOQ.O 100.0 100.0 

9Y) g8.2 101.7 95·9 96.0 "" .., ou • ., 

')7. 1 101.0 113. 1 93.0 i9·7 76.5 

In all cases the length of the cells at a distance of 2 mm from 
the root apex is shortest; considering this fact together with the 
fact that this point almost coincides with the growing point of the 
root, it is presumable that the daughter cells Be"vly fi)nned by cell 
divisions Jllay accumulate most abundantly about this point. AIlU 
under all circumstances in the three groups the length of tbe cells 
at a distance of 2 111m from the apex in the rools eIIlbecldeu in 
soft gypsum is shorter than the corresponding length of the other 
twu, though in a slight degree As a \vhole, in all cases the three 

curves rUll parallel with each other, but the curves show that the 
cell length at a tlistal1ce of 6 1I1m from the apex in the roots in hard 

gypsum is always less than those of the other two The parallelism 
of the curves in fig. I might be caused by the fact that, though 
the speed of elongation of cells may differ according to the external 
pressure and may callse difCerences of cell length, yet the differences 

are not appreciable, because the ages of the cells observed at the 
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l CG 
A 

eo 

teof 
b 
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sallie di stance from the root apex di ffe r from one another. In othe r 
words a cell at a given point in a root embed ded in gyp~ llm is 
not the same age as a celJ at the same distance from the apcx of 
the normal root. The former ceIl may elongate some\vhat more 
slowl.}' thzlfl the latter, but the age or length of time needed to 
clong;1te is g reater than t ha t of the latter. As rega rds the edl length 
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at the distance of 6 111m from the apex of the root embedded in hard 
gypsum, especially in the cases of longer duration of embedment, it 

may perhaps be explained as [0110\\,5:- The cells situated at a greater 
distance from the root apex must have passed through the larger part 
of their elongation, and the differences of the length of cells differently 
treated may appear morc clearly in this case. This might be at least 
one reason among other factors bearing upon our problem. 

e) On the other hand, the fact that the average lengths of cells 
at the same distance from the apex in the roots, treated under different 

conditions, are similar to each other, must show that the cells of 
materials, \vhieh elongate slowly in the gYPSUlll, are shorter than those 
of the same age in the control materia!:;, ill y.,hich the cells are far 
more basipetal than the cells of the same age in the former roots, for 
the reason above mentioned. 

6) Relation of cell division and cell length. 
The length of cells ill mitosis as "\vell as of resting cells at the 

growing point of the roots embedJeu in hard gypsum is nearly equal 
to that in the normal root; neverthless, the intensity of cell division 
in the t()\'ll1er is very little compared \vith that in the latter. On the 
other hand, the cell length of a root embedded in soft gYPSUIll, in 

,,,hich cell division is sOlnewhat abundant, is a little less than the 
normal root and that in hard gypsum. In othCl" \vords there is little 

difference in the cell length of the three di[Cere-nt kinds of material, 
though the difference of the intensity of cell division is remarkable 
among them. It can not, therefore, be said that the small size of the 
cell is strictly related to the scantiness of the cell division, rather it 

may be thought that the pressure itself caused by the gypsum treat­
ment inhibits the cell divisiun in the materials treated with gypsum. 
And it may also be mentioned that the smallness itself of the size of 
the cell does not cause the inhibition of the cell division in the cases 
under consideration. These results coincide with the conclusions of 
HAMMETT (1929) and RICHARDS (1928) about the relationship of cell 

di vision and cell size. 
7) The differentiation of cell. 

a) The fact that the tracheal elements appear nearer to the apex 
of the root, when embetlded in a hard gypsum block, has already 

been described by PFEFFER (1893), HERIKG (1896), l\ATHAKSOHN (1898), 
HALLI3AUER (1909) and HOTTES (1929), and the results in our case are 
shown in table Il, column A. And with the increase of the duration 
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of embedment, the tracheal elements appear nearer to the apex, namely 
the average distance in q ues tion is found to be 5.0- 1.4 mill, while t he 
average amount of distance found in five normal roots as control is 

J 3.7 mm. " 
T he lignification of the cell wall of tracheal elements also moved 

in an acropetal d irection as !=iho'''' 11 in table J 7, column n, the ave rage 
distance of the fi rst point of lignificat ion from the root arex being 
namcIy 4.5-1.5 mm , \vhile the lig nification in the control mate rial 
:J.t1vanccd to the point 26.n mm (average amount of live roots) from 
the apex. T hus it may be said that the: progress of cell differentiation 
in t he Toot embedded in ha rd gypsum is mOl'C rapid than that in the 
normal root, though the cell division and eel! elongat ion in the fonne r 
root is pract ically inhibikd. 

Table 17. Averag-c distances [1'0 111 root apex to the points , 

where the t racheal elements begin to appear or 
the tracheal elements begin to show lign ificat ion, 

in t he roots emb edded in hard gypSlllll 

Durat ir)ll of 
embedment 
(in hr" urs) 

Ko. of 
root ,. 

{}hseryed 

A - I -- n 
Average distance f rom _ A ve rage distance from 
root apex 10 t he p0i nl i root apex 10 t he po int 
wht' re the t racheal ele- ! wfJere t he trac heal ele. 
me nts Lcgin t o appear ~ ments begin to ~how 

- - - ----1- - -- J!...~ . mm) ____ I lignificatir"m (in mm) 

1 0 3 3· l> 

16 5 5.0 

34 2 4·0 4 ·5 

25 4 .).1 

36} 3 0.6 

4" 5 J. I 

S6 4 2.6 

73 , 2·7 3·3 

1I4 0 1.6 2·S 

J7o} 0 1.4 r·5 

f'Fl::vnm ( 1['93) noticed that the trac11eae appea r at the position 25- 35 mm from the 

:1pex in a normal Vicia-root, and according to J{ OE1,::', ICKF. (1905) the tracheal el ements 

begin fir st :too\\l 20 mm from t he :tpcx, and act.'ord ing to PEKAIU:K {1 S/27} the t rache-:le 

begin to appear from 1 ~-22 mill from thc :lpt'x. 



136 Hitoshi KOJIMA 

b) The above mentioned explanation is derived from the con­
sideration of the facts of the distance from the foot apex; but by 

considering the age of the individual cell, we may come to another 
conclusion. The root ill a gypsum block is hardly elongated at all; 
so the age of the cells even at the point of 5 mm from the apex, e.g, 
in the case of embedment for 16 hours, is older than 16 hours. On 
the other hand the normal root elongates 24 mm during 16 hours, so the 

age of the cells at 13.7 nlln from the apex, \vhere the tracheal clement 
begins to appear, must be far less than 16 hours. And the same 

remark can be made upon the lignification of the cell walL It may 
be said, therefore, that the progress in regard to speed of cell dif­
ferentiation in the root e:nbedded in hard gypsum is hindered to a 
certain extent by gypsum pressure. 
that the cell differentiation in the root 

For this reason one must say 

tip treated with gypsum is not 
absolutely, but only in a relative sense, emphasized. 

Ill. EXrEIUi\fE:'iT Ql{ TIlE ROOT IN CA!'~I:SUGAR SOLUTION 

l\Iaterials and methods 

After making marks on the root \vith Indian ink at 5 mm and 

10 mm from the root apex, the seedling, produced in the same way 
as described in the former chapter, is fixed by a pin to a ·wooden 
frame in a glass cylinder, containing cane-suga.r solution of a certain 
concentration, so that the root is immersed in the solution in a vertical 
position, and the cotyledons are above the surface of the solution. 
The top of the glass cylmder was covered -..vith a piece of paraffin 
paper to prevent excessive evaporation fr0111 solution and cotyledons. 
The methods of observation on cell division, cell length and cell dif­
ferentiation are the same as in chapter II. 

Results and considerations 

I) The total elongation of the root. 
Elongation of the roots immersed for 22}, 24, 25 and 25}-28 hours 

respectively in sugar solutions, tap water and distilled water is seen 

in table 18; though there are some dilTerences amongst the absolute 
amounts found in those four kinds of materials, yet it will be found 
that the elongation in a more concentrated solution is less than that 

in a more diluted solution, tap water or distilled water, as would be 
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Table 18. Elongation of the roots immersed in sugar solutions 
and water 

I 
Average Average Duration of No. of roots total elongation 

Solution immersion elongation 
(in hours) observed of roots per hour 

(in mm) (in J.l) 
-_. -------

Experiment 1 

20 % sugar solution 22~ 2 nearly 0 nearly 0 

10% sugar solutbn 22~- 2 I P " <>.0 81 7 

Tap water 22z 2 21.0 933 

Experiment II 

IS % sugar solution 25 3 0.2 " 
12·5 % sugar solution 25 3 3·3 1]2 

i 

10 % sugar solution 25 3 7.0 200 

5% sugar solution 25 3 i 16,7 66;; 

Tap water 25 3 16·3 65 2 

Experiment ][[ 

13.6 % sugar solution Z4 '2 5·0 283 

11.5 % sugar solution 24 6 11.0 45° 

9·4 % sugar solution 24 '2 12.0 500 

7.1 % sugar solution 24 3 14.0 5[;3 

4.8 % sugar solution 24 " 15.0 62 5 

2-4 % sugar solution 24 6 15.0 625 

1% sugar solution 24 '2 18.0 750 

Distilled water 24 '2 15.0 625 

Experiment IV 

20% sugar solution 25, 9 - I.] -5' 

IS % sugar solution 2St IO , -0·5 -20 

10 9/0 sugar solution 271 9 4.3 ] 75 

5% sugar solution 23 9 ]9·3 689 

Tap ,yater 27 5 22.2 822 

137 
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expected. POPOV1C1 (1900) tried to inhibit the elongation of the root, 
by use of KN03-so1ution, diminishing the turgor preSSUl-e of it. Popo­
VI el used 0 5 1'~ solution' and found no effect produced upon the 
elongation of root of Vida Faba; but could see that I ~Io and 1. 5 % 
solLl tions~ inhibit the elongation to a certain degree. In the present 

investigation it was observed that the sugar solutions, stronger than 
15 q~ . inhibited the elongation of the root perfectly Of almost perfect ly. 

3) The intensity of cell division. 
The a"'crage amount of the intensity of cell division, immersed in 

solutions, is seen ill table 19 ; as a \V ho le. roots in solutions of hig her 
concentration show lower amount and the roots in diluted soluticns or 

Table ' 9. Intensity of cell uivision in roots immersed 22~. 25 and 
24 hours long 1n solutions of several concentration 

Solution 

Ex periment I 

~o % sugar solution 

10 % sU(;::J.r so]utit)n 

Tap wate r 

E:to:periment n 

u.s % sugar solutioD 

10 % su~ar soluti()n 

5 % sugar solution 

Tap wnter 

Experiment IIT* 

13.6 % sugar solution 

9 .4 % sugar solution 

7.1 % sugar solution 

Duution of 
ill.lmt:rsinn 
(in h '.'lurs) 

24 

2Z! 

Z::! 

25 

2; 

::,; 

2'; 

25 

24 

24 

24 

No. o f roots 
obse rved 

2 

2 

2 

3 

3 

3 

3 

3 

4 

4 

J 

Average 
intensity of 
cell division 

0·5 

19·5 

3i ·5 

0.6 

4'S 

:;·9 

35. I 

:':0·4 

1.5 

5·4 

~f,.2 

I The p ressu re of 0.5 % KN03 _s'Ilulir'll is nenrly 1.75 aim. p., and approximately 

equivale" t t u the pressure of 2.5 % cane·suga r solution (P f'F.FFEJ: , I 9<Xl, p. 146). 

2 I % KN03 ·sn lution is :J.ppro"imatcly equivalent to 5. [ % cane·sugar solution; 

1.5 % K ~03 _solution is approx ima tely equi\-'aJent to j .6 % cane-suga r 5<J]utirm . 
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4.3 % .sug::lr solution Z4 3 

2·4 % sug:l. r solution 24 4 

1 % sugar solution 24 4 

Distiilcd water 24 ·4 51.1 

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

* Only the rools sdectcd as fnll<)ws we re oo-;ef\'cd :- ro(Jls clon~att:d shrl rte r from 

nJ:l tcrb.l s i mmersed in highe r cor:cenlr:lled Si}Iu l ions ; roots elongalM lonJ:!er fmm 

those in '.)",cr corlce lllr:lted so!u l ions and waler ; and roots e lo ngated medially 

[fIlm t hose in medi;J.j concen t f:l.ten solulion.~. 

water show hig her amount, thoug h there \\Tere some va riations among 
the results founu in the experiments of the three clifferent series. 

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

Regarding the intensity of cell division, the roots immcr~ed in 
solutions of more than IS % concent ration showed LIS only a slight 
degree of intensity or practically nonc, in the same way as in the Case 
of the elongation of the root. ST,\LFELT (1 921) recorded that the 
osmotic pressu re of a normal root of Vicia Faba is equivalent to that 

of -~~- n K NO. -solution (nearly equal to that of 12.3 % solution of 
100 .' 

cane-sugar). It is possible that in the case under consideration the 
15 ~-~ and 20 % cane-sugar solutions werc hypertonic for the root, and 
it is reasonable that the roots immersed in solutioJls of more than 
15 cYo concentration should hardly show any cell division or elongation. 
And furth er, in cases of roots in diluted solutions or water, comparing 
the elongation of the root and the intensity of cell divbioll , we find 
that t here is a n intimate correlation between those two phenomena , 
namc1y the roots of rapid elongation show large amou nt of intensity of 
cell divisiu n and that of slower elongation show small amount. 

4) The length of cell. 
a) The length of a restin g cell at 5 mm from the apex of the 

root im mersed for 221 hour!; is shown in t able 20, \VhCl·C it is seen 
that the length of the cell in th e root ill 20 ~~ sligar solut ion is shortest 
and that of the root in water is longcst. And the length of the cel ls 
in the resting stage at I mm, 2 mOl, 5 mill and 10 111m from the apex 
of the root immersed in sugar solutions and dist illed water for 24 hours, 
is seen in table 21, column A . Generally speaking there is no remark­
able regular variation in the length of cells at I or 2 mm from the 
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Table 20. Length of resting cell of the root immersed for 
22! hours in sugar solution or water 

Solution 
Nn. of 
roots 

observed 

Average ie[lgtiL') of cells at 5 mm apart from 
the apex at the end of immersion ([lo. of cells 
observed given in brackets) 

20 % sugar solution 

IO % sugar solution 

Tap water 

2 

2 

101 (234) 

195 (146} 

230 (197) 

1) The unit of length is fJ.. 

Table 2 I. Length of resting cells in the root immersed for 
24 hOllrs in sugar solution or distilled water 

Solution 

No. of 
roots 

observed 

==-;-~==~ ---
A 

Average length l ) of cells at 
different distances from ror}t 
npex, at the end of immer­
sinn, namely of dist;l.nce~:-

I mill I 2 mill 5 mill 10 mill 

B 
Average length I), measured 
at tbe end of immersion, of 
cells situated at the points, 
a and h, c[)rresponding res_ 
pectively to the poi[lts 5 and 
10 mm :tp:trt from (be apex 
of the mot at the beginning 
of immersion. Narnely at the 
points :_ 

" " --------: 
13·G % sugar solution 4 23 z3 76 162 7° 162 

(4j3)~) 

JL5 % sugar sr)lution 2 24 
(zoo) 

9-4 % Sligar solution 4 
I 

25 I 
(.-1-67) I 

7.1 % sugar S'llution 3 24 
(3°3) 

4.8 % sugar solut ion 3 2I 

(306) 

2 .. -l % sug;]r solution 4 25 
(425i 

1% .'mgar solution 4 n 
(414) 

Distilled w;]ter 4 21 
~ 4Cl6) 

I) The unit 0f length is ~ .. 

(410) 

25 
(220:1 

26 
(433~1 

20 
(.joo) 

25 
U02 ) 

26 
(422) , 

24 I 

(438J 

21 I 
(463) 

(3U9) 

70 
(zI6'} 

~;I 

(409) 

II5 
(27 6) 

r::q 
(::n6) 

122 I 
(267:: 

(327) 

163 
(409: 

q6 
(299) 

~) Figures in the brackets are number of cells nbseryed. 

~369/) (327) 

100 201 

, 21~:;:' (102) 

125 205 
:41[,) 1:3~;3; 

I 5~; 216 
:301 ) (Z:::I) 

172 1<)1 

C30G) (299) 

I()g 2::q 
,'4£2) C403) 

253 263 
(347) (315) 

215 23~1 
U S6) (393) 
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apex of roots d ue to the concentration of the solution, though there is 
a certain inclination for the cell at 5 and 10 mill fro m the apex of the 
root in diluted solution or \vater to be longer than that of the root in 
stronger solution. The above mentioned observation was made with 
cquiJistant measurements at the end of the experiment . As the rate 
of elongation va ries with the concentration of the solution in which th e 
roots arc imme rsed , the age of the celIs at the same dista nce from the 
root apex must differ accord ing to the kind of material. Thoug h, 
however, t he individual cell of the root in a co ncentrated solutio n 
might elongate more slowly tha11 that in a diluted solution, the final 
result obtaill CU by the cquidi!:i ta llt observation showed no considerab le 
difference between their cell length , because the duration of time needed 
for the elongation of the former cell is greater than that of the latter. 

b) In table 22 t he length- measured at the end of immersion - of a 
resting cell situated at poillt~ corresponding to tile points 5 and 10 mm 
from t he root apex at the beginning of the immersion, is shown. The 
cell length of the root in the concentrated solution is clearly less th an 
that in the di luted solution or water. And the difference between the 
cells of different Linus of materials is more remarkable at the distance 

Table 2 2. A verage length, measured at the end of immersion, of 
re~ting cells si tuated at the positions corresponding to 
the points 5 mOl and 10 min fi·om the root apex at 
the beginning of the immersion; the duration of the 
immersion is 25 hours. 

Solut ion 

15 % silba r sohltinn 

1 2·5 % suglr s01ution 

10 % sugar so lution 

5 % sugar so llli inn 

T3p w:tter 

No. of 
root s 

obseJbcd 

3 

3 

3 

3 

3 

.) The unit of length is 11. 

A ~·e rage length') o f ce lls It the positi,)ns 
corresponding 10 the di tie reut po ints a~art 
f rom the root apex :tt the beginn ing: of im­
mersion respl!C"thcly : 

5 mm 

94 (208),· :-

9' (249) 

126 (211 ) 

(73 ( 190) 

215 (191) 

-,------ - -
10 mil) 

179 ( 14.0) 

202 ( 97) 

243 (151 ) 

2~ The numbe r of cell s ouser\·ed is given in the bmcket s. 
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of 5 111m from the root apex than at the distance of J 0 mm fi'om the 
apex. This fact may be explained as follows :-celIs at the point 10 mrn 

from the apex are more advanced in grmvth than those at 5 mm from 
the apex, so the renuining duration of the growth, to reach the fuIl 
grown stage, is shorter in the former cells than in the latter. The 
retardation in the cell elongation caused by the action of the solution 
might, therefore, become less visible in the former material than in the 
latter. A similar result was also obtained fi·om another experiment 
indicated by table 21, column B, where the length-measured at the end 
of the immersion in different solutiOIis-of cells situated at the points 
corresponding to the points 5 mm and 10 111m from the apex of the 
root, at the beginning of the immersion. The above mentioned ob­
servations reveal the fact that, difference in the length of resting cells 
observed at the same distance from the root apex in the different kinds 

Fig. 2 
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Comparison of length of cells-measured at the end (If e:xperi. 

ment-at the points I, 2, 5 and 10 mill apart fmm the rnot apex at 

the end of the immersion and at the IX/ints, :l and b, corresponding 

respectively tl) the points 5 and 10 mm from the fOot apex at the 
]X'ginning of the immersion. The duration of immersion is 24 hours. 

The ordinates give the length Df the cells in fl., the ab!)ciss;l the 

solution!; (the figures indicate the am01.mt ()f sugar in pcr cent.) or 

water, in which lhe ro~)t immersed. Curve a, cells at the point a; 

b, cells at the point L; curves c (X). d (0), e and f represent 
respectively the cells at the points I, 2, 5 and 10 mm from the 

f()ot apex, at the end of the immersion. 
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of roots treated with solutions of different concc::ntration are small, and 
on the contrary the length of cells of the same or nearly the same 

ages in those roots is clearly different. This comparison is also shown 
in fig. 2 , where the relation of columns A and B in table 2 I is graphi­
cally g iven. The inclination of curves (c, d, e and f in fig. 2) for cells 

at the points, at the end of immersion, re.c;pectively I I 2, 5 and 10 mm 
apart fro l11 the apex is gently-sloping, as a whole, thou gh there arc 
some zig-zags ; whi te the curve (b) [01' cell s at the point corresponding 
to the point 10 1ll1ll [ l·om the apex at t he beginning o f the immersion 

is more rapid ly sloping, and the curve (a) fo r cells at the point cor­
responding to the point 5 111m from the apex at lhe beginning of the 
immersion is the most steep. 

c) l Vith regard to the length of the cell in mitosis, there is little 

difference between the different materia ls. Yet in detail 3S a whole 
the amounts for roots in concentrated solutions are somewhat higher 
than those for roots in diluted solutions. though there arc some irregular 
variations. Therefore at least it is impo~sib l e to say that the former 
shows smaller amount than the btter (see table 23). 

T:lble 23. Length of cell in mitosis in the root immersed in 
solut ion for 24 hou rs 

'~=====i==~~, 
---_ ... 

S" lutinn 
1'\0 . or routs No. ' )( cells A \"erage icngl h 

ob:.cn ·ed o bse r ved 
0r cells in 

mitos is (in r.) 

l 3.6 % sugar soluti.m 4 +2 ]2. 1 

ll.S % sugar solu tion 2 J 35 30 .7 

9-4 % sugar solulir)ll 4 lZO ::'(-, .2 

i.I % sugar solution 3 246 .1 I .g 

4.[; % sugar solution 3 294 ~9·3 

2.4 % sugar snlutir)ll 4 507 ]l.D 

I % sugar solution 4 457 29·5 

D ist ill t.>d water 4 56:) 2'-'·3 

4) Relation of cell division and cell length. 
The jllc rea ~e in the concentration of tl:e ~ol litic il is fol lo\\-cd by 

the l:i!ll inution in the amount of t he in tensity of cell d ivision, neverth-
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less, the length of cells, ,,,,ith mitotic figure, in the materials tI-catcd 
with solutions of different concentration, is rather alike; and also there 

is no remarkable difference of length bel \l,'een re~ting cells at the point 

2 111m from the apex of root (that point nearly coincides with the 
growing point of the root) in concentrated solution, and tho~e in diluted 
solutions or \vater. Just as \vas mentioned in the case of materials 
treated with gypsum, so, it can hardly be said that the cell division is 
inhibited by the smallness of the cell. 1n this case it may be said 
that the osmotic high pressure itself, caused by strong solutions, inhibit 

the cell division, though probably in an indirect ·way. 
5) The differentiation of the cell. 

The distance £i-om the apex to the point where the tracheal ele­
ments begin to appear, in the roots immersed in sugar solution or 

water, is 5110\\'11 in tabie 24, cohmm i\.. Though it is not remarkable, 
yet there is an inclination for the average distance gradually to be­
come shorter with the increase of the concentration of the solution, 
excepting in the cases of solutions of morc than I 3.6 q.~ concentration, 
in \:vhich the distance is larger than that in morc diluted solutions. 
The lignification of the cell ,vall of trachec takes a similar progress, 

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

Solution 

DUo'"flion 1---f~ll-t-'-~;-i~-~-~~e-_)t-d.-~~-~~-;-~-~ I-N-O-.-O-f-f-·~_,~B_~~_~_~-~t-do-i~-~a-,n-~-'~ 
~o. (J the . t 1 ere roots the point where 

immersion roots the tr;~~~le;r ~le- the tracheal ele-
(in hours) observed ments begin to observed ments begin to 

I appear (in mm) lignify (in mm) 

Experiment I 

13.6 % sugar solution '4 4 10·5 2 11.5 

11.5 % sugar s()]ution 24 , 5·' 2 9·S 

9-4 % sugar solution '4 4 8.6 3 16.0 

7·1 % sugar solution '4 3 7 ,. .u 11.7 

4.8 % sugar ~()lution 24 3 10.0 2 20.S 

24 % sugar solution '4 4 9-4 4 22.S 

1% sugJ.r solution 24 4 13. 2 4 25·0 

Distilled water 24 4 9. 2 4 26.0 
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Experiment Ill) 

2:J% sugar solution 25~ 9 10.6 9 Ib.S 

15 % sugar solution 251- w 16.0 10 19. 2 

10 % sugar solution 27, 9 S. I 9 12.[; 

5% sugar solution 28 9 13·9 9 17·5 

Tap water 27 6 J4· 2 6 23·3 

Contro12 ) 10 IS. I 10 20·5 

1) Ohsen'alion "!;I.'as made on hand_sections. 

2) Brother seedlings tn the materials Lefnre the experiment. 

as seen in table 24. column B. In experiment II in table 24. the ad­

vancement of trache;:e as well as lignification in the root in 20 % or 
15 9'~ solution. where the elongation of the roots is almost completely 
inhibited, is nearly equal to that of the normal root, i. e. of the control 

material examined before the experiment. In other words, in these 
cases the appearance of the tracbeal element or lignification did not 

advance during 2.31 hours of treatment in the solutions. \Vithin the 
limits of hypotonic pressure, the progression of the differentiation of 
the cell seems rebtively mot'E' t';1pid under he;lvier osmotic: pressure 

than under less pressure. And as to the time required the conclusion 

is similar to the case of treatmcnt with gypsum:- the osmotic pressure 
rather retards the advancement of ccll differcntiation. 

IV. GE::-iERAL COI\CLCSlO~ 

The gypsum mould surrounding the root tip inhibits further elonga­

tion of the root, neverthless the individual cells \vhich compose the 

root tissues tend to elongate; this force appcars as pressure in the 
root, consequently, at the same time, the external pressure caused by 

the resistance of the surrounding mould acts against the root. Amongst 

the cz:nlses lvhich produced the effects upon the materials treated with 

gypsum ITiaSS, \ye must consider, besides the mechanical pressure, also 

other factors, namely want of the supply of oxygen and water in the 
mass and chemical actions which may be introduced by the lise of 

gypsum. But according to PFEFFEN. (1893, p. 244~246) those factors, 

with the exception of the mechanical pressure, are negligible for mate­

dais treated with gypsum. The experiments \vith gypsum treatment 
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in our work were designed as nearly as p::>ssib le so that only mechanical 
prcs!:;ure acted upon the materials. On the other hand the pl1cnomena 
which were ob served in the materials treated wi th sugar solutions may 
be considered. as the action of the osmotic pressure of the solution. 

In the present experiments we see that the cell s of roots embe<Jded 
in gypsum a re inhibited both for elongation and for division , and in the 
case of t he cells of roots immersed in sugar solution, similar phenomena 
arc seen ; we can say, thcl'efore, that the pressure, mechan ical as well 
as osmotic, retards or inhibits t he elongation of individual cells a nd cell 
dh'isioll , partially or perfectly , according to the degree of the pressu re. 

In the case either of the root embedded iu gypsum or of that im­

mersed in a concentrated sugar solution, it is seen that the leng th of the 
cells in the materials under heavy pressure-in whic h mitotic fig ures 
a re very ra re -is neve .- less than that of the materia ls under light 
pressure o r normal condition-in which the mitotic fig ures are abundant ; 
we may, therefore, conclude that the inhibition is not athibutable to 
the small size of the cell , and that the preS!o:iu re itself might inhibit the 
cell division, though prob ab ly indirectly. 

The dirferentiation of cell s in the roots under pressure, caused either 
by embedding in gypsum or by immersin g- in Stlg:lI- solution, proceeds 
nearer to the apex tha n on the normal root; yet in view of the time 
requ ired the progress of di fferentiation of the ce ll is really delayed 
owing to the inAue:lce of t he pressure, namely the d ifferentiation is not 
II absolutely," but only" relatively" emphasized by the pressure. 

V. SUMMARY 

The a Ulho r treated the roots of Vida Faba lJy e mbeddin g- them in 
gypsum or immersi ng them in ca ne-s li ga r solu tion, to inhibi t t heir 

elongation, and leached t he fo llo\\-ing conclusions :-
Both the elongation of the individual cell and the cell division a re 

inhibiteu by the pressure, mec han ical or osmoti<.: ; the degree of inhibi­
tion is connected with the degree of pressure. This inhibitory action 
is cau sed by the pressure itself, and is not to be attributed to the 

small si7.c of the cd l. 
The differentia tion of the cell in the rout under pressu re adva nces 

nearer to the apex than in the normal root, bu t t his phenomenon is 

not accelerated absolutely but only re latively, because its progress is 

in reali ty delayed more or less. 
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