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April 15, 1<)28 

ON THE RELATION I3ETWEEN CELL-DIVISION AND 

ELONGATION IN TIlE ROOT OF VICfA FARA' 

Hitoshi K OJ"IA 

I:NTH..QDUCTION 

The ma nifestation of dai ly periodicity in the rate of cell-division as 
well as of g rowth in plants under nonllai external conditions has been 
a well-i·mown fact since the ninctecnlh century . F or instance, STKAS­

BUKG EI{ ( 13) reported in 1880 that in Sj;i r()%),ra the cell-division was 

most rapid a t night aud JrvIErER (8) found in 1827 that the elongation 
ill the ilower-sta lk of A mary!!LS Btliat/olllla d uring t he night was nearly 

twice as rapid as d uring an equa l period of daytime. But as regards 
the question whether! when external conditions are kept constant, the 
dai ly f1uctuatiollS rIM)' still occu r o r not! there are not so many info r­

mations. KELLlCOTT (6), KA;,STEX (4, 5), I'IUESNER (3), STXLFELr (11) 

Cl nd others made obscrvaticJlls rega rding this point, but there is little 

concert of opinion among them, anel the explanation offered ·with re­

ference to the cause of the rhythmic variation cannot yet be considered 
conclusive. The observations dcscribcc.l in tbis paper arc designed to 

contribute something to the study of tho:-.;e questions. 
The ,niter , .. rishes to take this opportunity to express his very con­

siderable indebtedness to Professo r ))r. Riic hiro K OKET::U, for his con.l jal 

I Lou t rihutio m; from the Hotan ic..,1 Lahoratory , Kyushu Imp l!rinl Un iversity, ]\0. 19. 



76 IIitoshi KO]L\lA 

advice dUel unceasing encouragement given. throughout the progress of 
the work. 

OBSERVATIO:'-rS ON CELL DIVISION, )10. 

Broad beans (Vicia Faba L., " wase "-line) of nearly uniform shape 
and \veighe were selected and soaked in water on the evening of 1.Tay 

31, 1924- At 10:20 of June 2 they were sown in sa\v-dust of Coniferac 

wood and placcu. in a room facing the north and rather dimly lighted. 

Beginning at noon of June 4, at intervals of about 2 hours throughout 

a 26-hour period, more than ten scedllngs each were taken out; among 

v,rhich several sound, and alike in development uf foot were selected 

for the examination. The foot tips were fLxed in l<LE:\l:J.llNG'S weaker 
solution3

, sectioned with paraffin longitu(jinally (exactly parallel to the 

axis of the foot) lOp thick, and !-itained in JLUDENIIAli\'s iron~allim 

haematoxylin. From each root, the flve sections passing nearest the 

axis of the root ~vcre chosen and observed under the lIlicroscupe. 

A ZEISS' micn)scopc with objective DD and ocular 4 (lOX), tube 

length 160 mm, \vas used. A regular square frdme corresp:mding- to 
0.2 mm square on the section under the microscope \vas traced out on 

the dra\ving table by camera lucida after AnnE, and the number of cell­

nuclei transcribed by the appilratus \vithin the SllU<lre frame \vcre counted 

in two gl"OUPS, respectivelY in resting stage and 111 mitosis (the 1\\'0 

daughter-nuclei of a cell in telophase were counted as one). The ob­
servation on the first 0.2 lIllll'" was made at the grmving point of the 

root, \vhile the second was made on the periblem of the rool in contact 

with the fir:-;t; thus the thinl, fourth etc. in basifuga.l oruer, cadI COl1-

tig·U0US with the previous one, were observed on th~ periblem. In this 

manner lhe part of the periblcl11 within ca. 2 mm of root tip \vas ob­

served4• 

The room in which the examination took place was (iimly lighted 

S. F. TRELEASE a.lId II. 11. TIZELEASr. :~15) fe-ported tlut sc.:cdlilq;s from s.:c(xb U(~afly 

uniform in size and \yeight were also Ilniform in vital fOftl:. 'lite weight of broad hems usnl 

in this work was ca. 10 grams and lhe deviation wa~ aLout ~%. 

_, Cf. CIIAMlJ}(RLHN (~) p. 27. 

4 SClfl;El'L' (10) reported thal ill the mol tip of "ieia f.;i!m the lllilutic figures were .~l:eTl 

only within 4 !lun on periblenl, and 2-2~ nun on plcfOlll, while the gn:atcst -value of the 

percellt for cell (Evision WltS 011 llie porli(Hl }_~ rnlll al)O\,'c tlF~ gn'wing. polnt. PEKAREK'S 

study (9) also showed that thc: mitotic: figUfC:S were most abundant "yithin 2 )Ill11 of fOol tip. 

In the present work the mitotic figures were found a lso on outside ~ mm of root tip, yet tllcir 

number was so rare that the obsefvation was omitted. 
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as it faced the north, and cllrLlins were (Jroped, and furthermore the 

seedlings were placed within sawclust, and no part of them was exposed 

to the light, so the inl1uence oC light may be considered negligible. The 

temperature of the room \\'as 19°-21 cC (compare thermal curve of Fig. 
I). The humidity in the germination bed was always kept at the 
saturation point. 

Table l. 
. . R 

lnt€mity of cell (livision Illdlcatcd by quotient b (%), where a is the t()tal numher of 

dividing cells .. nd I, is the to\alllumhn of cells in given area. 

==-c=====,=-----==-=-,~=i===c,__===_i_~=c== 

, ,No,'1 "1°1. <:f I No. of cells in mitosis I! 10tal ·Iotal I No of 

Time of ce s. In__ no of no. of I a (%') llmt 
. resltng I I I dlvldmg cells 1) . area 

~lides; stage~ Early* IMlddle -x Late*** I cells (a) I (Il) I examined 
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9293 

12123 

94 11 

12346 

1173 r 

9.42 

7.76 

10.63 

11./0 

7. 60 

1/1 

20' 

162 

'99 

165 

202 

202 

'7 2 

195 

10450 

11794 

9 162 9.71 157 

l.·l'ropbasc. *':';"lelaphas(' and earlyanaplla_'ic. ,H(-r.-La(e anaphase and telophase. 

SOlne five root tips killed at a time were observed and the surn of 
the results of the ouservation all these root tips are given in Table r. 
The intcnsity of cell division is expressed by the quotient, obtained by 
dividing the number of cell-nuclei ill mitosis in given area by the total 

number of ccll-nuclei in the same area. Fig. I shows graphically 

the intensity of the cell division. In this 

maxima. The first maximum occurs during 

time curve 

eig ht hours, 

there are two 

between I4-I5 
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Fig. r Tntensiiy of cell division. 
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and 22-23, having its highest point at about J 7-18. From 22-23 to 5-6 

is the first minimum stage (la!:iting about .'Ocven hours), following which 

the second maximum begins, the apex of it being at about 7-8. As 

the period of the second maximum is short the second minimum stage 

soon appears, which continues for six hours, from 8-9 to 14-15, and is 

again followed by the first maximum. 

In other worus, the first eight llOurs (fi'om 15 to 23) are the primary 
active phase, the next seven hom's (from 23 to 6) f()r/ll ,t relativc:ly 

inactive phase, the f()llowing three hours (frolll 6 to 9) the secondary 

active phase and the last six hours (from 9 to 15) the resting phase 

(compare also Fig. SA). 

OI3SERVATlONS UN CELL DIVISLOK, :'\0. 2 

Broad beans were selected as in the preceding ob:.-;cn'ation, soaked 

in "water in a dark room at L 5:30, October 29, 1926. At II of Novem­
ber I, they were sown in ~awdust, and placed in a dark electric 

thermostat of 27°-zS°C. From 8 of ~~ovelilber 4, at one-hour intervals 

more than ten seedlings were pulled up; from among theln ~c\!cral, 

sound and moderate in grO\vth, were chosen and fixed in furmalin alcohol 

mixture (formalin 4 cc + 705"~ alcohol 100 cc), then stained in alum 

cannin3 in bulk 24 hours. Longitudinal para,ffin sections of lOp thick 

s Cf. CHA:'I-IRERL'l.I;'I (::!) p. 53. Regarding the accuracy of stained ligmes this method 

is somewhat inferior to the iron haematoxylin method, iJut it SllTpasses tbal metJlOd in trouhle 

saving wheH treali!lg a great quulltity of lllHlerials, and ill gelling preparations uniformly 

s tained as it does not tend to overstain. 
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TabJc II. 

Intensity of cell-division indicated lJY quotient .~ (%), where T is the total number of 

mitotic ligures and A is the relative value of the area exanlim.:d. 

Total 

I Relative 
Total 

:0io. of 
No. of 

value :~(%) length 
TiTllc 

slides 
mitotic 

I 
oj the 

of the 
figures 

area (A) 
root 

(T) ·:cm) 
-----

8:00 5 2433 948 257 ca. 6 

'roo 4 1567 737 212 6-:';,5 

10:00 5 2105 gl7 22<) 6-7·5 

11:00 6 2426 1093 221 8-<) 

12:0:) 5 2476 g66 25 6 7-9 

13:08 6 203') 10<)6 1:;5 6·5- n 
14:00 5 1739 <J12 Iyo /.5-",5 

15:00 2678 1302 205 6-7·5 

16:00 (, 2105 lISO IS3 6-7,5 

17:0D 5 21 55 9 13 236 7-8.5 

rg:oo 5 1<)16 yoo 212 7·5-9 

19:00 21 73 1246 174 7.5 -II 

20:00 7 IS'}7 1246 152 :;-1O 

21:00 (, 2105 1020 212 8-9 

22:00 4 17TO 707 241 1;-10 

23:00 (, 1923 1056 di2 :.1-10.5 

24:00 6 2248 1026 21 9 9- 11.5 

1:00 5 2'J95 8y2 234 9.5- 11 

2:00 5 I67l; :'50 '97 9.5 - II 

3:00 5 1330 t;37 158 9.5- 11.5 

4:00 " 2563 13[;6 ':';4 10- 13 " 
5:00 6 1455 906 146 9- 12 

6:10 " 197~; '300 152 1).5- 1 3.5 

7:00 (, IL~31 996 1:.J3 9·5-12 

8:cn 7 261 5 1164 224 9.5- 12 

'TOO (, 1963 1092 '79 9.5 -lJ 

10:00 5 15 17 :';41 ISO II- I 3 

lI:OO 6 153~1 966 159 10- 13 

---- ------
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were made. Frum each root t ip. five sections, those pa.ssing nearest 
the axis of the root were observeu. T he microscope used was the same 

as in Observations, Plo. I. In order to expr~ss the intensity (Jf t.he cell­

division the following observations ·were made. The numbey of dividing 

cell-nuc1d (from prophase to tdophase) within the space of 3. Illnl from 

the root apex was counted . At distances of respectively I , 2 and 3 mill 

from the root apex, the d iameters of the root were measured. The 
su m of the numbers indicating tile diameters thus measured was u!=:eu 
as the rebt ive value of the tissue area incltl(:ed in the space of 3 nl1)) 

from the root ar3eX. The in tensity uf cell divisiull is expressed hy 
the qu ot ient obtained by di\riding the numbe r of cell-divisicn by t he 

relat ivl:: value of the arca6. In T;l.ble II tht; :;U!l1 and average of re~u lts 

obtained jn ubservation of tfle several lo o ts killed at a time, arc g iven. 
This table is represented as a Ctll ve in Fig 2. 

"" 

, .. 
"" ,., 
I'" 

100 2~ 'C 

es· 

26' 

o s ~ 1& II I t 13 1-6 IS 16 17 1 ~ 19 ~ 21 2:! ~3 ~.. I ~ 
T i,"" 

F ig. 2. Iu tensity of ecll . .li vision . 

'I It I II 

There are t"yO provabl e maxima: the 1i1'~t m3ximlltll, with two 
crests, be~iIls at 6 and fin isbes at 13; durin g the next SC\Tll hours 

(between 13 anu 20) the first minimull1 takes place; fullO\ving which 
the second maximulll phase OCcurs and continues seve n hOLlrs (from 20 

to 3). Between 3 and 6 (during three hours) there is a second minimum 
stage, a nd then the first max imum rec urs. In short, the first seven 

(, KI::I.LlcO'1T (6) stated that th~ ~il:e of a p:lIt or urg::w i ~ d\!lenJl ilJed by the numh~r 

of cellular elements contai"n.:d in it, !lnd not by variatj on~ ill their siT\!. 
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hours (from 6 until 13) is the primary active phase and following seven 

hours (ft-om" I3 to 20) is the primary resting phase, in the next seven 

hours (from 20 to 3) appears the :-iecondary acth'e phase and the last 

three hours (fiol11 3 to 6) form the secondary resting phase. Thus the 

24-hour periGu is completed (see also Fig. SB). 

As these materials ,vere kept in a dark thermostat and in germina­

tion bed at the saturation point, these three external conditions would 
seemed to be constant. 

onSERVATIONS ON ELOKGATlON, XO. I 

The materials used in this experiment \yere the same as in Obser­
{lations on cell dizJision, i\lo. -'. The length of the young root of the 

material ,vas about 3 em. The method crnploid in this observation is 
as rollO'v: 

On a photographic glass plate (llfi)rd's PnJCess), by photography, 

a scale each space representing 0.22 mtll was produced. In order to 

fix the seedling on the plate, by means of a silver gilded pin, a block 

of cork 'vas glued to it. The plates, \vith seedlings being. thus prepared, 

\vere pbcecJ vertically in a glass box. The box ,vas covered with black 

paper, and humidity within it ,vas brought to the saturation point. At 

intervals of about 30 minutes the degree of elongation in the root was 

read under a normal microscope (Zeiss', Huygens' ocula.r 4 (lOX), 
ubjective AA, tube length 160 Illlll) ... \lith aid of the ocular micrometer 

(Zeiss', ruled in tenth of a 111m) and the .-;calc on the plate. 

Kine roots, under the same conditiom;, ,,"'ere observed in parallel. 

In Table III the results of observcttions an~ shO\1,'n, in \vhich the rate 

of elongaiion within each two hours is cited in mm. Though there 

appears some irregularity in the courses of some roots, due probably to 

individual difference, sJ;leaking in general, there arc one active phase 

and one re~tillg phase. That is, from I to 17 (i.e. 16 hours) the rate 

of elongation is rapiel (active phase), and frqm 17 to I the rate is slow 

(resting phase). Fig. 3/\ shows the curve of the total average in time 

records of a day, while Fig. 38 is the curve of the total average 

sUllullcd up 50 that the beginnings of thc active phases come in coin­

cide. These curves represent clearly tIle relation of active and resting 

phases (cf. Fig. SA). 
The~e observations \vere made from I1:30 of June 4, 1924, and 

ceased at 13 of the next day; anu throughout the obscrvation tem-
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Table III. 

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

", Material 
No.2 NO.3 No. 41 No.5 I No.6 I T '~ No. I 

une* '."'" 
---- ------I~ 

I 
13:00 1.55 1.56 1.64 129 0.98 1. 29 
14:00 

! 15:00 1. 2 7 1.29 1.31 1·33 1.01 04) 

16:00 I 

17:00 1.07** 1.21 1.00 1.03 1.24 0.69 
18:00 
19:00 0.83 1.04 0·9+ 0-78 1.03 0.78 
20:00 
21:00 0.87 1.£8 0-91 0'98 0.92 0.64 
22:00 
23:00 1.11 1.04 1,04 1.55 0.88 0.72 

24 00 
0.81 0·77 208 0-5 1 0',13 1:00 0-53 

2:00 
3:00 1.33 0.70 I. I 3 2.02 0.85 0.85 
4:00 
5:00 1.53 0.88 1.0 7 2.38 0.92 1.24 
6:00 
7:00 1.39 1.04 1.43 1.92 1.22 1.39 
8:00 
9:00 1.51 I.14 0.65 1.66 1.59 1.56 

10:00 
11:00 1.68 I.21 1.2 9 1.69 1.25 0.96 
12:00 

*The time indicates the middle of the every two-hour period. 

**The italics mean the resting stage. 

NO·7 I 
No. S NO·9 Total 

I 

---- --- ---

I 1.46 11,58 I 

1.00 
I 

079 
1.04 10.10 

0·90 105 
0·73 8.87 

0·75 1.39 
1.25 8,79 

0·75 1.11 
1-35 8,54 

0.85 1.13 
1.14 10.11 

0'98 1.17 
1.56 8.06 

047 1.20 
1.56 10.24 

0·73 146 
1.25 12.00 

1.04 I.S9 
:1.35 12.09 

1.18 1.47 
1.56 13.09 

1.04 1.66 
I.S7 12.68 

1.26 1·74 
! 

Average Total Average 
v s ---- c ---- ---
u 

1. 2 9 
(fJ 

7. 29 O.SI ~ 
c;j 

..c: 
1.12 0.. 11.13 1.24 

<l) v :>-

·3 0·99 +-' 12.61 1.40 u 
c;j 

4-0 

0'98 
<l) 0 12.7 1 1.41 -5 (fJ 

'" '0 o.J 

0·95 (fJ ~ 12-42 1.38 
OIl c;j 
C OIl 

1.12 'c ~ 12.04 1·34 
c ~ 
.- V 
bfJ-v 

12.58 1.40 0.90 
Q) "-,..Cl u 
o.J 

c 
1.14 -5 '0 11.22 1.25 u 

~ .S 
1.33 -5 8,91 0·99 

0 
'fl 

1.34 0.. 8,55 0·95 
::l 

I.45 
-v 8.26 <l) 0'92 
-V -v 

1.41 oo:t; 8.81 0.98 

7.29 0.81 
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OBSE RVATIONS O~ ELOKGATIO:'-lJ :\:0, 2 

In the afternoon of October 1 I, 1924, broad beans were soaked in 

water and in the nwrni"og' of October 13 \vcre planted in sawdust. 

Fro ll1 19:20, October I S. the (}bservatiOIl w;.;s begu n. The methoJ of 

observation was ::;amc as befo re. The temperat ure of the room was 23°C 

at the beginning. but it d C!i<.:c ndcd from the afternoon of thc next day 
to 19°C (compare Fig, 4, thermal curve). 

The other two factors were neady consta nt as in ObsenlatiollS, h O. I. 
In t lus ob .<ic rvat iolt eleven rool tip.s were measured in parallel. JII 
T able I V the slim and average in the rate: of elongation of Lhc.sc ek'vt:n, 

reduced in bi -hourly values, is cited. The descent o f the temperature 

in the later ha lf scems to have had a slig ht influcnce upon the root and 
the rate of elongation becam e somewhat slowcr'. ]n these cases abo 

7 As reg:mls t he rc l ~tion belwt:t: 1I len'pcfllill re ~n<1 cl llng::l tiolJ ill j 'i.t/:lII snl i'i'WJI l ..F.rrCll 

(7; reported that the de~rcnl of temperal.urc has 110 inlluenee qX)J\ the rate o f elongation but 

the roots adapt th em!'.r:l Y(~;; quickly to the new level of tempnatun:. In t hi ~ ca"e the degn:c 

of descent in temperature ·wa5 not so great, yet some in f1 ucncc upon tht: dUIlgaliou Jl : ll.!>t be 

r~ognizcd. 
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Table IV-
T he rate of e longation pe r ~ hours, ind ica ted In Hu n, T he \'al lle::! g iven are \ ot a l ~ a nd 

;J:\'crages based 0 1) ex p~rimeDl s on eleven Toot tips. 

• 

'~~'~~T_~_n_"_' __ I_' _ T=o=t=,=\ ==C==A=V='='='a=g='e=T=j=; ~==~:::'\=,=.~=:=\_=.==='=\=v=e=,"=g=e= 

2 1:00 3.27 0 .30 0. ;;' 1.72 O. I V 

23:00 

I:CO 

. ~ -c 
345 o·3r ~ 'c 3.19 0.29 

3:00 

5 :00 

11:00 

I 

I 

I 

3.5 2 

2.22 

2 . 15 

_ _ ' ~~_ ] _ _ ,.66 

0· 36 ~ .~ 3.73 0,34 

0.3 2 '0 'c 4 II 0 ·37 

0 .3 1 

0.24 

0.22 

0.2 1 

0.;10 

0.17 

0.15 

." ~ 
."t ~ '§ 
.~ ~I) 
.3 t 
u i 

...::::: 'u 
c 

~ '8 
" 

3·49 

2· 9 1 

2. (~ ? 

2.01 

0.32 

o :!6 

0.27 

0. 2 3 

0.17 

0. 17 

0 . 1 0 

*The lime represents the lloli dd le of the Iwo·hour per iod. 

A 

11 " 17 

Time 

to 

F ig. 4. A ve rage curve of e longation. A based on the tllne of day by t he clock ; B 

baseu on rearrangement of curn:s in coincidence of pha~es . 
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some sli ght irregularity was seen among indi vidllal c urves, yet generally 
they coincide each othCL The table is plot ted in the fu rm of a curve 

111 Fig_ 4A and Fig. 4B; the ~) rmer is summcu up in terms of 

the time of day, and the Lltte r as regards the coincidence of the restin g 

and active pha :-;cs respecti vely . Fig. 4A sho\vs that from 19 to I I 

(i.e. 16 hours) i:::; the act ive phase and from 1 r to Iy is the resting 

phase. This IWlldy relat ion of the two phases is more strictly seen in 
F ig· 4B. 

OU~EH.vATlO;.1S OK ELONG .'\ '.l'ION, NO . 3 

The ma teria l used in th is experiment was obtained as sallie as III 

ObstrlltrtiollS on cdl di'V'isiolt, Nu. 2 . The Illeasul"ing , at o ne-hour in te r­
vals, o n the e Jo llg"a lion uf the rl lot \vas dOll i.! o n t he 4th and the 5th of 

Nm·crnber, [926 The rC:5 ult is given iu Table V, ill v,rhich the first 
I; hours (ti'om [3 to 4) are the active piu.<.;c and from 4 the rest ing 
phase begins. T he observat.ion ceased a t 10, but this resting phase is 
likely to co ntinlle until 13 a nd t he ac tive phase prub3bJy recurs at that 

time. 

Table V. 

The rate of dOll gnt iOIl, pe J one-ho ur pe rivd, illd icat ed in mm. 

T i llIe E loll K<' tion Tillie E longat ion 

_._ - _ . 

' 3:00 
1. 36 

24:00 
l .IX) 

14:(.0 
L j 6 

1:00 
0-44 

15:00 ::::00 
o.6t; z.jZ 

16:00 
1.UO 

3:0 0 
1.21 

17:00 4:00 
o .. ,S 1.71 

I ~;:OO 5:00 
O.t'l.I l.y5 

I ~:OO 0:00 
1. <) 1 O.JI} 

20:00 
2. JrI 

7:00 
0.6.1 

2 1:00 
0.1:r) 

0 :00 
0 .66 

22:00 
0.98 

9:00 
v.oj' 

23:00 10 :00 
1.IjJ 

24 :00 

This observa tion was cl one ill a dark thermostat (Z7°-28 °C) a nd 
humidity was ,) t the .'iatllrarion point. O nly \vhen m e;:ts llring the length 

of the root a weak red light was allowed to ill uminate it. 
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O n the 29th of ~-ove1l1bcr, ' 920, .'I germinated ~eedlillg \VaS fixed 
III a glas~ tube (dhm. 3 em, lengt h 20 em) so that the root was im­
mersed in water and the cotykclolles were emb ed(:ed in moist sawdLlst. 

\VLKKEL'S horizontal microscope (ocu lar 2, with micrometer, and 

objective A + B) was used. The measurin g on the elongation \vas done 
at intervals of from 30 minutes to I hou r. Tb"e resu lts of the observa­
t iuns arc given in Table VI, in \\lll ich lhe nU llle ra ls are calculated o n 
h i-hour pel"ioci. 

The fi rs t 16 hours (frum 5 to 2 1) a re the ac tive phase, and the 
next 8 hOll1"s (frum 2 1 to 5) are the resti ng plusc. T hroughout this 
observa tion the temperature was abo ut z6°C a nd nearly constant and it 
was al\\Oays dark. 

Table V!. 
The rate of dongati on, ptr 2 i l(Jursl ind icalen in 1I1l11 

'j ·ime·x· Elongation Tune EI'lngation 

1---- ----- -
1[:00 D .fH 3:00 0-55 

[3:00 066 5:00 (~·5S 

[_~ :oo l.O S j:OO n.r.::; 

[ 7:00 1.15 9:00 o.uS 

1'):00 0 ·94 1 1:0:) 0·73 

Z I :OO 0 .62 13:00 0·75 

ZJ:(l() {,.(" 15:00 0_76 

1= 0 .6; 

-l-The lime reVresents the lHjJ.dl~ of t he hl o h OUT pCIioJ 

CONCLCSIOK AND DlSCUSS IU:-.I 

KELLICOTT (6) observed in the root tip of Allium that the first 
maximum in the rate of cell division occurs at 23 and the second 
maxim um at 13 and that the first mininml11 at 7 and the second minimum 

at 151 namely there are two maxima and two minima Juring 24 hours. 
KARSTEN (4) found that from 21:30 tu 1:401 the cell Jivision in the 
growing point of shoot in Pisum satiuu1lt is most rapid l the minimum 

occ urs at abo ut 8 and lhere a re !i light varia tio ns durin g daytime; and 
a lso that in the g rowing point of shoot in Zea the maximum is a t 4 1 
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but in the case of the root there is no such regular rhythln. He (5) 
reported in the growing 

is betH·een 0:30 and 4 

(lalY to KARsn:~'s (4) 

point of shont in PistOll allstrica the maximum 

On the other hand STALFELT (I I) stated, con­
observation, that in the case of the root in 

Pisum sati7.mm there exists a rhythm, i.e. maximum at 9-1 I, minimum 

at 21 --23· ABELE (1) observed three maxima in the rate of cell division 
in the root of V'ida amplticarpa. 

According to these reports 1ve md.,Y be certain that there art l1uc­

tllations in the rate of cell division during 24 hours, and in the two cases 
of the \\-Titcr's cxperirnents (ObSt'rvtltiollS Oll [ell di'lll~·ioll, .iVo. I and iVo. 2) 

it \vas observed that there are t\vo recognizable maximum pha:::es in 

the curve of intcnsity of cell divi~:i()ll, although the time and extent of 

Tllaxima and minima are nut always definite 

As regards the factors infhlencing this phenomenon, though there 

may be sume external unknu\vn [{ctors aside from tbe commonly known 

ones, such as light, telllperature, humidity etc. (cf. [2), yd it .,:::eems pro­

bable that some internal conditions may also be relat-cel to this oscillating 

p],enomcnon, namely, the variation of rate of cell division in root origi­

nating from the alternation of active phase, Le. cell division, and resting 

phase which neces.'3arily follmvs the cell division for rc-emassing the energy 

that was lost during the active phase. Hence it would folknv that there 

is not such a fixed time, in which the maximu:n or minimum regularly 
occurs. But for (;ach individual there exists a peculiar pt:riudicity, and 

further for individuals under similar conditions, a rhythm common to 

all. For this reason it call easil}.' be understood why the observations 

of thc above mentioned ,vorkers do not· show all absolute similarity in 

regard the course in the rate of cell division. 

About the elongation ~lH_EHL (14) reported that in the root of 

J.UpillltS a maximum (at night) and a rninitnum (at about noon) were 
found. KELLlCOTT (6) obscrved that there are the primary maximum at 
17, the primary minimum at 23, the ~econdary maximum during 3 and 9 
anel tI-::.e secondary minimum at 23 in the root of Allium. On the other 
h;{nd ST.~LFELT (I I) reported that there was no such a constant rhythm 
regarding to the elongation. ")T et in cases under our observations, 
although there Ivas not always coincidence as to time behvecn the courses 
of elongation in different individuals, yet it was found that, generally 
speaking, 16 hours formed active phase and follmving 8 hours \vere 
resting pha~e. 1Ioreover as in ObsenlatioJls on elongation, .).1\/0. I and 
.i\ro. 2, it was shown that individuals uncler the same conditions agree 
in their courses. 
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Comparing Observations OJI· cell division. ,Vo. I "\vith ObscnwtiollS 011 

e/ollg-atioll, A0 1, we Can sec the correlation between the cell division 

and elongation, (The materials llsed in these two experiments \·",ere 

grmvn from similar beans and under the same conditions.) In Fig. 

SA the correlation is diagramatically showed; the heavy line means the 

A 

Cdl-dh'isioll 

Eloogarion 

I I I I I I 
U 15 " 11 IS " W " .. .. " I , • 5 6 • 10 II 12 13 ]{ it • 

Time 

B 
Ccll-<.livisioo 

Elongation 

I I , 10 11 " " " 15 I' 17 18 " " " " .. " 1 , 3 • • 
Time 

Fig. 5. The correhtion of cdl division and elongation SilU' ... ·1l dia~ramatical1y, 'where t.he 

heu\')' lines indicate the active pha:;cs, the thin lines the resting phases. 

active phase and the thin line the resting phase. About 2 and half 

hours after the ending of the primary maximum phase in cell division 

([4-22), the active phase of elongation beg:ns (at I). This active pllase 

of elongation continues for 16 hours (I - 17), and follmved by the resting 

phase of R hOllr!) (17-1). This resting phase of elongation nearly coin­

cides in time with the primary maximum of cell division. During the 
active phase of elongation the secondary active phase of cell division 

occurs, yet there is no visible corresponding variation on the curve of 

elongation. 

In the case of Observations on cd! division, iVo. 2 as well as Observa­
tions on elongation, 1'\lo. 3 (see Fig. SB), the primar,Y maximum phase 

of cell (;ivision occurs between 6 and 13, and concurrent with the ending 

of the phase, the active phase of elongation appears. This active phase 

of elongation continues from 13 to 4, and the resting phase takes place 

between 4 and 13. The first maximum of cell division coincides ill 

time ,vith the resting phase of elongation, ,"vhile the second maximum 
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phase, which occurs during the active phasf~ of elongation 1ns no \"isihle 

influence upon the rate of elongation. 
Reganling the relation bet,veen cell division and elongation KELLl­

COTT (6) reported that the rhythms agree in timc but ahvays occur in 

upposite dircctions, i.e. when elongation is at a maximum cell division 

is at a minimum and vice versa. And FRLES:"l"EI{ (3) observed that the 

maxima and minima for elongation as compared to cell division "vere 

generally found to altenute \I/ith one another, only rarely occuring 
sirIlultaneously. 

Thillking for the rclatiull between division and growth in a cell, it 

is evident that at first the division occurs then gradually increases the 

rate of growth until the Ill.JxilllUlll, and again decreases the rate; thus 

finishing the grand periuu of grO\vLh for d cell. And during Ule period 

in which a cell divides anel finishe.'i ih gr(!wth, the po::;itions of the cell 

gradually depart from the growing point, and ill consequence, the posi­

tion of a cell in the grand period of growth stands always at a (:efinite 

dbtance from the position where the cell divided. In the case of the 

relation bet ween cell division and elongation in the tissue of root tip, 

the former must be most vigorous around the growing point, and thc 

latter must be most rapid in the part of " grand period of growth to; 
then the problem raises whether those tlVO processes occur separately as 

independent physiological actions, or whether there exists a definite 

correlation bet,veen the hl/o. If the two processes proceed in uniform 

rates respectively, no real problem is involved, Lut as the presence of 

the rhythmical processes is proved in both cases, consideration must 

be given to the existence and appearance of the correlation between 

the t \1/0. 

It may be mentioned that cell division as ,vell as grmvth are pheno­

rllen~, which are carried out by using energy', therefore, within a limited 

tissue, when one phenomenon is active and spends much energy, the 

lack of sufficicnt energy for the other is apparent. As mentiolled 

above, in the case of a single cell the division and elongation do not 

go on at the same time but altematcly, and so the first half of total 

energy which is to be spent durillg the entire development, is used fur 

the dividiIlg and the latter hdJf fiJr the growth. From these reasons it 
may be evident that in a limited tissue or organ, energy must be used 

by cell division and elongation in a correlative manner. In our observa­

tions, the active pbase of elongation follO\vcd after the primary maximum 

of cell division and thus reveals to us the true fact of the case. 
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But in the root t ip the cell division alld the elongation take place 
at separated points, hence the exact alt.erna tion (Olf these t wu processes 

can not <1l way s be expected, and it can not be thought as iITation~l ity 

that we could not find in the present observations the tendency of 

corresponding repression upon t.he rate of elongatiun by the second ary 
maximum of cell division 

In short, it Illay be taken ascertain that, o riginating in the energy 
spending un the cell division and elongation i ll a root, these t" ... o phcno­
men] appear in rbythmica l variat ion in a rcvcrsc..:d correlation in thei r 
principal courses. f Iowever it :; ~lO lI ld be borne in mind that thei C 

rhythms of different materials do not agree in the ti me of day by the 
clock, but only in the length of pe riod in any g ive n phase of fluc tuation . 

suynlARY 

1. In the growi ng puint of the root uf Vida /~l/;a there is a daily periodicity 

ill the rate of cdl division under constant conditions of il luminatio n, 

temperature and moisture. The curves indicating t!le variation of 
the rate arc not ahvays similar according as the differences in material 
and condition, but there is a certain ddi.nite curve for a knd of materi al 
under t he same conditions, i.c. there mc..: a primary maximum and 

<l smaller secondary maximu m du ring 24-huur period. 
2. ]n the case of the elongation of the root under constant tcmpcf:lture, 

mohstufc and illumina tion, it is fou nd to proceed in ;t rhythmical 

ma nne r In accoHiancc with the lIl ate ria l ~Ilcl cond ition, the nuxi­

ili um a nd minimulll d o not :1. lwaY::i OCClIl- :1t fixeu time o f day by 
the clock, b ut they have sOllle reguld, r length of period, i e. the 

rC!iting phase of 8 hours fo ll o\V~ the nct i~i C phase of 16 hours_ 

3. The primary active phase in cd l d ivision nearly coincides with the 
n '::5t ing pha!;e in the elongation, u ut the secondary maximum is 

accompanied by nu recogni::.:able resti ng phase in the elongation. 

lIowevcr the a.ctive pI lase in elongation occurs ~evcral hours after 

the Hlaxinm1l1 point of primary active phage in cell division. 
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