
- 1 -

Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)
 
 
 
Citation:
 
Blaauw, A.H., The primary photo-growthreaction and the cause of the positive photopropism in
Phycomyces nitens, in:
KNAW, Proceedings, 16 II, 1913-1914, Amsterdam, 1914, pp. 774-786 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)

> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



- 2 -

774 

Botany. -- "The p1'irnm'y photo-.qrowth1'eaction anc! the cause of t~le ~ 
positive plwtotl'opis7n in Phycornyces nitens." By Dl'. A. H. 
BLAAUW. (Communicated by Prof. F. A. F. C. WENT.) 

CCommunicated in the meeting of December 27, 1918). 

There are numel'ou8 investigations of the curvatme movements, 
which plants execute, whell energy is &upplied llnilatera.lly in the form 
of light OL' warmth, Ol' when the organs of plants a\'e displaced f/'Om 
the position, which they natul'aJly occupy witb l'esp'3ct to gra.vity. 

The investig'ation of these "tL'opistic" movements, has pl'oceeded 
especially in recent years with gl'eater pl'ecision, aftel' it was fOllnd 
in 1908, that fol' the undel'stanelillg of these cUl'vatUl'e-phenomena it 
is necessary to observe the effect of definite qztantities of enel'gy. But­
wlJilst in this way more and more data have been colleeted, concermng 
the cllL'ving of organs as a result of a unilatera.l action of ~nergy, th ere 
lagged behmd all the more the stndy of the effect of ene)'gy, when 
appliecl to the ol'gant:i not asymmetrlcall,) but radially. The occurrenee 
of curvatmes as a l'esult of asymmetl'lCal forces, is a phenomenon 
so striking, th at it is easy to L1l1derstand that much more attentioll 
has been paid to the study of CUl'vatnres thun to phenomena, which 
occu)' when the quantities of energy are sllpplied radially symmetrie­
ally to the organs of the plant. Yet it is as a matter of fact more 
natural to investigate first the infl,uence exercised on an ol'gan by 
energy, such as light Ol' warmth, when its action is distributed uni~ 
formly on all sides of that ol'gan, alld only afterwards to cOl1sider 
as a special case what happens, when the enel'gy reaches the plant 
not equilatE'l'aily, but fl'om OlIe definite side, 

N0W since it is a very important and well-Imown phenomenon, 
that the plant reacts to this asymmetric energy in a striking manner 
controlled by fixed Iaws, it was hard IJ coneeÎ\'able that the plant 
would not also react distinctly in the more general case in which 
the enel'gy acts radially symmetl'ieally. With this equilateral action a 
mal'ked curvature was no longer to be expected, but it was possible 
that any reaetion taking place might not be limited to cel'tain che­
mical changes in the ceUs, difficult to demons tra te, but might expl'ess 
itself more clearly in a change in the rate of g/'Owth, which change 
might be susceptible of rneasurement. 

Aftel' earlier investigations with light applied ullilatel'ally, it seemed 
to me desii'able in consequence of the above considel'ations to pass 
no further jlldgment as to the value anel essence of CUl'vature 
reactions, until a furihel' inquil'J had been made into the way in 
which a gl'owing' organ reacts when lig'ht, wal'mth or centrifugal force 
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a.cts In definite quantity on that organ uniformly from all sides. 
The first results of such an inquiry with respect to light will now 
be described. 

For various reasons I have chosen in the iirst place the sporan­
giophores of Phycornyces as objects for investigation. The most im­
portant of these reasons was, that it was obviollSly desirabie first to 
trace the influence of light on a single ceU and only then to in­
vestigate it in multicellular organs such as the stem and the root 
of higher p]ants. ' 

I have postponed for later more detailed description an account 
of the arrangement for securing a constant tempel'ature, of tbe metbod 
of cnltivatioJl and of other details. I will bere only mentión, that 
the fungus was grown at the same constant temperature at which 
the experiment was afterwal'ds carried out. During the experiments 
the temperatllre remained constant within I/S00 O. I fonnd tbat a 
rapid rise of temperature of, for example, only 1/10° 0., may exercise 
a considerable influence on the rate of gl'owth of tbe sporangio­
phores, if it be only for a few minutes. 

It can be noticed, that with the smalI, but sudden rise of 1/10° O. 
the rate of growth may for a short time decrease by as much as 
25°/°' and then onl)' rise again to the normal. In this case it is 
perhaps not the temperatlll'e. itself, which directly affects growth, 
but a brief change in the degree of humidity of the atmosphere 
round the plant, 1 hope to deal with this more in detail. The chief 
point here is to Rhow, how important it is to attain a high degl'ee 
of constancy in experiments of this nature. 

In the experiments spol'angiophores al;e nsed, which are three to 
four cm. high. It is known from ERRERA'S investigation (Bot. Zeitun.CJ 
42el .Takrg. 1884) th at they are then in a condition, in which they 
possess a maximal and pl'actically constant growth. 

The sporangiophore employed, is placed in the centre of a box, 
which remains therefore at a very constant temperatm'e and in which 
the atmosphere has a rathel' high degl'ee of humidity, which throughout 
the experiment remains quite constant. The growtb is obsel'ved through 
a double plate of thick glass, by means of a telescope placed outside 
the box- and magni(ying 40 times. The light for the observation was 
obtained from a weak, red lamp, which was switched on only during 
the observation, for as short a time as possible; ils fee bIe light, also 
passing through a double glass plate, forms a siJhouette of 1he plant 
on a red background. The iIlumination of the plant, placed in a 
centml position, is carl'ied out by allowing light to fall from above 
thl'ough a double plate of glass. Whilst the plant is prevented from 

50 
P"oceedings Royal Acad. Amstel'dam. Vol. X VI. 



- 4 -

776 

being illllminated direetly from above, the light fh'st faUs on 8 littIe 
minors, which are arranged in a eh'c1e at equal distanees round the 
central sporangiophore at an angle of 45° with respect to the incident 
rays. In this way the sporangiophore receives radiaJly symmetricalIy 
the same illumination on 8 sicles. For ~arious reaSOJlS - tOf he later 
dealt with in greater detail - th is arrangement was the more 
satisfaetory. 

The growth of the sporangiophore is always determined before 
illumination by several observations at intervals of 5 to 10 miil. 
W hilst tile val'iation in growth of different sporangiophores is consi­
derabIe, the growth of any individua.l one in sl1ccessive minntes is 
very uniform, especially when it is remembered with regard to the 
figlll'es found, that with observations at short intervals the error of 
obsel'vation may be faidy large, becanse with weak, red light the 
meaSlll'ement must always be made faidy rapidly. The figures ot 
growth in the dal'k a-gree very well with those of ERRERA. In the 
fil'st series of experiments with 8-sided illllmination at 22° G. figures 
were mostly found, which feU below the maximal growth aecording 
to ERRI~RA, in the lateI' experiments with unilateral illllmination at 
18°.3 C., aftel' the method of culture had been somewhat modified, 
a vaille was generally found which agreed witb the values found 
uy EmmRA during maximal growth. The eventnal relative variations 
in the rate of gl'owth caused by the influence of light were however 
more important than the absolute rate. 

In the first experiments the plant was iIluminated via the minors 
on eac/t of the 8 sides with 14 metre eandle power during 15 sec., 
thaL is) eight times the quantity, whieh, given by one mirror only, 
would have etfected a decided curvature. When u gl'owing cen 
l'eceives this amount of illumination, a very striking reartion of the 
growth takes place. This reaction is all the more mal'ked, the closer 
the obsel'vations aftel' illumination follow each other; for this 1'eason 
observations were made as far as possible every two minutes aftel' 
illumination. We then notice: 

1. that immediately aftel' iIlumination growth still remains the same 
for about 3 min. 

2. that aftel' about 3 min. growth at once mal'kedly inereases, to 
l'each a maximum 41/2 to 8 min. aftel' illumination; with. this 
quantity of light the maximum is usually not less than 2. Ol~ 3, times 
the normal ra te of gl'owth. 

3. that nftel'wul'ds the mte of growth again diminishes to H.s normal 
vallle whieh is l'eached about 7-16 min. aftel' illumination. 

4. that often llOWe\'el' the rate sinks to 10 to 30°/0 below its 
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normal value for some minutes, and then later becomeR quite 110rmal 
again. 

This is a shol't l'ésumé of the reaction, which these gr'owing cells 
execute aftel' illllmination by the above-mentioned definite qllantity 
of light and there was among- the dozens of eells, which I investigated 
in this manner not a single 011e whieh did not clearly show this 
remarkably stl'ong reaction, MOl'eover the phenomenon eql1ally occlll'red 
both in slow-growing and in l'apidly gl'owing cells. 

Of this series of experlments, only a few examples will for the 
sake of brevity, be given in tables 1, TI, and 111, of which the third 
is also represented graphically in fig. 1. If obsel'vations are not made 
every two minutes but at long intervals, the reaction then does not 
appeal' to be so striking, whilst with observations made at still 
shorter intel'vals than two minutes, for a \ ery short time perhaps a 
still higher figul'e fOI', the maximum growth might be found, than 
has here been noted in observations taken every two minutes. 

lf the eeIl is illuminated with the same intensity of light for a 
4 times 8horteJ' period, thel'e likewise always occurs a distinct 
accelel'ation of growth, but the latter reaches a somewhat lowel' 
value, about 11/~ to 2 times the nor'mal; if the illumination is 4 times 
as strong. and 4 times as long, that is to say 16 times as great, 
then grow'th inereases not neal'ly so much as with the lessel' illl1mination 
and reaclJes a value of 1-1/8 to 11/2 times the normal. 

Whilst these experim(3nts are being. C'ontinued in greater detail and 
more accurately in order to determine on the one hand, with how 
small a quantit.y of light a measurable reaction still occurs and to 
trace, on the otner hand, what happens further aftel' giving a much 
greater quantity of light, my immediate purpose is to report the fact, 
that the growth of the' ceUs responds with a sharply aceentuated 
reactioll to illumination with a certain quantity of light, areaction 
which shows the typical eharactel' of what hitherto has been called 
in botanical Iiterature a stimulusoreaction. This reaction of growth 
to light I should like to name p/wto-g1'owth-teaction, but considering, 
th at many as yet unanalysed phenomena in which light has an 
influence on growth or form, mayalso be inclllded under th is general 
name, I -will in order to prevcnt confu8ion, distinguish thist reaction 
as pl'imm'y photo-gl'owth-l'eaction. In the case of fLn accelaration 
of' growtli we ean th en speak of a positive; in the case of l'etardation 
of a neg'ative photo-growth-l'eaction. 

With regard to the existence of a sharply-defined' l'eaction of this 
kind, pJ'acticallJT nothing can be dednced from the literatnreol'eferenres, 
at least the general opinion about the influence of light on gJ'owth 

50'" 
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TABLE I. 
At 2.38314 p. m. iIIuminated on 8 sides with 

14 metre-candle power for 15 sec. 

Position of the Increase in length 
Time of 

Sporangium. per minute in 
observation 

one scale dlvision = scale·divisions 
491' 

2.321/2 481/2 

! 0.88 
2.40 1/2 55,1/4 

~ 0.88 
2.421/2 57 

! 
2.00 

2.441/2 61 
2.25 

2.461/2 651/2 

l 1.00 
2.481/2 671/2 

l 0.75 
2.50 112 69 

TABLE 11. 
~t 4.32 p. m. iIIuminated with ± 14 metre·candle 

power for 15 sec. on 8 si des. 

I Position of the Increase in length 
Time of 

observation 
Sporangium. per minute in 

one scale divlsion = scale·division 
491-' 

4.15 25 
11 0.87 

4.221/2 31 112 

~ 0.88 
4.31 39 

! 1.00 
4.33 41 

0.80 
4.35 1/2 43 

l 1.83 
4 37 453/4 

I 
1.50 

4.38 1/2 48 
1.33 

4.40 50 
1.00 

4.41 1/2 51 1/2 

l 0.67 
4.43 521/2 , 

l 0.58 

J 
4.46 541/4 

l 0.55 
4.51 571/2 

f 
I 

0.81 
4.5§ 603/4 
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TABLEIII. ~ 
A specimen of weak growth iIluminated at 2.52 p. m. , 

with 14 metre-candie-power for 15 sec. on 8 sides. 

Position of the lncrease tn length 
Time of 

observ;ition. 
Sporangium per minute in 

one scale dlvision = scale divIsIOn. 
491' 

2.39 1/2 39 

~ 0.36 
2.501/2 43 

I 2.52 IIluminahon 0.33 

2.53 1/2 44 

~ 0.40 
2.56 45 

~ 0.50 
2.58 46 

~ 0.75 
3 p. m. 47 1/2 

~ 0.75 
3. 2 49 

~ 0.50 
3. 4 50 

1 

0.50 
3. 7 51 1/2 

0.35 
3.12 53 1/4 

~ 0.38 
3.22 57 

o ). 1/ 6 iJ IQ 1.1, 1,/ IÓ IeP .l.() zz ~I,I .z6 ,U' 30 

Fig 1. Graphicàl l'epresentation of a case of positive photo-growth­
re,\ction (fabIe Ill). The arl'OW glves the moment at WhlCh there was 
illumination for 15 sec. with 14 metre·candle-power, on 8 sldes. The 
abscissa gives the time in minutes, the ordinate the ratio of the rates 
of growth. 
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is completely at val'iance with these filets. In the tirst place so- far 
as concerns the pOf-iti\-e or negative inflnence of light. The genC?l'al 
conception, supported by llllluerous filets, is th at light in general _ 
exel'l'ises a l'etal'ding inflnence on gl.:...owth_ In PFE1'FI'lR'S P./lanzen­
phY8iologie (2e Aufl. 1904, Bd. H. blz. 108) as a l'esult of facts then 
known this conreption is tbus formulated: "Inne1'balb der zulässigen 
Lichtgl'ellzen wil'd, so weit bekannt, in der phototonischen Pflanze 
dm'ch Verminderung del' Beleuchtung eine gewisse Beschleunig[ng, 
c1nreh Zunahme del' Helligkeit eine gewisse Verlangsamung der 
Zuwachsbewegung bewirkt". 

In particulal' this was also dednced from the experiments of VINES 
(Arb. Wiirzburg JI, 1878), who observec1 the gl'owth of the spol'angio­
phOl'es of Phycomyces every hom or half hour iu daylight and in 
the dark and found a slightly smaller growth in the light pel'iod 
than in the dal'k. In this investigation, as in that of othel's, too large 
and too indefinite quantities of light were used; moreover most 
investigators, including VINES, used in termittent stimulation, for 
which reason the influence of iIlumillation made itself feit as an 
aftel' effect also in the c1ark periods and ronversely. Further in VINES' 
expel'iments the temperatul'e is very variabie, in some it changed 
fol' example from 221

/ 2
0 C. _26 0 C. 

Whilst nearly all earlier investigators found a smaller growth­
in the light than in the dark, HELENE JACOBI (Sitzungsber. d. K. Ak. 
d, 111. z. Wien, Abt. I, Bd. 120, 1911) made the statement that, 
for eX!lIIJple, plants of Triticwn and PItaseolus, which had been 
illllminated 24 hOUl'S before for a fairly short time, had become 
sIighqy largel', than the non-illuminated rontrols. In this investigation, 
howevel', the growth was not measured until 24 hours later and 
then only wiih the naked eye, whilst the humidity and the tempe­
rature varied very greatty dllring many experiments. In comparison 
with this VINES' im>estigation of 1878 may almost be called modern, 
fol' he wOl'ked with a telescope, ensnred a faiL'ly constant hmuidity 
and did not wait f'or 24 hOUl'S before taking his readings. 

FUl'thel' more the repl'esentation in the litel'atul'e of the nature of 
the growth reaetion indllced by light is at val'iance with the above 
facts. The Cllrl'ent conception of this nature is summal'ised by Pl'EF~'ER 
as follows (blz. 109): "Selbst bei dem Uebergang von einel' hellen 
Beleuchtnng zu voller Finstel'niss, oder umgekeiJrt, wird die Warhs­
thllmsschnelligkeit gewöhnlich nul' urn 5-30 %

, selten um 50 % 

oder mehr besehleunigt, resp. verlangsamt, und bei schwächel'ern 
Beleuchtungswechsel làsst sich eine Reaktion nicht immer nach­
weisen" . P./!'EF./!'ER fUl'tber indicates, that a change in the rate of. 
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growth does not OCCUl' rapidly but gradua.lly, alld concludes: 
"Neben diesel' aUmählichen Vel'schiebllng der Wachsthllmsschnelligkeit 
scheint dm'ch einen plótzlichen Belenchtllngswechsel uer Regel nach 
keine auifállige transitorische Reak tion veranlasst ZlI werden", 

These conceptions, which contrast with tbe photo-growth-reaction 
now demonstrated in Phycomyces, are caused by various facts: 
that very large quantities of light were used, which gretltly exceeded 
the optimum; that the illnmination was very pl'olonged, 80 that the 
plant partly adjusted itself again to the light; that. the illuminalion 
was frequently intermittent, so that the pbenomenon was not analysed, 
but became more complf'x; and because observations were made 
at too great inter vals, 80 that the values for a possibly accentuu,ted 
reaction were lost in a more average value. 

TABLE IV. 

From 1.1 1/2 p.m. to 1.21/2 p.m. unilateral. 

IlIumination with 14 metre candle power for 60 sec. 

Time of 

observation. 

1.371/2 p.m. 

1.51 1/2 

1.58 112 

2. l1fg-21/2 

2. 51/2 

2. 7 

2. 9 

2.IP/2 

2.13 1/2 

2.15 1/2 

2.17 112 

2.19 1/2 

I 

Pesition ofthe~ 

I ~POrangium. 

40 

55 

62 

~lIumination 

68 

71 

75 

78 

80 1/2 

[82 1/4] 

[84 ) 

[85 1/2] 

Increase in length 

per minutes 

in scale divisions 

1.07 

1.00 

0.85 

2.00 

2.00 

1.20 

1.25 

[0.88) *) 

[0.88] 

[0.75] 

Remarks. 

Begin. of pos. curvature. 

Increasing curvature. 

" 'I 

*) From this time onwards the amount of growth is uncertain on 
account of the occurrence of the curvature. 
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Aftel' the completion of tbese experiments with Pltycomyces I hQpe 
_ to study the behavioul' of the stem and the root in highel' plants. 

Aftel' the phenomenon described- above had been established qua· 
litatively, I was naturally CUI'ious as to how far this photo-gt'owth­
rE'action was l'elated to the well-known phototropism of Plzycomyces. 
In order to investigate this, the plant was iJluminated unilaterally 
with, for example, 14 metre candle power during 60 sec. and at 
the same time the growth and the occurrence of a curvatUl'e were 
watched through a telescope. 

It was then found that - excluding the special case, which is 
described below - a positive curvature never appem's, unless tlze 
above-descl'ibecl accelemtwn of ,q1'owtit !las previouily taken place. The 
positive photo-growth-reaction oecurs in the usual manner aftel' 
about 3 min. - this time of reactioll ean with the weakest illumi­
nations rise to 7 min. - it reaches its maximum, then the rate ot 
growth diminishes again, and from this moment does the positive 
phototl'opic curvatnre become visible, which, according to the con­
ditiolls of illllmination becomes more or less strong. A few examples 
are given in tables IV and V. 

TABLE V. 

From 3.41 to 3.42 p.m. unilateral illumination with 14 metre candle powerfor 60 sec. 

Increase in length 
Time of Position ofthe 

I 
per minute Remarks 

observation Sporangium. 
in scale divisions 

3.251/2 p.m. 30 

~ 1.00 
3.33 31 1/2 

I 3.413.42 Iliumination 0.95 

3.43 47 

l 1.13 
3.45 49 1/4 

~ 1.50 
3.41 521/4 

I 
1.50 

3.49 55 1/4 Beginning of curvature 
[1.00] 

Obvious curvature 3.51 [57 1/4] 
lO.SS], 

3.53 [59 ] Increasing curvature 

I 
[61 ] 

[1.00] 

I 
3.55 D " 

/ 
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When one considers that the rays, whieh practically run parallel, 
faU on the sporangiophores, as on a eylindrical lens, then the course 
of the l'ays in the body of the eell can be coneeived as in fig. 2. 
lt wiIl be seen th at the iÎlllmination of the front and of the back 

of the eeIl necessarily must differ 
mther widely. There passes indeed 
as mllch light throllgh the front­
half as throllgh the baek half, 
hut by far the greater part of 
the posterior wall the peripheral 
protoplasm is more strongly illu-

~'ig 2. minated than that of the anterior 
wal!; in the middle of the posterior wall about twiee as strongly 
as in the- middle of the anterior wall. With illumination whieh is 
neither too strong nor too weak, the photo-growth reaction of both 
sides commences at the same moment aftel' about 3 min., but this 
aeeeleration of growth continues at the end ofthe l'eaction somewhat 
longel' at the back than at the front and consequently aftel' the cell 
has shown a certain acceleration of. growth, a CUl'vature arises by 
the aetion from that side, whieh is most strongly illuminated. 

The experiments coneerning the absenee of positive cunrature and 
ocqurrence of a negative one with large quantities of light, will be 
edntinued in conneetion with reslllts, to be outained with the photo­
gl'owth-reaction aftel' omnilateral strong illllmination. But in my 
opinion the explanation of the positive phototropism in Phycomyces 
ha~ already been given by the abO\'e, and moreover I found in the 
following facts new supports for this conclusion. 

I subsequently investigated wh at happens, when the unilateral 
illumination is made wcake!' so that the 10wer limit of phototropism 
is approached: We may now ex peet, according to the course of the 
rays (see fig. 2) that a quantity of light would finally be reached, 
whieh is too smaIJ to effect :10 increased stretehing of the eeIl-wall 
on the anterior side, but in consequence of refraetion is just suffieient 
to cause acceleration of growth Oll the posterior side. And that is 
inqeed what is found! Table VI gives an example of the different 
cases of this kind which lobserved. 

~n this way acceleration of growth was no louger observed; at 
the moment at which it would otherwise occur -- that is aftel' a 
reactioll-time of 5-7 min. with this ve1''y weak illumination -
the growth of the most stl'ongly illuminated part of the cell-wall 
only is accelerated and the only result is a curvature, which is weak 
and of ten disappears again. after a few minutes. 
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TABLE VI. 

At 3~40 p.m. uniIateraI iIIumination with about 21/2 metre-candle for .4 sec. 

-

Time of Position 0 f the 
Increase in Iength I 

per minute Remarks 
observation Sporangium -in scale divjsion~ 

3.183/4 p.m. 30 

~ 0.92 -
3.303/4 41 

L 0.96 -
3.37 47 

I 3.40 IIIumination 1.00 

3.41 51 

~ 1.00 
3.43 53 

~ 0.88 
3.451/4 55 

~ 1.00 
3.47 1/4 57 Beginning of curvature 

~ 1.00 
3.49 1/4 59 Increäsing curvature 

J 1.00 
3.51 1/4 61 Curvature -stops 

~ 0.90 -
3.561/4 65 1/2 Curvature goes back 

The curvature is thus seen to oceur with a very small quantity 
of light (2 1

/ 2 to 10 metre-candle-seconds) and these curvatures, which 
alt'eady appeal' aftel' 5--7 min. and are mostly weak, have not been 
notieed by me befol'e. Formerly I found a curvature only with the 
most sensihve specimens, for example, af ter 50 metre-~andle-seeonds, 
That was the curvature discl1ssed above which oecurs, when the 
acceleration of growth has already. passed oft' and of whieh the 
reaetion-time (obsel'vations being made with a telescope) amounts to 
8-15 min. at least. We see therefol'e, that às a neeessary result of 
the photo-gl'owth-reaetion and the refraction of light, weaker curva­
tures also occur with still Iess illumination and these of necessity 
have a rat hel' shol'tel' reaction-time. 

Whilst then these small cnrvatures are visible with 21
/ 2 to 10 

Metl'e-candle-seconds in proof of a liminal local aceeleration of the 
stl'etching of the cell wall, there occurs with a slightly stronger 
illumination or with the same illumination in' "more sensitive" 
specimens - a l'eaction, which albo could have been anticipated. 
In sLleb. cases, as those of table VII the quantity of light is just_ 



- 13 -

.J 

7t;5 

sufticient to canse a slight acceleration of gl'owth in the anterior 
wall. Sinee the posterio!' side is somewhat more strongly ilI11minated 
than the anteriol' one, which only just reacts, the postel'iol' si de 
thel'efore begins to react sooner: aftel' J to 5 min. a very slight 
eurmture occurs, aftel' abou~ 7 min. the anteriol' wall also reaets, 
the very slight cnrvature does IlOt continue or may even disappeal', 
but a distinet aeeeleration of growth of the entil'e cell can be observed 
and as this passes off, there again oeeul'S also a very slight cUl'vature, 
sin ce the rathel' more strongly ilIuminated posteriol' wall not only 
-begins to reaet earliel', but eontinues to reaet somewhat longer 
than the anterior waU, whieh faUs jnst within the reach of a growth 
aqceleration. The phototropic CUl'vature is thus divided here into 

--

I TABLE VII. 

At 4.11/2 p.m. unilateraI iIIumination with~about 21/2 metre candle power for 5 sec. 

Increase in Iength 
Time of Position of the 

per l1]inute Remarks 
observations sporangium 

in scale-divisions 

3.42 41Y2 

~ 0.97 
3.491/4 54I/2 l '~ 0.96 
3.55 60 

I 4. 1112 lIlumination 1. Ou 
, 

4. 2% 671/2 

~ 1.00 
4. 4I/2 69% 

~ 1.00 
4.6V2 71% Beginning of curvature 

I ~ 1.25 
4. 8V2 74 Curvature slightly greater 

~ 1.63 
4.10% 77% Curvature no greater 

I t 1.50 
4. 121f2 801/ 4 

t 
Curvature back 

1.10 
4 .. 15 83 

! 0.80 
4.17% 85 Curvature again 

861/2 I 
0.75 

4.19% Very feebie curvature 

I 

0.83 

I 
4. 221f2 89 Curvature no greater 

two and both parts remain very slight. If somewbat more light is 
supplied, tlle l'eaction-times of the antel'iol' and the postel'iol'-wall 
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beeome _ very mueh the same and the cUl'vature - and th ar is the 
definitive phototropic curvatnre of Phycomyces - only appears aftel' 
the maximum of the accelel'atioll of growth, because the growth· 
reaction of the less illuminaled anterior wall diminishes somewhat 
more rapiJly than th at of the posterior~ wall. , 

To be on the safe side I will not extend the scope of these facts 
fllrther than to the positive phototropism of Phycomyces, but of this 
phenomenon I think, that proof has now been furnished, that the 
appearance of these cUl'vatures is the 1'esult of an asymmetrical modi. 
ncation of tlw growth of diffe1'ent sic/es of the cel', causecl by the 
asymrnetl'ical illttmination of these sides; that f01' tAis case thel'efor~ 

DE CANDOJJL}]' s simple and ancient t!teory - more particuJarly in 
contradiction to the later conception of SACHS - is I'eestablisliecl and 
wit!t t!ds a the01'y pf a pel'ception of t!te light-di1'ection itselJ is 
superjluous. 

In the meantime I do not wish io generalize, but only to await 
the results of further investigations, which are being continued in 
val'ious directions, on Phycomyces and on the root and stem of higher 
plants. Only, in my opinion, for no single one of these cases can 
any decisive proof in thE( literature be found against DE CANDOLIJE'S 
theory. 

Finally I desire to express my great indebtedness fol' the facilities 
afforded me in tlle Laboratol'J' of the TULER Foundation, for carrying 
out these experiments - and jt is no mere formality, that I tender 
my thanks especially to the conservator, Jhr. Dr. G. ELIAS, for his 
assistance and interest in the arrangements for this investigatio'il' 

Bam'lem, Dec. 1013. 

Physics. - ".J..lfaynetic resem,c1zes. X. Apparatus lor tlte general 
cryomagnetic investigation of substances of small susceptibilfty." 
By H. KAMERLINGIl ONNES and ALBERT PERRIER. Communication 

N°. 139a from the Physical Laboratory at I.Jeiden. (Oontinued). 

(Communicated by Prof. H. KAMERLINGH ONNES.) , 

§ 7. SO'lt1'ces of er1'01'. Sensibility. Accuracy. Disturbing rnag'(l.etic 
injl'llences. The action of the magnet upon the carrier without the 
experimental tube appeared to be negligible, even wh en the lower _ 
end of the carrier was l'educed to the temperature of liquid hydrQgen. 
The action up on the coil of the carrier was also jmperceptible evep 
when a mnch stronger Cllrrent i1/l was passed through this coil than 


