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Botany. - "Tlte injluence oj ternpemtll1'e on plLOtot1'opisrn in see4-
lings of Avena sati/Ja." By Miss M. S. DE VRIES. (Oommuni

cated by Prof. F. A. F. O. WENT). 

(Gommunieated in the meeting of Jan. 25, 1913). 

In connection with Rr,l'l'GKRS' 1) investigation on the influence of 
temperatme on the geotropie presentation-time in Avena sativa seed:: 
lings, r have undel'taken expel'imellh:i to find ont how fal' tempel'ature 
influences phototropism . 

. r had originally no intention of making a preliminal'Y statement 
at this stage because some of the expel'iments are not yet complete, 
but aftel' the publication of TORSTEN NYBERGH'S~) work on the same
subject in which results wholly opposed to mine are given, it became 
desirabie to make a communication noW. 

TORSTEN NYBERGH comes to the l'onclusion th at temperature has 
no influence on the process of phototl'opical stimulation. Accol'ding to 
11im therefore the influence of temperatllre on phototl'opism may be 
represented gl'aphically by a sLraight line. The results r have ob
tained at variolls temperatUl'es C8,n howeveL' be representecl by a defi
nite optünum-eurve. Hefore r consider the results, r should like to 
say a few words about the method. 

Seedlings of Avena sativa having a length of about 2.5 cm. were 
used. Tbc boxes of seedlings were w<1rmacl for at least an hom 
beforehand in the thermostat uaed by RUTGEHS at the tempel'ature 
to be investigated; they were then exposed to light in the thel'ffiO
stat -and then taken out of the apparatus. The seedlings always exe
cl1ted their curVt'ttUl'e at 20° C. While the seedlings were in the 
thermost,tt, fresh air was drawn throl1gh it, moreo\'er the dark room 
in which all the experiments took plaee was ventilated as ml1ch as 
possible. The vvarllling of the therl110st;:J,t was dOlle by electric 'lamps; 
gas was not burnt in the clark room, so that the atmosphel'e was 
as pure as possible. 'rhe SOUl'ce of ilIuminaLion was illcandescent 
gas ligh~, placed outsicle the room; the light entered through a fl'osted 
glttssplate, when the diaphl'agm was open. 

1) A. A. L. RUTGERS : 'fhe influenee of tempemtUl'e in geotropism .. Proeeedings 
Royal Aead Amsterdam. Vol XIII, p. 476, 1!110. -

A. A. L. RU'J:GERs The influenee of temperatul'e on the geotropie pl'esentution. 
time. Recueil des Trav. Botun. Néel'lllndais. Vol. IX, 1912. 

2) TOBSl'EN NYBZRGEI. Studien über die Einwirkuug del' Tcmpcratur auf die tro· 
pistisclle Reizbul'keit eLiolicl·tc!· Avcna-Keim~inge. Beriehtp. del' deutsehell Botun. 
GeseUschaft. Band 30. 1912. 
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'I'he ql1antity of light-energy which at variolIS te~pel'atures was 
necessary to cause a definite c1egree of curvatllJ'e ,vas determined. 
A5 a standard a curvatl1re of 2 mmo was always taken, that is to 
say, the apex of the coleoptiIe was bent 2 mm.· out ~f the ver1ica,L 

Ta begin with, experiments were made at 20°0., :;ince a quantity 
of light energy of 20 1\1. C. S. çmetre-candle second~) gave a cur
vatul'e of 2 m.m. In order to finel the qlJantity necessar.r for a 
curvature of 2 mm. a few boxes of seedlings wel'e sHmulated for a 
varying number of seconds, anel it was ascertained aftel' about 11

/ 2 

hOUl'S how man)' seeellmg had cUl·ved. Boxes in wlüch 50°/0 of the 
seedlings showed a curvatUl'e of 2 mmo served as a standal'd. The 
product' of duration of stimltlus and intensity of light then gave the 
reql1ired quantity of lmninar energy in M. C. S. 

The experiments we re performed at tempera.tures ranging from 
00 to ·,Wo C. No experiments were made above 40° C.; aftel' one 
hour's pl'eliminary warming at 40°, sa prolonged an illllmination 
was necessary and tbe CUl'vatUl'es wbicb finally occurred, were sa indis
tincl" thnt there was na qucstio~ of c1etermin~tion aftel' more pro
longed warmÏIlg. At 43° the seedlings dieel. 

From 0° to 25° the observations were made at intel'vals of 5°; t"tbove 
25° more frequent determinations were fOUlld to be necessary. 

AI each of the tempe!'atlll'es to be investigated thel'e was {h'st a 
warming of one honr's duration, aftel'wards of 2 hOlP'S, 4 hOlIJ'S, 6 
homs etc., in order to see whethe!: incl'eased elUl'ation~ of preliminary 
warming had any effect. . 

The results of the experiments are collected in the lable given 
below, in which in successive - columns is givcn in M. C. S. the 
luminal' energy necessary fol' a cul'vature of 2 mm., aftel' 1 hoUl', 
2 hours', 4 houl's' warming, etc., corl'esponding to the temperature 
given in the first column. 

It is deal' from the table that tue phototropic stimulationprocess is 
dependent on temperatnre and that at higher temperatUl'eR the time
factor is of a great influence. 

From 0° to 25° the length of preliminal'Y wa,rming has no influence 
on the - quantity of luminaL' enel'gy. 1t 27.5° t"tnd 30° langer preli
minary warming bas a. favourable influence; tl~at is to say aftel' a 
longer exposure to a higher tempel'ature ~t smalle!' quantity of lumi
nal' energy callses the same curvature ttS a gl'eatel' quantity aftel' 
a shorter preliminary warming. The harmful influence of langer 
preliminal'Y warming is fil'st observable at 32.5° and this is the case 
als 0 at 35°,. 37° and at higher temperatures, in always increasing 

amount. 

t' 
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Temp. 
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5 

10 

15 

20 

25 

27.5 

30 

31 

32.5 

35 

37 

37.5 

38 

39 

40 
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1 hour 12 hrs.14 hrs·16 hrs·112 hrs. 

200 

160 

70 

52.5 

24.5 

20 

9.5 

9.2 

8 

8 

9.2 

10 

40 

48 

56 

120 

± 1600 1) 

:2.6 

:zs 

200 

160 

70 

52.5 

24.5 

20 

I 

9.5 

7.2 

6 

8 

12 

15 

64 

72 

84 

176 

160 160 

70 70 

52.5 52.5 

24.5 24.5 
\ 

20 20 

9.5 9.5 

5.6 4.8 

4' 3' 

8 8 

13.6 14.4 

20 22 

80 88 

104 120 

128 160 

240 280 
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IS 

1+ 
13 
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11 
10 

9 
6 
7 
6 
S 
0\0-

J 
:t 
1 

/ 

/ 
V 
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1:4 0\0- ti ---

l"ig. 1. 

~ 

,-

4 

2 

25 

16 

~ 

I 18 hrs I~ hrs·1 48 hrs. 
, 

-

~ 

24.5 24-;5 

20 

9.5 

4 4 

2 2 2 

8 

14.4 

26 26 26 

92 92 

176 184 184 

272 320 -
400 

32,5~ 

1) For the absolute correctness of this figure I cannot vouch o·n account of the 
difficulty mentioned on a previous pilge. 
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Tbe favoul'able iiiflllence of langer preliminary warming at 27.5° 
and 30°, 111so the unfavourable influence of a langer E'xposure at 
32.5° and 35° is represented graphically in fignre 1 in which tlle 
abscissae show the dIlration of prelimi'nary warming, and the ordlllates 
the energy in M. O. S. 

Tt is further clear from the figure that t,bere is a transition point 
between -the favonrable and unfavourable intluence; the amount of 
M. O. S. -is here constant. 

Fignre 2 represents gl'aphically the energy in M. O. S. wl.lch 
causes a curvatut'e of 2 m.m., as a function of temperature. The 
abscissae repl'esent temperature, and ,tlle ordinates luminal' energy 
in M. C. S. As the dntwing is mllch l'ednced the lines repl'esenting 
longer preliminary warming are omitted for tlle sake of clearness; 
only the linë "fol' -one houl"s warming has been drawn. 

:too 

160 ~ 
120 \ 
70 \ 

" 1 50 

20 ", I! --J
1

_ -o 
o 5 10 15 20 25 JO 35 ~o 

Fig. 2 .. 

Evidently we are here concerned with an optimum-curve. The 

optimum is at 30°. . 
Finally there is the question whethel' VAN 'T HOFF'S rule applies 

to phototropism. The enet'gy in M. O. S. decl'eases to the optimum 
because perception takes place more rapidly. To determine the 
ternpel'áture-coefiicients, the ratios of the quantities of luminal' enel'gy 
must not be taken, but the ratios of their l'eciprocal values, as was 

F 
1(10 

done by RUTGERS 1) for geotropism. or this reasoll K. etc. is taken, 
20 

K 
and not ~ etc. 

Ka 
The following temperature-coefficiems are then found: 

1) A. A. L. RUTGEllS. Praceedings Rayal Acad. Amsterdam, Vol. XlII. 
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The quotients appeal' to remain constaint up to 300 and aftet' that 
decl'ease markedly, in agreement with whM is obsel'ved in otl1et' 
vital processes. 1 l'efer to the paper of COH1<lN S'I'UAR'L' 1) fol' th is point. 

Does the observed influence of tell1perature only affect pel'Ceptioll 
Ol' is the time of CUl'vature (reaction-till1e) also influenced by tem
peratl1l'e? The l'eaction took place at 20~ C in aU the experiments.
Of course it is concei vable tha,t the1'e is an aftel'-efl'ect of the 
pt'eliminal'Y warming at the tempel'atul'e investigated. The times of 
Clll'VatUl'e (reaction-till1es) amounted to: 

At _ 0° C, 120 minutes 

" 
5°" 90 " 

" 10°" 90 

" 15°" 
" 20°" 
" 25°" 

90 
90 
85 
85 
90 

" 
37° " 90 

" 38°" + 100 
39° " 120 

" 
" 
" 
" 
" 
" 

" 
" 

afrer 1 to 12 hOllrs' pl'evious wat'ming 
alter longer warming 120' 
aftel' long warming 120' 
aftel' long warming 120' 

" 400 21/ to 3, hours. 
,," 2 

By time of curvature (l'eaction-time) there is here meant the time 
which elapses till :'0% of the plants are clll'ved. The l'eaction-time 
is therefol'e fairly constant except at 0':> and at the high tempel'atul'es. 
It seemB clear fl'om the tables, that, if there is anr influence of the 
temperatllre at which the plant was warmed befot'el1and, on the 
l'eaction, this is found exclusively at 0°, 39' anel 40' anel, wheu 
the previous warming is of very gl'eat dlll'ation also at 35°,37° anel 
38°, lf way therefvl'e be considel'ed pl'obable that the influence of 
tempel'ature specially acted on perception. 

1 hope later to give further theoretical considel'ations and a review 
of the litel'atul'e in a fuller cOl11l11unication 0 

Utrec/d, Januaq 1913. . Univel'sity Botm2Ïcal Laboratol',Ij. 
-1) C. p, COHEN STUAR'l', "A sludy of tempetouture.coéfllcients and VAN 'T HOFF'S 

rule". Proceedings Royal Acad, Amsterdam;. Vol. XLV, p. llG9/ 1912, 


