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Botany. -- "Tlte influence of ternpe1'(ä~tl'e on the 1'espimtion of the 
higher plants." By J. KUYPER. (Oommunicated by Prof. F. WENT.) 

In j 905 Miss MATTRAEI 1) caI'ried out some investigations on assi­
milation in the ]eaves of PJ.:unus Laurocerasus. The figlll'es thus 
obtained led BLAOKl\UN 2) to sorne theoretical eonsiderations entitled : 
"Optima and limiting factors." 

According to these views there arises in the ('~rve represcnting 
the variation of a physiological process witll'temperature an optimum, 
in consequence of a harmful influence at hig'her temperatures, which 
influence increases with t11e temperature. If the process were to follow 
the laws of a chemical reaction completely, then the rule of VAN 
'T HOFF-ARRHENlUS wonld huId good for any tempel'ature interval of 
100

; the figures show, 11oweve1', that in the case of assimilation this 
l'ule only app1ies between 0" and 20°-25°. If by this rule the 
theoreLÏ('aI vaInes are calculated fol' higher lemperatures, tlley prove 
to be much higher 1han those fOl1J1rl experimentally. At the same 
time these valucs decl'ease, in pl'opol'tion as the objects have been 
exposed for a longer time to the higher tempel'atme. AC'cOl'ding' to 
BLACKMAN the {'aIculated value agrees with th at found by exterpola­
tion to zero time from the series of figures found by observation in 
successive equal time interváls at constant temperatul'es. 

As a corollal'y of this view it follows, that an optimum is not au 
absolute point but changes with the dnration of the' observations. 

The inflLlence which the process unc1ergoes aftel' a length of time 
at a higher temperature acts as "limiting factor". These limiting 
factor~ are discussed in detail in BLAOKl\IAN'S paper. 

I haye investigated the extent to which tbis theor,}' is applicable 
to the normal respiration of seedlings and in the following' pages I 
propose to give a preliminary account of the resnlts obtained. 

I used as measure of respiration the libemtion of 002 , which 
was estimated according to PFEFFER'S method 3). The temperature 
was kept constant within 0.2° 0.; in order to detel'mine the time 
required by the objects to attain the constant temperatnre, the course 
of the temperature was folIo wed thermo-eIectricaIly in a few cases; 
it was not possible to do this continllally in the botanica,llaboratol'Y. 

The seedlings were placed, as fi'ee from each other as possible, 
on aluminium plate~ al'ranged round an axis in the respiration vessel; 

1) G. L. C. MATTHAm, Philm:ophical Transactions, vol. Hl7 B, p. 47, 1905. 
~) 11', F. BLACKMAN, Annals of Botany, vol. XIX, p. 281, 1905, 
3) W. PFEFFER, Untersuchungen aus dem botan. Institul Zll Tübingen, Bd. I, 

p. 636-645, 1885. 
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'I in this vessel there were alwa"t"s also two little basins of water, as 

ti' J 

humidity was found to have a great influencc. 
I - T The titration of the baryta watcr was carried out wHh HCI, with 

, phenolphthalein as indicator. 
Generally I made observations a"t intervals of 5°; in most cases 

an experiment lasted 6 hours. A dif:ficulty, which cannot be obviated, 
is that, when seeds are kept for a long time, the respiration is very 
different at different periods. The figures tl1Us become much less 
comparable; in the following table I therefore give a series of ex­
periments which were made within as short an interval as possible. 

Most of the experiments wel'e made with Pümm sativum; these 
will be considered in greatest deta,il. For every experiment 100 
seedlings were used, which had germina,ted for one day in water 
and for two days in saw-dust. 

I mgr. COl Iiberated during -
Temp. Average 

lIst hourl2nd hourl3rd hour 14th hour 15th hour 16th hour per hou 

UO 4 4 
I 

3.6 4 I 3.8 3.9 

5° 6.7 6 5.6 5.7 I 5.8 6.1 

10° 12 11.2 11.1 11 4 11.4 11.3 11.4 

15° 18.6 1D 19 4 '19.4 20 20.2 19.4 

20° 28.6 30.3 30.3 30.6 30.4 30 

25° 43.3 42.4 42.2 41 7 40.7 40.D 42 

300 51 7 50.9 59..2 53.6 53.5 53 j 52.6 

35° 68.7 62.8 60.1 61.7 60 9 60.9 

40° 73.3 55 2 49 45.3 43 412 

45° 73.5 I 48.4 41.9 I 35.9 31.9 28 6 I 
50° 74 38.8 17.8 

1 

12 8 5.9 
I I I 

Tt is already clear from the averages between 0° and 20° that the 
proportion fol' any rise of temperature of 10° lies between 2 and 3; 
from the mean of all the observations I find the following relation: 1) 

AlO 10.3 Al5 1 18.5 A 20 29.1 A 23 40.3 
-=-=2.4 -=-=3.1 -=-=2.8 -=-=2.2. 
A. 4.3 A. 5.9 AIO 10.3 Au 17.8 

The rule of VAN T' HOE.I!'-ARRHENJUS holds good therefore up to 20°, 

1) Ao means respiration at 0°, etc. 
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with a coef:ticient of about 3. The obsen'ations at 0° are the least 
reliable, for here the quantity of 002 is smallest, so Lhat the error 
of. thc apparatus, which amounts to about 0.7 mg., bas the greatest 
influence. 1 have, howevet', not thought it advisable LO make a 
èorl'ection for this en'or, as the individual differences of the plants 
used are much greater. 

m J:.g" d' * I î th:t

t !: ;,:i~:"~n~O~, t~~e fi:;~ 
~J...... ration is constant in successive 
~ += --- homs; between 15° and 20° some-
'1 thing of a rise may frequently be 
I(} , .< J 4- J 6 lw u/' noted. (Fig. 1). 

Fig 1. Respiration at 15° C. The curves at 2))° and especially 

at 30" show an irregular course; the figures ql10ted in the table fol' 
'hV~, 25° decrease somewhat; others 

bI ~4=P+ ~ show the il'regl1larity more. :' -=- ' '~~: Fig: 2 represe,"t' t'i, irregnlal' 
:y ___ ~ Val'latlOn at 30. We may here 
.r& / l, J {. ; t hou/' l'emurlc that at 30° growth is 

Fig.,2. Respiration at 30° C. optimal and cau fOl' instanee be 
readily detected with the naked eye aftel' 6 hours. 

At 35° respiration falls off pretty rapidly during the first hom and 
aftel'wards continues to osrillate more or less; on the other hand the 
falling off persists at 40', 45° and 50"; the curves somewhat l'esemble 
logarithmic ones (fig. 3) altbough, as far as I have been able to 
ascertain, they do not satisfy such a condition mathematically. The 
absolute and the percentage decline becomes largel' with rise of tem­
peratul'e. Between 35 °-50" therefore a harmful factor makes its. 
appearance, so that at 25° and 30° there is neither a rise nor a 
decline whereas a rise may be detected at J5°-20°. 

N otwithstanding BLACKlIfAN' s theory, there is some point in 
investigating the optimum of respiration, because it has been a 
point of dispute between val'ious obsel'vers. The principal records 
are those of KREUSLER 1) and of CLAUSEN 2). 

KREUSLEI~ found no optimum fol' branches of Rubus; the res­
piration rises to the tempernture litmt of life, and this is the view 
which has been aCèepted in most text books. The highest tempera­

,ture observed was 46°.6 O. 
CLAUSEN found fol' Lupinusluteus an optimum at 40°. I wish to ~ 

1) U. KRCUSLER, Landwirtsch. Jahrbücher, Bd. 16, p. 711, 1887. 

2) H. CLAU:;r:N, LandWlrlsch. Jahrbücher, Bd. 19, p. 893, 1890. 
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point out that OIJAUSEN kept his 
seedlings for 2 hoUJ's at 50" be· 
fore rnaking an observation. The 

) 

following' series results from iny 
own observations, using the 
figures:for the 1 st hour at tempe­
ratures of 35°-.50°: 

0° 5° 10° 15° 20° 25° 

4.3 5.9 j 0.3 18.5 29.1 39.5 

30° 35° 40° 45° 50° 

56.1 68.9 77.7 73 76.4. 

Thus there is obviously no 
question of a definite optimum; 
from 40° upwards the values oseil­
late somewhat. As is evident from 
the table on p. 220 the observations 
dnring the 2nd hour give a very 
definite optimum at 35°; on the 
othel' hand th<:> following tabIe, in 

~--------~------
g t. ~ I 
° 0 0 

ft, I. J ~ .I' t hour which the l'espiration at 40°, 
Fig. 3. Respiration at 40° C. 45° and 50~ has been ealculated 

from observations of the 1 st half hour aIld 1 st quarter of an hour, shows 
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J. KUYPER "The influence of temperature on the respiration of the higher plants." 

Fig. 5. 
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clear an optimum which coincides with the 
maximum. The observations dUl'ing 4 successive 
quarters of an hour very clearly indicate tl:Îe 
logarithmic course of the faUing-off, as is 
shown by fig. 4. 

We see from these figures that BLACKMAN'S 
view as regards the optima, is also completely 
applicable to the respiration of Pis!1m. 

It remains to be considered whether 
BLACRMAN'S thE'ory ca~ be applied still fUl'ther, 

~ i.e. whether the value calculated according 
% % hOII/' to the rule of VAN T' HOFF-ARRHENIUS, agrees 

. . Fig. 4. 0 • with that found by exterpolation. 
Resplrabon at 45 C. In F' 5 . .. 

successive quarters of an hour. 1Jg. glves a representatlOn agreemg com-
pletely with that of BLACI(MAN 1). The abscissa indicates the tempe­
rature, the ordinate the mgr. OO~ liberated per hour. The line AF 
gives the figures found experimentally during the first hour of 
ob&ervation, while AB has been drawn by taking 2.8 as coefficient 
for alO> temperature interval and considering the figures for 10°, 
15° and 20° as standards. The relation between the amount of 00 2 

and the time v\ToulJ have to be indicated in a second plane at right 
angles to the abscissa. This plane has been imagined folded over to 
the right, for 40° over 1he line dl'awn at 40° perpE'ndicular to the 
abscissa, and further for every temperature over a subsequent line, 
as the points D, C, and B al ways have an abscissa = 0 in this 
new system. From the point 40; onwal'ds the abscissa indicates the 
time aftel' which each observation was made. 

The yalues Dl-Do etc. have been taken from the table on p. 220 
The lines BBo, ,CC6 and DDo are not smooth curves, so that the 
points B, C, and D may nol be regal'ded as obtainable by exter­
polation. On the other hand the greater or less inclination of the 
intervals BBl' CCp and DDI agrees with the greater or less inclination 
of the intervals B1Bo, Cl Co, and D1Do. 

The general impression which this diagram gives, is, in my opinion, 
that BMCKMAN'S view holds good. Nevertheless, I consider that 
an important deviation is found in the impossibility of deducing the 
theoretical points from the other figures by exterpolation. A better 
analysis of the whole process bJr which 00 2 is set free, will perhaps 
some day explain this deviation. 

As was pointed out above, a falling-off is noticeable from 35 0 

1) BLACKlIIAN, l.c. p. 284. 

\ -
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onwal'ds, and this must be attl'iblltable to same harlUful influence. 
I sllpposed that this influence was already observable at 30° and 
thel'efol'e tried to sho'y it in another way. I made a series of 
experiments in which I first obsel'ved tlle peas at 20°, then warmed 
them to a higher temperatUl'e and again observed them at 20°. The 
observation times were of course chosen in such a way that the 
peas could properly regain tlle temperature; first of all it was 
aseertained whether a change of tempel'ature as sueh had any in­
fluence, by making experiments at 5°_25°_5°. No such influence 
was found; my resuIts agl'ee completely with those of ZmGENBEIN 1) 
in rontradistinction to those of ZAIJENSKI 2) and PALLADIN 3), who 
aseribe a powerful influence to changes of temperature. 

Now in the::;e expel'iments I found a ütlling-off, in eonsequenee of 
the harmful effect of heating to 40° and higher; this falling-off was 
very small aftel' warming to 35°, sa small that the effect was doubtful; 
an exposure to 30° did not pl'oduce any decline at all. In this way 
a150 the1'efore no conelusion could be reached. lt was in deed found 
by warming fol' Val'iOlLS periods to 43°, that tbe declil1e for j 5 min., 
1/2 h'our, 1 hom and 11

/ 2 homs, when plotted, gave a logarithmie 
curve. The slowing of the respiration by warming to 40° was found 
to have disappeared completely aftel' 8 hams. ' 

Aftel' this I extended the experiments to Triticum vulgare and to' 
Lupinus Intens. I only investigated the l'espiration in suceessive periods 
at temperatures of W-50°. 'rhe seedlings were treated as in the ('ase 
of Pisum; tlley were, ho wever, left one day longer on saw dust. 

For Lupinus luteus 1 obtained tlle following results fol' 100 seedlings. 
(See following table p. 225). 

It l'esults fl'om these figures: 
'rbat the coeffirient fol' a temperatul'e interval of 10:> is 2.6; on 

A 
determining the ratio ~ by taking fol' A2S the respil'ation in the 

AH 
first hom, we find 2.4; by talüng the mean of my other data this 
even becomes 2.5. The l'ule of VAN 'T HOFF-ARRRENIUS seems to 
apply here up to 25°. At 25° a cel'tain decline is already noticeable, 
and at 40° ibis shows a logal'ithmic curve. 

In general Lupinus is less resistant to a high tempel'atUl'e than 
Pisum; aftel' 6 hours at 45° the tl1rgescenee of the roots had paJ'tially 
disappeared. As regards BLACKl\fAN'S theol'Y, Lupinus gives the same 
general result as Pisum. 

1) E. ZIEGENBEIN, Jahrbüchel' fül' wissensch. Botanik, Bd. XXV, p. 563. 1893. 
~) W. ZALENSKI, Abstract in Bot. CentralblaU, Bd. 95, p. 251, 1904. 
S) W. PALLADIN, Revue générale de Botanique, t. XI, p. 241, 1899 .. 
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mgr. eOJ Iiberated during /Average Temp. 
Ist hour 12~ hourlsrd hour 4th hour :5th hour 16th hour p. hour 

Sn 5.2 
I 

5.4 5 4.5 4 5 
I 

4 9 

10° 8 7 8 7.8 8.2 8.5 8.2 81 

15° 11.2 '12.2 13.4 13 4 '13.6 '13.2 12.9 

20° 20.9 21.9 22.9 22.5 2'1.'1 21.5 21.8 

9-0 -;) 30.5 31.6 30.5 29.9 28.3 27.9 

30° 37.9 37.1 34.7 34.6 32 4 31.8 

35° 43.8 43.3 42,1 41 4 41 393 

40° fiS 49.7 45.1 41.8 42.3 42.1 

45° 57.1 42.3 35.8 34.9 34 31.4 

50° 49.9 12 I 5.7 I 
I here append the figures obtained for Triticum vulgare, with 50 

grams of 4 days-old seedlings. 

I i mgr. e02 Iiberated during jAverage I Temp. I 
15t hour iznd hour\3rd hou I' 14th hour i5th hour \6th hour p. hour 

(}Cl 

\ 
4.4 4.4 j. 4.4 

5° 
I 

7.6 7.2 
I 

7.4 

10° 11 '11.2 '11.'1 

15° 21 3 22 22 22 g 22.4 22 4 22.1 

20° 26.9 27.3 27.1 28.1 28.7 27.11) 

25° R6.4 36.4 36.4. 39 2 40 8 40.8 36.4 

30° 45.7 46.1 47.3 50.3 49.7 50.5 

35° 48.2 440 49.7 46.2 47.7 40.8 

40° 51.8 45.4. 42.2 38.2 36.4 35.8 

45° 4.8.7 40.4 33.7 29.7 26.7 24.8 

50° 42.2 22 12.4- 10 0.2 8.8 

From all the available figures I find: 

1) The averages for 20° and 25° have been calculated from the 6.rst three hours. 

111 

I1 
i\ 

ftl 

-----------__ -'111 U, 
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AIO = 11.4 = 2.6 A L6 = 20.2 = 2.5 A 20 = ~ = 2.4. 
Au 4.4 AG 8.2 AIO 11.4 

Hence the coefficient is here on the average 2.5. lf we consider 
the course at every temperature, we find that up to 30° a very 
distinct rise is observable; I attribute this partIy to the increase of 
respiration with the advance of the period of germination of the 
plant. This increase was already observed by RrsCHAVI 1); I myself 
found at 20° fol' instance aftel' 4 days' germination 28 mg., aftel' 5 
days in the same plants 36 mg. 

At 35° the curve is very irregular, while at a higher temperature 
the logarithmic decline agaill shows itself. 

In this case also the general aspect is the same as that presented 
by Lupinus and Pisum. The difference between the three plants is 
in the temperature at w hich the rise, the oscillations and the decline 
occur. 

I Lupinus Pisum I Triticum 

Rise observabIe at 15°-'20° 
I 

20° 30° 

Oscillations 
" " 

20°-25° 30° 35° 

Dec1ine 
" " 

25°-30° 35° 40° 
I 

Tt will be seen that in this respect the three plants form a series. 
1 imagine that this different behaviour is cauRed by, or is at least 

closely connected with the reserve food which the plant has at its 
disposal. There is found for instance in: 2) 

I 
Lupinus 

I 
Pisum Triticum 

no ""eh I starch 54. 010 starch 74. r /0 
as reserve food 

protein 37 Ofu i protein 22% protein 12% 

If follows from these figl1l'es that the temperature at which the 
harmful effect arises, is higher when the starch content is higher, 
and Iower in propol'tion as the protein content is higher. Probably 
there js here all indicat.ion tht~t t.he course of respiration depends on 
the presence of pl'oteolytic or diastatie enzymes; the Ja,lling-off at a 

1) L. RISCHAVI, Landwirtsch. Versllchsstationen, Bcl. 19, 1876. -- .. -.--
2) These data have been taken fr om HARZ, Landwirtschaftliche Samenkunde, \'88~. 
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lower temperature in the seeds with a higher protein content is 
perhaps connecteLl with the fact that the optimum for proteolytic 
generally lies lowel' than for diastatie ones. 

In conclusion I mention a few experiments with capitula of Crepis 
biennis. I only made obsel'vations from 300 -flOo; at each of the 
temperatures employed a falling-off was obsel'vable, which was very 
marked and gave an almost straight line. The experiments are too 
few in numbel' to allow of a definite conclusion being drawn but 
the marked decline is in this case also most pl'obably influenced by 
a want of respiratory material. Acrording to the observations the 
respiration incl'eases during the first hour 1'ight up to 45°, while the 
temperature limit of life is only a vel'y little higher; aftel' a 6 homs' 
exposure to 45° the flowers wel'e dead. 

My l'esults are therefore as follows: 
1. the theol'y of BLACKMAN is also applicable to l'espiration to the 

extent that: 
a. the rule of VAN 'T HOF]'-ARRHENIOS holds good from 0° to 20°_25°. 
b. the optimum may be displaced with the time of observation. 
c. the falling off at 400

, 45°, and 500 has a logal:ithmic course in 
seedlings. 

2. the course of l'espil'ation depends very much on the nature of 
the reserve food. 

Utrecht, Botanical Laboratory . 

Chemistry. - "On 1'et1'og1'essive melting-point lines." By Prof. 
A. SMl'l'S. (Communicated by Prof. J. D. VAN DER WAALS). 

(First Communication.) 

Applying the method indicated by VAN DER WAALS 1) we find fol' 
the meliing-point line under the vapour pl'essure the following 
equation: 

d/IJL = _ 2.. (a'VL) (·'/JL- .'IJq) !(Vq-17L)(Qm +QSL) - (VL- VS)QLG 
dt '1' ap l' (Vq- VL)!.VL-a:g) Vs-(a:s-tJq) VL + (a:s-a:L) Vgl 

in which QSL = mol. heat of melting of a compound of the con­
centration xs; 

Qm = differential mol. heat of mixing of the melted com­
pound with a solution of the concentration XL; 

QLG= mol. heat of eyaporation of a solution of the cou­
centration XL . 

1) Versl. Kon. Akad. v. Wet. 28 Febr. 1885 and Rec. Trav. chirn. 5, 336 (1886). 


