
THE 

AMERICAN JOURNAL OF SCIENCE. 

[THIRD SERIES.] 

--... --

ART. XLI:X;.-Re"'pi)"atioll (If Plants; by 'V. P. WILSON, S.D. 

THE proceiis of bre'lthing in animals and plants is essentially 
the same. In both the free ox'ygen from the air, or surround­
ing hledium, is cart'ied into the living tissues, where, after a 
series of chemical changes, carbonic acid, water and perhaps 
some minor compounds are evolved as excretol'y products .. 

The changes in the living eell, alike in animals and plants, 
determine the amount of oxygen taken up and the products 
given oft'. In both an increase of templ't'ature is a dil'ect effect 
of respiration. 

In this pt'oeess of respiration, for plants as well as animals, a 
cel'tnin amount of absolutely necessary force is secured for sup· 
plying the life-functions of the organism. If either the living 
animal- l)r plant-cell be deprived of oxygen for any considerable 
length of ti me the life acti vities cease, aud, later, death ensues. 
'l'his oxygen-respiration is then a constant need of the living 
cell, whether it be of plant or animal. 

Whell plants possessing chlorophyll are exposed to the sun­
light they canyon a process of assimilation, in which organic 
substance is produced from carbonic acid and water, and oxy­
gen set free. The amollnt of carbonic acid decomposed and of 
oxygen given off, in this preparation of organic food for the 
plant, far exceeds, as a rule, the carbonic acid excreted and the 
oxygen taken up in respiration. Thus it happens that the 
process of respiration, in plants containing chlorophyll and 
exposed to the light, is a hidden one, and difficult of demon­
stmtion .. 
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424 TV: i'. TY1:lson--Respiration of Plants. 

When plants are deprived of every trace of free oxygen by 
placing them in an atmosphere of nitrogen or of hydrogen, 
they still continue, so long as life exists, to excrete carbonic 
acid. The discovery of this fact, which has been observed for 
animals as well as plants, is not of recent date, although its 
signification was only recently understood. .As early as 1798 
Rollo* observed that barley, which had been wet for two days 
and then placed in a vacuum, excreted carbonic acid; and that 
at the end of twelve days, the amount equaled six times the 
volume of the barley. 

Saussuret placed plants in an atmosphere of nitrogen to see 
if they would gl'OW, and found that they excreted carbonic 
acid, which be remarks must have been produced at the ex­
pense of the substance of the plants. 

At a still later date Berard,+ while experimenting on the 
preservation of fruits, placed greell pears in a vacuum and 
observed for several days following an excretion of carbonic 
acid. 

Broughton§ and also \V. Pfeffer II have recorded the same 
phenomenon in plan ts depri ved of free oxygen. 
- In 1875, Pflilger, obtained some very interesting results in 
animal respi ration while experimenti ng 011 frogs. These animals, 
placed in an atmosphere of nitl'Ogen, were found during the 
:first five hours ftnrl a half to expire nearly the same amount of 
carbonic acid as if they hftd been placed in pure oxygen. In 
another of Pfliiger's experimellts, a frog continued to give off 
carbonic acid during eleven consecutive hours, and at the end 
of that time had apparently lost none of its normal powers. 
Pfliiger showed that these chemical activities, which result in 
the expiration of carbonic acid in the absence of free oxygen, 
take place in the cells. He named the process ~-ntramoleculCl'l' 
respiration. 

In 1878 a critical resume on the nature and signifieation of 
respiration in plants,-x-* written by W. Pfeffer, bronght together 
all the then known facts which conld be made to bear on this 
sn bject. The similarity existing between animal t"tnd plant 
respiration was sharply noted, and the term ~'nt1"amoleculal' 
respiration, taken from Pfliiger, was made to cover a like series 
of phenomena in plant life, viz: the chemical changes continu-

* Annales de OLimie. 1798. vol. xxv. p. 42. 
t Recherches Chimil[uE's, 1804. p. 201. 
t Annal. de Chimie et de Physiqne, vol. x;-i. 18~1, p. 1 H. 
§ Bot. Zeit. 1870. p. 647. 
II Arbeit. d. Wiil'zburger Institnts, 1871, Bd. T. p. 340. 
~ Al'chiv. fiir Physiologie. Bd. X. 1875. p. 313. Pfluger gives other refer­

ences to investigators in animal physiology who had made similar experiments on 
frogs. dating back into the 18th century. 

** Das We sen und die Bedeutung der Athmnng in del' Pflanze, Landwil'th­
schaftliche Jahrbucher, 1878, Bd. VII, p. 805. 



Tr: P. Wl:ZS0n-Re8piration qf Plant8. 425 

lng to take place in tbe plant-cell after oxygen has been with­
drawn, resulting always in the production of carbonic acid, alld 
often in other more or less important products. In this .article 
the author lays great stress on intramolecular respimtion as being 
the first calise of the oxygen or normal res pi ration. 

One of the next WOl'ks of any special importance on plant 
respiration appeared in 1879.-:<- Wortmann measured ano com­
pared tbe carbonic acid expired from germinating plants placed 
in common air, with that given off' from an equal number of 
plants placed in a vacuum. 

He states that fOI' short periods of time (from one to tbree 
hours), tbe pl'esence or absence of free oxygen makes absolutely 
no difference in the amount of excreted cftl'bonic acid gas. On 
the basis of these results he proposed a new theor,Y, viz: that 
all the carbonic acid produced in plant respiration has its origin 
in intmmoleculm' decompositions; 01', in other words, that the 
free oxygen of the air takes no direct part in the formation of 
the carhonic acid in respiration. 

The following paragmphs considel' briefly one phase of intra­
molecular respiration and give in very condensed abstract a 
series of experiments which will later be published in full.t 

The main question, here discussed, is whether the carbonic 
acid excreted in plant-respirat.ion ~'8 01' ~'8 nol a partial product of 
direct oxidation from the fJ'el~ oxygen of Ihe ail'. 

To decide this question, quantitative measurements were 
made of the expired carbonic acid from the same plants placed 
both in ail' and in hydrogen gas. 'l'he methoos of experimenta­
tion used were the following: a constant current of air. previ­
Dusly freed from carbonic acid, was passed by means of an 
aspirator, first through a large number of germinating seeds, or 
·other objects to be experimented upon, and then through long 
tubes filled with barium hydrate in which the carbonic acid 
given off by the seedlings w·as absorbed, essentially in accord­
ance with Pettenkofer's metlJOd.:j: After a given time had 
elapsed, hydrogen, as an indifferent gas, was used to replace 
the air. 'rhis was quickly done by exhausting the air in the 
seed-vessel and tubes leading thereto, and then intl'oducino­
hydrogen to t.ake its place. A constant current of hydroge~ 
was then passed over the seedlings, precisely as had been done 
prevlOusly with ail'. 

The carbonic acid was determined for eithel' half hourly or 
hourly intervals. This was easily accomplished by using two 

* ,Yortmann, ii0el' die Beziehungen del' intramolecularen zur normalen A thmung 
der Pflanze, in Arbeit d. Wiirzburg Illstitnts, 1880, Bd. II, p. 500. 

t A much shorter abstract than the present appeared in German in "Flora," 
1\0. 6,1882. 

:1: Abbandlungen der Akademie d. Wissenschfiften in ~Ilinchell. OJ. II, Bd, IX, 
A.btb. II, p. 22[). 
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absorption tuhes filled with barium hydrate, and so connected 
together by glass stopcocks that the current of air or gas, when 
passing through one tube, could be instantly turned through 
the other witllOutinterruption. Thus while the CUI'rent passed 
through one tube, the other could be removed, emptied, refilled 
and replaced for the next half hour's determination. 

In conducting an experiment, measurements were made first 
in ail' for several half homs, then the ai I' was replaced by 
hyflI'Ogen, and after an equal number of half hours, for hydro­
gen was again substituted ail', in which the third series of deter­
minations took place. 1'lte last series in air was used to COIll­
pare with the first, and it readily showed whether the seedlings 
had undergone any lasting change for want ()f oxygen. Tile 
temperature of the plants for any given experiment was not 
allowed to vary; al80 the Cll rren t of ail' or gas was held con­
stant for all the successive half hours. 

A great advantage in the methods here adopted lay in sub­
jecting the same seedlings, first to ail', and then to hydrogeJl; 
thus the products of the respiration of the same plants undet· 
these two different conditions could be compared.* 

A large number of seedlings were employed (from one to 
several hundred, according to size), thus ensuring the pl'Oduc­
tioll of a cornpumtively large amount of carbonic acid in a 
short space of time, with which much m()re accnrate measure­
ments could be made tban with small quantities. 'rbe arnOllllt 
of eal'bonic acid was detel'lni ned by the vol u metric method. 

According to the investigations of ,Vortlllanl1 with seedlings 
of Vida Fabll, Phaseolils 1nUll{flol'U8 and some others, the car­
bon ic acid ex<.:reterl in short spaces of ti me, one to th ree hOLl rs, 
was fou nl! to be the sa me w bethel' ox'ygen was presen t 01' not. t 

III the case of seed I ings or Vic if I. F({ba, with w bich W ortmall n 
mostly experimented, I have fOllnd this to be substantially 
tl'lle; for all oth,'r germinating planTl<, flowers, or parts of plants 
there was an immediate decreOlse in the carbonic a<.:id produced 
when ox'ygen was excluded. 'l'he first half bour's respiration 
in hydrogen ortell .-riel,led but one third or even one-fourth tile· 
carb()n ic acid lJrod nce(l by the precl·d i IIg half hour's respiration 
in air. .Afkt· three 01' fOUl' <':ollseclltive half hour" of intr0ll110I,,· 
ell 1ar rt'spiratioll, sometimes frum the very first, a skady 
de<.:rease in the carbonic acid was recorded for every followillg 
half hOIlI'. Thi:> was also found to be true for Vicia }lall({. 
The following al'e the results obtained from 

* Wortmann lIsed two sets of plants, as nearly alike as selection would permit, 
one in vacuum compared with one in air. 

t "Als ieb jedoeh die in gauz klll'zen Zeil rallmen--uach der ersten, zweiten und 
dritten Stllnde-·-ausgeschiedenell Kohlensiinremengen mit einander verglicb, so 
fand ich jedesmal. . dasR das in die~er Zeit durch inlJ'amolecnlare Athmllng ausge­
schiedene Kohlensaurevolulllell dem dlll'ch normale A thmllng erzengten glcich ist.' ., 
Wortmann, I. C., p. 509. 
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Lupi1ltiS httells. 

I. Period. Air. \ I st half hour, 5 -7 Illgrus. CO2 , 

I 2d hal f hom, 6'6 " " 
.. ( ::ld half honr, 1'5 " " II. Period. H y chogen'"/4tl I If 1 1'5 ., " • 1 1a 101II', 

\ .:>tit half hour, 3'9 " " III. Period. Air. -(6th half hour, 5-7 " " 
'l'he comparative decrease in the amount of expired carbonic 
acid in hydrogen is here greater than with many plants. The 
following fungus shows much less difference: 

CUllthal'ellus cibarills. 

1. Period. Ail'. 1 hoUi' = 16'20 mgm,. CO2 , 

I!. Period. Hydrogen. j t hOUJ"=5'2K I. = 10'80 " " / ~ honr=5·.'):! \ 
II!. Period. Air. 1 honr =16'20 " " 
It will be seen that with LlqJiml8 [/ltells less carbonic acid was 
nlL'asured in the fifth than i II the sixth hHlf hour. 'l'bis is 
p:lnially based upon the faet that at the beginning of the fifth 
11:111' hour the seed-vessels contained les,; carbonic acid than at 
the beginning of the sixth. vVith a constant current of air and 
a eOllSLant production of carbonic acid, it requires a little time 
aiLer t he air or gas has been changed hefore an equilibrium 
hetwecn the produced and the out-Rowing gaol establishes itself. 

Among a large variety of germinating plants, bmnches with 
leaves, Rowel's, fruits and fungi, Viciu Fabl1 has been the only 
plant which has given ]'t'SIJltS differing from the above. 

That the volume of carbonic acid expired in normal and in 
i Iltramolecular respi ration is the same, is, therefore, in accor­
dallce with the faets above I'tated, ulltme. The theory which 
vVol'tmann founded upon this fallacy, viz: that the total 
voluille of carbonic acid excreted in plantorespimtinn has its 
origin absolutely independent of the oxygen of the air, in 
intramolecular decompositions, falls also to t he ground. 

Moreover, if it had heen found by experiment, 1hat the 
volume of carbonic acid given off in intramolecular equaled 
that of normal ]'espiration, Wortmann's theory would still fail. 

This has been well shown by W. Pfeffer, in saying, substan­
tially: if an equal amount of' carbonic acid were formed in 
hoth intramolecular and normal respiration this would onl.'" 
j>l'Ove that the same number of carbon affinities for oxygen had 
heen satisfied in each case, would in no way indicate from 
whence the supply of oxygen came. And in case free oxygen 
was active in n()],ll1al l'Pspiration, still in intramolecnlar, when 
free oxygen was absent, the full supply might yet be obtained 
througb constant powerful attJ'active for,~es whicb could take 
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oxygen from other combinatiolls, and in this way give rise to 
secondarv chanQ"es.'f 

Partica prese;;ce of o.cc!Jgeli.-vVhell seedlings of Her/ant/pIs 
~mnUllli are placed in a cnrrent of common air for a given 
period of time, and then for the same length of time are EX· 

posed to a cnrrent of air made up of a mixtul'e of one·llfth air 
and fourth-fifths hydrogen, a compiHison of the excreted car­
bonic acid in both cases shows no difference whatever. Suffi­
cient oxygen is present in the mixture to supply all demands. 
made by the plantf'. When, however, the expired carbonic 
acid in the I'espiration of plants, placed fil'st ill air, and then in 
a mixture of -10 ail' and t& hydrogen, is compared, one finds the 
amount much gTeater dllring respimtion in air. Thus a trifle 
over one pel' cent of oxygen in the ail' is not sufficient to supply 
the demands for this gas made by snch seedliugs. 

Influence of hght 011 respl-/'at'-on.-The presence of light does 
not in any appreciahle degree directly affect the amount of 
cal'bonic acid given off' ill the respiration of plants. I have 
experimented on Orobanche, MOllotropa, Fungi and seedlings 
of several kinds. Neithet' in air nor in hydrogen gas, for plants 
placed in the light or in the dark, is there any difference in 
the excreted carbonic acid which can be measured.t 

Tlibingell, Wlirtemberg, April, 1882. 




