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Microbiology. "The signijicance of t/te tubel'cle bacteria of t/te 
Papilionace(le fol' t!te host plant". By Prof. BEIJElUNcK. 

(Communicated in the meeting of April 26, 1918). 
v 

As there is no reason to doubt of the arcuracy of Hm,lJRIEGEr,'S 1) 
experiments, it appears cel'tain that the bactel'ia of the nodules on the 
roots ofthe Legumillosae at'eindispensable for the fix~~tion ofatmospheric 
nih'ogen by Ibese plauts. 2

) But I shall prove that the theory, at 
pI'esent generally adopted, accol'ding 10 which this process takes place 
only within the tllbercles, eal11lOt be correct. But previously some 
remarks on Lhe occUl'rence, of the tubel'eles and the rultivation of 
baetel'ia from them. 

For some plant species su eh as sel'radella (Omit/lOlntS sativlls) and 
the yeliow lupine (Lttpinlts luteus), it CallJlot be doubted that onl)' 
the tubercle-beal'Ïng specimens gl'Ow vigol'Ously in nitrogen-poor soils 
and conseqnently, aftel' the theol'jT, fix tbe atmospheric nitl'ogen. It 
is Iherefol'e easy on pOOl' heath fields to find langnishing, stunfed 
lupine plants, always devoid of nodnles, amid the Itlxlll'iantlJ growing 
tllbercle-beal'ing ones. Ne\'el' did I find ther'e well-developed lupine 
Ol' serradelIa plants qllite without them. But the lInmber of tubel'cles 
is of no eonseqnence, it evidently 6ufïices if on 1)' few rome fo 
development. , 

In garden expel'iments on open sandbeds, without supply of 
nih'ogen, but where inevitably more nitrogen compounds OCCUl' than 
in heath soils, also in peas and beans t Vicia faba), plants with 
nodllles g'I'OW bettel' than those devoid of them, 

In fertile garden soil sueh as iu the labOl'alory garden at Delft, 
)'ellow lupine I1nd sermdella do not fnlly develop, and especially 
theil' I'ools make the impl'ession of sickliness; tnbercles do not 
g'l'OW on them, not even when the soll ha.s been abnndantly pl'ovided 

1) H. HELLRIEGEL und H, WILFARTH, Untersuchungeu über die Stickstoffnahrung 
del' Gramineën und Legumiuosen, Zeitsclu'ift fÜI' Rübenzuckerinduslrie, Heilageheft 
November J 888. See fudhel' the excellent trealise of HILTNER, Bindung yon frt>iem 
Stickstoff in höheren Pflanzen, in Handbuch der tecllllischen Mykologie, Bd. 3, 
1903-1905. 

2) For the objeclive proof 1hal here free atmospheric nitrogen is fixed see, besides 
HELLRIEC:lEL (I. c. p. ] 91), SCHLÖSING et LAURENT, Fixa1ion de l'azole libre par les 
plantes, Allll, de ]'lnstitut Pablcur, Tome 6, pag. 65, 1892. 
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with the concemed baetet'ia, Whethet· the latter die in the soil OL' 
are not ttttl'áeted by tlle roots of the plant is not yet elear. Most 
other leguminons plants, sueh as elovcl', Vicia, peas and Viciafaba, 
bear also in fertile soil many nodllles, and it is not easy to find 
specimens wholly devoid of them, llnless the soil has been pl'eviously 
sterilised. 

On tht' roots of Genista anglica and Genista pilosa, growing on 
pOOl' heath fields, I found aftel' long seeking ollly very few tubel'cles, 
althOI!gh they and in particlllar the fOl'mer, bore many pods with -
good seeds; the tuberclfs are, howevet', nevel' quite absent. When 
sown in my garden at Delft Ol' bronght there as plants, tltey die 
aftel' some few years. On the other hand, Genista tinct07'ia thl'ives 
as weil at Delft as along the highway of Zutphen to Vorden and 
at both places bears a small number of nodules, 

For Robi71ia pseudo-acacia the favourable influenee of B. mdicicola 
only on the young plant, has been stated by }lOBDE. 1) As to fllll­
grown specimells on pOOt' heath soil at GOl'ssel I could aftel' long 
digging find but few tubel'cles, while at a small distanee, but on 
somewhat better soil more tnbel'cles ocrurred, but still so little 
numerous, that nobody would attribute to them any direct signIfi­
canee for sneh a large tree, had not the lixation of nitl'ogen in the 
tubercles become an inveterate belief. Sal'otluwmus vuZqaJ'is and 
Ulex eU1'opaeus behave in the same way as Robinia. On PItase­
olus v1.llgm·is on sandy soils I found but few nodules, alld thell only 
oh th in rootlet:; and nearly al ways enclosed by plant remains; in 
the pUl'e salld the nodllles al'e ver)' rare. In garden soil at Delft 
Phaseolus pl'oduces no nodll]es, bnt it does in a tbel'e al'l'anged 
sandbed; Lupinus lutelts and Sel'1'Ctdella bebave likewise. 

When compat'ing the val'Îons inentioned p]ants, all noted in 
agl'Ïcultlll'e fol' theit' power of amelioL'ating the soil,' as they contain 
in theil' dry substance neady double the quantity of nitrogen fOllnd 
in othel' plants, fol' examp]e the gl'asses, we come to the conclllsion 
that on]y for lupine and serl'adella the !111mbel' and weight of the 
tubereles is of some significance in l'egard to the whole weight ot' 
the plant. For other species they are of so little volume that even 
If within them free nitrogen were lixed with great intensity, on]y 
an extremel)' little qllantity of fixed nitl'ogen eould be expected, whilst 
in l'eality this amount is ver)' considerable, Henee the theory, at 
present genel'ally accepted, aftel' which the fixation takes p]ace in the 

1) HILTNER l.c. Also BÜSGJ::N, Bau und Leben unsel'el' Waldbaume, 2te Aufl., Pa~ 
~4.6, 1917. 
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nodules ollly, requires l'econsideratioll. AIso other experienres make 
this reconsidemtion necessary. But preriously a few remarks on the 
isolation of the bacteria from the nodules and from othel: materiaIs. 
and 011 the question of their speeificity. 

A very eonvenient medium for isolation was ah·eady described in 
1888, 1) namely pea leaves- Ol' clover-extract-gelatin with 2 oio eane 
!'iugal·. B. mdicicola grows thereon in soft, white, non-liquefying 
colonies, while B. o1'11itlwpodis from Umitlwpus pe1'lJltsillus, O. sativlls 
or Lupinus luteu8, when isolated in the autumn or in lVIarch, 
liquefy somewhat, as does B. he1'bicola. 2) 

As a solid medium, pOOl' in nitrogen compounds, I reeoffimend a 
plate of: Tapwatel' 100, ag ar 2, cane sugal' 1, starch 1, bipotassium­
phosphate 0,05, in w hicb, beeause of the albuminOlls matter of the 
agar, enough fixed nitrogen is present to eause ft distinct growtb of 
B. radicicola, but the colonies remain smalL Later a little saltpetre 
or ammoniumsulphate may be added loeally, which makes the 
til bel·cle bacteria like the other saprophytes thrh·e weU, showing 
tbat they do not assünilate the free atmospheric nitrogen. If on slleh 
a plate eventllally germs of Azotobacter, whirh is able to assimilate 
free atmospheric nitrogen, at·e present, these will grow qllite weU 
if no nitrogen compounds at·e added. Such nitrogen-poor pJates are 
also usefnl to recognise the spore-bearing soil baeteria, which almost 
constantly appeal" at the isolation of B. mdicicola. 

I only eall tubercle bacteria those species which develop mutually 
identrc colonies by thonsands or h llndl'eds of thonsallds from the exter­
nally well-sterilised and cautiously erushed I1odules. These bacteria 
derive for the greater part fl·om within the eells. I eonsider the 
deviating and less I1umerous coJonies obtuined at the culttire eXl?eriments 
as the product of gel·ms accidentally pl·esent in the intel·cellular cavities 
of the riud of the nodules.~) That the full-grown bactet·oïds eannot 
develop on the plates is well-lmown; henee baetel·ia may be expeeted 
from the tubereles only in the beginning of their de,'elopment. 

It is an important and until IlOW not yet sufficiently im estigated 
circumstunce that from the tubercles of the same plant not always 
the &ame bacteria al'e obtained. So I found for OrnitlwfJus perpusillus 

1) Botan. Zeitung. 1888 Pag. 764. 
~) Occasionally a great number of colonies of B.- herbicola are obtained from 

tbe tubercles j whoever is unacquainted witb tb is species may make mistakes in 
tbe isolation of B. radicicola. But even wilb this knowledge the isolation of 
serradella· and lupine-bacteria is difficuIt. Good descriptioDS of these for·ms do 
nol exist. 

S) Besides B. radicicola B. herbicola can also occur wtthin the livmg cells. 
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the bacteria I had isolated in Mar'cll diffel'ent fl'om those grown in 
October, whilst the tubercles came from plants gl'owing side by­
side and being in the same state of development. With the ye110w 
lupine and serl'adella I had similal' l'esults. In most other cases, 
howevel', for example with Pimm, Lctthyrus, r1ïcia,- and 'l'1'ifoliwll! 
the similal'ity of the varions mutually independently isolated stocks 
is so complete and the image of B. ?'adicicola can so distinctly be 
l'ecognised, th at the above obsel'vation requires neal'er confil'mation, 
But we cannot now enter upon this point. 

When tl'ying to isolale B, radicicola fl'om matel'ials olher than 
the nodules, fol' example from the soi! and from the dying surface 
cell-layers of the root, it proves vel'y difficult to l'ecognifle this 
species amid th~ numel'OllS other saprophytes, especially when the 
l1umhel' of the germs of the different species is to be detenniJled 
quantitatively. B, fl1L01'eSCens liq1Lefaciens canses much tl'Ouble by 
the liquefying of the gelatin plates, and yet it is necessal'y 10 nse 
these plates as on them the colonies of all the species lie free from 
one anothel', w llÎle on agal' they are ovel'grown and rendel'ed 
unrerognisable by B. fluo?'escens, which extends stl'ongly sideways. 

Concerning the question if only one Ol' more speciE's of tubercle 
bacteria exist the followmg. 

AII'ead)' in 1892 expedments thereabout weJ'e made b.v the late 
HELI,RJEGEL 1) in the experimental station at Bernblll'g wil11 pure cul­
tures of Lhe bacteria made by myself at Delft. Of his l'esults H~LL­
RJlWEI, sent me two l'epo!'!s. In the ti l'st, dated 24 J II IJ' 1892, he 
gives as "A ugen bliekliches Hauptl'esl1Itat : "Es g"elingt mit den 
Reink111turen VOrt B, j'adicicola val'. Pisi oder von Vicia faba, die 
El'bsen und Bohnep, und mit denen des Bac. mdie, val'. Lupin. oder 
OrnitlwlJodis Lupinen llnd Serradella el-f'olgreich zu intizil'en und zum 
Wachstum l'esp, der Assimilation des fi'eien Stiekstoffs zu bringell, 
und das ist was unsere anfángliche Behauptung bestätigt". All'eady 
earliel' H ET,LRIlWEL had ttrri veel at the concll1sion that tbe bacte1'Îa 
of Lupinu.I' and Ornitlwpus belong to a species different from that 
of Piswn alld Vicia, wbich was a180 my own opinion. 

In later years many interesting" expel'iments were made in this' 
dil'ectioIl, especially by Hn,TNEH, Yet the evidence is unsatistac­
torJ as it proved hitherto impossible in the sand cultures 2) 

to bl'ing Leguminosae -to complet.e development by infection with 

I) He died 24 September 1895 of a stomach disease and was already suffering 
when I visited him at Bernburg in 1892. 

2) 1t is a well·known fact th at the Papilionaceae, when cultivated in liquids, do 
not fix the atmosphel'ic nilrogen indlfferelltly whethel' they produce lubercles or not. 
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B. mclicicola only and with exclLlsion of all olher microbes. Sueh 
cultures are always at the end of the vegetation pel'iod rich in 
variolls otller species, in particlliar in B. jluorescens liqzlejaciens 
and the nitrogen-fixing spore-forming' Gl'anulobacter (Clost1'idium) 
pastew'ianem and Helobactel' cellulosae. This obsel'vation holds good 
as well fol' Ihe first experiments made by myself as for those of 
othel's, and this should nevèr be lost sight of when reading the 
descriptions of the infection expel'Ïments with the so-called "pure 
cultures", It had not escaped HEJ,LRIEGEL'S attention, and we see it 
in all the photographs of his above mentioned treatise at the film 
of the glass vessels, wherein he cultivated his planls (in bright 
daylight), which film consisted of Chlorophyceae and val'ious othel' 
species of microbes, but he tbought it of no consequence (1. c. p. 
169). For myself I ha\'e obset'ved in nitrogen-free sand, besides tlte 
mentioned species, Clzlorelia and Cystococcus and sometimes also 
PalmelIa Cl'uenta and many Cyanophyceae. Many of my later effods 
to bring clover plallts to complete growth on agar with Butrient 
salts and B. mdicicola in large cotton-plugged ER1,ENMEYER-flasks, 
failed as the planls ceased lo grow before they blossomed, altbough 
the nodules developed very weil. 

Tlte tube1'cle bacte1'ia do not fix t!te atmospltel'ic nitl'ogen wlten 
cultivatecl in mttJ'ient media. 

I wiU now call aHention to my chief subject namely lbe want of 
power of the tu berde bacteria to fix the free atmospheric nitrogen. 
They do this lleither when cultivated out of the plant nor withil1 
the nodules. 

Regarding the lh'st point the experiment is very simpie. We have 
but to cl'Ush the nodules and bring the thus obtained material into 
culture soils llsed for tbe ordinary expel'iments to fix free nitI'Og'en 
and then eultivate at 20° to 30° C.; or we use the pure cultures 
for infeetiol1 of Ihe same media. A convenient medium is: Tapwater 
100, Glucose 2, Dikaliumphosphate 0,05, lime 2, fresh gal'den soi! 
2. This Iiqllid, to which Ihe garden soil is added as a catalyst, 
must. previously be stel'ilised to ldll tbe gel'ms of Azotobacte1', Gra­
nulobacter I.lnd Helobacte1'; notwithstanding' the stel'Ïlisation, tlle 
soil pl'es~rves its catalytic p~wer very littie impaü·ed. The spores of 
the nitrogen-fixing Helobactel' and Gmmtlobacter often ftdhel'e to 
the nodules and, when present, fermentation phenomena show thett 
the expedments cannot be relied upon, /3. 1Ylélicicola not cansing' 
fermentation. Commonly, howevel', these fel'menting anel nih'ogell-
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fixing microbes can be removed by thoroughly washing of the nodulés 
with alcohol and water. In the course of many years [ bave ex peri­
mented in this \;yay with numerOllS species of tubel'cle baetel'Ïa, ~ 
and with many modifi('ations in the nntrient media as well in the­
temperature RS in the sou),f'e of carbon. 1\1oreove1' I have, as -said, 
tried to grow plll'e cultl1l'es of the bacteria themselves in the liquid 
cultlll'e medium as ttlso on solid culture soils of various compositions, 
and at fit'st ] thought I had observed a rathel' considerable increase 
of these ol'ganisms. This incl'ease, howe\'er, pl'oved to be really very 
slight, so slight that gain of atmosphel'ic nitrogen is not pro\'ed, 
wbilst the obviollS augmentation of dry weight of the sown bac­
teria del'ives from the formation of tbick slime walls, that is of ni· 
tl'ogen· f1'ee, cellulose-like substances around the hal:dly augmented 
original pl'Otoplasmic matarial. 1) 

Only when cultivating the microbes in plant extl'3cts with cane 
sugar, wherein nit1'ogEm compounds are evidently present, I could 
observe a ver)' slight and by no means convincing increase of 
the tutal nitl'og'en rate of tlJe liquid in conseqllence of the gTowth 
of B. m dicico la. Bnt wh en perf'orming these experiments I was 
not yet aeq uainted with tbe circnmstanee that laboratol'Y air 
eontains sufficient carbon and nitl'ogen compounds to be made pel'cept­
ible by the growth of microbes whieh can reed on them. This was 
afterwards demonstrated by Ir. A. VAN DELDEN and myself in Our 
in vestigation on BacillIls (Actillobaciltus) oligoca1'bophillts. 2

) 

Thel'e exists mOl'eOVel' an aërobie spol'e-prod ucing bactet'Ïllm ~), hard 
to kil! bj' sterilisation of the nutrient Jiquids, whieb fixes free nitrogen ; 
at that time it was still qnite unknown to me and even now it is vel'y 
impel'fectly undel'stood. lt ma}' have been present at my experiments 
like\vise as at those of other investigators ~vho think they have 
obsel'ved fixation of free nih'ogen out of the plant in the pme cul­
tures of B. mclicicola. 

With sl1ffieient pl'ecautions the i'esul ts of su eh expel'imen ts are howeve1' 
always the same: The bacteria of the nodules do in no way fix the ft'ee 
atmospherie nih·ogen. When the expel'Ïrnents al'~ pel'forrned, not witl! 

1) The slime formation is of impol'tance for the explanation of the "slime 
threads" (et'l'oneously caJled "infection lhreads") wilhin the nodules. See IIDie 
Natur der Fäden del' Papilionaceënknöllchpn." Cenlt'albl fÜl' Bakteriologie. Bd. 15, • pag. 928, 1894. 

I) Ueber einè farblose Bakterie deren Kohlenstoffllahrllug aus der atmosferischen 
Luft herrührt. Centralbl. f. Bakteriologie 2te Abt. Bd. 10, pag. 33, 1903. 

3) BaciU~ts danicus, T. W ESTERMANN and F. LÖHNls, Cenlralbl. f. Bakteriologie. 
2te Abt. Bd. 22, pag. 250, 1909). 
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nu h'ient liqllids, but with asolid mfldium, the resuIts are quite the 
same: fixation of nitl'Ogen does not take place then eiLhol'. Stress must be 
laid on the lattel' fact as it seems impossible to fix free nitrogen 
by the Papilionaeeae when cuItivated in liqnid media even under 
the best cil'cumstances and - whethel' til bercles are prod nced or 
not. So it seems p,'obable. that fOl' th is p,'ocess a direct coutact with 
the ai I' is necessary, whieh cal1Jlot be realised in the liqnid cultm'e 
.media, but verJ weil in solid ones. 

Fmthel' it must be observed that the plate Cl1ltlll'es of some of 
the nodule organisms,1) fol' example the forms fl'om Pim1n, Vicia, and 
T,'ifolium, on glucose-agal'-potassinmphosphate plates, in absence of 
pnl'posely added nitrogen eompollnds, at snpel'ficial view inake the 
i111p1'e8sion of being qnite able' to develop, but hel'e too, it is 
only the fOl'm'atioH of mllch wall sub8tance, as already described 
above, and not of nitrogen-rieh protoplasm, whieh explains the 
voillminosity of the eolonies. 2) With other slime-pt'oducing baeteria, 
as B. mdiobactm' and Ael'obactel' viscosztm, of which it is quite 
certain tbat they Cttnnot live on the atmospheric nitl'ogen, extensive 
colonies may likewise be gl'own on the saiel nifl'ogen-poor medium 
with fit carbon food. BJ a better nitrogen nutl'ition sueh colonies 
may even ue gl'eatly l'educed in volume, the wal! substance then 
sel'ving as food node!' astrong incl'ease of the bacterial pl'otoplasm, 
which gives rise to very intet'esting experiments. It is only when 
being acqnainteel with these facts by personal observation that we 
rail under'stand how in tile lirel'atul'e so many statements can occur 
on the nitrogen fixation by the nodule bacteria, which does not 
take place. 

Tflithin the nodules t!te atmosphm'ic nit/'ogen is neither ft,veel. 

The pl'eceding gives rise to the qnestion, whether the protoplasm 
of the host plant might be the catalyst th at enables the invading 
bactel'Ïa, in theit' bactel'oidal state, to fix the free nitrogen. Howevel' 
improbable th is hypothesis may appem" being in contl'adietion with 
tile laws of hel'~dity, still it desel'ves attention because the rate of 

1) Tbe wonderful "expcl'iments" of MAZÉ (Annales de l'Institut Pasteur T. 11, 
pag. ,U, 1897, T. 12, pag.land pag, 128, 1898), who asserls that on b1'oth 
gelalin plates at the same time ammoniumcarbonate is produced and fixation of free 
nitt'ogen by B. radicicola takes place, need not be cOllsidel'ed, although they are 
taken up uncritisised in tbe bandbooks of Plantphysiology. 

2) Likewise fol' the ordinary sapt'ophytic bacteria the want ofllitrogen compounds 
varies vel'y mUl~h: lhe large·celled :Socillus megatherium l'equil'es vel'y liUle, lhe 
small celled Bacteriwn flu~1'escens vel'y mueh. 
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albllminous matter in tile nodule8 is so very high. 1 myself fOllnd 
abouf 4% nitl'ogen, whieh is abollt 25% albumen in the dry matter" 
of pease-nodules. Othel's found 5 to 6 Oio nih·ogen. It is noteworthy 
thai the bacterial colonies on agal' plates, grown out of the plant, 
eontain but 1 io 2 °10 nitl'owm of the dry weiglJt, which ron8i8t8 
fOl' fhe greater part of rarbobydl'ates. 80 it is cel'tain that the 
bactel'ial body is very mnch modified by its entrance into the plant 
cell as weil mOl'phologirally as phYl:.iologically. Thel'efore it was 
tl'ied gazometrical1'y to state nitl'ogen absorption in the tn bel'cJes. Tf 
Ihe hypolhesis is fOlluded it must be possibJe, with a great qllantity 
of tubel'cles in a elosed space and nndet· favol1l'able physiological 
cOllditions, easily to observe th at absorption. For the numbel' of 
tllbel'cle8, fOl' example of the woody papilionaceae, being as said _ 
very csmall, while yet tbese phtnls are J10ted ill agl'ie~llttlre fol' their 
considerabJe nitrogen-tixing power, the aetion of the tubercJes must 
neressari Iy be very in tense. 

1'0 test the hypothesis we acted as follows. I) First sm all , later 
lal'gel' quantities of lupine and serradella tubercJes were placed in 
wide glass tubes whieh eOllld l'eadily be connected with the gas 
bnrettes, then pnt in tlJermostats at abont 2.f}o C. The tubel'des 
respil'ing vigol'ously we had io keep account with a rapid assimil­
ation and supply of the oxygen. Further H was only necessary to 
determine the quaOntity of nitrogen still present aftel' dedllction of 
the carbollic acid and lhe oxygen. The only difficlllty we met 
wit\J was th at Ihe nodules, which by theü' abundant content 
of albuminolls matter are an excellent food for bacteria, when 
they touch eaeh othel' and get moïst, easily give 1'ise to fel'mentations 
in particular by Bacte1'Ï1tm aë1'ogenes. Hereby hydl'ogen and mueh 
cal'bonic acid are pl'odured, BO tbat it is then neressary also to 
derermine the hydrogen. But this fermentation may be pl'evenled by 
intl'odneing the matel'Ïal very loosely into the btll'eite, so thai Ihere 
are but few points of contact between the nodllles, and t11e air can 
freel}' pass between. Under such eonditions there is no danger that 
free nitrogen will be formed; tlli8 only occurring through the action 
of tlle denitt'ifying bacteria on nitrates, whielt substance is in tlle 
nodules' completely absent. 

Of the tllbercJes of yel/ow lupine we used in 0111' experiments 
quantities of 100. grs., 500 grs., and lateI' even of 1 kiL In some 

1) [n same of these experiments (was assisted by Ir. D. C. .T MINKMAN, 

farmerly assistant ta the Laboratory far Micróbialagy of the Technical High School 
at Delft. 

\ 
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expel'iments we had tbe root tnbel'cles cut oif, in others the' roots with 
the tnbercles wel'e left nnited with lal'ge pieces of the slem, so that 
evelltnaJly fOl'med nitl'ogen compounds might be able 10 flow into 
the stem, AU om estimations, however, showed that not in a single 
case the slightest fixatioll of nill'ogen by the tllbel'cles was obsel'vable, 
As at th'st we doubted of the accUI'aey of Ollr l'esnlts obtained with 
relati\'ely IWle material, we afterwal'ds nsed Ihe jnst mentioned 
largel' quantities, but tllis did not make any diffel'ence eitber. 8esides 
Ihe two said species we still examined several times 10 to 20 gl's. of 
the nodnles of Vicia faóa, u,nd once about 15 gl'S, nodnles of -
Robinirt pseudo-rtcacia, but other l'esults wel'e not obtained. 

As our researches did not last 10llger than 12 10 20 days it migbt 
be objected tlmt we have not 'sufficienlly imilated the conditions of 
the plants in IIle field. FIII,thcr, that in these experiments Ihe growlh 
of Ihe tuuel'cles, together with that of tbe who Ie plant, was excluded. 
Although these objections have not been refl1(ed in tbe preceding, 
it is still highly improbable that uitrogen fixalÏon would be asso<'Îated 
with the gl'owth of the tubereles and not with the a\lgmeutation of 
the bacteria Ollt of the plant, Principal, howevel', is the fact that if 
within the nodnles nitl'ogen fixation wel'e to take pI ace, which might 
have escaped om' at ten tiOIl, the concel'Tled quantity must cel'tainly 
be extremely smal/. WheII we now cOJlsidel' how difficuIt it is to 
collect a few gl'ams of tubercles for example of Bobinia, it is cleal' 
tbat if th is malerial is to be of any sigllifirance for sllcb a gl'eat 
tree, its nitl'Ogen-tixing power must be enoi'mous. The experiments, 
ho wever, show that the tubel'cles are wholly inacth'e or nearly so, 
hence there can be no question of attaching to them any importance 
concerning the nitrogen nutrition, whilst yet nih'ogen fixation by this 
tJ-ee is as ('ertaiu as for lupine and serradella and even on a rnuch 
lal'ger scale. 80 tlte nitl'ogen nntrition of the Papilionaceae can 
only be indil'ectly connected with tbe bacteria of the' nodules. In 
my opinion tllis rel at ion can only exist in tbe hel'baceous species 
ánd in the genTI plants of the sIJl'Llbs and trees of that plant order, 
but in full-gl'own specimens of the woody species snch as Boóinirt 
lJseudo-acacia the presence Ol' the absence of the nodules is wlJOlly 
indiffel'ent. Likewise on tbe roots of sllrubs, sncb as Sarotlumznus 
vulgll1'is, Spm'tiwn scopa1'iwn, GmdstIl mzglica, and Gmzista pilosa i'n 
full-gl'own condition, the llllmber of iubercles is so emaIl, their 
volume so insignificant to thai of tile whole plant, th at even if they 
wel'e able to assimil.ate some free nitl'ogen their slight activity could 
not possibly, expJaifl the I'ich nitrogen store of the whole plant. 

Hellce, the at pl'esellt generally accepted explanation of tlle peculiar 
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behaviour of the Papilionaceae cannot be correct. New researches~ 
especially with P1taseolus, are desirabie. 

From the preceding follows: 
Fo!' various Papilionareae, excelling by their abnndance of nitrogen 

componnds, even when cllJtivated in media wilhout sueh componnds, 
the number and volume of the tllbercles is so small, th'at if only 
within them Ihe fixa ti on of fl'ee nitl'ogen shonld take pi ace, the 
intensity of the process in these tubercles must necessarily be very 
great. We have Ilot, lwwever, sucreeded gazometrically in observing 
the process in the tubercles at all. 

Neither do the tuberele baetel'ia fix the atmospheric nih'ogen when 
eultivated out of the plant in nutl'Ïent liquids Ol' in plate cultures, nor 
enclosed in solid media. 

The contradictory statements in the hand books of Plantphysiology 
are el'l'oneous. 


