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ened the writer's c'onfidcnce in the hypothesis 
and lcd to further investigations, One of 
these which was of spccial interest related to 
acids. For a number of reasons it was sup- 
posed that acid would not cause a decrease 
of pcrnieability. But  investigation showed 
that such a dcrrease actually occurred in the 
presence of HC1 and i t  was the11 a simple 
matter to predict that antagonism would be 
found between NaCl and HCI. This turned 
out to be the case, the amount of antagonism 
correspondil~g to tllc arnount of decrease of 
penn~abi l i ty .~  

The hypothesis was further tcstccl by inves- 
tigations on otller salts, the most interesting 
of which are those which (in contrast to those 
just mentioned) are more effective than CaC1, 
in decreasing permeability, such as I;a,(NO,),, 
Ce,(NO,),, etc. I-Iere also it was found that 
the degree of antagonistic action could be 
foretolrl by observing the m o u n t  of decrease 
of permeability p~odiaeed by the pure salts. 
The results of these invcstigatiolls afford 
strong support to the hypothesis. 

Tt seems to the writer that  the hypothesis 
offers a rational explanation of antagonism by 
showing that  salts antagonize each other be- 
cause they produce opposite e f fects  o n  the pro-
toplasm and by stating definitely what these 
effects are (it should be noted that they have 
been nieasureil wit11 considerable accnracy). 

The so~~ndncss of this point of view is in&- 
cated not only by the fact that we are ablc to 
predict both qualitatively and (to a eonsider-
able extent) quantitatively the effect of com-
binations of salts7 but also by the very signif- 

6 The Jowr?zal of Bzochewtislry, 19, 1914. 
7 It sllould be noted tha t  n~ixing solntions of 

two salts ~cbich belong to didcrent classes does not 
produce an  effect which is ~nercly intermediate be- 
tween tho two. For example, tissue may be killed 
by an  expowre of 24 hours in NaCl or in CaCl, but 
remain normal in a mixture of these in the proper 
proportions. Cf. Pringshcim's Jalwb. f. W ~ S S .Bot., 
54, 645, 1914. 

The writer has found cases in which two suh-
stances which can decrease permeability are able 
to  antagonize each other. So f a r  as  the mi t e r ' s  
experiments with Laminuria have gone there is no 
great  amount of antagonism in such cases and 

icant fact that we are able to cxtentl this con-
ception to orgnnic compounds and to show 
that non-electrolytes which decrease perme-
ability can also an tago~ l i~e  such substanc*cs as 
NaC1. These facats indicate that the hypotllesis 
may be applied in a gcr~cral manner SO as to 
inchldc both e1ectrolytc.s and nor1 electrolytes. 

IT. 5. V. O~TERI~OUT 
T ~ A R V A R D  UNIVFRSITP, 

LAB~RATORYI'TIANT1'111 STOLOGP.O F  

IBOL.4l'ION O F  BACILLUS RADICTCOLA FROM SOII; 

Err~:nsince the epoch-~nal<irlg achievement 
of TIcllriegel and Wilfarth, reported in  1887, 
which establishecl the symbiotic relationship 
between bacteria and Icguaics i ~ rthe f ixa t io~~ 
of atmospheric nitrvg~rr, t11e legume bacteria, 
named in 1901, Barillus radicico7a by Beije- 
rinclr, have been the ol)jeot of numerous in-
vestigations in all parts of the world. These 
investigations have ass~~med a variety of forms 
and were planned from both the economic and 
pure sciencc points of view. Thcre has ever 
remained, ncverlhcl~ss, the unsolved problem 
of tile direct isolation of Bacil lus radicicole 
fi~om the soil. Sporadic attempts, rather fcw in 
number, h a w  bee11 r~~acle to attain that  cnd, hut, 

rcbat there is  may perhaps be eorrclated with tlrc 
fact  that  all substances sllich derrcnse permenbll- 
i ty  do not  act allke, sonle proaucinp a muelr 
greater declea~c than o th~rq .  Aforeover thcse snh-
stances mill, if the esposuro be sufficiently pro-
longed, alter t l~pir  action and increased permeahrl- 
ity. The rapitlrty of this rbange varies with dif-
ferent scihstnnccs and thi.; may be related to tho 
fact  that some of these 5uhstances :~ntagoniec each 
other to sorrlc drylee. This will be  more fulIy dis- 
enssed in a subseq~lent paper. 

E~per imcnts  on some plants ( in whicll the cri- 
l f ' ~ i o nof antagonism is not eIectiical resist&n.ncc 
but gronth) shon a fnlrly strong antagonism be- 
tuc.en magneiii~nl nild exlcinm. I t  is  possible tha t  
for tliese plnnt5 mngncsium belongs in the first 
class. 

I t  mill bo noted tha t  the hypothesis, a s  here set, 
forth, says nothing abont the mutual relations of 
substances bclonging to the  same rlass but  merely 
states tha t  substnnees of one class will antagonizo 
tllosc of the other. I n  this form the hypothcs~s 
js colnpletely justified by all the experiments, in-
cluding those an  organic substances. 



SCIENCE 


to quote Russel1,l "none of these organisms 
(B. radicicola), however, could be found in the 
soil, nor indeed has any one yet succeeded in 
finding them there, although their existence 
can not be doubted." In  the literature avail- 
able to us we have found but one instance in 
which a claim is made of the direct isolation 
of B. radicicola from soil not artificially inocu- 
lated. That one is the investigation of Gage2 
who has himself rendered questionable the 
value of his work by an unfortunately con-
fused use of terminology which has only served 
to make more difficult than otherwise a com- 
prehension of the present status of the subject. 
Kellerman and Leonard3 in studying Greig- 
Smith's claim to having discovered a specific 
medium for B. radicicola could not find ex-
perimental evidence to confirm it. Inci-
dentally the last-named investigators tried to 
obtain B. radicicola from different soils some 
of which grew legunzes but were unsuccessful 
in the attempt except in the case of one soil 
into which pure cultures of B. radicicola had 
been introduced after its isolation from 
alfalfa nodules. 

While not deeming the matter one of great 
moment in any sense, since there can be no 
doubt, as Russell remarks, that B. ~adicicolais 
present in any soil in which nodules are found 
on legumes, the writers decided to attempt the 
isolation of that organism, and, as a matter 
of record, submit this brief paper in evidence 
of the success of their attempt. One of us 
had for three or four years used as a source 
of B. radicicola for student work in the labo- 
ratory the nodules of a large specimen of Vic ia  
sicula growing in the Botanic Gardens on the 
campus of the University of California, and 
we therefore decided to attempt the isolation 
of B. radicicola from the soil in which that 
plant had grown. The plant had been removed 
a year or more prior to our initiation of the 
experiment and the soil had remained bare 
and unused during that time. Seeds from the 
plant in question were scattered all over the 

1 "Soil Conditions and Plant Growth," D. Van 
Nostrand Co., 1912, p. 95. 

2 Cent. f i i r  Bakt., 2te Abt., Vol. 27, p. 7. 
3 SCIENCE, S.,Vo1. 38, p. 95.W. 

surface of the ground, and we gathered them 
for the later tests which are described below. 
The soil, so far as we can ascertain, had never 
been artificially inoculated with cultures of 
B. mdicicola. 

Some of the soil just described was taken 
from below the surface at a depth of about six 
to eight inches, placed in a sterile container 
and removed to the laboratory. About 30 
grams of the soil were there placed in a sterile 
bottle, 150 c.c. of sterile water added, and the 
whole shaken, after being stoppered, for fifteen 
minutes. The necessary dilutions were then 
made for purposes of pouring plates. The 
agar employed at first was of two kinds. The 
first was similar to that employed by Fred 
and was constituted as follows: 

1,000 grams water 
10 grams maltose 
1gram K,HP04 (separately neutralized) 
1gram MgSO, 

2 or 3 drops each of 10 per cent. solutions of NaCI, 
FeCl,, MnSO, and' CaCI, 

15 grams agar-agar. 

The second was a soil extract agar prepared 
by dissolving 15 grams of agar and 10 grams 
of maltose in an aqueous extract from the 
soil above described. The aqueous extract was 
obtained by boiling one part of soil with three 
parts of water for one hour and filtering. 

In  the preliminary tests the soil extract agar 
gave by far the better results with both the 
soil to be studied and with commercial cul- 
tures of B. radicicola which were employed as 
controls. By better results we mean that a 
larger number of colonies developed on the 
plates poured with the soil extract agar than 
on those prepared with Fred's radicicola agar. 
I n  the later work therefore the soil extract 
agar was employed exclusively. 

From plates of the proper dilution prepared 
as above described transfers were made to soil 
extract maltose agar slants by means of a plati- 
num needle from all colonies which appeaTetl to 
be characteristic of B. radicicola and in fact of 
any others which appeared to be different 
from one another. Transfers were thus made 
from forty-four colonies. After three or four 
days of growth on the slants, slides were pre- 
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pared from all of these organisms axid micro- 
scopic examination3 after several transfers 
and platiugs showed the forty-four cultures 
to be pure. The form of the organi.;ms as 
viewed under the high power of the micro-
scope varied frorn short to long rods to oval 
forms. The detailed results of these examina- 
tioii3, howevrr, can not be given in this brief' 
paper. 

The next step in the i~lvestigation was to 
test the powers of inoculation of the forty- 
four organisms obtainetl as abovc described. 
Our procecl~rre was as follows: A large quan- 
tity of fertile sandy soil from Anaheim, Cal., 
was sterilized in the autocla\-e for fonr hours 
at about 1; attilospheres of pressure. When i t  
had cooled it was rlistributed in cjllantities 
lnalring a thiclmess of three inches in quart- 
size glass fruit  jars. Thc latter were then 
secul-ely stoppered with cotton and steri l i~ed 
in the autoclave, thus giving tbc soil n donblc 
sterilization. The jars mere the11 put away for 
three days to allow the soil to become normally 
aeratetl again, and sc~cra l  satiiy~lcs mere care 
fully wirl~drawn for testing as to sterility. 
No colonies developed on the agar plates even 
after marry days. The soil thus bcing shown 
to I)e sterile, we procc.eilcd wit11 the T7iciu seeds 
as follows. The seeds were placed irr a l to 
1,000 BgCl, solutio~i and kept there for ten 
minutes. They merc then thorol~ghly r i n ~ e d  
with clistilled water and treaiecl vrith concen-
trated I12S0, for 20 nlinutes to aid germina- 
tion. They were then again thorongbly riilsed 
in sterile distilled water and removed to a 
sterilixetl moist c11aml)er conlaininr several 
layers of water-saturatetl Glter paper. Thr 
seeds which thus gave perfect germination in 
3 or 4 days as a:;ainst very poor germination 
for similar seed untreated with 13,S8, mere 
tlien transferred to the jars with sterile forcep.; 
a i ~ d  prcsicd illto tlrr. soil by means of a steril- 
ized glass rod without removing tlie stoppers 
froin tlle j a~s .  T t  niay be added here that every 
jar received fifty c.c. of a .5 per cent. tiextroie 
solution to furliiih opliniu~n ~noisture condi- 
tions and a proper source of energy for B. 
rudicicola. Fi7-e seeds were planted in every 
jar ant3 the ir~ocanlation was accomplisllcd by 

the addition, in excry case, of a 5 c.c. suspen- 
sion of the agai* slant culture with sterile dis-
tilled water. Tlie jars were removed to the 
greenhouse and rcmained there for fifty-four 
days, sterile distilled water being carefully 
added when necessary. All the plants in all 
the jars appeared to groaT equally well and 
attained a height of about eight inches. Evi-
dently there was an ample supply of nitrogen 
in  the ammonia or closely related forms to 
supply eren tlie plants in the klve control jars 
which received no inoculation. Besides tlie 
control jar3 and tlle forty-four others abovc 
described, there were fivc jars inoculntccl wit11 
commercial cultures as follows: (1) Farino-
germ, (2) Nitrogen-gathering Ihcteria, (3) 
li'erguson's Nitrogen Fixing Bactc~ria, (4) 
llulford's Nitro-Qe1.m (wcah c*ulture), (5) 
Jlulforrl's Kitro-Germ (strong cult~ire). Arter 
the period mentioned the plants were carcrully 
rcrr~oved from the soil in every jar and the 
roots examined, with the following resnlts. 

1. 'No notl~xles were found 0x1 the roois of 
any of the plants in the control jars. 

2. Twenty-one of the forty-four inoci~lations 
with baetcria isolated from the soil abovc de- 
scribed gave positive resnlts and noclulei we1.e 
found on the roots of some or all of the plants 
in lhose jars. 

3. The halaiicc or twenty-three inoculations 
gave negative results and n o w  of the plants 
in tliose jars showcd the presence of nodules 
on the roots. 

4. All thc cornmcrcial culture inoculatioas 
prodnc>ed nodules except the weak culture ob- 
tained from one of tlie l%ulforcl transfers. 

Tbcse results wol~lcl seem therefore to record 
llrc first isolation, so far  as wc lmow, of B. 
radicicolu directly from the soil; to show that 
that organism so obtained a t  least in borne 
forrna ant1 places can be readily made to grow 
on agar plates in large number.; ; and to makc. 
tlesirable the iise of soil extract.maltose agar 
lor such pnrposes. 

The writers will welcome criticisms of their 
1vorB which may occur to their colleagi~es, and 
to be eorrceted if, in error, as to priority (ex-
cepting Gage's investigation) so far as the 
recortled isolation of R. rudicicola is con-



c~rrs~ctl .;\T,III:, otl1c.r Pacals of in teres t  besides 
tllc,\c a l t o ~ eclisc.uiscc1 have  colne t o  l i g h t  in 
OIIT invcstigatioa,  b u t  the  lirnited space  of t h i s  
l~al~c ' r~ l i l l  no t  perirlit of t he i r  discussion, 110' 

oi Llrt. sub~~ris\ionl ~ e r eof t h e  detailed d a t a  
vt.11 ('11 ~ I L P I I ~ S ~ I  thet 1 1 ~1 , ; l q i ~  f01' cliscllssion 
1111 \ " t b  g i ~ - c ~ ~ .  

CT. n.1,11,\lii~, 
12. lLT,  VOIT1,lZR 

'PnE seventy-lift11 itireling of t l i ~  Physic:rl So-
t.ir:t,y was held in Ii:~rld:rll-S!~org:m T~abor:ttory of 
the IJnirersity of T'cnnsylrania., ~jecelnber 29, 
:N4: 1,;.191,to January I t  was s joint meeting 

"'l'lic:rrr~ionic Cinrrc~lts from a IT'ehuelt Catll-
orlc, " by 11;. \Vilson. 
"11obility of Soiis :~t  Iliffcrent Temucroturc 

; ? I I ~  Cousti~~ltUns Uclisity," by lIenry :i. Frilr-
boll. 

'"l'lie Radioactive (:onlent of Certain 31innc 
sot n Soils, " by James C. Sande~~son.(JZe:rd 11y 
7 L.  A. Erilison.)

' Conducting Gas Layer :~t  a 3letallic Snrf;~ce, ' ' 
by G.  W. Stewart. 
"S-R:cys From tlie Electrical Ujscdhargc, " 11y 

Elizabeth It. Laird. 
"S-IZays I'roduccil by Slo~v-n~oviiigCailroci.> 

T<:lys," by Elizabeth 12. Laird. 
"Light I,ne of C.to Reco~~~hinatioll  lor~s," by 

11. ('lrilcl. 
"Electric 3'~1r1r:rcc J':videuce on the Relaiion of' 

Spectrnri~ Lines 1Iaving Constant Differences i i ~  

Wave-Xu,~nbc.r" (by title), by i lr thur S. ICirig. 
"The llfechanical Eqni~lalent of Light, " by [I. 

uritlr Section 13 of 
the Advancement of 
noon sessions wele 
and Thnrstiay \'ice 
Section I?, presided 

tlie A111crjc:rn .4ssociation for 
Science. Movnii~g nncl aft,er- 

l~elcl on Tnc5day, Tl'cd~icsday 
p~cslrlcnt Anthony Zeleny, of 
on T~cesclay aritl \'lrednesday 

afternoons, aud President. Ylrrri1.t at  tlic other 
four sessions. 

On l?nesd:tp :~l ' le~nooi~ tIl( pr.oql.nin consister1 sf 
ihe Vi(ie-~rcside11ti:il Address hefore Section R on 
"7?cco11t li:\ridenc.e f o ~  thc f~:risteuce of the Nu-
clens h t o i ~ ~ , "  by A. 1). Cole, and t,he yresidenti;tl 
ztdtlress of the :imeric;;r~~ T'11yaic:il Society oil 
"I~~nninescence,'' hy Er11esl 51e1,ritt. On \%'oil-
ucsc;lay :r.fternoon liierc wns :I sympnsium on the 
l'se of Djmensional Eqvratiolis, lei1 by E. Bricking-
ll:+.m, who was followed by A. C. I-mni, A. G .  V71.b-
ster, 7V. S. Fr:~riBlin :nld otliocs. 

'l?he folloming p i o g ~ n i ~ iof llrr])els \I as PI e-
hc'rrted : 

"An A C'. Biidge fol tlre hlcnwlcmer~t 01 tlic 
Dielectric Loss and Dielecti~c Constant a t  IJlqci 
Toltages and T~on Frequenelea," by Clreslel A .  
Bntman. 

"Tnfliienee of tlie Conc.enllation of Electrolyte 
upon Electrode Potentials," by Althur %'. Ewell 

"A New RSetIiod of Obtajning a llystercs~s 
Loop," by W. N. Fenninger. 

"On Eo ta t~on  and Magnetization," by S. .T. 
Bwnett .  

"Note on Tl~ermoE.M.F.'s in rrliiell tlie Re-
~utltant Peltier Effeet is  Zero." by 1-1. C. Barker. 

"Linear Reqistance Change with 'rernperature 
o f  Certain IVIolten i\Ietals," by E. F. Nortlirnp. 

"The Effect of Tenrperntu~c on the Dlelectrin 
Strength, the Dielectric Loss and the Dielectric 
Constant of Parafine 011,'' by  Chester A. Butman. 

"A Preliminary Note on the Variation of 
Stray Power T~ossrs in a Dynamo," by W. W. 
Fenninger. 

TC. Ives, TV. \V. Coblentz and 14:. F. Kingsbury. 
"Fluoreseenee of the Uranyl Salts nnder S-

I h y  Excitation," by Frances G. Wick. 
"The EfGciency of l b e r g y  Tranaformatio~l in 

the Corona hfethod of l.'recipitating P ~ ~ m c s ," hy 
Mr. W. Strong. 

"Leakage of Gas 'l'llroegli Qct:~rtz Tubes ' ' (1)y 
title), by E. C, A4:iyer. 

"A Kern Method for Measruing <.lravity at Se:i, 
with Some Trans-1'tl.cific 0bser~:atlons." by Jiv-, d " 

rnau J. Briggs.
"Tllc Oxidatit111 oC P\Tjtr,oocn." 11y '1T. TI'. 

Strong.
"The Alleged I)issyillanetrical Broadciiing c~f 

the 11Lines of Sodiruu," by JG. A. Eclrhartlt. 
' ' .Exhibit of Meeha.11ica1 Adoclels Tllustrating ( ( 4 )  

Subdivisioil of Alternating C ~ ~ r r c n tBetween 'I'no 
Branches in .l'arallel, ( b )  The hlternaiing (In;-
rent Transforn~er, (c) Coupled Circuits in Wii,c,-
less Telegraphy," tiy 7V. S. Frankli11. 
"Solnc Canscs of Variation in the Sensitivity 

of &'Ioving Coil Unlv;tnomete~.s," by Paul R. 
I\'lopsteg. (T'resented by A. Zeleny.) 

"A New Star~daril Phone and Plronomctcr for 
ari;y Pitch," by 11. a.  Webster. 

",4 New 1"orin of Radiation Pyro~ncter" (liy 
title), by S. I~c roy  Bro~vrl. 

"The Ijopplcr Fffert in S - l t ay  Sj)octr;t :cnil 
~Zpplieatiou to the K i ~ ~ e t i c  l'lieory of Solids,!! by 
L. 	Gilehrist and 1).A. ICcys. 

"On Acoustic I~rlpc.tIoncc, and nn ~1pproxirn:iie 
'Pheory of Conic:jl Ilorris,'' by A. G. Webster. 

'LVapors with Posit.ive Specific Weat in ICiiergy 
Conversion" 	 (by  title), by J. E. Hiebel. 

"Progress of B-1':lrticles throng11 hlutter.," 11,y 
A. 	F. liovarik and L. TV. hlcT<ceban. 

"A. Thirty-two Elerne~lt 1Tarinonic Synthesizer, ' ' 
by Ihy ton  C. Miller. 

'cTlle Result of I'loiti~lg the Srparstioir of 
ITo~nologous Pai1.s against Atolnic Nulnlte~s in- 
stead of Atoinie 'CTeiglit,~,'' liy ITerl~ert$2. Tves 
and Otto Stnhlmann. 

' ' Beaded l ightning, " by W. .T. Iiuniphucys. 
"Relation Ret~xeen the Energy of the Cntl1oci(~ "A Practical Measurcnlent of Colors.", hv., IT. 

Rays and the Freqnency of the x-Ray5 l ' r o~ l~u~ t~ t lF. Wetherill. 
11y Them, " by \Villixn~ D L I ~ I P .  ' 'P~climinarj .  Note on a 1Per~:ury-vapor 'L'111rc 


