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Study of tho .~. i :ation of ·~itrog·cm by ':; .o t zotobacter . 

~he prol)lem of ~ 1e :ri~rogo .. supply has · n one t} at 11s received 

a great deal of atte~tion from mhe cherr.ist s long 

a."O kne 1 .. t> t ~ ere vms very little com· i .. e<l -~i trogen tfoun in rockq 

not early e:no nbl to s trpply tl:o needs of 1 nt s . ..i1.en i ~ . as found 

that t e a •·l! osphere \:a.._ cor.: oced of a mixt 1re t'.at was four fifths 

nitrofP it v.as concluded tl ~t ~he pro ler .. viu._, solved . ~~otLinG 

c,uld e ea~ie · tlan tLat the .. lJnts took tLeir suprly directly from 

tl e air . ~1:-:.B idea was : eld for some time m til it w G demonstrated 

th ..... t •che plants could not r":ake aso of nitro or: t nlo ss it ·;a'3 supplied 

in tho cm::1t inod or.. f:·o,~ -::: e soil . i. nnrn or of theories ;ere noon 

aclv need to ccour.t for t .e supply ~hat vmc lJresent :.n tLc soil . 

Lie ig r-ught forth tl:e am onia ~heory and t} is ~as accepted f or 

some time . ··is the or· 'laS tLut ar..moni was the inportant source o:: 

nitro ·on :!:or the pl nts . I.iebig said that t :.e nutt ral supply of 

c.r...r onia 'wvc~G snfficier;:t for the pl~nts ard t" t in c ..... ses ,here t: e fort-

ili t.. of la:r.d h~cl Lone do·. :r: it .. as caused by lc_ cl: of otl or t1inoral 

clO\iL to the no il 1 y the rain and sno11 ar.our..ted to but a fcv; pounds 

per acre . ~ie jE i~· ediu~ely n~intaiL,ed tl at tl e plants ere aap~ lc 

of ' sor ,in~ tLe ammonia from the air. I~ 1:as finally esta lis .. ed 

t:1... t t1 e a. oun'; of a~onia i .. the air could r.ot supply t 10 r.1ount 

of nitro c nccdoc · the c:;rcen plunts , ar:d so tho tLeory J .t to e 

d:ccardc • 

etv.reen 1060 aild 1870 it \:as enernll· elieved th'"" ~ the 11i ~regen 

for pl~~ f ood cu~o only from ~he soil . It ,as ·~ol~ ~-at plants 

:1,.._,0660 
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nnm:al ly _·err.oved lar e qu nt't::!.os of ~i~r ... t~ :ron ~;he soil r..d t _ t 

drc.inage · .. a ·or carriecl a. a~ as r:mch r.:oro 8. d 'c1.us tr.e s JU.rce of all 

t,_ is n:. tro e 1· d to e found . ...he n:i trc.-te t;}:eor~l t:1en advanced ..,.., s 

t} at not or..l cotll, a. o .i.:. a .d nitrates be for .. e "rom tJ e ecay of 

htL ns 1n:t t .. ut the o.~ g·e .. and ni tr-·;:-en in ti:e soil co ~d com ne y 

cLeEicc l actiOI and :'orrn rd tra.tes . 

In 1877 :chloesin~ and ~tlntz (1) first est lis:ed the fa ct that 
/ 

ni trific .tion -..;a"-' .... 1·sctoriolo_·icL~.l 1n·occss . In this proces...: ... o. ever it 

' s ecess~ry for t~e b ctcri .... to have nitrogenous o ... anic at~er to 

form tLeo:.1e ·.icrc..tes . Considcr..:..nr the s:r:all ..... ormt of nitric acid 

brou ht do\.n 1 t'_e r ins ard t!.o reat _ossos CtJ ..... taine· b 1;} e soil ; 

it v:as pl · inl seen thut "'.; .e great quest· on o. .... to .ow "'·: e com i cd 

nitrocen SU}>ply va ..... r.aintaincd. .a;.. still unsolved . In 1886 tJ is r s 

to great e.:-:tent 1 Hellriegel a.. ....ilf rt ... I s WOl'l: (-) s' 0 . -

inc t .. at co.e pl ~~ . the ~eg ec ,,· en ai ed y .act rio. , cotld u ..... e 

t' e f::c~..o i tro on of t1 e air . ut it w· 8 kno\'.'n that field s n.llowca. to 

rm .. 1.ilcl wouJ.d i ncrease in 1itrot;en conJ;ent even ·.ithout "'che rresonc o 

of le 'T.cs . ~1 is t!:cn seer .• ed to indicate t'1at t:.ere :.as sti 1 cnother 

force actin.; . 

::von cfo e 'i l f a rth c..;.r:d Fellriegel ' s ;.or c on lo[mninous plants , 

BertLelot (~)ha~ b een carryinu on ~ome investi ations as to tllo ~ction 

of free n. ~1' 0en on uncrop.P d soil . 
.. e took vO ~" 0~ ah· clrjed ... . 

soil -::ept ..... 
l.u in. vessel e -lJO 0 i to rain end ir fo · ~even nont .... . .., ' 

~.L:ch ufter c l'TCCt i for combined ni :roL·e .. b r ought d.o'.'in y :"""in, 

..,_ o ·, e- tl at he ... ollo. in"" 

are Be rthelot '; figure~ : 



~it ·o~on co .~e t 

,.. -._-

a~ t1 o ct;il.t i c;;.t close . 62 . 48 6 r . 

.... cl • od ~' r2.in / ..... s Ji • 0477" Lost . 671" 

• ')012'' II If 

63 . 15 gr . 

In another c::peri:. cnt ir .. u1.ic c a · ... she the soil free 

from ni tra~·es he ~o' n increace of 46,J . In ot1.er soils he got 

vu.ryin .... rnountu o::= f::.~:b;t ~on u.t il. each case they sho·.:ea. a dccideC. 

increase . he lso fot d that .... en tLe coil ha bee steamed 

t 1 J ·egrees centigrade t ..... t no increase o~ r.i'cro~:...cn co,:lc1 e 

o'tu.ined cherofore he concl· ed t'u.t livin~ or! SriS v.ore res:pon-

si'lc ;or t e incr ase . lie ho eveL· , caul :r:ot y plato r.wt'~oc s 

: o u~e a .y or ·ar:ic . ~j:l ... t wonl assimilc.te free ll~ ';ro ··cr... • 

. efo ·e ... 
uLC .. ~iYin·· 

~-.... e 

lie1. h ... d t>ai1.ed round tl at tl1e cl ae could use free nitro -en . 

e -

e reason _or this l clief \htS that t1 o al :c..e rev: in pl... .. ces whe1·e 

~ c ·e ..,ee ec' ~o e ~o nitr ... ;';e"' , stc:t s on rac::eo a. ..... ..... d . In 

c.nf u,oi anu.l~siE: four an inc ·case in the u ~er lc; r as c 

p !." v·i ::·· £a ... d or .. '. ic . 1 o al_;ae e gro\ 11 ... · • 1892 ([) 

~chlocsin and L~u~c .t demonstrc~e- th~t a ~o:l in a cl sod vessel, 

i r .~pose ·c li ·1 ~ ...... C ult;t.e ..... loY.oC.. "'co fTO".' on it, v oulcl :.·~cl'oase 

in l ·ogcn . [ .c~ ( :.c:. no · use ste· ile soil or u~ o 

1 . e ,..o "'O" l· tcl(o")uc;.l.· n· tl:!'•..,. cul+.,ro~ o:""' .. lr:·ae Cl~:~ no+-v ·e+. -rl· xa+:l·cm 0. c:..: ... • ~· ..... :. - ...., '- - ..... - ~ - - - - t. - ~ - - v 

nt upon r:i:~in 



h:!·ii, er and Jchneicle\·,ing ( 7) u)t 1 o fixution \hen ·~ experir ented 

\ i th pure cultures of Chlorop' yceae . ~""_ cse expe1·L.cnts oho,JCd 

t at tLe al~ce could o"'.J of tl~ moe 1 ve s a.ss im H · t e .... re e ni trotjen 
' 

lut i co1. ction r.ith soiitl 1:acteria ni'.;ro.e'h ao fixed . It is 

posoible t __ t the c.lr:;ae produce cl e carbohycr to..., ·,, ich ft:r ish 

or t~e bacteria . 

n 18 4 '!"Tino~rads 7 ( 8) isolated a acteriUJ"l \7 ich Le called. 

Clos~ricillr1 :ru._,tourianun . This fi.:ed ni trogon ~.1 ile ~ro· .. in[: as 

ure crl u·e in itrogen free s0lution con~ai in· de .~ro8e . ~i s 

or[:·anisr.l io an enaero e ar. · is o 1e of t~.e but ric c.ci croup of 

a ct cria . In p re c lt -:.res for every ram of dextrose consmned 

t-.;.o rnillie:-rm s o nitro.-en 7ere fixed. . ~ 1 tho UE)h tJ..e organ is 

is an &naero c it ;ill grow in the presence of air provided other 
\,[lS 

k inds of 1act~ria are p~ sent . ~1:s~~ou qui~e pleLtiful and 

widel.;l cL .. stri uted . 3ut t:_iD organism ao an a .u.ero'j a ~ci. : t h:::.d. 

often ee. observed fi~ation of nitro~cn ,ac stron ·est 

in soil thcot ·;....,s \.:ell aereate so it seemed. proba' lc tJw.t a ore 

po\ erful nitror;en fi ·er ..,. uS ctill undiscovered: . 

In 1 01 Beijerinc- pu lished. a !'eport on t o nm-: nitro ·en 

fixers . He lad found t _at \:he he inoculated nod.ia containing 

dextrose with earth thu.t 'e uould get tho lostrid.iun _astoria:r:um , 

l ut th~ t Y7l e he ::;ubstituted roam it or Ca OT l~t.. :propion ..... to or 

tle ~lucose th~"'.J he ·ot a heavy growth of a lcr~e or6anism that 

he c~lle' A" oto1w.cter Chroococcun . re found. t2 is plentiful ancl 

\Jicloly Cl .. H:tri ·tetl. He di""coverea tl esc could e easjl r isolated. 

:::.nd t;rown on nannite agar . 

Bei jerinck isolated t1:o or s of this ; forr one, the azote-

acter chrooco ccnm isolated from g~n·clen earth, 1: u.., fo\ · incli v · 1.1als 



- of' \:hich Jere motile by reason of a sin ·le cilia. 

The second form uzoto1)._ct or a ·ilis •. h..:.ch 1le i:::::oL .. ted from canal 

ater at Delft; this uas very motile having Ulltlles of polar cilia . 

Bei jerinc,· o 1 tained fixation in i1 pure cul re up to 7 g . per 

~run . of mannite . Iri pure culture he 50 t very little .c. -4- • 
.LlY-8. ulOn . 

n a sec onc1 \,ark i i th Van :Delden ( 1 0 ) he c}.langed his opii:ion as 

to the fixat-Lor: pouers of p rc cultures of azote actor. 2.is 

coiclusions in this later p~ licatiol uere tat t~e azoto ~ct o r 
in 

could not fi:: nitrogen 1nn·e c ul ure , ut th~t ..... S'.,.!!l io sis ;i th 

other acteria such as aLulo .cters, Rad iJ acters ~a cro'sctcr 

d t!.at \lith 

t:t.ece he bot fi~: tion up to r . <J ~s . nitro[en per ran. -::1ar.nite . 

Even, efore eijerinc·'s second paper had eon pr lishcd Vo el 

anc Gerlach ( 11) had o taincd ood fL.ation of nitrogen on cul ure 

meclia inoculate -r;ith pure cu.ltt res of Azo-'co mtcr ChroococcUl'l. 

~ater Preudenreich, (12) Koch (lr ) and ·r~~er est lishc 

bJyona dou t that the pure cul-'cure would fix free nitroccn . 

LipnLn (l_) isolated th~oe ci~fe~ent a~oto actor cpccios of 

qhich t c most powerful nitrogen fi =e r was an or ·a is~ Yhich he 

called azote acter vinelancli "i . He found that altho 1 ·h 1 e ot 

good fixations in pure culture, c got ettor fix tion 1 en the 

azote acter was gro·,,n in Sjl11 io ,. is with another or ·....,.1 i om even 

thot> · _ t he cecond or~·anism di not L vc t e pov:er to fix r:i ';rogcn 

:.:+,sel:::' . 

In late yo~rs Azotobator ~vc con icolatc from r.an a · :foront 

soils in pnlCtically every country . D.:.fforen~ spec· os Lave cen 

our.d hie fix nitro~cr: '<Jit1l var· ing- de~_ces f effcct:.venesc . 

One fe .-t •1.re of "t eir .; stY · ,. 1t ion 1 · s con '.;ha~ they arc · lw : s 

.-! f'\ i' I _q 
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.ulue vreon u.l ae . 'Jt oxl asa ( l9 ) n<l Stra c.l:: , (26) l1ot l~cported 

"':;} is phell.Q''"enon . Le utner (,., 0 ) sc.ys th:.. '.J t e azote ctcr .... re 

·.vi c1ely di:JtTil u.ted in tho ocean occt ri:r. la.:n:ton 

or ~nisrr. s. ~:e found that the:r l!e:d the r>oHer o~ fL:ing r i tro e. 

in c.;.n eic..hJ.; per cent so l utio o~ salt. Kc utner lso ::o t~21d the 

orc..a isms p ·esent in ::resh ~ater . onccke ( ~ l) roporto 

prose:r. ce in the ~uy of ITapl cs . Steklasa said tattle only soils 

i \~ i c h e \7:....S unable t o find tl em \ .. e:re in s pl es of the hig·h 

lying soils of tLe .lps . 

The f ct t ~t ~he~e i. ht have [;Teu.t eal 'bo do 

·.v·t .. aintaininc..· t he fertility of tl...e .... oil }'u.S c .... useCi. ~ t ch stua·r 

to 1Je :·ado of tJ.eir rcqui::or ent s. The ~zotobacters arc v ery 

sensitive tote .... ou1t o~o.ora ion . ~he· arc lie;hl· a ero'ic , and 

.:rains:: i i( l ) su s th~t the a ount of ater in t} o soil ':.ill 

affect tho devolopl 1er.t o:: tJ o ' cto:-iu. t .. c e--clusiOl o the 

c;.ir ,_ Jc'.e moistu.e . :e fo r.c t" """ t the fix "uion in l.._r c 

qu:....nt:i ties o.: ct ltnre media ·· s s .ell on accotm':i of tho l ..... c <: of 

ccording to ot· cr inveuti ators , r.o fi .dt:on o ni~ro ­
o 

..__'01 in artificial c ltt -·os • as found at tor;rperaJ;uTes olou r C or 
0 

eve 50 
0 0 

T. cir opti. urn teLpe '[... ·u!'c i::::: I et11 oen 10 and " l C. 

zoto ct cr are very sc .s~tive to chan_·cs in"',; e:.r foo" 

su in f~ cJ. so t'.dl so t Cnr stensen (1 6) .a.s tried to 

\,ark out a iolot;..:.c._ l ~ctho for c!.otor. i::-.:in · ~-Le a.v il.__.' lo plcr.t 

~oo<l i1 a soil .._,in azoto1uctl.r . ~ e did t 1is :· ir ocnlat.:..~ 

t'_o soils _, nto ct•l tuTe c c: cor:tai ~int.. a iffol' · t tt.1 o unt s of lant 

food ..... Ld J -1 • • 
li .en no li~C~ tr.e difference in develop ent of :.e t..?o"to -

'acter . 
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n fi.:inw i ::ro e... ::r.o a:.>o to ctcr ...... re ( e e .c c t J:' r er.crgy 

or.. s ome fer1 el.tc. le ca:r- ohyc.rate . :n .... rtificial modi surare 

are 01 orE!.' ly uced , us ..... 
l!k ... nnl Jc see .. ::: to ost efficient, 

it is o'"'t often usc- . 1 ... offrr. ..... r. an Har..!I!lcr (lrj) tes~cca. ouc anum or 

of su t.1·s . In i!npnre culture they got t e h~ .est fiz tion from 

lactose uhile manni::o w s al~ost as oo • In pure cultures ~ oy 

co:; ~i ~tion fro~ practically ~11 the su~·rs 1t t _e L ichest 

from mEn itc . In the pure culture t c Iacto8e w~c very ~uch 

poorer ac a sot!'CC of energy . einze (18) fonncl th t ~- _o pectin 

n pentocan s~ sttinces . re not ac efficient s urces of ener~y 

as tl e sncar . ... tokl s ( l ) S~.fS t} at in the soil tl e llll'f' :roicls 

r..al:e est foo for tLe azotolactcr . 
.. .,. . , . . .• r ..... lDS.Kll (lC) .:> ·c..tcs 

t :L~; fo every l rmrt of n:..trogon fj,_e- 90 parts of C arc t1sed . 

'::hero h&s eon some c iscassion as to \7 .ether tho azoto1)c....c::er can 

u"'e cellulose to =:url:is) cr,er ;-· . ip an (~0) i experi~ents in 

: ic· ... he add.,· cliffc rcr. .... a· ounts of filter paper to pure culture~ 

:'e1un th~ t up to a certair. u ount 10 cot a1 il.cre sed fi :at :on 

of n: tro ·en . ut that "' en he added a large a om.t of f:ltcr 

~apor , i '.; Gee. or to in .. i l i ~.; .;'10 
..... Cu10n . ' 'a 1 , ( ,. 0 ) • _.r._ o ll d , r.. o u ..... 

r~ h c een 1 oted ~ otters tlat 

soils C ntuL.in£' hllr'US ~re S~il'O or in i ri ._ ni t:·o en t} an others 

tht.. t ' ave• less , ~o it seomE: pro c..; lle t' t "'vhG cellnloso c .... J: e 

t·scd. to ' cer"'v"-in e:den · as a conroe o:: c1:eruY . 

~he food CODuti~uontu "'vh~~ seem to have t' G rost notjceu lo 

effect on t e occur'-L of '"'vto u.ct r :.s li... C ris~enscn (16) 

sa ~ "'v~&t t eir distri· ution is doter .:.no ~l.o ~cic"tJ or 

Ca C 
3 

co~.te t of the so" 1 . Sove rin n :·ole 4o .L.rze· ·er.iolisLi ( 21) 

fo ~;:d t .. o a'7. o to )actor r ucL r oro r..unero ns i .. lL cd cr~iln IJ.I..C also L crh 
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\.he-the:::- tLe soil had oen fertilized '·it _ " .::'croco~ o~· not . ~he 

limed soilc E~ o·.7od fi-:a.tion in ton days of 16.17---18. 3 9 I!lg: . hile 

unlii~Jed shoi eel 6 . 8 --7.4.? m • They _otmd the nitro en content 

in roneral ul·.r ys grcu~er in the limed soil. ( 22) found 

the sa!':e reEul ts in the :.o .. chc...mo-':; e .... oils. 

3 ottonley (2r) took li ed garden soil an unlimed garden soil 

sterilized i n an autoclave; inoculated oth in t1e sa e manner 

,,ith azotobacter and seudomonas radicicola, and in the limed soil 

there \as an r.creuse of 35 1 c • ac a ainst 25 in the tmlimed • 

... erlac.:. anct Vogel ( 11) rr:ade up nedia ' i .. ~hont lime, P
2
o

5 
and 

· and P' Ot no growth . ~hey inoculated flas :::s \.he:re neither \. 

no1· code. lie1·e added and hero 0 o .. ; a li111i ted amour. t of ro rth . 

It may e t 1c.t in the latter cu.se "!;rc.ces o~ l~ and coda ; re 

t .... ken from the ':laGs of the contc:.inor . 

':'he ene!.:.cic.l action o the li!':lc seers to e i1 its E.l1:ali-

nity mJ.c che. ical c.ction on ";he ot or conc"'.;i!;uents . C 1ristenoen 

(10) st~tes th ..... t J:·2 o5 nd li.c ..... re csoentic.l'o tho cocor1:positio!" 

of rnan~i t. n c.n experiment he used soil fro u plat \~ich :ad 

een fertili~;ecl for 12 nears \ i th Ta.tl03 Hit out limin~· ' and found 

the r2 o5 exJ1austed . ·.hen +Li.::; soil i7as uoed to inoctl<....te a crl .. cure 

solu.tlon o:: u:anLi te, 1"1 co3 D.LC .l. c no reduction folloHe vu. 

' . 
, 
rai ~sldi ( 1') ::'o Ul1cl. t.u.a.~ ·ra CO"' w ..... s moro f voruble to a~:oto ~acter 

"'ro~.th th n Ca c 3 ' inCicatin~ th~t the enicicial u.ction o:: lj_ne as 

cue simpl to its alkulinit · . Ilipman (2 4) s ys th""t tw c2.lcimn 

car on J.;e inc ·ease' the c. !lOunt o:: ni troger. ixed b-· azo .. co acter 

either i::~ectly ctimulc:-.."!iin[; gro~1th or indirectly y '!"1 ... kin> 

more P S or · ... c . c...Vaila' le . 



- 9-

.:'Jr ~he s ke of t e fe1·tilizin · v lue is some i:hat prol)l emutical. 

~xperi" o:r.ts 1 ave ~ "' von :r .... ts ' 0 '.;' for en < 'Linst . :::,to':lnsn u 

( r 5) ir,oc•·l te pots o:~ soi l . 
'" · c1 !.ac .oen q aJ.; -1, sup lied i th 

· oxtro~o d li c . fTI' 
~ .e :r:wr. \ore 

incre£.sec1 n ~.;1 c Jiola !_L quc.o.l~ .J of the crop .:_mpr·oved . He 

"".;riec1 i J; 01 .. oats, eats m lO"tc..t oec.. Str na': ( .... >) repo_·tGd an 
on 

indreas e d y ield of oLts , pot tcev etc . inocul t~o £ • ~otto.: J ( r~ ) 

e pe1·±: e ted with potc o .... s r..· supplied ·,;it. ph o .... phc...tes , potas 

'-n· lin-;e c.. 1 1 J c..cl o oats . ~Le o L v c a t' "" ~a-· Cl' J.'ield w oro 

1lt· ~e of azote ac"".;er and 

Pseu o.,o o.s : ,ac ic.icola . n field expe1·i .oLt~, , arlo t .e 

see's e •. tre_ t d. •.;i~~ 1 i oc1 cult 1 re . ~ .. o plats t us tr o 

'·c..~ e a 1 . . eu.ter yielcl t. "n tho U.."l "reL te -0 0 '; -A-ill I . 
1 i :r inc :_ oct.ses il r ot lants . •Te found J.. rta c ,ust be 

, __ 
3 

p·o~o1t in all Cc ~ s to ct ef~ ct.:.ve or- .... rom tl 0 r c teris . 

- :W c.n ( ::.'1) i"\ .l. fiel e -- eri ent COll ev no pp. oc:io.1le ii:creas 

i. crop ie s . ~'ci z.e ( 1,' ) in .. ::.eld e :_cri· cntc dn _allov. soi l 

.m. a, c J..; o e J..; :~c:ce's i n Litro en .it!ott inoculat ionJb 

c'-rc:...ul c..tt ntio to tLorot ·h c ::.civ tion, aen ... tion , a-edition of 

Lu us , lime .:. tl ..... p' at es . ~his l~tcr is ru. tLcr J.: e 11 • .J · jlrac-

tical u.eJl ocl . 

~he p urpose oft is the~is is to. akc ~stud of ~1e occur -

u.r.c e , r:. t · o 1 o 10 • and iolo ic .... l eatlu' .s o:: ; c uzo'uo1Jacter 

of IC ~ .o 8oi.L~ . 

'"'he ret} Co:: Ct..t r1 inine; tl.c occ l't..nce anu. f' .. ation po·.icrs 

l'.) i . ..1 iL t....~..t·r 

S. Sv. 1 f oil ·< c co testu 11. .... ually f 'l r. 

1 e.~.· pu"v j nto 

~u • 

ivo- ''" ..... 
-i- • • 

CO~. v~ ::::· • 

1 en 

ted 
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~annite neCic rocommende: y _ ... sh )y ( ~2) . It \l.. .. S o:: the follo inc-

. an:c.ite 2 0 c..'r • 

I.:ono}10':;assim hosphato 0. ~ ,_:r . 

( rcut:rc.lize th:.s first in soluti on an' t ~n adC to other int;red-

ients in solution) . 

J.u.L' • :o 4 0.2 ems . 

la Cl 0. ~ ll 

Ca so4 0.1 II 

Ca 003 5 . 0 " 
Diet . ·.ra-4- e r 1000 cc 

To Y'la'-::e ar ... r l . 5 c; c; [; r .as addec to the a ove . 

Of tle four sc.mples t\o "Vere immediL.tely s eril i :?ed either y 

ste ...... 1int; in t 1e auJco clav e at 1:...0° 0 for ten inut;o:::: or y actdinr; -tee 

of fonaalin . '1he remain.:nr- t·.·.o \ere ~apt at 28° . '.:'hey wore 

allovre to ·ro\· a out th:.·oe . oeks or til the .an~·t had all 

disn)pecro6. . .·icroscopic er.~inat~ons were m~do every fc~ da·s 

to da"cermine the presence of •. annit . This coulc". e determined y 

tl:e p:-ce~ence of the c· .. .::r~cteristic nee6. e like or rhom oi cryst· ls 

n • .._ o_ .annl i.J ; , :a. int.J.;ion also "as m ... de .. 1e.:·e for ll'CS e cn"'o of the 

azotobc-cter . t tle e~d af the incu ation porioc the c lturcs ere 

te~ilizod cit or by nutocl vin~ at 120 ° for ten minutes or y 

t ' . ~ . ..L' 1 f -" l . ne ac. 1.;1on o ..... -::tee o .LOrmu ln . ~he co:c.terits of tho fl~sks ~ore 

then an<.tlyseo far total ni troco 1)y the K.:Jel uhl .e.; ad . ~he 

nitro en an l ses vere 1._ e r r . is .. nrn of tJ:c Lt;:ricnltt·ral 

Cho. is~ry ~epcrt-ent . ~h e .... 1'o t.scC. for .... o detE.r i" ti on o.r 

the nitro en as ~un in~s -edifice ~ot~~ _at· : OL p rc 7 of ul . 

107, - urc ... n o C' c .. i tr- . 

.. n e;: er e t 1..., ... de to 'eter~.i1 e 11 eJ .. er o2· o · the ho .... ting 



- 11-

... l ... te I ... .~.sh :,-s solution i1 oculatecl. · .. it five ~1· ..... rr.s of il . 

"!:llo.s1: on tLo l'i ht sho\7S tl E cl aracteri s t ic blackemint..: . The other 

fl· s .. m become urkcr · i t1 c e . 

( D1·i inal) 
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.:.) l - clu rc c 

fro! ·~' e ~ rc r r.ort. · 0ll'ill Rnll • 

.. !\ .. v s c\. c: l a. c:..c cc 

of co .... o:..t ..... . n . \Hn· of t eco e :r.: loz 

12 0 "" J __ o_· con . L 11 e · 

tot 1 · .. 
t .L •• • ~ • oC tc.r-'lo . 

T 
• l:• 6 r:" • < 

II 

..> • < " 6 ...... II 

7 • 02 II 
II 7 . 6f~ II 

II 

T 0 . :: ' ro L. 

... ' 

li'o l r f: l e ..... _ c .r t of 

o co_ tion .... t _ c c offol'. :.::.n \ ' .... u .... e i: . .~-e ~ of · c"./_j ·n · • s:'Lo 

St e ri l i z e d ~ith ~or~al in Uns~..;er il e . 

6 . 0:. 

r. .... . 6 . 0 ·1: 

he ' ... c ::;, __ 1'0 ocn ~} ey h ..... VP !"O. ce , 

~or. c..li11 e n. 1., L. ro s. reel ' 1 lo s :!n 1 · J.ro...;c 

cl 
n ~hie x 0ri c -'-; so.:. l .... c __ e ... · o. fer'!;ili"o/' ::., ~c on t. o 

...., 0 ;,( l ~s · e e]n· fe_-';il ~ "cd ovc::y c .. :· e c~ rs 

o.nd l i c ~ ~ · or. . D.:."~ercn~ a pplj -

llm. s :-
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)1 J- l i1 "'• .. 1' 0 v· 
t) 1: 
OJ 

t;t II " )0~' :..;} .... 

II 4 11 c •·'-'-

I! r::, en I ~hoc): .... ..., 

" 7 c.d rf.C0. l Od 1 nc .L 

II " r.c' 

11 9 II Tl 

II ll II 11 I. !T p 

('"! r :_ ]~ , ... fro "".;} (' (,( 1~ ~ ~ tl d - c n in ·c 1 nots for r1 

n·~ ·c,tjon 0 : 

·roT"! co . J.~, l. 

'[! cr 

p, en 

4 •• 

IT '. 

·~ 

A 

0 

1 

. 
·~ 

.. ... 

7 

'· 

11 

' Ol). , .. 
~-' 

.J. 
·.t.rll'o \J 

£1 Cl~L ... or 

(' 

1 l ~-

C1' t. r•, 0 . ccn -rp~; in ;· c J•ce ... h 1 so 

1 nt;il t' o le for ', i r. Pre 

1. :1. tr · r: ..... t·· c t' c \'a,(':£.' c .. c 

l' r<..to· 

f ; .; .. 
-~~ 

'; l~ < 1.. 

·- r .L • ,) 

.... t~ . -. 
r. • 
,J • y 

l. • . 

~ ,, . 0 

' I 

'..J I • ' 

. r· ... 

the aaCition 6f Cis~il1ed water 

OV< TY ., cc;·n . ,. •:_· · 1 · this 

n.. •. 'r: . , 1~ ~ -

rtc 
~J il . 

~'7 .4 

u.6 
g • 

l' ( /' 
-• J • • -

l' ( 
), . 

llLJ. r. 
(i • ( 

1 r• ( ....-.. ' ... 
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anc js '"''b ·ect ot overflo. s -'.:; o crce:: . L. 1· r"·e co pos-t 

,., n·ood '1'+-1..·1~ 1) ··o "' TI'~ 0 ,_. '1-t.."'·.,..- .''-'"l'.nd i:l:l·TI .._.no u08.IJ OJ d!l~ L ..:>c.. u. v ~-
lace 

\ 1 ere oo.::!plcG '. '.L·e ta:~e:r • 

u~-.J .l los ' e:~:e t ·en at fo'll' 
') . ...., . .~.i1 es , 

~ 

( !...l c ':'.1c. coil ao ".:a ... t:::::. _ror 2 de -1-;.1 

tlc to~ of tlo soil 

'\ .. fro.._ en( covcre ·.li t.1 four or fi-re inches of uL.O' .. . ~he 
>.J 

Cc...!rl leG e e ._,ncllod iJ:. 'uh0 nnnc.l ... et'10 ~ ... rd ,-;o ~·o c..l_o e to 

<-TO\. ...., a- G _n -'che .. o..8h --c- colt:"t:on . .. ..... 

f /it rogoL in Crock .. e. O';t .:Jo ::..l . 

· cfo ·e . A:ftur 

! . 00 m:;; . 10 .1 ' i. I. . 

4_ .00 II 
n 1 . L:O II 

lf 

of nitro:en fi ~ed ~as respcctiv.l· 6 . 10 enC 

,. r,-·· • . '-' 
S::·he seconcl. sto.:nplo ;,c.a t[1..e -'"<.ll' . 15; a fte1· the .irst C[. :ple 

t' ·eek v :i:flo·. cd t! o place o·!? cc.. lin · • ':1e co and 

out o. we e~:: c..fto!' th overfl Tiel. t1 o soil 

.o:t s .::ollo· s : 

fter 

,J • ? <) u.... • • 1 0 • . .u 0 - ~- b ~ c- • . . i s s . 

3 . 79 II 
ll ~ . 19 

?h :fiJ:ation c.. ot':.t;c to o fjx-
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ut ion cs in ~ .1 :. irzt 8 ...... ~pl c . 

':!:he third o mple vms t -ken 'pri l ,.., ; the weather had been 

cold and rc..:.iL.~ .. ::or a v.r ec~;: o::...· t 10 . ~he r.'ois tu.r c content of the 

·1 1~ ~ a.d ~v-hc ~ + nO ,, SOl Y.a s <J,o uC!:l:peravur e -.; v • 

3rd . Betermi nat ion . i t1·o_ en ?L.at ion o Oro e~;: ::eado •; . 

Jefore After . 

• 76 .l. 

3 . 99 n . 90 11 

core. eel. altho not t:.:_ ff . ri • ._ .. t:.cL f om t:10 so r-&do c .:o::...·c . 

n e fotrth SL. l o TI~u t~ken 01 :ay 24t1 

eon warm•; 

4th etermi. ~cion of _ritroe;en ·i :ation in Cree'- >:e ..... do · • 

. u.ft .r . 

'"' . 37 1~ . :: 1 

3 . 3 7 11 12 • '/0 II 

The f~x tion i n this determi1ation WuS 9 . 0 ~ ad ~ . ~3 

res .e ctivel:t . S:hjs ~,as t Le '.i ·l OS 4~ fi7ation recol·d.ec for Cree-

.. eaC<;w . TL's Jli,·h ... ixation resnlced pro a ly · ecut"",e tl..e 

\1C trer \ s v arm and had rc..:.ised the temperut!.lre o:: tho so il • 

thus a proac in[ the optir-;u."TT te1 perv.t n·e of the a:?.oto' ac .;or . 

~he a?oto actor th n proba ly ccu e ~oro active and reo.~or 

.um ers re~nl ,ea. , tl us i v i ng a g-re._ t cr f ixati on . 

:oise 7alley ro n 8pot 'oil. 

Soi l w· s received ro~ -oise . ~ e ooi l had eo. t·ken fro _ 

c so called ro ;n ::: ot; those roi1n spots oul " no".; su.tpo:r t 

._routh o_._ vegetation . 

~eter ination 0~ ~itro~en nixation . 
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:Bcfo ·e .... ~fter 

l. 09 r.'1u • 10 . 18 m- . 

1 . 89 " 10 . 5 11 

,., e · trot:·e .. co . .~-rnt in .L. e first plac ver: lor· ut -

c < • .... c"';eria ic of ..; , - . 
~l e ;OJ.SG Vulley a ils it is not 

unusml . :'1...e 1.cterit~ iL t}i~ soil \,ere very v'rz0 ·o·s as in 

si:I: clays u stron.:c· To .. th end _oo.vy scm1 Yft s ev:clent; In ten 

eon need up . ~he fi --: ..... -<; • 01 ·:.. .. s lO.j_'L'Cr 

0 ? anc 9 o~ r+ ... J.· ~ ev~c"lo~~ .L.'J.lnt r c 1 'f •t " .... . < · ~"' , • u . - - ""~ "' (.;; "' ~..· <--~..<...:> o J. ·s nr:p_·oc•uCuJVeness 

_ ot 'its lac]: of fi:::<..~.:.vo p01.cr . 

Joise 7alley IslaLC oil . 

~hi a ... oil r:o.s t ·~eL f ·o:n an islanC in the · oise l'i vcr; tho 

soil is a sa .c.. one 1 containin~ D. L·ooC G.ot.-1 o:f or ·c.nic ::.a', t .r . T _e 

or & ic nutter ic to CA. -reat extent n.. ecor.1poG. · . 

:o~ore After . 

8 . .... 8 

8 • .. 1 " l4.G If 

...... l.LU 'oil . 

-~is coil was received f ro a, Ic:~ o . ':he soil is .(" ~·o sa e 

brnsh l and tLat had J:ever 'ee11 oro a~ . It . s ..... fi Jo volcm~ic 

dt st soil; lic·h~ ir color . 

'";J ... e oro ..tl.fter 

4 . o.;; 0 . 1 '-'' . 
2 . 87 TT 1:. . G1 " 

C lclwell Plats . 

So::..ls ::o1· e.:peri Or'-
• oJ ere tn~:en fror 

t e s1 bst~tion in Caldwell :a ...... o . m .c soils .e~ o: three vcr-
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':11:ooe la eH~d"Ordinar.,n· .ere of ~l e usual t~rpe o:: fort..:.lc couth 

""ho soils . 1i ht in color and lo1. in n~ tro eJ: . ~ .osc lc elocl 

licl:: \:c re ~<..,_en from li · t colored s ots 

rill not gro\ · or cl.o so vcr:r poorl:,r . _hat la ec. nLlack ell~ li ~~ 

etation nd after plic~.tion of \,uter a luc,: ir~crt ... st ~·ion u.ppe .... rs 

on che r3t.t.l'fb.ce . 

:'hroe caJl )los all la led 11 l'C .:.I: ry 1st . ft . 1 uere co~1posi ted 

G.~· t:ce2.t d L t' e ust e<.l r::~ ...... nner ~.or ... · ~ro .:on f..:.Lat:.on . "'he acti01: 

1 as ,. id , tl e scu;J t.~ )G rin ::.::: "'" fe da~·s anc1 ~· e r1 :r:1 :. -"; dis-

appearing ir 14 days . T .e crltt res were the· ~ t.c.l~·sed . 

Det r:-!!in";'; ion h tro ·en Fi .. 'cion Cclc. ·;e 1 

' • Gl IT 

~L.e fL_at · on va::r·ioC. fl'Oc 7 . :.>4 to 7 • ._r . 

a1 plc .... all lu clec.l 11
...., rd:.no.r~ 2nd . 

rclincry let • 

.aftrr . 

1 • 25 

1::.. . 78 II 

T'-l- " ..., . \•JCl'C COl.pOSi tccl 

a cl r.i tro~·or fi mtio· ~ test 1 ....... c . ~t-lC c.ct.: on in ~;] :. s u~.;.s p1·es 

~ e~;er in tio:n ution Cclc.l1:ell r in. ry • E t . 

.uG o:;:e 

f) . ., . ·~ 7 . 16 ' . .. J.,. • 

II II 

n 
- • .!. f.:. ::c..t:..on i ... .~. fro ini·:..al G •• 1 . : .e vt..ries 

. ..:. tr en c..nd t· c .r:... c..tio .1. in ~, :.a ... oil :us no'· as Li ·h · s i. the 

~·rot foot . sis UL o 'te LY causec tlerc eing less ncteria 

action i:r: the an· . fbot . 
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uoil from '· ic sume or{ j n 1'"'" soil lt on ' .:.c 1 a.lfnl:::a :rc.s \J 

inz; r . ..,, J-ested for ni~ro ·en ~· L • T.o s I lJlCC ' .ere com-gro· 'c-. >J J.lXD.u::.on . 

:po:..Ji ted. for t lis. "no :..nc.l so nfte1· 1·1 U.:)~O ' other c...fter .... o clayc . 

:Jctorrninnt ion of a trogen ..., iY.:ation in Ca:lc Well tt•Jrdil ary 

Jilfalfa Joil' ' 1st . J:l't . 

o ore . .11.ftcr 

4 . 70 lN o21 

4 . 4.9 II 10 . 5 II 

~he f~xation varies from 6 . 25--7 . 9_ . The ~out of ~ixati on in 

the coil croppe \,ith elfclfa as lm.er t an tho fix tion o:~ the 

u.croppeu . ~he coil froE t ije cropped plato hac a her per cent 

o .? ni tro .. _;en . 

The soudomonas 1 a.C: icicola a~i _ c.:.Ve :"'d some: part j n t ;.e 

:!.'L:ation · s it -:as oen found. by . ..... . auc (28) ar.c. o"';_:ers, t h t 

~he"'c c.ctoriu. ill fix 001 e i tro en Lo 'TO~. n ir 1n 1·c c L'.- t urc s . 

Tho sccoJ...d foot ·;as teet eel in the sa .o :mar.r or c:. a ...... l· sec 

a te 20 d.c. .. yo (;.L'u1.th . 

:De"cer .ination of :;i trosen 1 ixation i ... "C ·ldv ell OrC:inary Alfal~" 

2ncl ft . 

efore fter 

3 . 37 7. 1 v 
J. ~w • 

" . 30 II 6. 11 " 

e fixatiol ~ao froro 2 . 74 to 3 . 8G . 

ulicl: uoilL . 

'l .o samples labeled " l:i. 1: lst . foot" , were composi ~ed an 

teJte• for f~-ation . '::he action in o c flo.sk sccr.1ecl stro ."· r tha 

in tJ e o-'.:il er . ':'hc~T wore ar.alysec aftor 20 du ·s TO t'th . 
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::..,etcn.im::tion of I;itro en ixation in "Cal ell Slick let . ~oat" 

Befo ·e fter . 

2 . 88 rnr; . 11 . 51 1. • 

• 9 If 8 . 55 

_•ixation vuricC from 5 . 46 -:;a 8 . 7:3 . 

DeteL ination of :~i!.;ro~er~ .... ixution in Calc"\ ell 11 Slic- 2n • ft . " 

2 . 39 !:1£' 

2 . r. .... " 
]~~ation v rio fro, 4 . 77 to 4 . 91 . 

-:'tor . 

-~est in C .c 1
. ,., .j.'"' 

• iJ v u nalysis . 

:he f~xatio1 in t~e slic~ coils coos not seem ~o ~f~or 

m· teriall from t1 ~of t: e orC inery soil . an lc ... of slic:: 

soil :~om pl~tc hich oro cropped' i~h ~lfalfa tore also tested . 

: etermiLation of ~~i tro en ..! i · tion i. Cc::.lC.1. ell ". licl:: lfc:.lf., 

lcot . foot . rr 

Befo_e 1 fter 

; . 16 • t.> • ? . 86 m . • 

3 . 61 " 4 . 84 1 

The fi:~tion in t~is snil varied froL 1 . 23 to 4 . 70 . 

This \LS lo cr t 1 ..... L in t .c uncroppecL '.::.is is ';he Sc..mo re-

cult ac 1aco no~ed in t e ore ·nt.r~ soils . 

Jeter:oi1 :..tior. of :T~ tro ·on :: i.hu.tion il. IJ ln ell ",...lick ;.lf... .. lfa 

':nd . foot . 11 

:Be~orc _.;_ft r 

1 . G. J . 

2 . 18 !llu ~ . 6: n 

"Blue - ~ ... 1 _eli. 11 

f.:. a~.:.on . j;"_e liqnid o_ .L;} e •· sj · ys r solnt-· ns in .Lu 1 :l_s t:P ;-;as 
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~here was a stron action i those ots , t1e surface ecoLin[ covered 

i th bub les und scnrn ' i thin six c.:,~s . r:l cs e \ ere £-n._lysed ftor 2 0 days 

:Je+crmi:r:at ion o:f .~..1 tro....;en ~ixation ir... c::lcucll ".Bl ck lk.::.li . 11 

cfOl'C dter 

G. l8 m"" 10 . G7 

G. 32 n Lost in Chor.ists ..tl.nalyses . 

:hcce deter ina~ions sho~cd a hi~h ifii~i~l con~ent of nitro[en . 

This cor.~ont io :':lnc' 'li 0 :Gl' than thc.t c;encrally f m1 in soils from 

,.Jont 1ern I .... ho . ~he very est go.rden "Oils of the · ~1-, cc Country have 

a out t~w SC.! o rr:oant . r.:he fixation 0.1. 4 . "'5 to tL ~9 ir3 not especi -

ally hi,) ... . .. ~ (() 
O .... ClCte L ""' ~ in 110 ..;;tucics of ~he so called11 Blac 

· n fuct so m~ch so th~t it rilled the vege*ation . 

:!:ounc. L.G h:;.,_:h .... o G . 54~~ of ;.odinn l.itrate in tLese .:::pots . e has 

at~ribt1~ec this to ~he ac~ion of azote act r . In this e -pori -

:mont · .. e do an especi .... ll ""~ 1:.gh .d -'-To e1: con~ cnt _or thc.t se ction 

oi: the cotmtry , bn~ not hi h onou · 1;o c:.::.uso 1
.;1.o (1 eath l' the lants . 

Also ~-rc a~oto actor in ""hose sa _Jleo .. Cl'B no~ eopcciall;,r vie:or -

ous . =~o ·c ork on t.d s is neces sary to ascertain ·:.het .~er or not 

the cause i tLio Cc...SE: is t:"e oar.1e c..S t:1at in Color clo . 
Cr oo di nG .., oils • 

.__ oil sa::1ples ' ere ta can fror.1 clq)tho of 1 1 2 1 4 ' cncl 6 ' f rom 

plat 1 o:: the u oodin:_: su stat ion ex cri .. GI t fan:.s . c: io lllet hod 

oon very !.o .vil· irri ~ ~.;eel , recci vin · :o:: tho ;:rol in.:; so as on 

2~ feet of '~~er . ~he sEmples .eTe handled in t~o toual e 'l' -. 

t::e ..?laskc of tho fi:rst ::oot c.lo\e~ cv·lution a.: ·ac .:nC:: 

o.: sc ~Lo sec one. foo 4; s' o. o · a fe· .. ',, los t...t 1:0 sctJ:~ . 

u ·tion i.cs o~;icea lc j1~ -t 1c fl,_;..""k:J ir oculute .., i th ~. o so::. l o of 
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of tl·o o ~ 1e:r ep' :u:: . 

1D..t 19 . 

uofo:·e ~.J-:.ver 
~ 

ls"'c . ~ . 72 r 12 . 70 ., . 
: . Gl II Lo~1t 

2~c"'.. . ~t . 2 . 81" J . 37 " 
~ - 01 11 2 • 80 If 

4th . /ft. 1.40 II 1 . ~0 " 

1 . 47 II l. 1 If 

6th . ft 1 . !) I 1 . 26 II 

1 
~,., !I . .... 1 . 26 ,, 

The sterile c:c:i ls s 01 . "" - c:to 8e of n.:. ';ro en ~ i tJ1 increase 

i1. dep';h . _lo ~~~ro:en fixed in the flusk cont~iniru soi l of 

· .e :i r ..... t foot , as 9 . ')6 :rr!,... .; in t .e next foot , one fl""sl~ shoued 

an i· crease of • · G rr.. ·• ~1:.e o'·~.er none , ~ e re c..ini .; one:::: s~~o ·~7ed 

no i1 c1·ouso . ~,lis s1 ov.CL t, ""t t e u~oto· t-ct0r re present pl~acti-

cally only in the fi:rs-'.; oo ~ . In o t, OT co ilc '· c~od it v;·a~ us L.lly 

~aunt o:f fi a . ion v s in the 

:::·rst foot , nome i'i s l?o foun: in ~;he nccon . I ~- is c " e, 

t: o 1 '-- t i c1 received e-·cecsj ve iT··j f tion 'nd i ~ m· J 1 o t· u. t 

1l'bertu <.:'oi l . 

'::\iO 'oilc ·nrc received fror:1 :.1 cr~· c.. , Cana c.. ; o .e v:..... a 

surf&ce soil an~ ~~o ot, e:r ta:en 2~ · nchet below t~ c sur!&ce . 

'"'hey- \'ere h- ndlocl .;n ".;he S l D..l ulmer . "'hey sho· iCd L sli, l:t 

frat: y SCLUU aftE:T !'"' ·ir.L f:Ol' 80. etil e . 



.t1.f"!ier 

ll . OG I, o 

'""Le ·bove cLo o<.l a f~xe.tio of? . _~ m,; . 

dop'~h of tvront:r f m: i:r.c1 os 

ccL-:~.inec1 ...... !"Y rootlets :::;o c !Jplc coul-: not 

to obtained · i .J;hou".; 1 avi1 sor o of .... he ' , ~·:. ~ s mu. e "!;Lo • i. -~-ro~ en 

c..o.nal~,rses hi ·h . 

:rfuce . 

1 ... ofore 

"~ . 86 S· 

_hE: a-vo :.i"'.at · on Oho.e~ r, irc:roase of ~ . '72 r: . a:: r.i·ro--cn~ 
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Tho follo'.,int; tal)le is ~ su.u"!ar~,r of all t -C s::.mplos testec for 

ni tro.._·en fi::ation . 

':2al)le of :Ti trot; en :?ixation in r:oils Analysed . 

30il 

2tstion plats Fer~ . 

Plat 1 

II () p ,., 

II 3 K 

tl 4 :Liue 

tl 5 Cl::.eck 

II 7 lT & K 

,, 
8 1) ... v.. 

" 9 u p ,. 
A 

" 11 L lT .P K 

Crc ek Leac'..OYi'' ?e'L . ::..8 

" It IT 

C l'O eJk: IT !..ur. 15 

II IT 
l~ ... ar . lC, 

11 rr Apr . 3 

II II 3 .i.J.J..J! .. . 

II II 
t:u~r "4 (...--' 

" 11 
~~ay 2£, 

Loise l:ifa11ey B~·ov1n ::..po t 
,, 

" II 11 

" " Isl[.ncl 

II !I " 
II 11 ~, 

.t...Ul18. 

II 

" II 

:?efore 

1 o . en ru[; • 

10 . 18 II 

9 . 7 G If 

10 . 25 11 

9 . 69 II 

9 . 6~ If 

10 . [,3 II 

10 . 81 ll 

9.76 II 

4 • 0 II 

4 . 00 'I 

r r1 IT 
• I 

3 . 79 11 

4 . 25 It 

3 . 37 II 

3 . 37 n 

l o89 n 

l o89 II 

8 . 24 t1 

8 . 24 11 

4 0 02 11 

2 . 87 I! 

l ~~ . 85 mt: 

12 • 07 I! 

11.65 11 

1._.~ . 27 II 

10 . 9:. II 

11 . 44 " 

11. 65 II 

11 . 50 " 

10 . 18 rt 

10 . ::0 ll 

::,est . 

9 . 19 II 

9 . 7G II 

9 . 90, II 

l2 o70 If 

10 ol8 11 

lO.~ G " 

lG . 44 n 

14.GQ 11 

8 . 49 " 

18.04 " 

~.J'lt • r. ixe d o 

1 oC9 rr 

1 o 89 '1 

3 . 02 IT 

l . 26 II 

1 . 7[' II 

1 o12 II 

~5 . 93 n 

1 . 82 11 

6 . 18 II 

6 . 40 If 

f, . 51 ll 

5 o65 " 

/\~ II 
o 'Jv 

8 o29 " 

S oOG 11 

7 o::O lf 

6 . 3G " 

4 . 47 --9.97 mg 



v~l 

Before 

Ct.lcv:e11 rdjnary 1s~ it . 3 . 4~ 

"i1e11 

H 

11 

11 

II 

n 

II 

II 

11 

ll 

II 

II 

II 

If 
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If 
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..... lJ • 
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If 1t .... 1fa lc-: . 
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!I II ,.,.., ., ..... '-- • 
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2r>t1 11 

11 1l 

4~h II 

II 11 

6t]~ 11 

11 II 

tr " 2 . !38 11 

1St11 4 . r; II 

lT II 4 . 5 ll 

.:...nd If '7. r.r< II 
• t' 

II n n . 33 n 

2 • •' 0 II 

2 . 90 II 

2 . 4G '' 

2 . 4G II 

-~+ II ... " . 
11 :... . 38 ft 

11 ::.o::::t 

H L . 1f3 11 

0
• <1r 11 . ~ 
6 <)r; If .... 
3 . 6G rt 

3 . GG II 

~ . G1 II 

2 . 81 

1 . 4"" 

l . 4J n 

1 . 19 II 

1.19 II 

" 

After 

1:2 . 7" l • 

1 5 IT 

7 . 1 II 

f3 . 5G II 

1~- . 21 11 

10 . . II 

7 . 1G II 

0 . 17 I I 

1: . 51 11 
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0 

1=: II 

7 . ..-1) II 

7 . £16 II 

( . 04 IT 

1 r,. "'"r . (.),_ 
ll 

..J . G2 II 

1 rN 11 
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12 . '/8 11 

Loot 

3 . ;?u 

2 . l ,, 

1 . 1 II 

1.2G 11 

l . 2G 11 

11 . 

.... 
-" . :Pi:::ed 

9 . 3G .1 • 

G. 8 .. .J " 

6 . 2 11 

7 . C2 II 

c . ~~ 6 ,, 

"l II 

7 . 78 " 

8 . r:. ,, 

r:: . D7 II 

4 . 08 II 

Ll ,. -. - 11 

1 . ~G II 

~.'JJ I! 

. 5G n 

• 'J(t " 

. 1G II 

.n ll 

.{)7 II 

..... tt­
l • -
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in c 1 r~c v ricty of c~jlo . .lal tLo co ils e:.co~ t t! oso ';e1~.cn 

~roM ccpths of 4 u~- G feet s1 0~ e c.n ly3cs 

lao s ..1()\. t ect::.cr ... of tbo .f' • 
CO! • .L lTI 

f._ t o:: 3 il . t., r u..ct · o •• <> .... c.. i.tc 

..:.n ccu.:n ... .:' f ot . 

Of ~sJJ.. tion . 

1' c c 1 '.; l :c c 0 :L 

.:.~.o· o· ucter v ...... G ::; ~o .lo\.s; .i :r:. vc f:l'. .... rr. sc. .lo of t} e coil -·om 

u'.icl -t;_ ... e [....&oto L.ct · c j ..,olatca. 7.'c..S i1 oct 1-.... ::cd ~Lto ( 

'·o ... 17 l' . ~il CCllrrl ~) o .... rc or. ~-- (' surfoce of ~ " 

.._jece o: .._ 
is scm: 1:..0 ~- vl1 j c. 0 0 

'.j... 

"'· "' lv 

c.le - lted l c ~ 1 s' ... ::en n iL tu e o-P . .J.I..JJ. 

:ce t· v l • ..... clo t tul oc 

co ant..... 1 •.; . G.. 

to! c.cto1· co .1( · o :>-' c' .. o": ·nto slo:_ 

.n. u .... e 

..... .:? tob c .. .;cr c' _ Joco ct.. 

""! <:,. .. J.lc -.... "O'.~ 

. ,~ 
..... .r • • 

ot . 1 
~ ~· 

( r . . . ' 
OljCl'lliC :1, 

Dcocri:~ion o~ Colonies. 

a 

... c oolu.tion • 

,....+-
.;.> ,, r'lo plc t ~ l. U1 

0 
~ ..__""ur ~- ~n c . .J lJ . ..., 

nn' the 

of .;rs ' .l. 
,. 

< ~ • 

• J.i:-..., · ';he 

.1-" 0 0 '::C 

t :.:o 

~. _ ~ ~ r·2ce oft' e c lo ~ o: ,..,..o, cc..;or on tl c • o~;,- ys ' 

• 1' "j J. ~ .: c 'e!' 



( 
u.te I. u} O'..in[ C lor ios of zoto' ..... cter 0 .... ~S:i:l S a "o,T . u-TOVtn 

lv ays at roo~ te~peruttrc . • 
r:. ir, 1) 



0 t i :i'_ 'eter . ~-.C' c 01 '·o .. :o 

o eolor.ie~.} 
; ... 

c.NJ:ll.'"""' :r -

ce f :: :::: J. 
J •'-" 

e icsol vine o.: -~. o St.l·pluo La 1 esi m c~.:!.· 02. -..( in t:r.o 

i l: • 

to dry t!:e colonies d· k:ccn u.l~c5. fi:._l-~::!..ly tn: n 6., ... r 1 • , l'O'. n o :·e._ rl ~~ 

-'- ~he illn.OJ~=-·~-~-ion la.t II s:i..o-rc coilonioc · .. hie lave turned 

dark . .'1 en t~ euc c.:1J on; es are pic ~cc. o~f onto J.lSW ys~ 

u.,tnctur tJ .. Jo--~.;h ep~)o ...... rc in monty-four !.Ju.·s .... ~roo ter• cro.ture. 

+ ..£' -· L' + ' i.:::. .'0\ t• i . . ~;e { ... ., .1. " ~ - :. · c en: l t l' on it e •- s 

0~( Cl' ~n cl ,, -;_• ). -
0 J-ro._.,~ 

, 
~ .. 1· ..... 

' " l ._ 1 "in'"'"lly -~-t'rr.s 1 :c...c·: . 

.. l~"'"~c III s 0 '"' t}E'G C c l ~'11'~ '-' • - :f-'fE'l'Ell t o' -
v.. ..I c .._-

} .... :o,l ... :.::. .t 
., n:r: Cl "l. ~ l !'0 . _..., 

c :..s a· nt '""' 01:'·: oL- . 

~ .. orp _ole y o:= ~.; e 0~ · r.i 

'.:,1 c 

in s' ._.:po Ln, t ::n lly ct ocn t .. o n t' .L'tn~ 1 ic::.'0ltS :ir. ~'-- E.-~;c1 . 

" ' 
l.J .cv .. 1·, v ry qt.; ;o --do~~· .:.r si zo; .... no cov T 

tion ,_, C) i i.1 • _ c ;,r ' j_ ~ ~ U l' C j t '3 ~ ? 0 :L'.cC or..__· r. i' 1 j 8 ~onr., 

r~ - .... _ 10 CCJ..L ...... 

0 .0 t1·o · •1 , c e r~~. oee in ~ i ~ cove 

o :f t · - s o :.: ::.r · ._, ,... ·-- c- e l !;o 1oat.ec1 

'•· 01 ,oil· fi·u<l. t •. e 

fi eC 1 · ol i1 o vr .· s' c .... 1 • 

r11 c :.: .. r ~ ,... &C ·ro 1 "' r: '11' "..,.0 

of dctot·: j 1iL) t .c ·2·ot p nnn or accoi·dir,: "co -~-he cthod recorn:rlon ed 

ctr1·iolc ·ico.l ~- '"'O ~'""-~- · o:r ... . 
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Pl te rr. Photornicrogr .... p _ o • zoto1~ u.cter . '1t ..... ine ' 1i :;h car ol 

fuel sin . ..... 1010 
(Oriicinul ) 
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~he 1'01 rp_, or of :-'.:s [;01 the follov: -

i c: • .c.l't tl o 

J. .l.7L ... ' :~~c ... 

10>0>. 
<~ 00 . 
10 . 
·~ 0 . zo . 

l . 
2 . 
0 . 1 
0.2 
0 . ~ 
0. 4. 

. 0l 
• 0-..J 
. 0~ 
. 04 
. orn 
• 002 
• 003 
. l04 
. 0001 
• ')02 
. lOO~ 

. OJOOl 
• 00002 
. 0 'JOZ 
. l 004 
. nooo5 
• '!0()( 6 
. 00007 
. 00008 
.o 00 
. 00000 
. 000001 
• 0 0002 
.0!)')00,.. 
. 0000001 
• 0')0000!:: 
• l'J noo~ 
• ) 00004. 

( *) ir.C ::..cato:J ·Lo pl y:Ji lo- icc..l o Y.o:::pl olo i-

': 1:1.-..- "' . -- • I . 

T.' ?._ C :.DI 

:n o~poro. ~~o need 
n"oc ores 1ot reduced* 

~ere, jc ( trict) 
':"lncult --tivo ·.~.t:ro ic 
.n.n ..... ero' ic ( /Gric t) 
uele~i liquefied 
eletin not liquefiBd 

.1. cic1 :....r.d _ s £1 O!!l C ext To so 
~etc\. ~itlLOllt ·ac frol. -e.:~ro:Jc 

tl< 0 tl'O', . 
1~0\. "';i} \ i-'.;L dext O:JG 

·as f1·o lactose 
\ l . .J.,,o·u · · ' ·f ... ol~ l cto"o 

\J.o~..o. u t. c..... .......... 4 t...oi. ._. 

~o aciC fro~ lactose * 
iO tro;t} -YO~ lactose 
Jcid "~a [LS ~rom sacc rest 
.1. ci<l ui j} out cac from aacch""rose 
l!o ecil' .. from saccho rose .... 
l;o gro·. th 1 i th SIJ ccLaro so 
~itl'c:l~~o.J ro"uceC: \.iJ~h ev lnt'"'on o_ ::....s 
itrcto~ n t roduco 

~.i~ratcs :rcCncoc r.ithout r.s for_ation 
..!l oTe'"'ce:rt 
Violet ClrO ocens 
~ l ue 11 

...-rccn 
Yel~ O \.' 

ru.ll ·e 

Bro\ n 

:,ias~~a 

I>iao~c:. 
.t>.Ci 

II 

II 

ll 

II 

" 

JmO OliO 
ic ction 
ic .c ~jon 
ic "ct lon 
d ·as fro. 

on J o-'; -'GO S "cc- "C 
' or: pot c. ';o s~ ... rch , 

0~ po""'j ·- 0 stGrc' 
["lyce:.d r c 

_l,cic.1 ~ fl'O ·l"V cerine ........ 
ro ,, " ·cri .. c --. o "w i '·}.._ _·l.;co ne . 

"' ron'"' "" feecle 
c.. ..... cnt 



'l· tc II_ . Ill El ~ ... 

- ·.o • J .... 

" . oc .. o~ c~1 hl cJ• Ul oJ. ·• ·c ~.1. 'lo . .:.cct~.::io: o 1 e l" • 

(Orir;ir.'-'1) 



tho fcxtrosc ouillon ~n0 ~ .o le_st in ~he saccharose. :~c 

nmn1 er for chro!"loc; no sis c o 'lC:. no~ ·c -~ vor: oc c. L ... o J.;.w color of 

r:'hc 

o:._·c.ni'Jl'1 i. 0 n::m nee[.tive. Its ero'l ~~-in 

an sc(il'lor:~c l rt lJ.O scn.tn . T w gro· .. t!.. on 13in na-'ct:.rient n~ar v.·.::s 

fairly ahnnc1 ..... _t ·u:; not as he .V./ as on .. sh1 y ' s e:.cur; 

d~cl on ac:in__: t w stJL'ea ~ di ~ not ecome l ...... c ..:: s on t:10 ~.sh' ys )Ut 

ccc.me 1n'o\.n . ':'he c lo r:.ies on ~· elc..tin L.tcs · ere il'rc~;ulc.r in 

ch&po, bu~~ not unusually lar .e . In the olatin st[ t1 e:·c \7 :::; cnr­

~"-- co an- neocno f'!'O'.. t 1 . On :po C~ ~uO r~lGC i JJhG r·rm,tL :ns o:r: ';~:::ely 

a ~sent . ~he grc a t ~- 7 ° C. }he o .ly u. c~ ·or.. i ~ . nc1 on t h e 

lit. ns r.1ill:, \ ..... c to t Lcn :. '; intensely ltle . ':! .e azoto acter in 

1.itrate soln';ion, 0 .:.vo l'e·uction , in f uc t it a c-t ec1 as u c"!.er:::.trifior . 

,hen nitrates are :p:;:osent in c~tc.nt:tty ".;l~e azoto' acteT c1o no t fix 

::::li'-:·o en , · l.t incte c ~;l"!oy use ';:lC: nitn1tes ir. t o sul r·.tion for 

fooD . • 
• .I.. 3 

· .. ore orwt..riu. ly fol'Y cc' -..her: . •. :a :.0::; r..:...G m::ecl in cPltuTe r.e di ~'l. . l o 

inctol ....... s i\n:_"e ~ in - tlYllailS ..... oJmtion. •
1or. e:r:t ..... tio::1 tn' eG of 

./ish by ' solution ere _Ilrc::? ..... ref Lnc".. inocP.latoC. ; soo( [TO .~th l~e s nl ted 

, 11~~ r.o ,_; s . ColL. G ar . .C -sc 19 ~sky£. solu"ciono r J1t n,; ..... rs f a.iloc1 t o 

ol.ow ;:my ro rt • 



:::::Lfect of ..... r.., in...., OL .. . zoto )._...cter . 

I' or -';hi.., e-::~,cri .. 01 t s~mplc 3 o.: t! E .. o i e ~ t.-lley . ro' n :::; 1ot 

uoil \ere used . This soil ha. can 

te pero.ture for one Jumc"~~ea. m fourteen 

prvctic lly ces i ccatec . 

:,afore f~er 

1 . :..8 10 . 53 ~· 
0 

C<· u • 

" 

...:he uO il 

TOOl!! 

was 

The fi::ut ion in one f1 s'- w .... s G. 7 G r ~· in t:hJ ot] er 8 . 8:: 

"This s2. e ,oil had eon to'~tcc for 1" •:ro ·on fi:-c:"'cion ;, :on it ·,2s 

fil'Gt l·eceivcG. i~to •.;} ela or£:. ory . Jl.t t .. is -'ci1 o c. fjxa~ion of 

o . ~' m~ . and 9 . 0G ~f had been o teinof . It is ovi o~t ~.at t is 

air dried in ~ bottle ir t 1 e lu or~tory he still ·ot a 1oo d gro~th 

or iLocul-- ti:r:~· "c1 o sojl into the cultu.To 1 ccl i n . r :i.D .Lac t L.icls ~Lo 

<1 istri · p"'Jion o:: tl•c a:!.rJ~..:o actor as t: c~ car: 0 carried by · inds 

lonL; di sta.nce;:; vi thonJ..: 1: c i ._ 1-i1l ecL 

L 'O\. tl: in ':<:.m<l C u.l t ure . 

een 1.va.Ll eel c.nc dried, nnd ~' .ss ed 

eve ,...,. (-.. 

" ..., lt.cod i:r:to o~ seven 1rncc flosks,2 0cc 

of sHyc solut-:on , ~ •• J 0 c c' ..f'l ;::. ~ r. (. .. c 

in "'che au":;ocl~ve ut l~ 11s . pressure for 10 ~inn~eo . ~heavy 

suspo1 cion of zo~col actor ~ s !lL • e in c a tor :.c. ·_ end a lcop flll 

'·e.G inoct:laJ..cd ir.to e-.cl of si:::: fl~o· ::::: . ~he frOi t1: 1 c....u vor~ ~· icl 

da~ s . 

n 
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mam.it \7ac fou. U. ; n•r 
- oJ ac ~ ria uo c prose~ . ~he ccrfacc of ~he 

slope had eco~e covcrcf \lith a G istcnin: co-o7_c s s cli me . ~he. 

_luici at 1..i1 r' foot oi" t e Dlopc L cl OC-}IJe a t;ela ·incus r.::nss of 

azotoln..-ctcr . In a c'Juplc . ore c s the s: iriB covorinf, ..... 
v e clo e 

~tn cf black . JLfter nineteen Cays t~ rnoro e1c an~l~sed ; at t his 

t i.r:e the s rfnco i 1st ca. oi , o ing , lac__ nd glis~ccn · n } ad et;un 

to d17 up . 

...-OfO:!.'C ~Liter 

0 . 00 6 Cfnys 4 .1·1 L.c.. • 1 • 

0. 00 If 3 . 93 !I !I 

1 9 days 4, . 4 It II 

11 - + J,O s v . 

"'-ill i gram of nitro.:., on fi:-:od per ,;ra: o:: I Ianni te used ; 

6 days 10. '""5 H II 

" 9 . 82 !I• IT 

19- " 1 . 22 11 If 

te of Fiz~tion in rure Cul~ure . 

l oop of a zoto actor \,as i• :~oa fror a:r: Ashl: ys a a:· slo)!e 

±'i::to.en . 'iJln-'cec u.ne t:rcn a loopfnl o_ tLe 1 i quicl. ·ac ir.oculstsd 
'7 

into cL.cL of e:i _;htecn flc.slr:s of 1ls:_;)~rs ~Jolution . ::.c fl... c1:s 



- 35 -

..... t..te of ..,. +- ' l: UvlOn . 

... ,__· e a.: P1tnre . ~ota1 
• J on co1tcnt . ..L lvrO 

.ock o.o ¥(,.... ,__, . 

q <lu;;; s 6 . " •-' 
.... 

2 11 Gj G2 " 

3 n 7 . 02 " 
'7. It 6 . r-2 " 
4 ? • 0.~ " 

4 II 8 . C3 I! 

6 II 8 . S3 11 

6 II 8 . ()~? 11 

13 II 11 . 04 II 

13 11 11 . 04 II 

20 " 11 . 93 If 

20 " 1 r:: . 44 II 

27 IT 1G . 4.~ II 

87 IT 1LL 7·1 " 

"'"' II 1G. 88 II ,_,._ 

34. 11 :..,0 . .... 6 n 

II 

In !Jure cul"cures :1eavy ::::cum < oes not :io:· over +- e S'rfcco lJ 

of tho fL .. ,c1: no i~ <l::>CS in :i •~.L U~'C cu1trrcs . 
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I . .u.7.0Jco' ctor erC' .. ell cict:cil. n"'ccd i1 t.ll st ... ·~ ... ce ::.oils analyset 

2 . mL. D.Ctiv:i~:r 0~ n~J-'Jo,acter ;:crca.sec ·s t.e teY.,Cl''"'.tn:..·c of 

tl:e ::::oil rises in J.;1~c s_ l"int· . 

r.l' _LO .. ct io1: o..L c...zoto1 L.ct~r in ul~alfa is 

less J.' t..L in n:;:·c~·o ... eC soil . u 

~:_ tro,_·er i ~ ';i.ose soil;;;, in ~ S'h y~; uOlution ~S :CO }1:_ 18T th~n in 

t he .... oilc . 

5 . Active ~z to acter , 

first ~~ot of soil ; a fc uTG lCSCLt in tLc s .c 1d foot ...... nd none 

are fon .c 'oL .. i oi~ ::e t . 

6 . ·•"'"\' 'Y'\ .., .. l"Y' c·J."' ~ !'=: rJl ') nrz.nr;t~r~ 
.J..Jl ... !,l .J.J. - -- ·--I...J • 't.Jt...ltV Ut./ e 

of '-~.e neci ic !"ro\.J: • 

( 
~ . Dr· i~ of ~} c coil c o~tainin~ ezotobac~e~ ~oos no. ~ffect 

t: oir 1i tro~·c:r.. :fi::ing o ,or . 

10 . In sene' c 1.1 t nrc s t}.e -ro t' .i :J .• uc: 

l::. . · · :: ... ~..:.on of ~ 0.: 6 1 ~ • 

Jt·:.:e ct 1 t n:.:t: ,_; .• : ::.:::-:; in :.c}' "..., sol ·t:. on. 
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' 
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rc· ivcG ~ee~l~~ aise1, I: 8 p . 1. 
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