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INTRODUCTION' 

Fixation of nitrogen by non-aymbiotio ba.oteria is a 

problem. wh1oh bu been studied by many inveat1gators. By 

amploytng solutions or cul turea oantaining essential nutri­

ents_. a auitable oarbol:eydra:te and no available nitrogen. 

measurable qua.ntitiea et nitrogen •ocm. aocumulat& a.rter in­

oculation with nitrogen fixing baoteria and incubation for 

a. de:tinlte period. It 1G ccmmcmly assumed tha.t the carbo­

hydrate supplies .-rgy for the grost1>. of the organisms 

which. change free nitrogen into amino or amide forms which 

are further synthesized into proteina • Chemioal analyee• 

tor total n1 trogen whi:eh are na.de at regular interva.le will 

indicate the rate of aecumulation or ol"ga.nio nitrogen when 

ditterent soil orga,ni.alillf a.re inoculated into media. contain­

ing varioua for.ma ot carbohydrate material. 

1 
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Revi811' ot Literature 

Beijerinck (2)1 diacowred Asoto'baeter in 1001. and his deacription 

ot two speeiea, Azotoba.cter chrooooccum and Asotobaoter agile• was f'ol­

lowd by Lip:na.n•a (13) dncription ot two addit1onal apeoiea, Azotobaoter 

vinela.ndi1 1n 1903 and Ar.otobaoter beijerinold1 in 1904. 

Hunt (lo) state-a, that "a voey large percentage of the total nitrogen 

fixed by Asotoba.c"ber in the first few dqa of its growth in culture media 

oona1ats of amino aeid nitrogen. This proves that the ·elaentar-y nitro­

gen goes through thia .simple organie fom before it ia ayntheeized into 

protein., It alao prone 'Wbat is perhaps moat important •. that the nitro­

gen 18 fixed by combination with hydropn and nat. with oxy~. thua in­

suring muoh greater ecall.ODJY or sergy. Moreover• Eltld. contrary to oomn.on 

belief• not sugar. but products ot its deeompoeition fem the true IOLU"oe 

ot energy tor the ~ of A&otob&ote.r." 

L1paa;n and Bmogee• (14i) have shown. that1 with a propel" aupply ot 

cwrgy proctuoing materials• rai'tr-ogci will aceumulate when all agricul­

tural &oil.a are inooulat.d into a pro~ly o.on.stituted mannite •olutton. 

The .reaction of the aoil. aa expreeaed by it:a ~rogen ion eonoentra.tian, 

is of p1"1me impOl"tan:ce· in influencing the demopnnt of the pa.rtioula 

types ot nitrogen fixmg bacteria. When the pH 1e .aboft 6.0 aotive 

i-1x&ti0l'l ot nitrogeu aoeur• until a pH ot a.o to s.s U .reached. Asota­

be.cter Will not dewlap in ao111ihen th.e pl1 is lea• than a.o. Nitrogen 

.fixing baoter1a. auo-h ~ the cloatridium group and per-haps ~riUlll 

aerogenea and Baoterium asterporua will de'V9lop .il!l acid aoil. 



Gainey ($) ••mined 418 eoUs 1n lQl.nsa:s and 199 •r• round to con­

tain h-otobacte.r. fh• aoib. oonta1ning Ai-otob&ctw £ind on an a.-..-age 

s . lO mllligrama of: nitrogen in. an agar &olution.,, -ooii'ta1.ning 20 ·gl"UlS or 

ma.rmite., 10 ~ ot aou. · 200 oo · ot diatUlecl -.ter._ and lncruba.ted tor 

12 dqe. An equi-.le:nt amouut of carbo~te· Mldecl to the' 219 aoU 

Maploa lthliID d 1d not contain Alotobaoter fixed on tm a'"rage ft • .61 mU­

lignme of nitrogen,. 

Stokloe& (la). ·baa •MWD tlat: the ~h or Asotobaote~ t• limited 

in aoila Which are deticient in' avallable phoapboN•~ mt toUlld · that the 
wight of the dry oellt of t.hea orpniad contained. u muoh u ti.ff per 

·Gnt o~ phoepli.orio ao1<1.., -..n Nl uoeee o.f mNJ.nite 1- ldd«l to a a,oU .. 

111apenaion oont.ab.1ng Asotobl.oter • cioatrid1.~ and oUler nitrogen fix• 

lag bacteria a. •kei J.mr,eue 1n 'baotffta aumbffl 1!1111 occur. S inoe 

about cm.e unit or· a.-,ailab1• pho1ph01'WI t. Nquir-4 for •~•'ft'¥ -..o units 

of nitrogen axed or ue1mlla.t.a by the, org-.n1- and eyathe&bed mto 

miOJ"Ob:i&l protoin,. 1:h& aupply oi" a:n.ilable p~phoru4 in ~ •oil 1lV!q" 

be a U.mi:ting faotor 1n n~~ ft,xa.t.ion. the actual -.ount of nltre­

gen fixed in tho a.oil., ••~tally by A.r.otobactff., •Y th-. beeau Jl181"4l1y 

an index ot the availabl9 phoaph.orua in the aoU. 

Wak-.n and Karunlcar' (19). ba"N shown that the a.b1l.1ty of' a •~fl 

to f"ix n1tro.gen.,. wrum IU1 •••• co£ • readily ava.Uabl.• •ouroe of ••rgy 

1a added to 1-t_ depend.a upon the microb1al rton. of the ao.11.. -ti. 

pnyei~hclrd.oal ·ooruil tiomJ ot <the .ao11. •pecially ite x-eacti.Ql'l;, a.nd 

l.lpcm th~ p,:,~enoe ot ava1~b1-e pho~bate and potualum aal ta. 

inters ( 22). f'oun4 ti.t nitrogen ftu.1ic1on ~ the JJoil i.l firat 

«eoompa.ni.-d by a decreau in Mtratu ~Oba.bly ·due to tt. a.o1mil.at1on 

0£ the• oCllllp()\lJlda 'by nitrogen .f1xing organ~. 
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Saokett and Stewart (117} • have recommended the ue o£ a aoil plaq• 

JDlfb.hod to a-tu.dy aoil detiotenc!es by uaing Aaotobacte-r developunt u an 

index of pbolphoJ'UII and potassium ava.11a.bil1ty. · 

!9!!:1-ltal Reaulte 

'lhe tollO!lf'ing experiments were planned to study the non-eymbiotie 

~itJ'ogci timtlon in Oklahoa aoila, •irme 'Wido variations oooup due 

to ditfereneea in. (a) topography.,. {b) age,. (o) parent material. (d) cli­

mat.. and (e) natural vegota.tion. 

In euter.n OldahQI'& where the annual r&infall variea t.rom 35 to 50 

inchae a high pel".contage of a~id aoila oceur, Cid the q\l&nt1ty ot a:a.11-

able plant nutl"ienta i• 1<11f' because Gt extensive leaching. I:n western 

Oklahoma. where the rain!'all ft.'l"ies fi"om 15 to SO inohea annually -the 

peroe.ntage o£ acid soils u low .and the quantity of ava1'1able plant 

nu.trients 1s high. 

Etf"eot ot O:ontatners on Fb:at1on .of Nitr'e>i5:en 

gy Npn...Sl!;biotio n.aot•ria 

This experiment was pk:nned to study the· effect of open and oovered 

beakers and flasks on the quantity of nitrogen f~ed by eo1l organi8lll8 .. 

Richfield Ter'J .fine sandy loam from Harper County~ Oklahmua waa used in 

this study. Five grams or aoU;a one.half grmn of glueoae and 100 ec of 

sterile distilled water. w-ere added to each oontain&r., OClmp&:risoM W&re 

made 1n triplicate using too co beakers covered and uneofft'ed, and 250 cc 

Erlenmeyer fl.a.aka. The results of this experiment are given 1n Table I. 



'.t&bl• 1. A Stuq o£ the Ettect of Oovend .end Uncovered Conta.inen 
on the Ftation ot lfi~ by N~3.,otl.e kcterte.. 

·nate 

~~re o,en BellbN 
.~- :Fldlai 
Open Flulr:a 

~red s.u.n 
Open. Beet.bn'a 
Cf:m,-1"$4 Fl:ulcs 
Ope nun 

J.1Ullg'n1118 of . 
BitrQpn Pixed~ 

1 .. 17 
1.47 
0.10 
o.s1 

1 .. .ss 
1.02 
Od.1 
o.91 

It is ev!dmt that more fl.ation occmTed 1n the beakers tba.n in 

the flasks• S1noe kof.obac:ter 1a an aerobic ~garda,m 1't gr.a near the 

et.feet ,on nitmge.u fbation. 

Huntw (11) .• bu demaaatrated that a gain in nitrogen fixation 'by 

no~iotio bao-teria ocOUl"• when a etUTent of air is paaaed thJ'ougb. 

the soil suspGnSion during the mcuba.tio:n period . The larg9St gain 

occurred. cm the f<JUrth d.ay . The results obtained by the aeration method 

were doul>led u ca11pared with nitrogen fixed. tn non.aerated suapem,1.ona . 

fixation. an ~rimont was ea:uiucted using R1.~ht1eld very fine sandy 

loam. treated in the follC119'1ng manner, Five grams of soil waa placed in 

a 200 cc Erlo.nmeyer 11.o.sk containing cme,,.half gram of glucose and 100 cc 

of sterile distilled 11ater and tho aoU suspension& were incubated for 
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eix days at 2.'f c. Ail" 98 drawn through as a result of suction produced 

by a water pump. All oan.pa.riaona were made in triplicate and total ni­

trogen 111&.s determined by the Kjeldahl. method. The a-vero.ge results or 

two sepan.te experiments ue given in Table II. 

Ta.ble II. Data on the lttfect of Aeration on the Ftation of 
Nitrogen by lfan-Symbioti.o Bacteitia. 

Affated lfon....&erated 

Days Awng_e Jnlligrams ~· Avera.g• • Ulignma 
Date Incubated of Nitrogen Fs.x.4 Inoubated of Nitrogen FiXed 

1/4/38 6 1 . 20 6 o.672 

1/ll/3$ 6 2.20 6 0 . 652 

The evideno. show& that more than tri.ce u nm.oh nitrog•n waa find 

in ae-n.ted suspensions a• eanpe.red with J:t.0Doi4erated aam.ploa and indicates 

that the organi8m8 Which are responsible tor nitz-ogen fixation in the 

•oil a.re aerobic in character. 

Etfeot o'f om.-u.t souroea . ot Carbo~~w ~ .. The 

Fixation o~ Hi tr'og.u !7 lion,..Spbiot~o Ba.oter4& 
~ I 

The purpoae el thia atuctr WM to dtrtemine t.he effect produoed by 

different source• ot CU"bob;ydrate on the f''i:mtion o~ nitrogen by no.n­

symbiotio 'bacteria.. !he carbohy1irates Wied w:er-e sugar• starch and llhea.t 

• ••• 1'rut ax,perimente were ocmdu.oted according to tho tollmtng prooo-

4UJ'e>t Fin grama of lliohtl•ld ~ fine aa:ody loam ao11. cme gram or 

carbohydrate and 100 C() of' •t~f'il distilled wat&r were add•d to 500 oc 

Er1emneyer f'luka• Which were incubated tor ae-nn day& a'b _ a t.anpe.rature 

of 28° c. !nplicate determinai.1om •r• made 0.11 each material. !he 

aua.peJJio».a were not e.era.ted. Ila.ta an ·presented in. Table III. 



Table IU. De.ta ot the Ei'tect of Diftorent Sources of C.bohydra.te 
on the Fu:e.tion ot Nitrogen by Non..8ymbiotio Be.cteria. 

7 

Dlattrose 
1u.111grama or 
Nitrogen FiXed 

Staroh 
uuuama of 

Nitrogen Fuod 

o.ss 

Wheat Straw 
1till1gnma of 
Nitrogen Fixed 

7 

the highest val11e wu obt&lned from the deXtl"oae which is a readily 

ava.ila.ble form. 0£ en•?gy tor non-cymbiot1o bacteria. A negative value 

tor nitrogen tix&'tion was obtained wien atra.w was used as a source of 

energy.. 'l'hie wu probably due to the action of denitritying baeteri& 

which caused the liben.tion of BOID9 gaseous nitrogen fl'am. pl'Otein mater­

ial in the straw tmdc the ana..erobic 09nditione Which ocourred in th1al 

experiment. t straw .a uaed in this experiment because 1 t ia abundant 

1n watern Oklahcna and is rotumed to the a oil when combines are used to 

A 8;t9: of ~nat hte.41& . for the Growth 0£ N~otlo Baoto;ria 

Ylinogradaky (2')_., bu NctGDll'IHtnded the &il!oa gel pl.aw U a. m.$di;lffl. 

tor the growth of non.-aymb,1at1c b&oteria. The advantage ot this method 

ia due to the fa.ct that silica gel coo.talna no nitrogen wh1C.h inter.teres 

with the vigorous growth of nitrogen .fix1ng organism&.. Ten co of Aahby•s 

•olution (l)~ •s added 11> .2.5 gr&mlJ ot granular silica gel. which wu 

& cmmeroia1 product am quite ao1.d 1n character. ~ aeidity' probably 

inte,rterred ,nth the growth of the argan.i&sm$. although the gel wu 

washed ror twenty--...tour hour& with -.tel"' before the nutrient s.olution 

and. soil. suapec.sions nre added.. Silica gel plates prepared from 

acdium silicate treated 'With hydrochloric acid were not studied. 
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Ql"gM.io ma.ti.el' !:t was treated with Ashby•·• nutrient solution. am agar 

in wrious OQ'i);binationa. 1'he eontainet-a W.aed in this study wre covered 

beakers and peti,,i di.shes, the purpose being to. o~ the tn containers. 

when handled under identioal. oanditiona. Wh1te ·quart& acd pusing a 

forty mah aieve 1ma ignited in a.n el.otric furnace tor thirty to. sixty 

minu:tea to deaboy organic nattier. Fltty gJNmUS 0£ .q;mt, free !'Nin or­

ganic matter. ten eo of' Aehbyte solution .&lJd one cc or soil auapenaion 

prepaNd by mu:dng one gram ot :rt1ohf'1e1d very .fine aandy lcem end five 

ce of water wu placed 1n di.t.rerent oontd.ners and 1noubated for twlw 

days a.t 28° c.. A't 'the end 0£ -thia period the amount of total nitngen 

1VU detemined. An inoomplete set ot data 'WM obtained When the sand 

was used alone.. other oGD.bJnat1ona 'Wbich were com.pa.red were. (a) Ager· • 

.ubby'• •oltd,ion,. and nna. (b) Agar •. Aahby•a •olut3.@# and no a«na.,, and 

(c) Mbby•a .elution• ·aa:nd am no agar .• The reaulta a.re given in Table IV. 

!a.ble r.v. EtfMt ot Di£fC'Clt *dla e.lld Klnd and S1&e ot Containers 
Gn the Fixation o£ Nlt:rogen by Ncm.Sym'bioi.1c Ba-cteria.. 

160• 600 ce 

Jlllligraa ·Cl£ lfitrogen Fixed 

0.91 ,.20 2.09 0.6$ 
o.s1 4.12 2.02 1.os 
o.98 4:.26 2.00 1.9.5 

Ave. o.93 4.19 2.94 1.21 

A.gar~ Sezu:l and 
Atlhby"• Solution 

600 oo 1000 co 

1.sa 1.SS 
1 .. 99 1.45 
1.za 1.06 

1.SS 1.28 



!able !V • { Continued) 

Qovwed 
1-Dl'S 

o.oo 
0.91 -

Cohnld 
».&ket"I 

100 00 

-

9 

90m 150JD 

,J. .. 46 .1.r, 
··1Jc7 1.45 - . 1.95 

1-.46 1.'12 

It is evident frG"a the ,data. preacted 1n tablo t..our that the great­

•t .nation ot nitrogen by ~1ot1o baotel"ia OOCUl'Ted 1n the large 

petri dillhea (160 m) c,anta1ni»g Aehby1·a solution in agar but no aand. 

tho "f8lues for the beaken wre ocmaiderabl.y lower in thia cue than 

reaulta obtained in large peu-l 41ahu. Tll8 i'ixat1on of nitrogen on the 

other media aad eCIDbinatd.ona waa rather c.cma1atent., throughOQ't thle ex­

periment. The resulte indicate that 'the bMt Jledium. fer the fixation of 

nitrogen by aoil organ.lama would be Aahby'ta •ol\ltion in agar ualng the 

large petri diahe1 u oon.talnen .• , 

Soil htie1!8!f Stu4Y 

Sackett (Ii). baa ~med a p~ tor atu.ctril!g mlnen.l a. .. 
t"ieien~ in aoil by' 1.IMIUUl"ing the growth GE .botobacter on aoil plaques. 

In ordW' to t41st the value ot thila, mothod unde;, Oklahona aonditiona,• five 

aoUa we.re uaed. 1n th.Sa exp&l"iment. J'lllm&l.y .. Jlichftel.d very tine sandy 

loana_ Quln1m TWY tine sandy loam_ Grant "ftlr'3' fine aa:Jdy lomi,. Vernon 
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fine alWdy loam.. and OS'Wego silt loam. Ea.oh soil was prepared in quad. 

ruplieate and incubated tor t;hree days at so0 c. At the end or this time 

.botobaeter ao.lon1:os are supposed to appear on soils not: 4,eticient 1n 

minerals . The re:aults obtained &om Sackett'• procedure in this atudy were 

diaappointing due to the fact that mold gPowth completely covered the 8\1r• 

face of each plaque. No coloniee of be.cterie. developed and the method was 

not used 1n aubs-equen't teats• 

Ettect o£ Time of Inouba.tlon &1'ld. ~ ot Carbo!Vdrat. 
on Fbcation 0£ Nitrogen bz Jlo~1:ot1c Ba.oteria 

N.c:m-symbiotio bacteria must have a source ot e:ne~gy which 1• readily 

available and in addition the nitre>gen content of the medium must be low. 

Murray ( 1,) • used straw a.a a aouroe of carbohydrate for the growth 0£ non­

aymbiotic bacteria. other inveat1gators have stu41ed the ettect of differ-

ent organic compounds on species of ba.ote:ria belonging to the genus J.zo­

tobactor. No attempt was made in this inve8tigat1on to study any a.big.le 

group of organisms. In order to determine what the quantity of nitrogen 

fixation would be in relation to the l•ngth of incubation and tne amount 

or carbohydrate eupplied,, an experiment wu planned and oarr1ed out in 

the following DUUlff1 A.gez oontaining nrying amounts of Ashby*• aolu• 

tion ,ma added to each petri dish and 1.noO'ulated wl th a. suspension con .... 

taining one-halt gram of Richfield ney tine sandy loam soil• Bach teat 

-.. !'Un 1n triplicate am t.otal nitrogen waa detenn.ined cm the fourth 

day.. In addition 20. 40• 00:. and 80 co of a.gar media was placed in petri 

dishes and analyses ware made for total nitrogen an -the fourth_. e:Lghth. 

t.ltth and sixteenth da.y after the experiment \'Va8 started. Mannite wu 

given in Tabl V • 
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Table V. Bfteot .;,t 'lbne ot lncubation and Amount ot C&rb~drate on the 
Pba:Uan of Bi:tr~ by :rkm-Symbiotio .Baet&ria Gt-oa on Agar 11.edia. 

Dip 

4 

' 4 
Aw 

8 
8 
8 

Aw 

12 
12 
1~ 
Aw 

16 
16 
16 
Ave. 

llilllgroma of Nitrogen Fixed cm D1tterent VolUJJlell ot ltedia 

20 oc, 40 -~ 
0,.56 1.40 
0.10 440 - .0.98 
o.6$ ·1.;as 

e.n ,.a2 
2.00 4.69 
1.15 ........-
2.14 •• 66 

2.05 6.80 
2.40 6-.66, 
1.95 &.65 
2.l.4 s.20 

2.-60 s.a.o 
2.es ·-8.20 s.?B 
2.9e 5.78 

60 cc. 

1,11 
0.19 
0.11s 
1.01 

5.18 
S..61 
5.81 
4.67 

6.80 
1.40 
6.Q6 
1.00 

1.00· 
a.ea 
f$,.9S 
&.&s 

-0.42 
o .. u 
o.u 
$"'79 
a.1.9 
5.ao 
6.62 

10 .• 35 
10.10 
10.eo 
10.45 

11.05 
11..eo 
11~60 
U.40 

The only 0<m0luaion 'ht can be made b'ca \he 48.ta in table V ls 

'that the .amount of nitrogen find ttepe:aa upcm the ~ Cl'f erJBrgf aup. 

plied end the length o£ tf.me that it i• kept under an. emviram.ent lfhioh 

i.S fa'VOn.ble ~or the growth ot th• be.eteria.. The ~uulta of thiS exp,#.,.. 

imant lnd.1-.te 'that 80 ce..- ~ the a,ga.:r media.1 b>.ooulated with ~f 

#'tlm 0£ sell .and incubated for 12 ~ at- a tempentt.u-e, t'r'am. .28 to 30° c. 

Will give in.forma.tlon 111 re~ to tu act1vity of nmMytnb1otio nit,togen 

fixing organiBms in dittaettt &JOlla-. GJ.ucos• •Y: be aubati'tuted tGr 

ma.nnite in Ashby1 s. oolut1.on 8ll.d similar rerots will be ob'tained. 



Studies · o.n Soil FrQil Series 6200 !:f!r:tment Station Fa.rm at 
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The soil on thia U'ea is typ1ce.l Kirkland very tine ea.ndy 1~ 'Which 

has been d.i'v1ded · into plot$ 1'h1eh receive 4iffeNtnt fe:rtlluer -treatmants 

and in addition lagumes haw been · grown. on ao.rn,, pletal. 

ThiS ~tcule.r aeries 1a divided into four stripe l"UWing nort;h and 

aO\l't'h and ar: numbered A. B. c,. and D trtm eat to west. Strips rui:rning 

to. south. 8.Qmpl.ea were oolleot.d on. plots numbered &ight through 1:.'n-lve 

tor strips. muabered A. B,. c. N1d D am also for plots num.be'red two. ·three 

and f~ 1n atrlp number n •. 

The results of this atuq are given 1n fable VI. 

Table VI. Reaul ta of Nitrog,n Fi:n'td.,en Studi,M on Soll Fron Sen.ea 6200 
bperiment Station farm_ stillwater., Oklahoma.. 

Strip 
Nutliber 

A 
B 
e 
I) 

l) 

Plot 
Ruinber 

8 • 12 
8 • 12 
8 -12 
8 • 12 
2,"3,.4 

Soil 
'l'.Naiaent 

N.on. 
~phorus 
P&K 
P&X&Lhie 
1JJDe ~ 

1.ae 
1.12 
1.49 
1.00 
3..%5 

1 .• 77 
1 .• 13 
3.10 
2~ 
4JO 

These result& indicat'> tbat lJOUa 1'Moh ba.d b.een treated with finely' 

ground 11.meatDne gaff great.er 1'1m-tion of nitrogen than other Gi.ngl.e 
- . ' 

~ tmmta or ocmlnnation ot trea-tmen.ts. The et.teot of the llma bu 

raised tho pH vol.ue- ·Of this sou from. plI 6..6 to a.'bc,ve 6.0 eo that eon­,_..__ 
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The scope of this study is represented by 14 different soils ool• 

lected :from £arming areas i,n di.£ferent s~ctions of tht state. The soil 

number. series nam,e. and looat-ion are given in Table r11. then, are 

three soil e.eries t'rom the n<rtheastern part 0£ the state which a:"e n­

presenta.t.i ve £or this eeoti(?D excl'uaive -0£ the Bwthern ,and ~thenl 

Ozcb. One &Qll'lpl& was ta.ken •bout aeTen:ty miles southeaa~ of Stillin.tff• 

which repreaente to a . !'air degreo the ao1ls of this partioular sect!, on of 

the state. 1'J,le Foard BGl,"iU represents ~.e typical ~ eoila "·f the 

Southlrest-1 aile Verncm. IU.rklandt and YaholA soUa are found in oentral 

Oklahoma. 

i'he 14 •oil series listed in table &fi'en represen wide va.riatiol'l8 

in chemical end physical soil chan.eterl.stioa. these soil aer~a were 
' 

aeleoted fl"an vari~ sections of the state in order to study nitrogen 

fixation by n~iotic baotena for each particular &oil aeries-. 

The purpoae. of thia stu~ wu to dete~ine the natural a.bW,ty ot 

the organiGmS in different aoUS to fix nit1'ogen when a. suitable aour-c.e 

of energy end proper moisture ·and temperature eondit1ons were Pr<?vid.edJ 

and to quantitatively deterndne the ount of nitrogen fixation by chan,.. 

ical anal.yaes a.nd study thia variation during the grom.ng season. Anal-

yaea for total nitrogen. •. total phosphorus. total salts# eaaily soluble 

phosphorws, and pH values WW'& ma.de in order to stucJy the relation be­

ureen the plan; nutrient content and the nit:rog_en fixin.6 Q!bilit.y of sou 

organisms present in eaoh •-011 series. 'i'hese do.ta are giwn in r&.ble 

VIII. 

tn comect1on with this stu(\y a sample of cult1vawd soil-. 

obtahled :f'ran Utah. Thia so11 1a asa\JID9d to have a high nitrogen fix• 
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1ng pOW'er and ffllS used in ccmpe.rison with Oklahana. soils. The Utah soil 

has maintained a high crop yield for a long poriod .of time wl. thout the 

addition of ,my- oommercial .fertilizer_. 1'he initial supply of the plant 

nutrients was high in this partioular sample of a.oil .. The following is 

an B&ot note 'Which a.ooompanied the sample of soil t.P:om the Utah Station. 

"S2E •• in eropping test_. cropped to alternate wheat and fallow sillce 1903. 

Spring plGJW&d for £allow.., average crop yield 22..3 buflhela of 'Wheat per 

te.ble VII. Ramo and Looa.ti.on o£ Soll Series treed in the Study ot Nitr.ogen 
Fixation 1n ~ Soils by Non-symbiotic Bacteria. 

Soil Number 

l 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 

• Out 0£ state sample. 

Derby 
Ye.hole. 
Vemon. 
Vernon 
Be.tea 
Panon8 
Suumit 
JUohfield 
Grant 
Gaego 
Kirkland 
Quin:ia.n 
Conway 
Fcard -

lD.1:l.gtishM" 
Payne 
fayJl8 
Killgf'1oher 
Ro&,ra 
Ma;yu 
Rogers 
Harpel" 
Al.1'lta. 
Ga.rrield 
~ 
Woodard 
Crook 
Kima 
Fram Uta.h* 

fh:e aoila ua.ed 1n this atud,y have all been cultivated. A npre-

. aentative om.ple •S.ghl.ng e.ppnax.tmate~ sevmty-f'iw poum.a was oolleO'ted 

tram each area. Tho nitrogen fixing Ability o£ the o.rganitma 1n these 

soils wa..a studied by sampling dry a.oil e.nd moia.t aoll kept oovered. in 

oonta1ne-ra in th• .tield nery ttml'ft da18• The amount o£ nitrogon fixed 

when a. aample 0£ each aoil wu added to culture media and the nitrate 

nitrogen and mo.1.ature eontcm.t 0£ the moiat s.oil we.,-e detemined. Theae 
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data azoe given in Table lX • 

. Methods .oE AmJ.eea 

Chaa.ical studies I The aoil aa:aples wer anolyg.ed. for total nitro­

gen" total phosphorus. total salta#. pH valuee and e.aaily soluble phoa• 

phol"U8 by- N,'s sulphuric u1d extraet1on ('JI). 
; 

Studies on nitrogen fixatioiu 'the follRing prooedure ne used to 

determine the variation in nitrogen fizat1on by non-symbiotic 'bacteria. 

as ai'fe.cted by time or nm.pllng. The details er thill procedure are aa 

follows I Petri dishoa 15 centimeters in diameter and tour oentime'bers 

deep nre ws.ed. Eighty cc of agar which was sterilued at a prea.aure of 

15 pou?lda f or 30 minute.a. as placed in each petri dish and ttw cc of 
. ·' 

ea.oh soil auapena'ion •• added just before th agar began to solidify. 

The soil suspension· 1:s prepared by shaking tcm. grams of well pulvorised 

ao:11 with 100 eo .~ at.erile distilled water. Each soil sample wae run 1n 

dupli .te and incubated f:ar twelve days at a temperature ranging f'Nm 

Z8 to ss0 c. At the end or thia time the tot.al nitn,gen was determined 

.. by the ltjeldahl method.. reoommended tor aoil•• I.n order to m11dmhe th 

gzoowth of moldll GB the cultures tho e.ger-cgar shoul.d be soaked tor twenty. 

tour hours in diatilled W&ter to rem.ow the •ter aol.uble nitrogen 'llhioh 

seems to be reaponsil>l• for the 4«olo]iG11m.t ot a lwr,m,1.ant mold growth. 

Bla.nk detemina-ti.ona tor ni trogon were ~ on SO cc of the age.r media 

am ....-. 1ubtr'tcted &an. the total nitrogen obtained 1lhen mouba.ted aam,. 

plea were analyzed. 

llethode 01; ~ and Haadli::¥ Soil !!9!• 
The eo1le 'Wied in this atudy were divided into two parts. Qn.e part 

was air dried and kept 1n o. quart jar 1n the laboratory. The other par ... 
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t.1on of' ea.eh sample wo.s placed in a tall gal vanizetl eonta.i.ner and pls.ced 

in a tnnch in the field. A small -.tor proof' shed was built over the 

o-ontainers in order to protect them from re.in. Distilled water was added 

once every week. The wnount of water added Tl8.S app~arime.tely one-tenth 

o£ tho weight of the soil. The sampl s kept under the shed are termed 

"field samples" in this study. The soils kept in the g.l.848 jars are 

termed u laboratory samples" • Tho field. sem.plos were collected rnory two 

vreeks with a spa.tu].& 'Which vro.s st&rilbed with metl\}"1 alcohol after ea.ch 

soi~plo was te.ken . About 75 to 150 ·&~ o.f each soil was transferred to 

clean 250 ce beakers and taken to tbe laboratory where the soil• were 

weighed and air dried on clean paper• After tho soils had ~en air dried 

for 48 hours they wore re-weighed and the per eent of moisture oaloulatltd . 

Nitrate nitrogen '\'ffl;$ determined eaeh time field aem.ples were collec­

ted. The nit:i:ate nitrogen in the air dry samples we.a determined only once 

since nitrifi~tion does not take place in dry ooils . Nitrate 11itrogen. 

was determined by tho phenot.dieulfonio acid method. 

Soil susponaio11s wero pre-pared by shakirig ten grams of soil with 

100 co of sterile distilled water. A five cc portion was remavod with a 

sterile pipette and transferred to 80 ec or aga.r med!.a. placed in e. 15 cm 

petri dish a.nd inouba.ted for twelve days at a. tanpera.ture of 28 to ss0 c. 

At the end of this period the a.gru:- media on which the bacteria developed 

was transferred to a 500 cc Kj:elda.hl fl.ask and the total nitrog&n deter• 

mined in the usual. manner. 

Tho aga.r media uaed in this study lWlB prepared as reeommonded by 

Ashby ( l) and the compoai tion of the media. vm.s as follows i 

Distilled ter - - - 1000.00 cc 
yP04 - - ... - - - - 0 .2 l!Ja 
Gluooee ... - - - ... - 15.o g,n 
~ • 2R2o - - - .. 0. 2 gm 

Na.Cl• - - - • • .. - - o . 2 
CaS04 • 2'H20 - - ... - - 0 . 1 &111. 

CaC~ - .... - - - - ... ... z.o gm 
Agar.agar - - • - - .. 16.0 gm 



Ta.bl• VIU. Total Phoaphotua., Euily Solubl• Phoephorus, fotai Nitroon. ~ Salta •. 
·UJAI pB. o_t Soils Sd•ted to Study liwoge Ftatioa by ~iotie 

Baewru. (values gi'ft11 in poun4a per e.cn toot 6 2,i,• 4•1,.) 

s.oll Sm• '!ote.1 BuilY Soluble total !otal 
pJt Phoqho,l"WJ FhOISph~ Iitrogc s.ltl 

Ba-ta fiH 11 Ma 8'0 1.01 
C--.y zoo t 1"86 188 ,.11 
Deb7 MO 24 606 296 6.20 
Foud 458 lfl) 1990 5a8 1.t& 
Gnnt 520 ZIO 1790 288 1.16 

1r;l.aad 820 28 lAO MO s..eo 
Olnlllg4 aoo 40 1790 NO 6-.'8 
Parn.u 620 as 8AO 180 &.SI 
Quinta. 300 - 1090 80t 1.86 
lt1obt1•14 680 us UM li8 1~65 

S\lllld,t -WO • 2385 180 s.1s 
Utall.• ,na 1600 1T40 HO s.lO 
V•num (a~ 3'0 11 1100 00 6.H 
VC"nOJ\ (4. 44,G 160 ft.CJ& '16 e.ao 
tahola 860 sa im 688 s.,s 

• Ollt of .tat. Aaple. 

.... 
"'4 
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The values reported on chemical 8.Jlt\lyses gi'"9'9n 1n tabl eight reveal 

that the sample of soil f'rcn Utah is very high in both total a.11d. easily 

aoluble phosphorus. The Utah soil amnple also has e. high pH value or 

a.as and 1a about average 1n .nitrogen and total salt content 6.8 O<'lllpu"ed 

w1 th the Okl&h.ma aoile. 

It 18 evident .ft\am tlle data presented in table eight that the soUa 

studied are quite variable in ohemS.•1 oampoattion. For aam.ple. the two 

VefflOn soils have 'Wide ehemioa.l values which can probably be exple.ined 

due to Vernon number four be·ing classed aa a Pedocel and Vernon number 

thr .. a Podalter, 

!he values r-eported for total nl:ta have the moat oonsistent value 

for 8.1\Y chemical oonst1 tueata reported. 

The laweat pH value wu s.ss in the Paraona Hl"iN and the higheat 

value 'W8.a the Utah sample 1fhich bad a pH of 8 .• 26. ol.oaaly followed by the 

number four Ve1""l1011 series with a plI value ot 8al()• 

!he easily soluble pl'u)apharus OOl'ltent of the aoil series had the 

11icle8t .rlat1on tor &f13 of the c-hemical values reported. The C.cmway 

series having two pomJds per acre._ the Andy Quinlan aeri.ea 320 poua!a 

per acre. and the Utah soil 1.,600 pound• per acre. Total phosph~ 

varied m th.o Oklabana soils f1'ola 200 t.o 580 pound.a per aer-e. The analy­

._ e.haw that 'the eully soluble phoephorua content of the Qu.1nlan aeries 

S. slightly- bighe~ than 'the total pboaphorus contat. but tho ve.rie.tion 

1a within the limits of analytical error. 

!he Derby sci.ea whioh is a~lian 1n origin and undewloped pedo­

logi.o.ally. 1a very lCJW i1l total. nitrogen_. the value being aliglrtly above 

500 pcNnda per a.ere. whereas .• the nrkland. Parson.a. and Summit •4'ries 

all haw approxim&tely s.ooo pou.ads 0£ toha,1 nterogen per aON .. 
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fahl• lX. mtt.ct of SeuOJill.1 Variation on JU:t.rogen l'!atio:n. by 
11'~1ot1CJ Baotel"la 

- till~ ot lfi:•o&en Fixed 

•t .. ., ... 19 v.y·~ · am .. I Jl:ullt 6-18 June l9-Ju1¥ 
Fl9ld-Lab. P:Dldi-X.b. n.w. Ll,b .• Flud i.J>. 

Jatu o.oo o.n a.is ,.,s 1.a ••• 1.40 s.ao 

Ccmway ·0.98 !JO l.U 2.os 1.1, .,.ao l.Q. 2.52 

Derby o.oo o.eo 4 .• M 4.M ,.s1 I.M 2,.45 1.1s 

J'oari z.so ,.u 4.fl' ,.ss 6-.0"T s.1, e.1s s..&o 

Grant 0.00 o.oo 3-60 ,.21 a.,1 '·"· ,.ao a.so 
lirkland J...:?B ~.n 1.1s .. 1.11 &.'4 ,.u o.a 4.00 ~· 0.21 o.a-1 2.11 a .. so 1 .. 60 1.&1 143 ,.es 
,..... 0.14 Odi l.U ••• ... 6.01 1.10 a.u 
Quixalm e.s1 .... ?J.4 e.,1 • .• 90 s.eo 8.01 10.11 

Jliahtield &.OZ 6.0! s.fe Le& a..,, 1.0,. ?.18 8.16 

Summit 0.1, 1.81 ,.a 4.00 ,.1s 1.0& 1.0.z 1.64 

Utah •. ,., 1.18 

Verne(I) 1 .• 18 !.61 e.n tJT , . .,. a.ss a.oo a.u 
Vornm(4) 1.Zfi 1.u ,.11 ,.98 ,I.JI. s.,o "1.65 9.08 

Yahol& o.as o.61 t.s, s .. .ss. &dB t.n I.la 4.U 

1 



hbl• tt. (Col'J.t.1nned} 

&M.MMl. Yarie.Me in NitN>,pa FS:u.ticm 

·- till!O'- of l'i'tntg_en PWld 
0~ .July l•lfr July 16-28 ~ ~.ltl Aug. u.aa 

Serles 
n.w,..i.i,. Piel.~. '1:eld-Ulb. ~ 

Bate• ldi t..ao l.·80 1 ... u 2.64 OJS 1..85 ldO 

·Ceu:aa;y l.40 2.46 1 .. 02 e.1e - ,..._, $..00 2.50 

Darby ,.,1 a.a i.67' eJI· o.'19 o.oo 1.90 1.-1'0 

Foud 4-.15 s.10 &,,92 1.u $.SO o.99 Id<> ... 
Cb:'allt 3.86 1..-.s, &JI 1.1.9 5.28 l.'66 3 .. 40 t.70 

Ur-J4a.lld 1.40 $.08 l.OS l.'14 1.11 l.-S1 1.45 4..:20 

o.w.go lAT I.SO o.ts ·O.t\9 1..98 ,.ss 2.m; '·"° 
Panone 1.10 1.61 2.a, 0.95 .... us 1 .• 00 4..80 

Qu;tnlan %.JI a .. s1 ,.oo O.IS G.-.85 6.40 a.es s.oo 

itohfteU 2-..66 ... ,s e.10 5.10 8.70 6. 65 ,.so •• 65 

S\DIIBit s.10 4.-40 o.S6 z..zT l.ilO Ll1 ··- a.10 

1Jtah .... 2.ss .... 0 •. 1.e ..... o.,s . ... 4.10 

l'ernOl'l(I) a.:so 6.15 .2.01 o.n %.38 0.00 %.60 2 .. 00 

Ve1'aQD.{ •) ,.21 1.89 &.98 .... s a.a &.il $,.J.5 I.U 

Yuota & .. es 4.40, &.45 2w1lft a.11 I.GI $.40 2.ao 
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~ u.. (btinuad.) 

hM--1 Variaticm. ln lii:tngen Fixation 

-- 11111-tg,Nae ot Bl-tagc Jt.se4 
Qf .t.ug.lUQt.5 s.p,t. 6-18 S'apt, •. ls.4!0 ~ L-13 Serie# . 

PieU-1:.ab .. fl.-et~. Field.kb. •. Fl•~b. 

Ba-tea !-.70 4.IO 2.eo 2,-50 a.a, 490 1.45 %..85 

l>9rby $.40 ,.a 2;.20 2.10 s.10 1.U 1-.8'6 2.1s 

Pov4 s.ro s.ao s •. 95 ,l-9() 4.90 a.M a.po 1.00 

Kirkland 1.10 0.10 ,.15 Id() 8 .• !S 4.20 1.26 1 .. 00 

Jlanche•ter z:.s 0.10 1.10 9~-35 -10.10 o.5-s -1.H 

an.go 3.65 o.90 1 .• u ... z.,so iJS $.()5 1.00 

Par.a .. Z.70 LIO 3.00 1 . .55 , .• 2.00 1.26 0.9s 

Quinlan 11.ao 6.ts 8.:H s.so 10.00 io.ao 6.15 s.ss 

Uehf'teld 10..40 5-.. 80 10.16 1.05. , .. a •. ss 4.0S a.as 
Stl1lim1t &.90 s • .a& 1.96 1.25 I.SO 4J5 :2:.00 1.ss 
Sapulpa 1.16 1.-10 I .do 1.10 l ,.OS ~.20 e.1.s l..00 

utah ...... 3.25 . ... lJO· .... 2J() .... 1.00 

Vernm(S) !.CO z.G6 lJtC'l.O s.N ,.u -z.so 1.so 1.11 

Venon(4) Q;J5 10.00 10 •. 55 6..00 10.a 8JO 6 .. 15 5.26 

Y&hoi& z .. so 2.20 2.10 l..40 s .• ao 1--so 1.'11 %JS 

- sampi. ruined • 

..,.. Inautfioient amomit ·o£ ao11 to l"Un t1eld te•t• 
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... lit.ra1id {~) In -- ,.. IIU11u 
of ti/i/11 5/,l&/E 6/IJ\I ·6/16/SI 1/V3$ T/18/R hz,iq ... 1.00 J2;.,_5l 2Q.OO 6.-ZS 1s.:T<> 1&.02 

».rby o.ss f.89 u.ts0 11.sa 11.50 10 . .oe 

POU'd o.s, 11.M u.10 u.vo 13.15 1'.36 

~ •. ,.,. 8 ... 88 u.e? 1;.52 14.20 18.l'f ~-- 1 .• 20 1,.ao I0.00 11.80 1,.20 10.0Z 

Oawe~ OJ.l 19.18 U.M 8JS u.ss lo.ol 

---- 2.eo 23.16 20.00 S.15 U..50 10.02 

QtdnJ•• 1.20 &JI· lf,.60 1'1.U 21.60 1&.10 

Rieht:1--14 o.,a 6.10 u.&e 1o.m u .• 10 9 . .19 

Buallld.l •• 50 H.00 :11.10, lfJO IT&.00 e .. oo 
Sa.pu1p1. o.'14 a.oo u .• UJG ls.oi U.69 

Verm:m(S) 0.67 s..81 so.Si 8.SS 16.10 13.$& 

V:C"DGn(4), .... a.«> 14d9 9.U 20.05 20 .. .es 
'fah<>-1& L:00 m• ••• &JS J.Z .. 60 1.6·.ol 



Y•ble x. ( Can'tinuK) 

lea.hnll V~iation 1111111:ftte llitroge Contet in. J.i'1el4 Saapl• 

lfalllit 
oE 

Series 

·-Dfflq 

'FolQtd 

ltrkltnd 

llmohUU!Q!' 

O.Wgo 

Panone 

Quinlui 

11chtle14 

hlllnit 

&apu:tpa 

VC"nt.ln(3) 

V~4) 

TAbola 

20.M 

10 •• 

G.M 

19 .. -to 

22.M 

28.et 

lo.Bi 

IO.Sl3 

ZQ,._04 

e.vs 
1(),.-o& 

~OS 

16 .• Sf 

11.H 

10:.86 is.s 

20.o& t.1, 

20.04 ••. 11 

19.02 u.a 

Ii.OS 16.TO 

8J$ I0.06 

10.85 a.6a 
16.10 S>.06 

a.a U.&t . ., ... , lSOJo 

ZO.B8 11-.3& 

IS.CO 10.ss 

u.s9 s.n 
:20.M 14.19 

•• 40 D:dn IIJO ~ 

96-86 20.sa 1'8-.00 26.81 

<&&.09 18id() '°'•co n.so 
6$.,M ae.m JLOO &7.oo 

"·" a.so so.oo 60.00 

1a.1, 10.00 20.00 75d0 

Jn.02 :a,.&S 10.05 11.10 

tl .• 86 a.oo 31~ Te.co 

16.10 11.69 & . .a, 15.:to 

111:dO n..oo 10.00 n.eo 
18.19 n.• 11,.60 11.80 

110.22 13»40 r,.oo 75 .• 20 

13 .• H 21.'10 2$.50 18.ff 

U.40 a.so zt.60 48.50 



..... 
4'f' 5/&/d 5/19/A, 6/5/A a/la/a 1/J/$S 1/J.'l'R ... {Air ..,. Buu) 

Batu 12~66 it.so 18JO 12.0S v.ai 2,.20 

Dffby 5.10 6.40 8.20 S.9.$ 4.81 · ;~1{) 

Focd l2JO JS.so IOdO zo~ :e&.J:G 21.-eo 

Xlrkland t.oo l, •• 10.SO 10.ao s.,s 1,.00 

J.rrQmlaater 1.es 11.00 1&.80 10dO 6J.6 a.2e ... a.es u.so 20.20 U.92 s.a 80.SO 

fllmJona '18.00 ao ... u.oo n.so 12.51 15.SO~ 

Quiallln ~.so 14.45 1,TA() 14.80 12.IO ~ 

lli'Ohfi•U 14'.00 a.ze 20d6· 18.IO 'l .. 60 15:JO 

Sum:n!t lS.IO ... 1s..oo U:.10 D.15 27.40 

Sapulpa 8.60 11.-26 13.40 12.SO 7.45 u.10 
Vernon(S) 9.SO 11.eo 11'.SO l?.SO a.eo n.eo 
Verm:m(•) is.as 11.25 18.1$ lB.'15 ll . .o6 33,.oi 

Yabola. a.,o 13.90 ·1,.10 14.70 J:S..oo Z3Mi 
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!'al>l.9 XI. ( Coutimted) 

Bf.tea 

Dvby 

FQltl"C1 

~ 

~ 

on.ego 

~ 

'1u1nl&n 

Richfield 

Slolllll!:t 

Sapulpa. 

Venioa.(J) 

Vernon(I) 

Y&b.o1'! 

Per 04111~ ot W.1- 1n the Field 8-plN 

1/2sjss &/lo/3i s/21/t$ s/s/u i/18/u 9/I0/3$ 10/.l.4113 
(Air Dey Bula) 

m.so 11.40 16..SO 18.!5 11 .• ss 1.10 10 .. ee 
U.IO U.oo 9.15 12.so 7.05 , .• ,.10 
29.60 11.40 36.40 3$.00 26.20 19.40 16-to 

22-20 u.oo 11.00 11.fiO. 11.SO 9-!S· u.ao 
11.-60 u.ao. l.SJO lT.IS $.SO e.eo 9.00 

it • .so lldO U.60 19.00 9.,75 · IG.to a.&s 
sa.so n.ao SQ.as at.co es.as 11.ro 11.45 

m.oe 16.'20 1&.50 11.ss u.so 1.SO 10.10 

11.10 11.dO a~ 12..40 ao .. eo ,.15 11 .• so 

26.$0 u.eo 14.00 8LOO a, .. 1-0 1s.eo 16.to 

19.1-5 ie.so 22.80 19.40 u.eo n.ao ·a.so 
2:1.4.0 1e.as %5.QO ZS..00 11...60 20.oe 14.16 

• 4'1.&o l&.SIO ••• 18.00 19.40 22.10 18.oo 

2a .. so '1:LSO m._oo 1().4() u .. 10 u .• ao 13-61 



Table xn. ~ · of ~Jmbioiblc m:trogen Fbtatlon,.. litrata. 
ad tet" Contetst ot Field Soila at f:lme of llllpling. 

... ot 
Soil ..... 
·-C019111¥ 
~ 
Poard 
il"ant 

Dl>l:lul 
Gmtp ~--Quinlan 
Bichft•ld 

Summ!.ib 
U'tah 

v~1'J Vern.ce ·4 · 
Yabol& 

• .P•P•• ""' .. 

liUl~ ot JU.ing_en. 
n.4 h Sail 8-plM 

Held fiabOr&tor.Y 

2..CS 1.st 
1 •• 1.M ... a.cs 
, .. ao t.ol 

••• a.n 

1.- a.ii .... LOG 
1..61 I.II 
6.16 6.14 
1.~ S.81 

£.gg. .a.:20, 

---- 1.1s 
IA e.10 
6·.11 Ii.A 
Ll4 Z.91 

parw pU' mUl.1aa.. 

-No ftluu reported. 

nvat• 
la, pa.pa..• 
tt..ld aoU• 

17.S.S 
18.86 
19.ff 
ltd8 
U.k 

!o.s& 
16 .... 
ll.18 
U.M 
28.81 

n •. u ......... 
18.6& 
14.A 
1i.rr 

Per Nai; 0~ 
lfa'tt!r1ntu 
field sm.i. 

15.60 
14d5 •.i• *>•18 
u .. ,a ,· 

n.s& 
1$.:Jl 
tl.58 
18.:67 
J.idS 

-~ . ... ·,-,. .. 
u.,a 
aedl 
16..-ll 

Theae 4ata reval tlat ••-va soUa out. ot a.ftea bad a highel" 

n1 trogen f1.ation by Dm,ii,8,-bicnla ba.cte:ria un&ter fie.id , an.di t1ona. The 

IU.ohfi•J.d am Vernon (m.ml>'er tour) •oU &erin had the largest nxa.tion 

tr,r art$' .t1•ld aample. In &dd.ition to 1heee iMo •oil• -the Qutnlan. Foard. 

Yaholaa Bat.t and :De,!by dl had. a higher nit.rogei i'bc&tion in tho field 

uaplea tba:a in 'the la.hon.wry •ample•-. «tJd Nm.k8d. m the order given. 

fhe gr,aa.1-t iralue obta1Ded. :ttt'lll e:rq field IMQnple _. ?JS milligrau of 

m.~ find by n~otto baoteri.a• and t.M· gnatea;'t -.i,. £or any 

laboratott •ample was e.1, mll~ ot m:tro,an. &ed. ~ lollen 
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ft2.-~ tor the tt.14 Nlllpl• wae 1.ae and tw the labore.toey 

--.ples 1.1s. Thie giws a ~ . ..,_..tion ot· s.H milligrama ot 

attng,m tuat.ion in the field ••plea 1ml3. s.01 milligau in the labor­

atory &.amp-1•·• 

in. h1gbeat ttmtion Qt nitrogen by n~totlo orgaxdmna in the 

aoll umplff o-ceurred 1a aaill high 1n available pbo~ which had a 

pH above 1 . .0. the sou ample ~ Vtab,, bo-.vora gan a w17 1•· nt.,.. 

trogcm tiation ·~ Uld 1-t ht.ii a pH value of a..zs. In •oil• b&'ri:a.g 

a pl! value td S.15 fixa1.1,ou probably _. •due to tl:Mt ac>ti vity of· baetffia 

other than tba kotob&~ group. 

The coila whhh ~ the highNt fbcaticm values are £au.ad 1n 

..tern~. and u• ~h 1n both eastq•e.lubl• and total pbu­

ph.orue •. 

The data ,n table aine, show 'bha\ au Gt the H fi~ld •amplea; 

Nl&Ohed 'tbe!.r pee.k of NaHDal nii:rogea t'Jdtia between tha datea ot 

Jmle land u. while ta grtmpa ot' .foui" soi.la •=~the.tr mui• 

DDDli tuat1an tram. June 15 'to A~t 1. Uld the 1ut grot;1f reaehN· 'bbe:11" 

pelrk betltNn Sep~ 1 &m l&. The 1-..~ values ~~ th• field aam­

ples u & ·whole were .a.. dUl'i.t\g the ft.rat wek of' Illy• and aa late u 

July 15. fw two . sample •. 

Sewn ot the l.5 labol'atorJ samplea naohecl their ma:d111m, :tin~io:n 

be.tween Jwa l aEd 15. &rJd inclmllng tb.e a..- ••plu M :repone4 early 

uxader f'itlld sanplea. LDrlitWlM,. tber9 ,.... two groups o£ !Dur acile -.oh 

i;bat gaw a. maximum fba~!on bdtaea My 1 and 10_. -4 ttaa Se~ 1 

._ 2$• TQ l~ Tld.-. Npqrted 119N the• Bue U l"&poJ"ted uaifl' ft•ld 

a.mpl•-· 

Thi,· nitrogen a.ocumul.at1oa m.creued rapidly in all aotl• ab.out tM 
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first .114 June ami oon'b.tnu:ed rather oonei•tently UJttU the latter part .ot 

s.~ am to the ant half of Oowher •. fhia. would Wlcate that 

'1ae aeaaon et a.cti vi tr far ~1ou1e baoteria 1• llmlted. The high-

. ••t nitt'og.m f'1s:&ti.QU utue ~ 1n ~• aoila during the •~ 

montha and in September. Undw fl.eld c:Qndi;tion• the aotlvity of these 

organ.1-' would b& 11mited b:y availAbl• moiatve and food wpply. 

The >d:t1'8.te nitrogen ecmtent 'WU high m :J:JN;rly all 11.o!.la on .Jul¥ 

aa. eai all of' t• aeila except the Summ11' reached a muimmn Q11 Sept-­

ber s. !here-.. also a d.eoided in()reaae in rd:b"ate nitrogc m Octo­

ber U o...,. July wl,u-. The a1:tftte am. •ter oontu.t ot the dl~ 

aolla do not seaa to OOl"r'el&te 1n any -.ay- wi'bh. nitrogen t'!:l:atioa b,- mm­

~iotic baeterta. 



·Stud1• a,a the tbat1on of nivopa m tlklahoaa aoila by non.­

-,mb1ot1c 1/&oterta wwe mad• to d•tcmnine the amount .of ni tr,ogea Whieh 

•• •ynthNb:ed tmA• :fa.VOl"&bl-& eondttioo.a by th• growth ot n1Doeymbio­

t1.c 'bact;arn.. Chemlcal ~ts tor tGtal nitrQgct .ctetemined a.t r•gu-

1.ar inte:rftls iDdic&tes that a rapid tiatioa 0£ organic .nitrogen will 

occur 'tlhen aoU org11D.SRM are inoculated inw media ,oontaining gluooae, 

In a Mriea oE i.bora.'borY eqerimttntll lJ#lng liohfleld very tine 

aamty lout 1~ 11U tO\md tba.t mere 1\11.r'-Oge. t.tzatioa OOCW'l"ed in oovered 

aso cc beaker• 1ban in ei"hr' opa or oanred ISO cc. Er"1e...,.. t.laan .• 

Smoe Asotol»cter 1s an e.eroM• group ~ orga.n1- whiab ~ on or near 

tt. surtft.• of the M<JJ.e.. l ~ la 1.oglcal to ue-. tba:t be:tter naul t.a 

IIOUld he obtained 1n beatera ~ aon 1Urt\loe ara _. •posod te 

·'the a.tr 1n the ~ than 1n the flub.. CtmJring tM £laaka had no 

etteott cm nlvogan f'bati,on. 

nt. ,tlttect of" ....._tlon • tm· ttra.Uon ot ld.tropn by n~iotio 

he.cteria ahGW that IDOl"e tb8n. twin a.a llU'Oh ni1.roga _. .t1ad ln urated 

8Up«mlioma u oCIE!1paNd 11'1~ th, nen.aen.tlld. a.tnple• . 

The .effeot of cllff_.... ~ · OJr ~- <2a tllfJ fiation of 

m:t.Ntpn by ~1etto ~i& .we ,rtudl.e4 -1 • hi~en 'ftlu• 

,.. obbt.iud from uztrON 'lbioh ii :a NMldi ly a-.a..Ua.ble: fOJ'ffl of tilft'U 

fo,, non.._1otto ~ta. !he -.lue. tot' atarah -.. conaldera.bly 1..­

tllan for d~ ~ ,tzta.w gJlW a m1ge.t1-ve vale of •"flm cad t1¢ee­

tantn. m.Ulignma ot nltn.pn eioll wae P"ba'bly a w .UJ&et'Ohic oon­

<l1ttona. wh1ch 1n the preaetme of a lar:ge: atllOD.t of atnw oauaecl tho 

liberation of • -oae nitrogen 1n the ~ 1"Gnl u a reault ot the 

action of deatrlt:,ing bacteria.-



A atuq of the e£.tect ~ di:i'f•ut media on U:te growth o£ ~SJ'2!1-

biot-ic b eteria 1nd1eated t-bat a CCIDfDel"cial 1Jourc9 of silica gel was not 

aatisfa.ctory for tho growth of bactei-1.e. beoanM it wu toe a.old. Media 

prepared fran1 (a) Ager. Aahby's solution and quartz sand. (b) Agar. 

Allhby•e soluti.on and no -sand. (o) Ashby'• aolutio~ aatld :end no l.g&2" 

were· studied and the data Ol'l thio. experiment cl.early ind1o :te th&t the 

largest tix&~ion of nitrogen by 1'10n<4yahiotic bacteria OCCUJTed 1n large 

petri diahels oante.ining Ashby • e ao1utim · in agar 11d. th.out quu1:& and..-

Mi trogen £:iDtJ.on m 'bea.ken--.. car.t8ldenbly lower· in th1a eperimant 

than results -obtained in large petri dishes . 'lbe fixation ot nitrogen 

on other medJ.a ns rathAJr oons1•tettt throughout the experimarrl.. 

The l"eBU).ts of a study on the effect of length of incubation period 

and a.mount of earbo)Wdrate on f!D.tion ot nitrogen ~ no~1otic 

ba.eteri& shc:nm tJ.,at;• the am.aunt ot ni tro:gen tued ia dependent direotl.y 

upon the amount -ot energy aupplied a:i d. tho length of ti• that the media 

is kept und•r proper conditions which ue favorable tor the vawth of 

b.act&rla.. Ii. 1s not advisable to use more than 60 cc of agar medit\ or­

to incuba-t& at a temperature lower than 28° G-. or abcwe 35° c. f .v a. 

longer period than 12 day&. 

Field studies con4.ueted an soil.a collected from series 62-00 on the 

Oklahoma Experilnent 8ta.t1on i'afln which bad received different tertUu•r 

treatments i.ndic.ate that a greater nitrogen fixation was obtained !'ram 

soil tl"QS.Wd with finely ground limes.tone than from arq other single 

fertil1g.e treatment or oanbination of treaiments.- The lime which was 

a.ppli d to this- soil has rais.ed the pH value. from 5. 50 to abo• 6. o ao 

that eanditions are .favorable for the growth of non-symbiotic bacteria. 

Studi.es were also made to determine the variation in nitrog.e.n !'ix-



atia by ~iotie bacteria aa attoc~ed by tJ.me or oanq>11ng. The 

•oila uaed to d~ the tbatioo of nitn,gaa 1n Oldallu:na ao:lla by 

~illtte ~ WU'e, divided tato two parts, 0.0.. puot 11118 ab 

drl.-ecl a.r.ul b~ in quart jars 1n th& 1,tbuatfff. The other porbion or 

eaob am.pl• was plaoed 1n tall galva:nis'M ccmta.ine~ and plued in a 

t.reno-h am pt'ot.eted £rcn .rain by a board roof. The purpose 0:t ·this 

•tmd:T was te determine t.bl) na.'tural a.bility Qf the.ae non....._biotio ao11 

orga.niams to fix n1 trogen when a aul table source ot __.&.V' W'U eupplled 

in aa adequate amount and the pro,per moiatun and teml)ehtur. oondii.lona 

oentroUod. The uaul.ts cm aeuonal at.ucliea ot ni't~ fix.a.ti.on by nan­

~iotie baot1tria. nm,aJ. ht aeva of the 15 soU• gaw a highv nitro. 

gen fix&1.1.on nan k•pt. mol•i. 1:Uder f'1eld ~onditions . lAbon. WJ'1 Ulllpld 

gav. pnet1oa.lly the aaa w.luea during thu atu:q u was· 1'9J.101"'ted ~ 

the f1eld ••Pl••• !he most taVOt"&ble pH nng• tar a1t:Nge .r1,c&tion 

'V'&luee ue found in 'llffWffi Oklaiu.a ·ant\ are high 1n both euily BOl• 

uble phoaphOJ."U end otber a•llable nutritllta. 

Jtitrogei fix&ticm. by non~1ettio baowria ·1n 'bh•e •oU.a.,. not; 

ooattaut throughout the y,ear.. !he h1gho•t n1tne,m f!.:xatton roun 

occurred between ha lad Sep'tab9r 15. the _.hd.lation ot atmo•• 

pheric nit~ by .aoU o~cna 'WOlting 1ntt•pm.4ently ot l$gtllJWlOll8 

plan.ta ia not alwa.ys cma1dff6d m ,oa.lculai&ing ·the nitngen. bal.aaoe 1n 

the eoit. but it. le qld.te probable the ~1ot1c baetm-la play en 

bo.pOrtant pa.rt ta. the ma.la~-~ Nil nitrogen partiGulvl.y 1a the 

mm tOid aolla of weau,rn Oklahoma. •. 



1. Aahb,v.- s. F. U07 
S.. ,c,biiWft.,tlOJ'ltt on the uaJmla.tion of atmoapherie nitrogen 
by a ~ llying aoil. argani•.- Atotobacter chroocoCUUlll • 
. ~ .l;rmltural Sob!nce. 2:1$6-61 

2. &i!Jtir.~ L W. 1902 
Aft1m11At1ou ot ~ m.'WOgel'l b7 bacteria. 
~ S~ion Racard ll,7'8-144 

3. Ge.in9.Y • P • L. 1918 
Soil reaction and the growth ·o£ As~w. 
Journal Agrtoultural lbNIMNh 1.&t26&-%11 

•• t1a.imlyi, p. 1... HU 
Jntlmmoe ot 'the abaolute reactl-. ot a soil upon its uotobacter 
non. cci a1,~gen ti.xing @111ty,. 
J~ Ag!Glltm"al ~ 2&,,907-918 

5. Gaiuy,, P. L. and Brt•Ne. Fa.11::b 19&S 
~g tho ba.gth ot incubation period. 1n ~iolog1eal •t.w.ti• of. be:o~!.a.. 
SoU Soi-.. S6tl6M.'l1 

6. ~ .. P-. L• -&lld Ba-tohelor.• R. W,. 1921 
~ Of the· ~gm.le --~l'lstio.n ·QB the growth and 
ttxation ot :m.trog• by «tltm-4MJ ot Antobaot.er-. 
JCIU1"D61 Agricoul-tural Rueu'(m 14 tf69-7S? 

'1. G.NAT••· J.,. • and 0reaw.. J. ». 1932 
Jl1tns- filcen .af J.eacbed. alla11 aolls. 
Soil. Se1m:me Jj•J7&484 

a.. ~ .. R • . .l, UM 
sws ea • pftYtem tSp.thuu by the Gama . ..botol>a-cter. 
S-ail Soimtce 39 tll1-S16 

9. Harper., Horace J., 1932 
lea!ly ftlu\.le. phc»phGl'WI in Okla.hem& soils .. 
()'kla,hoca .Agrteultwral ~t Station. Bulletin 205 

10• R.Ullt.,, t •. F-. l .19· 
Byltbat ·•~ doee Jaowbac:ter tu attrogen? 
Oalif'omia Agr~ltunl E:a:pei'1meat S,tation Beport., 62-61 

11.. nuat.er, o. w. :uo 
St1Jlu1Ltieg ta. ,t!P,Mth o.t ~ b,y' Mra1;1cm. 
JOUl"nll .AgriwltuNJ. aeaeer.cli is.-a~ 



12-. R1abna, P.. G. 1:986 
~!KHP~·11t 

Soil reaetlon and nitrogen rs..tion. " I'~· t : t\ ~Hell COi •· ... - .. 

Journal American Boclety of' Ao-•~ 20t515.o518 , ·s H. A H. Y 
:nJL 17 1937 

1&. 1.,1~ C., n. ad s1uq,.. L. T. 1915 
ltteot ef lllfiW!lture eontent err a a.m1y aoil au its aitrogen 
fixing powar.. ' 
Jb;pert.at &ta.tion Record JS 1619 

14. Lipua.n. c .. B. Uld Burgees_. P. s. 1915 

Ori.gizal not ~-· 
8twi1ee on n~ fixatioa and .botobaoter fQl'IIIJ .. tu aoUa 
ot foniSJ} ~id. .rerenoe giwa by J. B. er-..... 
Soil Soience. Vol~ G.. ~ 1G$.i2l? • 1918 

15.. Jlurl.117-. ,. J. 1921 
The ed.'fht. ot atn,r. cm the b!ologt_<*l a oU prooeana,. 
Soil Sotaoe Ui"!U.US 

w. o.tttoWJ. a.m !«xtatl• liri1Ao:Ja. ot Aml.p.u of the '-aoekttan 
Id' ~ - .a,taalttanl ~--· 1915. 
Second ldition. --h~ D., c. 

11. Saoket4,.. w,. o. ed s~ 1,., e. 19.3l 
A ba.cteriologl-1 •tb-.1 Ew detemtning m!mlnl. sou d.•fioimelea 
bl' ~ ue at aoU· ~. 
Colora4oAgteu11atrd 'E:x.peJ"bteat stats.on Bbl1et1n l-75 

1e. s~ 4.Ull 
QrigJ,nal.. . ~ N84-. 
athoo. tc,r, ~tq p.eria1tmlg to 'the aoi.l• 
R~ g1:v«a by ffit.tlem all4 ~ 
Soll So:1enoe""' vo1. 1,_. ~ ea-al a.u 191. 1924 

19. f1ebMtlU1d~UM 
11'!.aoM°'lo:gt.:1 ~ at· soil u • iala of :,oil fertility. 
n. lli.1:rogen '.Fla.\.lon Dc1 •mtil8 ~1uon •. 
S.U. Sc1eee 11.Jf:t..393 · 

20.. U&d-. H. and 1'u1at.t._, A,11 1922 
1'1.trog• n:atto,n m Viii ol&a·t•tt .. 
Soil hi..,. 14tD1-a-H 

al•· Wb.ogn-bq• S._ 1916 
• 4u'e-ot .tho& la eoU ld._.i<>logy -., lte appU.cat1on 
to the •~ of 1'S.Q'1)ga fh:a.Uon. 
Soil Soi.._, fltlf""3 

21. Wtatera• . 'N• . E. 19H 
&oil COllldttiom whleh ~ , Dl:wosan ~en. 
Jouna1 A3nen._ Seo-1.ty t>f ~ 1$ 1101.116 

.. . . .. . . . 
, ' . . . . : ~ . . _ ... . . . ) . . . . . . . . . 

. . .. . 
• • • r • • • ,-:..,¥• 

~ f • ' • • • .. • .,.,-:. .. 

~ .... ~. {·; /. ... :~ ' J ' .... : '" .. : ~·.;.. 



IIA:RJ'1mlB 1., S11AB.P 

ffPm 




