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PREFACE 

Clno of the critical ogra.iCl!lie probloms 1n tho Yho&t produc:lJlB at'Oa of 

Oklahttia aDd the Sotithwost 1s to find a eatiafaotory mt.hod f'or the dis

posal of tilaat atraw that lolill , at tho Ste:Je tj», reduco tho dBDtru.ctive 

effect or idnd and unte-r erosion. The carboQ.niwc,cen rnti.o in the strsu 

I!USt bo roduood to less than 20 to l beforG tho nitrogon v.Ul be released 

for crops g:roviJlB on too limd. It has been eonsiderod quite posaiblo that 

during the daeanposition ot strav, sme or tho td:t.rc,gon may be lost by 

ccmvorsion to gaseous ntt.r~ by soil m1eroorgan.isms. 

With the genoral availability of the stable isotopo of nitrogen, »1-', 

a nev 8lld potentially usotul. mth.od of folloviDg nitrCJBOn ~s in the 

soil has baan introduced. As an application ct this tecbn::Lquo, the £611~ 

1ng experlmcints have been condu,ot.od in an orrort to trace nitrogen changes 

in soils und&r nOl'!:lSl aerobic conditions, particularly in tho presence or 

large amounts of added organic matter. 
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Much time and Olle1"gy have been devoted to atudica <>f donitrit'i co.tion 

in soils, that is, the reduction of nitrates with the ~ £roo ot 

gaaeous ni~cn. That reduoticm. of C<l!lbiDod nitrogen takes pl.aoo 1n 

anae.rob1c fo:rmonta.tian duo to tho activity of variau.s microorganisms bas 

bGen know for years. tfaksman (21 ) has sur.mariaod the avail.ab.lo mici-o

biol<>gi.c:al inf'<:xnllation ccmco~ thoso organisms, A critical survoy of. 

bacterial deMtriticatian to 19.31 boo bJon presant.od by Ll.ayd (7 ), and tho 

practical aspects cf denitriticat1an in soil and sowgo to 1927 have boon 

summarized by Bwmall and lleavc (3) .. 

Despit.o those extellsivo imrestigation$, hawover, little inf'orms.tian 

is ava.110.blo raga;ding tho magnitude ot this process under normal cand.1-

tians ot soil aeration. 

Wagner (20) doclared that appliCSti0?2$ o.t mam.tm and n1trato to ooil 

arc often not (ltiJ.y' unprofitable, but hamf'ul, that, 'Uhen appliod together, 

m.croorganisma bring about the destruction of nit.rat.a .. ThoUf.h sevoral in.

voat:lgatars later proved that the rosults -were gr~sly exaggerat.od, tlagner • s 

statement served to give thG qwstim ~ctical ,w ool.l aa scientific in

terest. Voameoa (19), in mporiments with soil e.nd manure, csmo to the 

eoncl.usian that tho ~on 0£ danitr1£1catJ.on is 6f n& oeancrnic sig

Dil"icanco in \Kill-aara~d., not too 1:10iat aoils, in ~co ot moderate 

amounts of orga.nie mat-tor a.nd nitrate. 1n ccntrn.st, ?.turro;y (10) ~d 

significant llitrogen losses in soil to liliob 10 ccs. of 2/o XN03 htld been 

addod oect4'1"ed ably undor anaerobic, eonditiatlD . Amo. ( 2) observed that 

danitril'icatian in liced bog soils is dopend<mt upon the st1oant of a~ 

tion~ loosening ot the soil being aoem:paniod by n decroaoo 1n tho loss 

or ni~. In PQat soils nitrogen is lost ~ n1tratos oven in :l.~ 



(l} reported cO'piQtto llitrogon lost000 �1 tl"opical, $Oil$• 

Iai ��.J..v:o in �tro studf.01: ·.�· thai a1ti-oge11: eyel0- !n mologi� 

aystems, Oot"oot antl Wooldl'i�o (4) f�11d tAtat l'ttp:ld t:1enitrif1c.!}ti¢n 

oo�d.. He a1)pm0uiblo loooos coultt oo itttl'ib�tted � oueh F.iJr&.tew. 

f�.ztoro ··.ua repeated loocl:lm_; u!th distilled vate�, �nid u.�l �Ol."3tioJt 

fm' sl'lN� wecta,, �· to rela�iVO'l,y i:d.gh -��tl in tll(). 1�� 

01.:,.00 of' ca oo.v.xr�tea amogphani, .. 01" e�oo� tQ. tu.tra,..vi'C1.1�t �1t...- Wzc

'.Wise, no oons�l:rlo loosets i';:"k sterile .s«tltJ coultl re e.t�:t:btitod to tho 

�aot!m1 bott,!Gel'1 nr�u.m .a.1ltl nit:t"i'W ion;;i aiJ. h:.<ld .� pooftdl�teil �J nc.--v-

1:ta:o d!:zot�1 ·�'i:1at ·.� .s'Ut:h ilil'ies'ta¢n OO?N<¢l!tio:ti :c,f ,m.��te .(.'leotw.a con� 

�ntly w;tt..h lossos of a't:L'l:'��n, �1ch �V bo �;,ide.t"dhl:s.. �. stabil1r� 

�c ma.ttet' :u1 soil. consist::1 eaaoot.iPll;;i· of ��10,..�ot'e!� (lJ.). �o timt 

tt� !s l.±btlo -0r alQ �snio n:!:ta-ogcm avuilab-lo for tbc �gnt..lwo:i$ of w..-

'toi'1.al ~tJ.. J:t. ~6 a,ppe~ .• ~<>.re·- 'tJ~t .~tton. <:lf' tdtiritfJ -0:::• n1 .. , .. 

~to, un•' ·tlmae eonila.ti~ tPt\d t'U)t re$Ult. m n:ttrQ(ft:::i l.e-o~. 'littsn · 



largo amofinto ct ava11oh'lo carbon3ceous matorinl.s m.-e present, however, 

Corbet and \1oQ1.dr:idge i'ound no loss of nitrogon when lllll!lonitmI ion W3 

auppliod, btlt o:Jgnjficant losses with addition of nitrito or nitrato. 

Loesos as high an 7Cff. of fiddod nitrate wre obaotved under ,m vitro can

ditior>.:h It seems quite p<?Ssiblo that losses Jil8W' occur in cultivated soils 

during the ~~ie)ll of ~c matter, ~icul.irrl,- wen the c/ll ratio 

is YOJ:Y 'Wide• 

In :recent e,:xperimont:J an the inf'l.uenco or ~n on nitrate 4I1d ni

trito roducticl:lt Saab and Barker (13) observed a suppreasian of tho for.n,. 

o.tion ot nitrate- and nitrite-rodtlcing onz,yoo syst$ls in bacteria ,Alen gr9'l[t 

1n the preseiice of ~n. Uhen those l'Oducing Sffjtel:w are p:reEJGD;t, aicygqn 

do.ereasod tho rate of tho rodtlcftion processes. The ccrneluaiarm wero that 

n1t,rlfication ~ detd.trlfJ.cation oan oocur tQgether at a.x;.v~ tenoiano of 

S po:rccmt or losa, but, at highl3r values, tbo s:1multanoous occur:reneo o.f 

bot.h pr_ocGSsea is unl~ unl.CSD the be.ctoria have bean a.blo to tlOV'e. .tran 

an adjacent region of lOYer ~ tension vi.thin a short perlod of tiDG. 

lIOUGVer, they point oo.t that in a hater~ syst.®n such as s«U. tha 

a:icygen tension may cha.ngo rapidly CNGr very short d1stsnees. Under such 

oireumstanoos tho dittusion of n:itrito and rdt..\-ate as wU as the novament 

or bacteria~ be a factor in dotem11ltng the rat.c of' denitrificatian .. 

Tho use ar tho ata.blo isotope of nitrogen to label physial.qtic:til.l.y 

important. ~ in metabolic studiea is wll know (14). htonsion 

of this techtwJ.ua to studios of t.ho bioahmdcal ahanggs oo~ in plants 

baa been l:!mited. Studies by Hovoey and co-workers (6) and Vickery and 

Schoenhe2ler (18) were tho · only extensive imrestigaticma U&ing n15 prio.r 

to those undertakon by MacVicar and Burris (8). These inve~tions 

clear~ demanstratod t.he uaef'ulnoss of rr' in such studios. 
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So £er as is known onty one group of wrkers bas l.11l.dorteken h'westi

ga.tions to determine nit.rcigen lossos occurr.:t.ng :in soils u:,iDg such tracer 

teohniqttes. Sevm-el ~ ago, wcn'kora in the u.s.D.A. ~t Stati<m 

e.t Deltsvllle moo a s~ of tba possible ioss ot nitrogen fr<n soils duo 

to the Vau Sl.yko reaction ( the roaction o! nitrous acld arid pr1l:lary ~ 

to yield gaaeoos nitrogen).. ll'.ad.ol' tho conditions 9llPloyed it YWJ .f;amd 

that this rea~ion 41d not- oocur to a detoctabto oxtent (5) . 
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The soil tmec1 in t.beae m.:per:l.mBnts waa Chiekesha. loam de.rived fra:i 

Paman:ln san.dstono collected 10 miles north or Stillmtor, Oklohana. It 

is 11 tml:..aornted soil, the pro.file boms 3 to 4 foot doep. Cna:iic3l 

anal.ya!$ showed tho fat.lawing ca:tpoaitian :ror tho v:trgin and cultivated 

soils, respectively: tota.l nitrogen--0.1361, 0.0'12fo; readily availnbl.o 

pho:JiiloruiJ-.0. 0 P!D•·, 3.0 ppn.; ~..bangeabtc pot&itd.uo-50.6 PID-•, 26.o 

ppa. J o.rc,inic 1:1at~2.86;', 2 .01i.. 1be p:9i of the virgin coil waa i"ound 

to be 5.7 and that ot the Cl'Opped soil ;.6~ 

~t I : Tho soil wan callectod, oJr dried, and grotmd to 20 

mesh-. Six hundred~ or vell-mmd virgin and cult.ivatod coil uol."O 

placed i.'l loco ol. beakcro and 169.8 Cl3• or (tr1I4)S04 containing 32 a.tall 

wrcont 1(5 cxoesa eddad. Thia treat.Qont W011idod the oquivalont or 120 

lbs. of m.trogen per acl"O. In addition, u.o ~ or collulooc (filter 

pq.por pulp) m- sucro::Jo, equivalent to ~ ,ooo lbs. ot carbonaceous Jllat.erial 

per a.ere , were 3dded. !a.hle I sh-otr.J the treatcent or ooeh Siepl.o. 

Table [ 

Treatment of' Soils Used in Expe:rJJnont I 

§oolele !lo. ~ Trontziant 

1 Virgin E.ua 120 lbs. 11 
2 Virgin Plus 120 lbs. Ii 

3 V±rgin 
Plus l;0, 000 lbo. o.olluloso 
Pl"Wl 120 lbs. N 

4 Cl"QPPOd 
Plus -'0,000 lba. sucrose 
Plus 1~ lbs. l 

5 Crcppod Plus laJ lbs. JJ 

6 
Plus l/J,000 lbs. callulooe 

Cropped Plus 120 lbs. u 
Plus 11>, 0CXJ lbe. sucrose 
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The waw omt.cnt aw miw:rtaincd at 16'/. ct sabml.tion vatuo by semu,.. 

wokly additions at :us.tor. 

Auxiliary E1.porimonts II o.nd nt wre por!'cmned to dotcrr.wlo tbe 

prosonce of denitrii"ying bacteria. in the soil. In Exp,ri!nen1; I! 5 ~ 

of untl'eated aoo.1 \IO'rG 1ncube.toa vi.th 500 cca. of 10.e.ooor•o :.:ioluticm. {21.) 

at 37° for a porioo ar 288 hru:ra v.ith no artificial noration. 

In ~ Ill the abcne ~ llaS ~ted uzing tha so.aa 

calution u!th ono modif1.catian.. Ni~ ~ supp.tiod as too ~ ion 

in the fcu.,n of (EH_J~.0 lli4H2P041 (W4 )a004, and llH4Cl. , tho total nitro

gen added bGiDg O(JU!.valcttt to Id.~n supplied tw nitra:to in Expor.illlont 

II. 

Methods 

Exper:t.ment I: Sal:lples wre taken at .internue of 15, JO, 6o, 901 

and 12) c1a..vs. The soil wa wll.4!itmd and aliquot pdrtions ropreseut..ing 

100 g.t"81i1$ of the orig:'..nal air c1ry aoil ~ taken i'rcm ooc.li trea"tr.lont. A 

samplo, ~sai~ 10 g'l'.amS cf ~ dry ooil, vas ~~ ~ 

for mnt'laniua a.~ :tltreto nitrogen by the e.oration procedure a£ tbllreit- ond 

Bond (17) , ~ De11arda.ls alley to 1'0duco the nitre.tea ai'ter ~um 

a.nnJ.:tsis~ Aeration was contimled "tor £our hours. Tho rcarlnder of the 

100 gram sample uas dried rapidly at 65° £or rurther tll'liJlyset, . 

Total nii;rogen \1aS datortrirted 1;:1i a s~cro 1!10diticaticm of the 

{t.'felcbbl. ~. Two gram ~es er tho dried ~in soil 'Were used 

and 3 ~ ~es or tho dried Cl'9PP()d soils WTe lWCd for total nitrogen 

ima.1.yses. 

E:rperinient n a:od III: At. tjme of ~illg the culture J!lhdium \lnS 

agitated th~ t6 ~so bacterial cells tJrrou@ioat the solution. 
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Fil'ty cc. ~es ,«xm removed and jmrnediotoly diluted to 100 eo. Yitb l :1 

sul.i"lll1.c acid. An a.liquet port4an ot 20 cc. of tho acid-samplo mixtm'O, 

TOP~ 10 cc. or tho original s~o, w.s analyzed !'or total nitro

gen by tho mic.-ro-procod'ilr.e eibo1re.. Arty: nitrates proscnt W!'e reduced be

£oro digestim w tho iron~ as devol.opod by Pucher, Vio:lrory, ~ 

&.· {12) . 'l.his re~!~ \RlB ~ nooo3Stlil"Y 1n ~imept m becsuse 

of t.ba possibility af' nitrification of t.be an,manita ion. 

1-t:~ anacyaeo vere dado on a We~ffllSe mo.ro spoctri:;eeter tiridar tho 

~ion <:tC Dr. R. F. tiall ~ tho Dapartl:]ont of Eleotrical ~ , 

A. and M. Oal19SC at To:xas. The conversion appa;r&.tus :used ~JBS oimiJ ar to 

that shown w Scnocnhc:ime:r (15) , and the lt.1eldnbl titrat1ou cixtu:reo tran 

all pha.oos of lhpat-imont I wro prepared for canverrlion an SIJGgoat'.od. b7 
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under ?.l.Cilml candition:3 oi' neration tbe addition of organic. mat~ o£ lolido

ly v~ C/B ratio does not result in the loss of nitrogon dar:1pg a 120 

~ incubation period. On the aantrary-, losses of aiidod :tii t.rogen :which oo,.. 

curred in soils low in arganic matt.er wre prevented cy the addition oi' 

reil,d.i.ly available ~dmtc in quantities to prtnide a 0/N ratio equ:1.v

alent to 1.lheat st.Ta.w. 

~ in EmJDQ11ia and nitrate eonccntration or v~ treated 

So:i.l$ a.re :indicative a1: the J:icrobial~cal activity at tho tiJxi of ~-

ing. Ammonia and nitrate 1evcls at va:rying iam&s of incub!.tion are ~own 

in F~!31-6. 

The ammonia contont ai' these soils was :l.zffar~ of a lQV ~ ot 

magr:dtudo a~ all ~ampHng dates, aceounting :rar fran 1 .3 to 10.7 percent 

oi' the total n1~en in tho ew.tivated and rraa o.a to s .. o percent in tho 

Virgin soil far min:innmi and mx:fraum values, respectively. Although the 

relative cllaJlg9 1n atl!lOnia concentration w.s rela.tively large, it v.Ul. be 

seen that v.i.th ro~t to tho total ni~ ~sont or the nitrogt)n added 

as (n1'11~) 23l,4,1 the ~s vo.m lees ma.rlcoo. !he quantity present in soils 

c~ l8X'g(3 amounts a{' avail.able argan:l.c matter WD not eons.istem:J.y 

either mare or less than the soils to Yhicb no suoh additiona woro l!Ja.de. 

The va:riatiODD in the ammonia nitr9gen contan1. at soils :mplllied ld:th 

organ;ic :matt.er wre J:lOre ~ced and irregular, probably a result of 

prolific microbi-0.lqµcal activii.qr. 'lhe :!.nel'CaJled n.1.crobiolQg.1cal activity' 

in tae proeance or :readil,- available c~ 1:1&1.iter is aloo shown b)" 

the ?t' content af the 8171DOD1a fl.uction at various dates or ~ (Fig-

u:r:ee 7-12) . Tlw r' content in the ~:ta fraction or a.U t'rea.ttl.Gnts 

would h O!l:pOOtod to bo :!nit1ally hiGh since the~ ni~ isotope 

ws 8dded as (~'1!4)~04 • This was f'cn.m.d to be true vi.th but ace e:xooptian, 
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111th th1J low <n-ganio matter soils. ).'11-0 vu-gi.t1 $Oil aa:r:1plG emtaining sn,.;. 

erase shotiOd a low lovol QI: if 5 
•GVCm at tha first, sar1pling d.aw. ·Thie ea,2, 

oo e:x;plainod °b'J u very rapid turn<wo1• of ·the ad<l¢il nitrogeti uith:w that 

aa,ople. ~ere taa ,also a notiooaolo diffeNnee m tlie ra.t.e; of ·.~· 

o£ tho orldod tr:;.; bet~en tl1e vb-gm and cu.ttivatotl ooils u:ntreawd with 

cd this .diff"erence 1,ao partly :!n the form of relatively ururtable orga..'lie 

. natter; tha:!:, 1!1 the cut 't,i"''1'at.oo soil consisted of'· highly stable orgu;i.1tic 

'Ghc nitra't.o Cio,,"ltent, :.JUfJfJ;Os'ting that utilization ·a:!: nitrate ·as a nitroge.n 

$ouroe Hal4 occurring.. As $hot1l1 m F'ie,~p 7-121 tho :t 3 0011tent of· tbs 

nitroteo at the t'il"t~d1 ·day oi"' ineub,-i1:,ion ii1 'tho oultivatcd soils ,rJ..tli

out, organi.0 matte~ tine 13.4 rital1 pe~t 1:f!i (.l);;rooas.. Si.l:lce t.he Olf'lg~ 

rf 5 coxrta:uu1 ,32.0 percent exccsa if~, r~bly tuo.fif:tho of tho nit1"'..1tc 
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throo atm ~rcent !t5 erJ::et3J ~a dUri.A's the cn::mi.ng 90 dt:yo <£ ineu

blticm wl"O vorr slight. In too soils to lilich no ~c mttar htld boGn 

nddcd, hOOG11er, tl:a concantrntion ar iootopo :1n the nitrate i'nloti® w.s 

appreciably ~ and d.ecilnod ~J;y slightly during tho le.st three nantbs 

or irJ.ou'bation. t1'1tm.l; w.tuos ror cultivatod and vireln soils 'Wel'O 10. 2 o.nd 

'1 .o a:t<E ~ 1r' OX0038~ mcpqot1vdly. Tho ~ntor ~tit'tJ or: lr'' .. 
inco:t"p9mted into the nitrate tractton of those solla COlltaimng no axceas 

organic Mttor and tho bighor 1.awl: of r-5 1n this fraction ~out the .. 
~t subotmltiatod tho cvidenoo <£ loss microbiolqµcal activity L'l 

those soila ~ lm, 01;'Utl1lic matt.or content e.s :touri.d in the dat.a ~ t..bc 

ammonia fracticn. 



14 

SUMMARY 

Bitrogcn ehallges in soils ct var.v1ng organic mttor content (virgin 

and cultivated) havo beGn tmood by quantitative prooedu:rea o.nd by utili

&it!on ot tho 3table, heavy isotope ot nitrogoll, .. f 5 .. Total nitrogen, 

rnonia, and Ditrato contenta -were detom1nod a.t periodic :1.ntel"'lal.a mJl\

.ing a 120 dtJ3 incubation }Xlriod in soils to :nhich had been a.d.dod ctf'u4)a 
so4• E:lcoSD Ol'gatlic ma.tter (sucroso or ~Y purified callulooe) 11as 

addod to oana samples. 

Anal.yaos for total nitrogon showed a~ dooroase only in tho 

cultivated soil to -which no organic ca.tter bad been added. Isotopic analy

sig conti:med this obsorvation, and furt.l-ter indicated that losses not detect

able by chemical. proceduros had occurred in tho co1"l'esponding treatl!lant ,dth 

virgin soil. Theoe .findings suggest that under nomal conditions o:t soil 

aeration the addition af orgcnic matter of tddely varying c/U ratios suoh 

as wheat strat1 is probably not c<:mdUctlva to losses or nitrogen by' donitri

.fioation. On the contl'U7, additions ot argani6 matter appeare4 to stabil

ize tho soil nitrogen. 

!mania contont w.s found to be or a lov order or z:iagnituda at all 

sampling dates. Uoro pronounced and ir.rogula:r chtl.nut3'0s in ammonia content; 

in thooo soilo conta~n1ng ex.eess orgmu.c mttor and the rapid docreaae of 
.1, 

N content in the atmonia fraction or those sa..,,o soils a1gn1fy a prolific 

mcrobiolOfrlcal activity in the presence or excess orgb:llio natter. 

Tho mt.rate content, generally higher than tha.t or S!!lllonia, shOlied a 

general increase in all samples, sign:1.fyi.ng tho prosenoo of' nitrifyillg 

bacteria. The greater quantif;y of lt'' incorporated into the nitrate rra.c

t.ion ot those soils conto.hling no exceas organic matter and the hiG}ler 

level of r(" 5 in this f'rnction throughout the o.xperiment substantiatod the 



e.rvic1e11:1e of 1~ raicr6iliolo~,;~al 1c-:i:t:tivity m thooo m:oil..iJ of laa .org~c 

ma.t"Ger cQnte-nt au f'oma ili the data f"rora tho .ai_"!mlm'da fl'a,.:rt'..:tce1., 

I.-11 mrpa~1lts on donit-rificntio:n .in solntions ,,ecr11t~~ a<ldoo ni

trate a loaa of: UJJl)l'O"m~tely :#i- l'°~~mt of· the total ni~on a.rlded ae 

:ui\mtu ms f'olllld to ®':rur ~Jlti the f':iwst :r~ houl:'3 unere1: 1m:mial aerobie: 
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