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Introduotion 

Most ,of the ni tro-gen in the aoil is present in OFganie form. It 

it 1.n:aoluble in wat11r and cannot be a:u1milated by higher plant• until 

it ia changed to 1.imple c~mpocund•• Thi• proeeaa 1a carried out in the 

1011 by the action ot micrOGrganlams in whtch protein material ia 

hydrolyied' to mrtino acids and the nitrogen ohanged to a:an.enia or ni,

trate u a re-,dt ,ot biol1>gic-al aotiTi~ I:t &'OIi& protein.a are more 

easily hydrol~ed than othen diftereneea in anUabillty eould be 

eee\ll"ed by method.a which would. m.euure my one or all e£ the producta 

of de0-ompo1ition under dif'f'e.rent condition.a. Thia 1• Tery 1Jllportant 

tr• the point of' rtew 1l1f the &Yailuili ty ot rd:trogen tor plant growth .. 

A• the .nitrogen con.tent ot a prod:uctiTe acoil gradually d•elinq • a 

point will ffentual.ly be re&GNJd wh•re a·o11 fert1llty will becmn the 

limiting factor in plut dnelopmeJit rather than clbratio e:ondituma. 

Thia nlu• will "Ary d&pend.ing upon the ni trogea r•.quirement of the crop. 

th.e season. of year it matur ea.. the profile ehan.oterutioa a• whether 

it ia a droughty or ahallow &oil aEd the availability of the nitrogen 

that ie preaent. 

Var-lo~ ohemieal method.a he.Te been deTeloped to determine the a

vailability or the dif't.-ent 1n0l"gan1e element• in the • ·oil auoh •• 

phot'phoru .• pot-..h .and ~loium alnoe total analya~• have Tery little 

'ftlue in determining nutrient anilabili ty tor plant gr~. 'l'otal ni

trogen :and organic matte.r in aoil m&y or may not be -.n ind:sx. of nitrogezi 

aftilabili ty. !hia proble 1• mo-X"e important ill a reg1on where s:oll 

aiti.11 eontaina • high ~.r-centage ·CJ£ the ni trogm. llhioh wu pre.sent under 

virgin conditi.ou 'than in anu where the Bi trogen eon.tent 1.a low and 

practically •all oreps will r98:pond to nitrogen fertiliza:tion. 



Review or Li ten.ture 

Bi,d.ogi-.l metho~ have been used more extensively than chemical 

&nalY1i• to study the ava.il&bili ty or nitrogen in soil. m.t:rats aceumula• 

tion u afteeted by • aum.ber of' ditt'erent taotor•· and refuire# a ~.t.."tJ.l.ic,,r

&ble period of time before an analya1• can be eompl.eted. Whi'le nit-rogen 

1, c~idere.d to be one 0£ tlut m.ost uasf:ul oonnituent• of soil orge.nio 

-.tte..-, or humuAt. it it the e.v&i.lable nitrogen. which 1a of epeoi.al vt.lue:. 

Ium.-rou.a in.Yeatip.tora haTe ahawn th4-~ t)le amount 0£ ammorrl.e. in soil• 

ia quite amall and there i:a a tendency of nitl'l&tes to aceunmla1ie in the 

acil under certain oondi tiona. Even. undw condi tiona f'ave:able for high 

aeoumulat1on. the nitrate nitrogen aoaount• for a veey sme.11 t'Nl.otion ot 

the total nitrogen. 

Wakuan {19) and Li:pn,m (9 •. 10) maintained that the nitrU-ying ponr 

ot the aoil mdicatea that nitritioation •'tud1e• oan yield inf'onaAt.ion 

for the di£t•:rent.i&t1cm of aoil fertility although in aome inataneea they 

did not al-,.. find :a correlation with field experiment .. 

Wek:111111;1 (11) p:ruented retulta to ah• tha~ determination of the 

powe-r of a aoil t.o deocapae. eelluloa• cu. yield h.tornati.oa net only on 

the lld.orob.ioJ.ogi-1 cond.iti&nf, ot tmr •o.U but aho .cm it. aftilable 

nitr·ogen. For eaoh milllgram of :aitl'Qgen that 1a ••ilable er can be

come &T&ilable in the 1.oll. in the part1oular period ot tim•• there will 

be deocapNed approximately 40 to 60 milllgrama ~ 01tllulo•·• in the give-n 

aao:unt of •oil .• 

the aoil dOH not gi"V'e a complete -valuation of it, Tetdily uaimilable 

nitrogen. ~or nitr1fioation may be low and yet appreciable quan.titie:a 

tuw .. etc •• be p-reaent.. They ha'ff 1hotm that theae compound.a can be 



ue4 by the plant without further decomposition. Although nitrate forma

tion cannot oocw lritheut protei.11 dee•poaition mu-eh atreaa on the nitrate 

content et eoih ia unwarrant-e.d in the light ot their reaulta • 

..Jod1di (8) found all other things being equal. the rate of trana

foJm&tion ~ th• amino acids and a-eid Uli.de nitrogen into UIIOllia 18. 

gre&tly in.fluenoed by their ohemical c.onatitutiCllll ao that QUDO e.eida 

md 't.oid aides of aimilai;,,iJtructue yield .about the a.ame portion ot am-

m:onia. •. 

Sch7e1ner and S.hor-ey .(18) in their •tudiea ot the ohemSBa.l mwre of 

•oil wgcdo m&t'ter ehowed tha't: ill the de-ocapoa1tion of protein there 

were two groupa of ni trogenoua ccapo,m.u. The monamino and diudno aoida 

contain a cuboql group.., and the•·• compounis are -.inly aold in cb&n.eter. 

In addi tton to protein which breaa. up into ·Uli.m &cida there are nucleo,,, 

protieda wh1.oh tonn. pyrimidi:u derin'tiwa and purine bue,. a.a: producta 

· of deoOlllpoAit1oa. the.ae ocmpounda 04ntain no carbu:yl group. are of ring 

a.'Gl"Uoture and the nitrogen •Y b:e either cc:,mb1n.-1 with carbon er with 

hydrogen aa Nii or NH2• 

Jod1di (7. 8) in hia ·•tudiea on. the eh8lll1eal na.t.ure et th• organic 

nitrogen in the soil found that hydrochlor1o aoid dige:ation would ohange 

75 to 80 percent of the total nitrogen to a eoluble tom. Th• different 

forms of nitrogen in the 1oluble f'raotion were u foll.nae 25 to 3! per

cent nitrogen u . acid amidq, 11 to 13 percent u diamim acids .. and 22 

to 50 perc.ent waa preaent aa moraunSno acid.a. 

'The Jonea alkaline perme,ganate nurl.hod and the Street neutral per

manganate method were prq~ed to dittererrtiate between organie nitre, .. 

genona materiala of good quality :and high availability and thQe ot poor 

quality and low availability in coJllllleroial £ertil1ser• (1). theae me-thoda 

have been acoepte4-·by the As•oeiaUon 0£ O.fticial Agr1oultural Cheaiata 
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and haTit been used for many years to determine the relatiw ftlue of 

different fol"JDI of organio nitrogeaoua t'ertilisen. Altheugh expe:rien.oe 

in the put bu shown th.at it i.a aamewhat ditticult to obtain coonoordant 

r"ult• tir'Oll •'"°eral different laboratories by ei. ther method Jfoore and 

White (11} and othen (13.., 18} have pointed out .aome o'f the taetore 

whiah may haTe eauaed theae di•c:srepanoi.ea and made reoommendatiena 1fh1oh 

the, thought would gin more uni.ton, re-•ul"'t•• BAakw (3) •.et up •ome 

Tegetatiye pot expe.rimenta to detendne nitrogen anilability ot .low 

gr&de hrt1lh.1ng u:teriala ,..lued chiefly for their org_anio nitrogen 

u detemined by the alka1ine and neutn.1 penianganate methoda. Re 

to.und a tau-ly eloa,e agreement 'b&t:we«i crop reaponae and the fertiliser• 

teated except Pe~ian guano. which ae.emed to ha"t'e a low acti"fi.ty aa deter

mined. by tNatm.ent with alkali.mt ~te. 

Frap& (2) in hi• atuditt• on the ol'"ganic cona-tituent• ot the ao11 

atudied the nitrogen inaoluble in neut:-al penanganate but found 110 re

lationahip between the •oluble end inaoluble :nitrogen and the results ot 

pot experclm.ent• with nitrogen on ao11•• 

Wabman reported tha't Istohereko.tt ( 4_. 6) bae. done ooneid.enble 

work on the c!etermination of hum.ua by tT9atnmt wt.th pot.._1,.. pe~

nate but :tntormation ooneerning the method of analyea oP reanlt• ob

tained 'Rr-e not giTeJh. 

In a region where many oult1-.ated eoi1- •till contain enough nitrogen 

t.o produce manmum yielda when oUma:tio o~1tiou are· favorable general 

rec.Qllllllendat iom for ao11 iap~•ement by the ~ 0£ legwae cropa cannot be 

made for al.1 •oiia. It i• the p~e ot thia atudy to im'eattgate the 

pouibility ot uaing ditterent ehemioal aethoda whioh will change the 

nitrogen in •o.U orpnio. matt•r to a .,luble !'om and correlate thqe 

ruulta with respons:e ot various crop• to nitrogen .t-ertilisation. 



5 

l 

Methods of Analysis 

l. Acid hydrolyeia--Twen-ty grams of 100 me•h aoil was plaoed in a 

500 ml. Erienmeyer :fluk and 200 ml. of aulf'ur-io acid 0£ n.rioua •trongtha 

u . X wa• added • .A re~ cenden-J;er ._.--'(fonneeted to the flaaq and the •oil 

auap~ioa boiled for various perioda ef time,. The hot soil auapen.elcm 
\ ~t 

was filtered. o.n a Buehn&r funnel and the filtrate evaporated te about 
} 

50 ml, Thi.a •.olut,ion was poured into • 500 ml. Kjeldahl tldk and •ev-
ere.l gb.•• bead• were added to prevent bumping during the suli'\Jri c acid 

- ' 

digenion,. and n1 ti-ogen wa• determined by the, regular Jtjeldahl method .• 

2• .Alkaline permanganate meth~d,,o...The alkaline pennAnganate aolu-

tion ia prepared by dissolving 26 gram& ot potu•ium permanganate in 

400 ml. ot distilled water whioh ahould be added t1) a cold solution con• 

taining 80 gl'1UIW or aodium. hydroxid..e di•'l:Olved 1n 200 ml.. o~ di•t1lled 

water. Thia mixture should~ diluted to ol'l& liter. If hot •od1Ulll 

hydroxide is addsd to a · potu&iua pennangJmAt• aolution. •cme decompoa1~ 

tion of the permanganat& will oeew-,. 

Ten g1"8JQ: of finely ground eoil i• placed in a 500 ml. ltjeldMl 

tla1k (in ao.11- containing SOOO pounds or aore ot total nitrogen use e. 

fi"f'e gram -.mp.le) and 200 ml. of alkaline pe.rmanga.nate solution added. 

Connect the tla.ak with an upright condenser to the lower end of whioh 

baa been a.ttaehed ' an Erlenmeyel" tl:utc conUining 10 ml. ot l/10 nor.ml. 

•cid. Digett •low:Jy, untU danger· trom fro1ih1ng ha.tt pe.•a-ed. Then gJ"tdu

&lly raiae the teaperature and distil over 100 m1. of d.iatillate. If 

the eoUa are .sandy· bumping will 1t-:obably oocnn- and they will have to be 

' -
d1,tilleQ rather cwefully. If they are low in organic natter a small 

~ount o£ d.nc may be added to preT•nt b'tJlllJ)ing without atteoting the 

final reeult•• !1trate the exoe:a• acid with atandard alkali using a 



mixed indicator containing methyl red and methylene blue or any other 

indicator which has a color change between pH 4 and 6. 

6 

$. Neutn.l permanganate method-Ten. g:nm:a ot •oil ia placed ill & 

500 ml. Kjeldahl tluk. Five grams ot potassium permanganate~ 1 gr:• ~ 

aodium oubonate &nd 200 ml. ot water .are added. The flailk ia connected 

to an upright oend~er and 100 ml. of' diat1lla.te co--lleeted in a 500 ml. 

~lenme;yer tlak eon.ta.ming 10 ml •. et 1/li> normal acid.. Titrate exceaa 

acid. with atamard alkali uaing the aUte indicator ·U recommended in the 

preeeding pan.graph. 

4. Method tor nitn.tea-ne reai.due after d1.tillat1on with perman

~te ._. fil~red and ••h•d to r~e the nitrate•·• The fUtra-te wu 

collaeted in a 600 ml. tluk and .a aatwated solution of •odium aulflt• 

w.a e.d"<ied. unt.11 ..U of the potuaium permanganate•• redueed to- 1tno2• 

!he manganeae dioxide ,.. Nllff8d by f.iltering ·ed. wu ••bed tree of 

nitrate• with d1a1:illed water. The remaini:ni cle.ar ao,luticm wa• neutra.1-

izecl with 20% aulfur1o acid uaing phenolphthalin aa an indicator and 

trauterred to a 560 ml. Kjeldahl tluk. Five ml. ot ·60% eodium hydroxide. 

thr•e grams of Dflarda•• alley and a small pieoe ot parattiJl were added. 

The .fluk waa imm.ediat.ly c"Onnecte4. to an. upright eond:eu•r and the nitro

gen waa collected as ammonia in 10 ml. of 1/10 normal aulfvic acid. The 

exee•• acid •• titrated with atamard alkali and the nitrogen calculated 

aa nitrat. nitrogen. 

s. Total ni:t.rog•n 11a:a determined by the .ltjeldahl method tta'1Dg ••len
im u a catalyiat •. 

s. Organic matte!"•• detennined by the method u recommended 'bf 

$ohollellberger ( 14} .• 

Exf!l'iaent&J. 

Ae no che,ti•l :method• have bMn recommended to indicate whether .any 
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relationship existed between nitrogen availability. several aer1ea o£ 

•xperimenta have been set up in an attempt to find a method that might 

give acme correlation with crop response as related to chemical treatment. 

Jfitrogen ~xtraction by Acid Hydroly•1• 
I 

In the firat series of expe.rimenta a study was made to deter.mine 

the ratce •t whicm nitrogen aompounda 1n the ao11 were hydroU.aed or 

•de soluble by treatment with verioua ctrengtha of aulturie acid+ For 

~ a.tudy thre4t •oil•· -..ere aeleotecl_. r.,. ·.-mplea were taken fr• a 

fel"tillty atudy ot continuous whea't on llrJdand veey fin• sandy log at 

Stillwater. Oklahona. ~ One plot hu raeeiTed applieatiom. o£ manure at 

varying intern.i. and has an organic ma~er oonte.nt of 2. 76 pe.rcent and 

total nitrogen content ot 2111 p.ounds pet" aore. Thft o.ther plot ha• not 

b•n trea.ted. and hu an o:rgai-0 matter content of 2.10 and 1848 pound• 

per acre of nitl"egen.. The other sample ot •oil wa-s a Lake Charles clay 

obtained trom -~l•ton,. Texaa. I't conta.ined a.~ pero.ell't ot organic 
I 

"'utter,.. and 3024 poundt of nitrogen to the acre. Th'e data obtained by 

boiling 80 grmq of f'inely ground a.oil in 200 ml.- .of variou-J: rlffngtha 

of sulturic acid in a 500· ml. Erle11D1eyer tlaak connected with a reflux 

condenaer are giv~ in the following table. 

!able 1 11l.e Amount ot llitl"ogen Jrade Selub.le by Boiling with Ve.J"ious 
< 

.ofi .IN .h .gw m 

' 
1!~9 ' S90 ,' "'·· 15 .. 5 ,10 22.a eso 30.4 920 

Kirkland v.F.s.1. 
Untr·eat•4 , .. 3 so 1•.o ieo 17.3 320 za.1 uo 2s.4 su 

Kirkland V.F.S.L. 6-.4 180 14.9 SH· 16.5 387 26.3 560 Sl.6 7'JJJ 
lla.nured 
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Th••e datlt $hft that there were considerable 'n.rlationa in the 

amount of nitrogen i.de aoluble in the different aoila, but are oloa&ly 

relat•d to the quuitity et total nitrogen in the ao!ls,. A higher 

peroetage et the total D1 trogen n.e hydrolyaecl when t .he anured ao11·.-. 

treated with •bong MlutLcma ctf aulturie &old. ae oompared with a1m1lal"· 

tr.eatm.ent• of aoil tNB the u.ntreat.ed plot. !he gl"e&teat. ditferen.oea we!'e 

obtained. by tre&tuiit with .s nonal am J nora1 aoid, in whieh 'bhtte ... 

appro~tely t.6 ,nd 4.1 pei"ca.'t ao.re nitrogen hydnll..-cl. Al'though llON 

altroge -.a obtained by aoid t..-1:aent of the Lake Oharlu clay., the 

pero~gu of the tott.L n1trogen exbneted were •iailar to that nt.d.ned. 

.frca the U?lllllmUred llr.kland v-ery i'ine nn q lo&1lltt i. the atrength t4 the 

acW •• inCTeaaed the aaount ot Jlitregen made solllbl:.e -.. .we: 1noro.•e4 

&lld there-.. a tendcmoy for the O\U"T"9 ot th~ &JIDUDt e~eted to tall in 

a atn.ight line u ie 1D.41aa.t.ed ln F1gve l. Thu would tndleate that either 

the obaruter ·&£ the orge:l• nitrogen in theae three aolh wu probably 

•imilar· 1n nature or that the clf,tf&Nnt prot•in ~•rials 1'h1oh Jl&Y be 

preaent •pp•r ti> hydrolyse at the A11Le rate. 
1 

:,/r ~ 

Further atu41•• were lld.e on the ~eel and untN&'te:4 · plot umg .1 
, I 

1U1nal and l ntm111al au.lfvb, uicl e:atra"ioa w.lth a ratio· ot aoll 'to e»-

tract1ng aolutJ.on of l.•10 and 1-10• 1}le per1oda of dige&tion ·wre 1.1. u..d 

• howa. The result1 o-t th••• •tv.41•• are gt.ye in Tabm I and 1-. 

Table a litrog•n lfade soluble b7 llof.Ung Soil Obtained troa a 

l 
I 

• 

Manured and Untr•t•d Plot at .&tllhater. ,Qkluma.
with l lfonlll.l Sulturlc A:cld for 1., I* and • Hour•• 

ferc~iii- t\ia. · Per,eat 11ii. Peroe\ n;.;. . Kioeii\ LG. 
Tow.I • Jf-. per Tcwtal :I • ·• per !otl.1 • •• pa T-otal • •• per-

A.cre . .&ore Acre . .lore 

ff.& &10 S0:.'1 680 as., .,o $0.fl 610 
12.9 1%8 "3.0 •aa !8.6 6!S u ... 78' 
U .. 9 888 50-.-6 mo ltli j ett 48.6 800 
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fable. a ?lltroge )-- $ 1ub1- bf B.tlina, &oU ._iUd: trc11 a 
JlamNM! h4 liJtrellW Plo't at SttUaifw• f)Jdah~ 
wJ.1:h .1 Jtoawl BuUu.rl-e AeW tor 1. I. and 4 Boan. 

. ,~._. amt ,~u Ac~ ~,_ ... 

l 11.1 210 1'1.1 390 u.1 llO 19.1 
% 16J IN .... .. 1, •• 184 82.0 
4 1,., 3-86 l&J 680 11.,9 ao 25.o 

NO .. 
4&2 

.u tt. ~ of' t- acid .. 1Mreued • · l .... 1~ larger ~'ti• 

#It 111-tNgea WN ~d but 1ihAJ DO\IDt ta l'•ltltS. to tat of ~ 

traot:lan ...... it. r-. •JIIOl't pu'&11*1 ..._. ditfel..t. abMgtba ·Gt 

acid _,.. uaec1. .. tM pnlol. or •nr..-1- .. ~ to four, 

hourt1 there -. a wlur ftriati.aa bl the· uoud or D1tng• extracted 

tna ti. r .... u.1.,,a u.c1 untenJ..n.-4 •oU bJ' l noJ'll4 ao1d ,._. J. 

noral ao:14. ~ ~ clitteJ.'n,oe 1n n1troga ·~ 1111& la> 

poundlJ 1*' aON lor the l 'n&J'lllll aoid •ml IOC ·pounila PR' &Off t• .1 

nGl"Jlal men a 1-eo ratio _. ..a., Although..-. m.tngml .... OUNM!. 

trc:a the JIIIJlund .-,o11 the pero~• of ·ti. nitroge rao-.d u o_... 

P*"d to the wtal nl~ ta thl •oi.1 1lft'9 ...,.. •*•lS.• 
The aount of ni tNpn extraotetl 1n NJatioll to tu t111e of 

extaet.1- u •how. 1D Figure I ood'.,.. to the __...10Jl prnioul.7 

-4• that tbt nitl"Qpa ~ -~ h1a the ••il ltuclled ·are 

otca.J.y ,_.elateA. Aa thtt •tJtnglh ~ ~ ,aeict w lWeMed ._ ,-..-

~ ot the nitrog•. -.de a.lubt. la re1*ticta to ti. tot.X"iitlropa 

•• .s.au. r.or '1le t. •.U..., ., -'-· ~ t-.. or ~ i.. pNlongft 

thw• ta- a praportt:onal I.Ml-_.. of ._ n1-troga -.A• •-1ul>l• fJl _. 

·~ thee tiD •11*.· 
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Since a ah.on period of extraation 1• iJllportan.t in r.outine analyaia 

aamplu of a.oil from the ma:iured and unte!"ti lised plot were boiled tor 

ten :minutes with .1. ri&0raa.l e.ulfuric acid.. The auapenaie>n waa immediate

ly tUteTri •nd ,-a allqueiJ·~taku. £or analy..ia-. An attempt wu made to 

oxidis~ the am:inG e.ad 1to.id amide nitr'ogen to aaaonia with bre1W>;e water 

and potasaium iodate"' Neaalert·a aolution waa added and the aG1ut1on 

na made up to a 106 ml,. volume and caaJl&,red with atandarda. Ditterenoea 

ot •••ral pound.a ot n.1-trogen. t:.0, the a.ore were obtained froa the treated 

and tmtreated pl0:11. end in the ligh~ ot the re•ul ta thu tar obtained 

the. method ahould warrant further •tudy, 
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Nitrate Aocnauhtion 1n So,il in Relation to Total Bitrogen, Organic 

Jfatter and Aanon1a Libe:rated by !rea.1:;n.e?J:t with Bntral am Alkaline 

Pe!!!!!P!':te 

ll 

~ 
In thia atudy aUJplea ot a&il wre obtained fNllll ,ra.riou agr1eul~~ 

experiaen:t station.a and tertillty plota in J'anau, Oklah.-.. Teaa, 

Loubiam.., Jft.••b•ippl • .Arbneu. and Ohio. Thia waa doa• 1n order to 

obtain a group of •oile that T&rled wldely in the1r mode ot formation 

and prnailing 011-tio oom\i:t1om. The t.w~igkt •oil 8JUllplea ob

t1dned nried greatly 1n pbyaloal and ohemioal oharaoterbt1oa • The 

•x:1-. nitrogen oontent wu ~fa pounda per aore and the 111SniW111 700 

pOUD.d:a pe-r tore. 'l'he organie atter oententi ranged hall It pere«D.t to 

.s p:ereent. The aoil reaotiaa of the ditf'•rent samples were baaio to 

atreng.ly acid. !he organic atter-nitroge.n. ratio ranged fr• 14 to 1 

to 29 te 1. The textve w.ried trom fine sandy 1-0UI to olay. 

~lf1trttt'cat1.~ nudlea 1NTe 00,nduoted on all the soih 07 weighing 

out 60 gram sample• ud incubating at ao degr••• Centigrade at an 

eptimml ••r ool'l'teat tor a period ot tour wee::a a't ·wb!.oh time nS.tratea 

were detefllin.ed by the phenoldiaultcmie method. the .optillua mo1..tve 

content ... malntalned d\wing 1Doul'baticm by we1gld.ag twioe a week and 

addhlg water loat by naporaticm. Orpm.o attar detendnat1011e were 

made b7 the ohrcmio a.old method. llitrog:en liberated as •wn,nia by the 

alkaline ad ~1 pena&DgU&te wa• obt•ined 't>1" the method that bu 

beci prerloualy deacl"ibed., Total J11trogen. was ctetennine:d b7 the regu

lar Xjeldahl :u\lu>.d. Data on nitrate ni'trogen and the reaulta ot 

ch•ioal analysea are g1Yen in Table•• 

Bo oorrela:t1en e.ould be J1111Lde between total Di trogen and tm, relNlta 

of the nitrl.,1oat1cm a:tudiea. !he acidity, phywioal eond1t1ea ot the 

ao11, 4U'ferent carboJ:l-nl'trogen ratio• and perhaps the pres-enee et 
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nitrogenows COD\pow:ida that do not decOllpoae a.t the aame rate are taotora 

that could be responsible for these variation.a. 



!able 4 A Study on the Nitrate ,!aoum.ulat1on 1n Soil in Relation to Total Nitrogen, Organie llatter and 
~it. Liber•ted by Tr•atment with Neutral and Alkaline Pe~to._ -----~---- ------ --- -- --111:trogen 

AllcaUne Percent lfeutn.1 .Pero-ent Bltriflcatl.on Organio 
Total Per-.nganate ot Total PeJ:'JIU.pnate et Tot.al Studiea Organio ·•tter 

Location Sol1J'we ?{ltre>gen W1trog"Jl Jfi'til'qga. l'fit_r:fg~---- JU.trogen pB P.P.lt,•BO" Jlatter Ratio 
a&rpy 

St. Joa~ph. 

st. Jo,eph, 

st. J'o-1-eph,. 

ta. v.t.,.1. 
Sarpy 

La. v.r ••• 1. 
Sarpy 

Le. ..... .r.i.l. 
Sarpy 

IA ..... r.a.l. st. Jo••ph, 
Oollege 
Sti:U.1n.t'!•x, 

,1_~:J 

Angleton, Tex. 
Jwihattan, 
Kt.mu 
Muul& ttt.n, . 
Xanau 

Crowley, La. 

Crnley. La. 

L~n 
r ••• 1. 
Lake Charla• 
Clay 

State College,, Lu!'k1n 
111111-ai.ppi Silt leam 

"&~e College, Oohlookn.e-e 
1U.as1,aipp1 r.,.1. 
State College, Shark!Y 
Miasi•aippl Olay loam 

Wooater 
1Nooater, Ohio Silt -loam 
St1llwa.ter.. Kirkland 
Oklahoma v.t ... 1. 

t0858 .0378 6'1114 

.0658 .os1a 51.0 

.0844 .oaas 60,9 

.oeu .0465 sa.o 

.01ae .0214. 61,2 

.1612 .oaea 68.1 

.1144 ,0826 61,4 

•. 1246 .0791 63.6 

,0184 .0462 68«9 

,0852 ,0448 62,6 

,05S2 ,Ol-62 47,4 

,0420 .0224 sa.a 

.osaa .0434 50.0 

.0011 ,OS57 53,l 

,1106 ,0644 sa.2 

110091 .l.J.2 7.5 a.a 1.11 25.9 

.0011 11.1 1.1 s., 1.58 24.0 

.oos, u.o 1.1 a.2 1.65 23.7 

.oU6 15,6 6,2 10.1 2.10 25.8 

.0011 22,9 6.7 a.s .90 26.7 

.0211 14,I 5.4 21,6 s • .u 22,6 

.oua 11.1 5,1 11.1 3,62 26,9 

.011& u,.o 6.0 10.0 a.as 11.1 

.012e 16,0 4.4 11.s 1,75 22.1 

.0111 15.6 4.5 12,2 1.90 22.1 

,0098 1a., , . ., s.s 1,60 28.1 

.cxno 1e.e e.1 5-.l 1.11 26.6 

.0112 12.9 s.2 8,8 2.52 29.0 

.0140 20.a s.:s 9,4 l,66 2s.2 

.0210 1a.2 6.1 fJ.7 2,76 24,9 

~ 



Table 4 c.onti».u~ ··--·------ --··~·-- -- ------ -·-------------- ---~ JTtrogen 

AlbUne Percent Neutral Peroent Nitrifieation Organic 
Total J>erinanganate of Total Pennanga.m.te qt Tot&l Studie• Organio •tter 

Loo&tion So11 !n• Nitrogen. ltitrogan Nitrogen Nitrogen Nitroen pH P.P,it,•10$ _'.llt.ttff Ratio 

·s:m•-ter Kil"klan&a. _ _ . _ . 
o _ -. v.t.,.1. .os24 .051s sa.o .olM ia.e 4.t 10., 2.10 22.1 

~ aaa: surr-aoe .t47& .0164 13 •. 3 .,0056 11,'1 e.s s.1 .ea 14.3 
Marianna1 

5.6 . Arlr:anaaa, Subaoil .Odo ,0147 35.0 .oose 11.s 2.,6 ,69 14.0 . ' 

Muiazma, 
ArkN'laa1, Surfaoe .oese .0110 11., .oovo 10.e a.s s.o 1.2, is.a 
arianna 
tArkan.aU, 3ubso1l .oass e0l89 2a.1 .oc>10 10.1 s.o 2.4 .es 14,8 
JfarS..., 
J.rlauitu, SUf'tace .,oa~, .()168 44.1 .0063 17,1 s., 4.9 .,, 21., 
Jfariuna, 
.Al"bnaaa, S'1ba-oil .Ol92 .oles ,a.a .ooss 14,1 6,1 2.1 .'TS 11.a 
la.ria.mw., 
.t.rkanaaa, Surt&oe .0192 ,Ol.26 ao.o .oou 10.1 s.a 4.8 .se 16.8 
Marianna, 
Arkan.au, Sub•oil .0100 .Ol.26 as.o .0016 10.0 s.a 1.s .ea 14.8 

:"1fac::-, k - u, Surtaoe ,o.«a .. 0111 61.6 .0011 11.1 6,8- 7.9 1.01 22.6 

t=n•, Al' u, Subaoil .oeot .o:a,sa so.o .0011 is.a 6 .. 1 6.1 1.12 22.2 
' Jlar-i&Jma, 
Al"~IU, Surtaoe .0410 .0211 65t0 .0010 16.6 6t9 6.7 .sa 20.9 

~ Ar _ .. a•, Subeo:11 .0532 .0269 48-.6 .0010 ll.l s.s 5.5 .as 15.9 

:: 
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It was found that alkaline penrumga.nate solution liberated on the 

average approximately 58 peree?It and the neut.ral permanganate approxi

mately l~.8 percent of the total aoll ni tr-ogen u ammonia. Soil ••· 

plea obtained from Marian.mt.., .Ark&naaa. yielded low result• u ceimp&red 

with other aemplea. From 30 to 55 percent ot the total nitrogea 1a 

these soil• n.a libe·rated by the alkaline permanganate trectment. Ex-

eluding the soil8 from Arkema.a• there ia a Te"f'Y cl:01ie carrelaticm 

betweeu the nitro,gen. e:xt.raeted in the tona ot ammonia. by boiling a 

a-oil with an aqueom ae1ution of' alkaline permanganate and the t.etal 

nitrogen oontent ot the soil. Aa!tmdng that the albUne permanganate 
J 

extracted 68 perc-ent of the total nitrogen ancl caloulati.ng the to'tal 

nitrogen tr• this be.sie,. it wu 1'ound that the wideat T&riations the 

oocwred 1a all o·t tru, -.ample• we" equiw.lent to an errer of ~ .t 

of a ml. in the titration o£ total nitrogen by the Xjddahl method. 

Thia quantity would be 2U pounds ·of total Di trogea per aor.. 

Apparently the ohendeal chu'aeter e£ the nitrogen in the Arkanaa• 

aoila ii acmewhat diftennt than 1n the other 1a.pl••• The organie 

matter content of the,•e eoil• is exoepti onal.ly low,, 'ftrying tra • 6 

ranged aa low aa 14 to l and there i1 a poaaibillt;y that the ni trogm 

com.pounds 1a the;&e so1la are more resutant to deoompoe:i tion than. in 

the other aoU. studi•d. If thu anumption ia true there a.re • ame 

organio nitrogenous eompounda in •oibJ which are mo-re reaietant to 

deOG11po11tion than other• and alkaline permanganate doe• not oOlffert 

th• into 8JIIIIIOJUa aa r-epidlf u the aore euily oddiMd tonne under 

similar eonditiona. The quantity of nit:rat.e formed aa a result ot 

chemical treatment wae not determi.ned. on. thue aaplea.111 

There is a parallel agrnment between the aJROlmt of nitrogen 
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liberated as ammonia by the alkaline and neutral permanganate solut.ioM 

as ehowa in Table 4. Approximately four times as much nit:rogen llll8 •em-

cured tra,the alkaline permanganate treatment a• eomp&J'ed,with neutral 

permanganate oxidatic,n. 

the percent 0£ amal'Sni& liberated by treatment wi-th uutral pe-~e 

compare favorably. in 0th.en theN 1e no cerrelatien 1'ha~.aoever. For 

\ example. the untertilbed plot at Stilbater had a slightl,1' higher 
\ 

acoumulation of nltrate1 than did the manured plot., wM.le neutnl per• 

manguate libe:ra ted 2 pereent more n1 tr<,gen on the mart\B"ed than on the 

untreated plot caloula'ted. on the basis of total , n.itrogen in th-e ,1011.. 
I 

On the othet" hand, altho:ugh ••ple number 6 had: a lt>w quantity of 

total n1 trogen a large ~roentage -. available u determined by neu-

tral perman.ganat e and n1 tnti oat ion a tudle.-.. Th• aoila f"rom Arbnaaa 

tha-t ahowed .uch low aw.il•bility u clet•rmined by the permanp.nate 

methods were ala.a low in nitrate aeounulation .. 
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Comparison ef the Ammonia Liberated by Alkaline :Permanganate with 

Total Nitrogen in Cropped and Virgin Samples ot Sur.fa-e.e, and 

Subsurface Soila 

17 

In thia study forty soil a lNlre aeleeted from o£fieial &oil •amp lea 

th-&t repreeent aolla in eleven widely di•tributed oountie1 in Oklahoma.. 

They con:tain a ma:ximum. content ot 6.36 percent of organio matter and 

a m:inimum eontent 0£ ,.7 peroent. Total nit;rogen ranged fraa 628() pounds 

per aore to 128 polmda . per acre. fhe relationahip between to-taOl ni• 

trogen and the qua.ntity of nitrogen obtalned aa emmollia by alkaline 

permanganate distillation ia given in T'-1)le i. It wu found .that on 

the average the alkaline pemanganate converted 58 perc.ent of: the tot.l 

nitrogen OTer to ammom.·•• lo aiprl.tioant differenou oould be ob4:ened 

in the amoxmt of nit.rogen obtained trUA viTgin and cropped aoib or 

between aurfao:e and aubaurf e.oe samples. 

In Figure 3 these soil• atud1ed were arranged in the order c'f their 

total nitrogen cOJ1tent ,and compared with the quantity of ni trogea ob

tained aa anvnonh. by alkaline permanganate d1,atillation. A,a the total 

nitregen in the aoll dee>line:a the amoet o£ nitrogen liberated •• 

•ww;mia by alkaline permanganate ia ahe deereued giving the plotted 

When a c&loulati-0n of total nitrogen wu made by multi plying the 

am,unt ot n1 tro.gen obtained a.a IQ!mlonia ia the alkaline pe.J'llllUlganate 

' distillation by 1. 7 the greaten ditterenoea we-re not 'm«>l"S tbrm . 01 

percent 0£ the total nitrogen a• determined by the regular Kjeldahl. 

method. 'fhis would ~ equiw.lent to . 4 of a ml. variation 1n tti. titra

tion or regular Kjeldahl nitrQgtm or 22• pound• of n1tn>gen per e.c.re. 

The pc,•tible advantage• or uaing thia method are that it requires 

only one-halt a.a muoh time a, the regular lCjeldahl method sinee no 
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digestion 1a neoes,aa.ry before d1etillation, no irritating .fume• are 

given oft~ it ia a relatively inexpensive method aa commercial grad.ea 

of sodium hydroxide and permanganate may be uaed. Very little nitro-

gen n.a preee:nt in the reagent, used in this •tudy* Blank determination.a 

Tarie.d fr• .os to .. 1 ml. of .1 normal acide In Kjel.dahl dete·rmiJ1e:ttou 

commercial sulturio aeid may eor;rta~ considerable mounta of nitrogen 

and blank deteminati<ma equi.vale-nt to .6 ml. of .. 1 nGnaal acid are not 

unuauu. Also better agreement betwe'611 dupl.ie:a.tce .nalyaea were ob

tained by the .alJcalin,e permanganatce method aa compared with ltjeldahl 

determina"ti~ whieh are mQde with ditte,rent .eataly-.w.. I11oomplete 

; oxidatiGn of sane nitrogen oompounda to ammonia may result although 

dige•tion ot organic matter appears to be complete.: 



Fig• 3. COlllpuiaon ot Total Nitrogen on lurtaoe an4 Sub&urf'aoe Soil amt Nitrogen llibera.ted u A.mzm,nia by 

Lbs •/J. 1 Dietillatio.n with .A.lb.line Permanganate 
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Table 5. Comparison of the nitrogen liberated as amnonia by alkaline 
permangaate with total nitrogen 1n cr.olppecl and Tirgin sample 

· , in surface and aubaurtace layer•• 

0,ffi,cialDesoriP,tion Percent of I by Alkaline Percent 
Collllty Sample et '. 0rgan1c Permllllg&E1Lte Total of Total 

r Sample Jlatter Diatillation lfitrol!n Nitrogen 
Lbs./A Lbs ./A 

Pittaburg . 4136 Sur. oropped 1.s9 1148 1904 60.1 
41S7 Sub. crQ pped 1.26 1260 2016 62.5 
'-138 Sur. virgin 2.93 2712: '480 61.9 
,139 Sul>. Tirgi.n .12 686 1176 58.3 

Woods 4160 Sur• 0-ro ppe,d 1.a1 16U 2632 61.7 
4161 Sub. oro pped l .JS 1218 ao12 58.'T 
416a Sur. virgin 3.31 1820 2906 62.6 
,1si Sub. virgin .• ga 868 15" 6'.2 

ilfalta 4196 SUI'• ero ;pped 1.29 980 1848 5$.0 
4197 Sub. cropped 1.24 896 1560 57.t 
4198 Sur. virgin 6.36 $170 5152 61.5 
4199 Sube v!:gin 1.19 980 1760 66.6 

Greer 4220 sv. cropped 1.96 131() 22'0 69.1 
6221 Sub. on,ppecl 1.49 914 1'192 55.1, 
~ · .sur. Tirgin 5J() 29·68 5280 56.2 
U2.S Sub. virgin M7 1568 2'520 62.Z: 

lfllako~ 4168 Sure eroppedi 1-" 880 151%' 55..5 
4.-169 Sub. cropped .82 576 1008 54.Jt. 
41'70 Sur. Tirgin l.75 ll078 l?S,6 62.0 
4111 Sub. virgin 1 •. 1s 658 1008 66.2 

Ja.okBOn 4212 Sur. cropped %J~ liJ>B 246' 55.l 
dlS Sub. on, pped. 1 • .ss 1091' 1960 55.'7 
Ult Sur. virgin Sei81 24:64 191-0 62.B 
4215 Sub. Tirgin 1.90 1392 2S5Z 59.1 

Jll.yee 4244 Sur. cropped. 2.06 1344 2156 62.1 
'246 Sub. eropped &.80 19'6 $136 ~.o 
'2'46 Sur .. virgin 2.68 18'8 ZGSO eo.o 
4247 Sub. virgin ·" 560 952, 68.8 

Custer 4269. Sur • . Cl'Opped 1.06 81%: 1400 58.0 
42"'10 Sub. oro pped 1J9 868 1400 o2.o 
4271 Sur. virgin 2.4'1 1664 a.as 56.Z: 
*272 Sub. virgin l.9S' 1400 %46' 56.8 

)[c Lt.in ,097 S'Ur• cropped 3-.19 1.596 2530 53_.3 
4096 Sub •. vtopi*l 1.45 868 U44. 6'.5 
4098 Sur. virgin irs 434 828 59.6 
4099 Sub. virgin 1:.11 812 1212 so •• 

Grady 4104 Sur. cropped ld5 880 1,00 00.0 
4105 Sub. cro pr,ed LU: 128 1288 66.5 
4106 Sur. virgill Z.61 1368 2128 ss.1 
4101 Sub. virgin l..58 110'6 1904 58.0 
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The Effeot of Various Bas io Compounds with and without Per.m.anganate 

on the Liberation of .Ammonia frO!ll Soila 

Treatment of a soil with alkali will oauae a hydrolytio olea"A.ge 

ot the oo:mplex organic nitrogeno\14 0,0111po:mide ultima'tely producing 

udno aeida and acid amidea.. Decampoei tion of same of the&e eG'ID.po'tmda 

will occur eapeeially when the a<>lut1on is heated and ammonia will be 

liberated. The presenoe of' permanganate hast.u the deo.arnpoeltion of 

the erganic nitrogen in the aoil• Data in Table 6 ahow the quantity 
,,.,. ... -

of ammonia liberated from soi.la obta ined from manured and untreated 

· plota when •olut1ona containing various b&s.io compound.a wt 'th and with• 

out potuaium permanganate wezoe uted• 

Table 6 .Ammonia Liberated by Digestion of the Soil with 
Uagne8iun Hydro,rlde.., Sodium Carbonate and SodiU!ll 
!gd:r9xide w1 th and ;~ithout Pot-.eium Pe~anate 

Mantn"ed Untreated lfanured Untreated 
Tre.atment pH Mg.N/10 Gm •. Mg.lf/l.O Gm. 'Treatment Mg.N/10 Gm.ltlg •. N/lo Om. 

Soil Soil Soil Soil 

Saturated 9.65 .21 .07 Jlg(OH)2 
Mg{OH}g nm~ 2.74 1.68 

Ca(OH& lO.,Q .42 .,2·5 
ca(Em)2 
KllnQ4 a.n 1.1~ 

l Gm. ' mi. llaaO~ 
Na2C03 10.65 .66 .42 Kin!! 2.l'O 1.76 .. 

IaQH 
.}N lf:a.OH 14;0 l.19 . . l .. 12 Dn.04 6.60 4.41 

These da:ta show that ae the hydroql iona inoreaae thera 1a an inereue 

iA "~te q~::;tf~y ef ~o:d-. ·li'bars~ed._ but that the a1D.Ount liberated 

due to the action oi' the alkali alone is small a, c.ompu-ed with tho 

solution.a to which po'tasaium permanganate •a added. Ko,-e nitrogen 

was obtd.ned a• ammonia by- all t .reatm:ents en the :tertili&ed plot than 

on the untreated plot. Dii'fereneea in ammonia liberated were not u 

great when the •'tl"ength oi' the alkaline solution was increaaed. 

Walalman {20:) as•umes that a baoteriolog1ca1 breakdown et amino 

acids in the soil is oau-aed by- en&yma.tio activity and may ~ooUJ'" accord-

c· 
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ing to the follOWing reaction.a. 

l. Hydrolytie deaminiastion. 

HOH --- R-CH.OH.COOH 

.Amino Acid 

Thi• prooeaa ia earried out by nrioua 1Le:rob.1o organiau a.nd is of 
·--11:' . 

O<IIID801l ocou.renee among bacteria, tun.gt. and yeasts. 

2. Deearboqlation with amine for.ma:t;ion. 

Thia pr.!oeeaa ot amino acid decspoai tion 'through the amine atage. 

111 th the f orme.t1on of alcohol and 8.JIIIOOJl.1.a. hat: bea,. des0rH,ed for yea.ata 

and tun.gi. 

3. Oxidative deandniu.tion.. 

Thia pNeesa ia tho11ght to be C8.l"ried out by aerobic organiaa. 

eapeoie.11,y t\mgt • 

.u Wakaman has shown that by biological activity umonia formation 

comb1.natiQU of the two resulting 1n the apli'tting ot the amino or oax--

boxyl groupa or both. it may be that similar reaction& take place w1 th 

1the alkaline and neutral permanganate solution. 



A Study of the Quantity of JlDmonia and lf1trates Produced by 

Digestion of Soila with l{-eutral and Alkalin.e Permanganate 

In previous 1tud1ea all of the total n1 trogen in soil oould not 

be recovered when the alkaline and neutral permanganate methods were 

uaed and a Kjeldahl determination waa lllade on the residue. Appro:xl• 

mately 58 percent of the total nitrogen wa.a diatilled over aa ammonia 

in the alkaline solution and 15 percent w1 th the neutral permanganate. 

WheD a l(jeldahl determination •• made on the remaining solution and 

rea1due a.ft.er di.tilling OTe.i' the ammonia it waa. found that a large 

portim of the nitrogeu n:a J!till undetermined. Pata in Table 8 show 

that there was .0276 percent nitngen changed to aame form other than 

llJIID.Onia men a-011 was treated with the allilu. pel'JDMganate and .<>631 

was not recovered when neutral pe.r.manganat.e waa used. Studiea on the 

nitrate oont.nt of the digested aolutio~· indicate that some of the 

organic nitrogen compotmd• -..re oxidized directly to nitrates. 

The fermation Gf nitrate by the aotion ot neutral and alkaline 

permanganate aolutiona on the soil is not clearly understood. When 

ammonium carbonate waa treated with alkaline pe,nnangcinate to determine 

the amount of ammonia liberated .all of the ammonia was recovered by 

diatillation. When smmoni'tln carbonate waa added to a neutral per

manganate eolution ·92.s percent of the nitrogen was liberated as am

moni.a. Thia Wl)W.4 1nd1oate that it any ammonium carbonate ._.. formed 

in 'the decam.poaitioa o£ the .argenio matter that it could not aoco\Ult 

for any of the nitrogen that 1a be~ oxidized te nitnte by the al• 

kaline permanganate treatment but that aome of the annnonia may 'be 

oxidi.sed to n i tratea by a neutral permanganate Mlution. 

Studie.a on the liberation of aumonia from urea treated with alb.

line permanganate indieated t hat a very high pereenta.ge 0£ the urea 



was changed to nitrate and. very little ammonia waa liberated. The 

n.eutral permanganate distill.at.ion liberated a smaller amount of am:-

monia and had a higher pereentage of nitrate• f"ormed. 

It time of eozrtact between· the soluble nitrogen material and the 

p~rmanganate solution ia a faotor in nitrat• aecn.unulatien.. a difference 

in time o.f diatill&tiqa of ammonia ocmld re•~ult in a greater formation 

of nitrate froill longer exposure to an ox1d~~ing medi um. S.oil su.

pensiona wen heated just below the d1etillation point for forty-five 

minutes before distilling over any ammenia. This treatmezrt did nat 

vary the r esults obtained from previous determinations.. Heating ti. 

pe~-ate soluti0n to boiling before- it waa added to the soil sam-

ple alao did not increase the amount of amJlll:>nla liberated. 

l'~ has heen found th.at •ppro:rlmatel7 90 percent of t:he ammonia. 

distilled ove.l' by the alb.line pe:rmanganate 1111.s distilled over in the 
;lo 

first 20 ml., 4 to 7 percent in the seeond4-ml.,, and no amold.a wa.4 

obtained after diatilling ov-er 80 ml. ot distillate. The neutral per-

mang«nllte diat1lled over only 73 percent during the first 20 ml. of 

"'~ 
distillate., bU:t the quantity received thereafter waa about the af1J1le 

u that obtained by the alkaline permanganate although the pel""centagea 

were lo-.r. The results o£ theae det.el':lllinationa are· given in fable 

7 and indicate that the llberat ion of ammonia by boiling soil w1 th the 

permanganate aol'lltion oeeur• rapidly. 

Table 7 Rate at Whioh Ammonia I• Liberated f'rom Soila by Distillatiou 
with .Alkaline and. Neutral Permanganate Solutions. 

Treatment· and Plot ' Lt. 20 mi. 2nd 2e-· zn1 .. 

J(anur · .a.a 9. . .47 1.J 
lJntreated 4.34 91.2 .21 4.4 

Neuti-al permanganate 
Manured 
Untreated 

1.54 73.3 
1.26 '7t.& 

.2a 11.1 
•. 28 16.0 

3r~ 20 ml. 4th 20ml. 

.14 2.9 .011.5 

.07 3.~ 

.• ()7 4.0 

6th 2W. 

--- ·-
.07 3.3 --



It ie not known how m:uoh 0£ the nitrogen compounds 1n aoil are 

oxidized d1reetly to the nitrate fo.rm~ but it is known that acme et 

the ammonia 1• being oxidised to nitrate• in the case of neutral per-

manga.na.te for 51 percent of the total nitrogen in. one sample waa oxi

dised to nitrates a.a ahown in the following table., 

'table 8 The Quantity of Annonia and Nitrate Produced. by Alkaline 
and. Neutral Permanganate Digestion of Soila 

Ilkilliie iteut:ral 
Pe~te Permangellate 

U>eATotal N U,a/A % Tota! 1!I' 
Nitrogen aa Ammonia 1246 sa.a 374 16.9 

Nitrogen as Nitrate 550 24,.8 1'270 

Insoluble Nitrogen 30S rn.~9 406 
!104 95.l fo50 
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These data are the average of triplicate analy1ia.. The sample of soil 

waa taken from a manured plot on Kirkland very fine aandy loam. It 

had a total nitrogen content of 2·212 pounde per a.ere.. Although there 

was an error of 6 to 9 perpm in the :reooTU7 ,of the n1 trogen in thie 

soil it is believed that thiit could be due to inO"omplete extraction of 

the nitrate from the reduce.d pe.rmanganate solution. In the alkaline 

permanganate aol ution 25 percent ef the total nitrogen was oxidised to 

nitrates lmil• in the neutral permanganate solution 57 percent wae 

oxidised to Bi tratea. It is not clearly under.stood wey so-called 

neutral pennanganate should GXidize more nitrogen to nitrate• than 

the alkaline so1\1tion. The solution ef the neutral 1>4rmanganate ia 

not neutral. It has one gram .of sodium earbonate 1n 200 ml. of water 

whieh ha• a pH value o£ 10.6. Under these conditiom it is doubtM 

1£ organic aoida would be formed that would combine with ammonia and 

hold it in solution until it was oxidised to nitrates. 



A 09!P!!iS:On 0£ the Nitrogen Content of Soil in Relation to 

RHP<m;se et Various Cropa to lfitro.gen Fertilisation 
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Soila lfhieh eontain a sufficient quantity of nitrogen to produce aa 

large a yield as ollmatic condition 1'111 permi'b. "111 not respond to 

applications of manure• the uae of' green manures.~ or nitrogOJlC"ua f"er-

tilisera tmder average condit1~. At t~, too much a'91111able nitrogen 

will oause a harm.f'ul effect on plan't develGpment as a re•ult of increased 

veget:atiTe growth__. During periods of limited rainfall larg~ quantitie• 

ot available nitrogen will increase the :forag-e growth of the plant. 

and ·aa a res.ult of the inere.s.aed growth a greater demand 1a mad:e on the 

moisture pre$ent in the soil. If there is not enough moisture present 

to take c:are of thie increased d.amand a decline in the yield or grain. 

will result. 

It haa been obeerved that mall graine auoh as oat. •. wheat- and 

barley grow durin.g the eool portion 0£ th.a yeer when olimatio conditions 

are unfavorable for organic matter deo:empoa.ition and matui-e at the time 

wh.:an rtltlfall i~ usudly favorable tor plarvt devel.epm.ent. !hese orope· 

require a la-rge:r quantity of soil nitrogen tor the prl)duotion of ma:d.

:raum yj.dda. than crops 11h1,ah ·grow and ll"ature during mid,rmmne.r or early 

fall. The phyaica.l condition 0£ th. e oil • .m.oistu:-e h,olding oa~oi.t)r 

and depth of the profile are factors that will abo affect the yields 
e:. 

of small gra.ins. The reaults of ,em:e analylJOte_ot' soila from fertility 

plota where oats. wheat. earn, and cotton haYe been gro1W1 are given in 

Table 9. 

A study of thi.a tab1e wi. ).l indieate that cotton doe a not respond 

to th~ uae _ot l egume-a when the tetal nitrogen content of the soil is 

above .11?8 pounds per a.ere or alkaline permanganate nitrogen 128 pound• 
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plowed under for 'Wheat on soil containing las.a than 2000 potmda ot 

nitrogen per aore of total nitrogen and 1162 pounds per acre of alka• 

line permanganate nitrogen. No reaponae was obtained when wheat was 

grown on a soil that oontai,ned 229'6 poun.da per a.ore o£ total ni trogein. 

Oats gave increased re•pon•e to plowing under legumaa· in northeastern 

Oklahoma when. the to1.al .nitrogen content was better than 2200 pounds 

per a.ore and 1288 ·J(OUlitda of nitrogen was libera't&d by the alkaline 

i'h., effect of fertilization on oo.""11 showed no 
·, 

inar'9t!!!ed rqpcnee u,. o:entral · Oklahcm,a when th& total nit.-ogen content 

was 1'192 pounds per acre or the alkaline permanganate nit!IOfen •a 
' 

938 pound• per acre. 

These data. tend to show that beneficial ei'teO"ts or legume crops 

wil.l :nO't appear \Ulti.l af~er the origino.l zu trogen oon:t.ut 1n the virgin 

soil .... :,:-ecl.uee-d to a point 1mere :nitrogen ia the t1rst. limiting faotor 

1n pla.nt deTelopment. This point will vary for different cropa.. .h 

the data. in Table 9 indicate•w. eapecially those oropa that mature 1n 

different seasons oi' the year will vary. 
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A et'tld.y, ·9£ the- nitro&4'2l content ot aoUa collected tram land where 
~~ plot~ have been c·ondUO'ted in dif'f'er:ent part.a of 
Okl~ in relatL011 to the increase in yield o~ grain er ootton 
.fr41Il th9 uae o£ legumes or td:tl"oganous rerttlir:en .. 

YfatO'VII. 2240 1288 51.1 _oat. ~ 1fdlna 2265 - ·--- Qt.ta 
S't.tlln.ter 1164 9$8 !)!S.,\ '8;f;a ~ 
'1-r,or 1848 1008 54.5 · Oats r. 
8t'.1U-tv 1912 1162. so.o ... t ~ tt111wa.- 1960 9:80 $OJ 'Whea1; 

&til!:aater 1006 ........ - Wha&t. ~ 
Gan!-w- 982 &%0 54.S .... t , 
G1"9.'nite 895 - ......... Wha't • 
St!U-ter 1960 1148 68.+8· .... t I 
Xno)A 2408 13'4 iS.S .... t -1'h:omaa 840 476 '6•9 'lheat I e~. 2260 lut 54,.2 Ooa -O:b8.ndl•r 406 224 H-9 Corn 1 CbA1:,dl1t:r 560 ' 280 50.0 Com 
.Okana.h 2286 1568 58 . .S Co.1'!1 
Chand1er 1792 938 63.:l Corn -,1..-t 

-Valley )MS. 9130 u..o Co:'11 -Fapt'bnillo, 

-~ 
Arlranu,a .• 1.232 700 li6.8 Con 
SblllrnM 94:0 674 61.0 Cotton 
8t1glff 18'8 1092 59.0 Cotton .. 
atiglel' 1400 '128 52.0 Cot.'bon -S:curbt• Arie.. 952 4k 4:6.6 Cot,tron I 
ft1Un:ter 1970 1204 61.1 Oottbn .. 
at!llw&t.r 1116 71.B 61,.t Cotten ·-s.o. Grove iase 644 50.,0 Oottm -
lleaYeJlff 810 1\90 60.4 •tton ~ !1ftml. '126 GO 51.6 Cetta 
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A aeries ot experiments were made to determine the rate at which 

nitrogen oompeunda in 1011 were hydroli&.&d or made soluble with nriGUB 

1trengthe 0£ sulfuric acid.. There was a oonaiderable variati0n in the 

aiount of nitrogen made soluble in the different soil•• but the per

centage of nitrogen. 1IU closely related to the quantity of total nitro

gen in the soil. As the •trength of the aoid. was inereased. the anount 

ot n1 trogen extraot.ed was alao increased. As the time ot ctraction •• 

prolonged there -.a reduction in the amount of nitrogen oooun-ing in 

the soil filtrate indio•ting that some forms of soil nitrogen are 111Dre 

ea.ai ly hydrolysed by acid treatment. 

Bitn.te aconmulatic~ in 'i.he aoil in relation to total nitrogen. 

orga:u.c matter and ammonia liberated by alkaline and neutral pernan• 

garate •• fltudied on 28 aaaplea of aoib obtained from Tarioua states. 

Bo correlation could be made between. total nitrogen and nitrate accu

mulation. There is a parallel agreement between the UDunt of nitrogen 

liberated aa 8mlll0n1a by treataent with alkaline or neutral permanganate 

in whioh •pproximately fcur times aa mueh nitrog&n we.a aeo-ure.d ha the 

alkaline aolution as compared with the neutral permanganate. 

A close correlation was found betwen the ameunt of anmonia liberated 

by alkaline permanganate and tetal nitrogen. ~i\n aTerage of 58 percent 

of the total nitrogen in the •oil samples analyzed was collected a1 

•Jl'IBODi a by .dietil la tion.. 

In the alkaline and neutral penoanganate digestion a portion of 

the nitrogen •s f&und to be oxidised to nitrate. The percentage of 

aamonia liberated by neutral penunganate is small as compared with the 

nitrate oen-tent of the "lution whereae the alkaline pennanganate solu

tion liberate• • much higher percentage ot ammonia •• oompared with 
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nitre.tea produced •. 

A study of nitrogen eontent of surface soils frca fertility plota 

showed that wheat did no't respond to nitrogen f'er'tiliaatioa when a aeil 

oontained 2291 pound• of nitrogen. per 2.000,000 pounde ot aurfaee soil. 

oata gave increased respona-• to the plowing under or leg•ea in eastern 

Oklahoma when the soil eonained aa m\loh ea 2200 pounds et nitrogen per 

aore. Bo etfect o£ nitrogen fertillzat1.on on o<inl we.a obtained in oen• 

tral Oklahoma when the total nitrogen content o,f the SUl"fa-,e aoil 11a.s 

1792 pounu per acre. Cotton did not reapond to green manure cropa 

or legume residues when the total nitrogen content of the soil was abOTe 

ll 76 pounda per acre. 
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