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Samples were taken from virgin and cultlvated sltes in

each of three soil associations in the Black earth zoTLe to

study the effect of cultivation on available soil nitrogen.

The investigations have show: that eultivation affected the

organic rnatter, nitrogen content and nÍtrogen clistributlon Ín

one of the solls to such a-n extent that ra'ue of nitrification

was recl-u-ced. consid-erabty, I:r the other trrro soils cultÍva.tion

ca:rsed a smaller loss in organie maJter and nitrogen eontent

ancl even appeared to increase nitrifieation of the remaining

nitrogen fra;ction"

Fie].d trials rrere cond-ucted. r,¡ith aJrxonilrfl sul ph.ate

and ammoniu:l nitrate fertilízers on barley, r'¡heat and- oa-ts 
"

1n soae eases the anrmonii:n sul-pha.te and artrlonium nitrate rtas

supplemented. trith arunonil-r¡o phospha.te fertilizer.

SÍgnifícant yíeld- increa.ses were obtained. 't'¡ith a.mmonium

sul-phate feriilizer. \,'.Jhen applied. in the fallt ar¡monj-r.m

sulphate l,Ias more effective than am¡ronium nifrate aS a

nJtrogen earrier,
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I¡r recent years a good: respou.se to nltrogen fertlllzer on

stubbl:e na.s obtained wj.tle the eooperatlve Fertillzer trials
carrled out fn Manltobzu T,hus the fertllLzer recolmend.ations

hanre shifted tþnard a greater use of higher nÍtrogen fertiLizers
su-clr as. a¿Enoniun*phosphate*sulphate (f6-ZO-O) and a¡tmonÍun*

nftrate-pirosphate (Z?-ftr-O). The reas.on for the lncreasing

response rrrlth nltrogen fertll-laer has as yet received very lf.ttle
attention in ÞhrLto:ba¿

Orrer a perlod of ¡rs¿3*r cuLtlvætj-on: ÌlsueLly redtrces the

amount of nitrogen uade avalLable, to the cropo Th:is nay be dlre

to. chenicaL effe.cts such as a; d.ecllne 1n total nftrogent

particuS-erly fn that fractlon: dhlch fs most easlly nitri-fied.o

It nay aJso be. due to ptrysical effects such as soíL structure

uhlclr affects aeratlonr âil J-rrrportant factor in nftrate formatlon.

Analysis of soil sempJ-es talcen by the Manftoba $o1l- Survey

shom consfderabl-e Loss.es of soÍl- organie matter and soá¿l- nltrogen

[n cuLtivated as compared to sfmilar vlrgln soils. lhÍs eppeers

to be tha case ln all the soiLs. for:nd in l{anitoba varylng

of course w:ith thre cultural- treatment to tuhlch the soiL nøas

been subJected..

Thls paper deals \füth the effect cf cultivation on the

fectors responsfble for the anount of availa'þle soll nltrogen"
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rr" aEiITry !L æpn¿simg

A, Hf triflcetio¡t StudLgs.

tritrlfica*1on as described by ÞIaksnan and Stærkey (41) 1s

the process of conversion of ammonie. to the nore highl¡t oxidÍzed

Ínorgærfc coapoulods of nÍtrogen as nitrlte and nltrate. the

organÍffis foflloing nftrlte from amonlæ are. called NitroFanAÊeå

ærd ffi1'lfgss,goccl¡g. i$ltrite 1s' converted to nitrate by Nltro-beggeE"

Ehe laboratory cond.ltlons suitabLe" for the fornatlon of

nttrite and nitrate by nltrlfylng bæcterla were found to be an

i.norganlc med.fui¡r containing salts of æmonf,a and severaL nutrf.ent

eLements, æ neutral reactlon, and, aerobic condltions.

fhe fuoportarnce. of pE fs, indicated. by Halvorson and 9aldqeLI

(19). 1:hey found that the addítlon of calcit¡m cærbonate a,t fous

tons per ecre greatly íncreased the nftrate producíng potrer of

a3 æcfd prølrie soÍL. Er contrest, resuLts r,t:ith two Þfe.bster hågh

Lf¡ae sofls lndiea,ted that the pre,sence of La.rge a¡nor:nts of

cailcÍum carbonæte lnhlblted. nitrificatlon.
Escteriological studies of field solls by Erotaa (7r, (&)t

fndicated that the amnonifylng power, the nitrifying power and

the nltrogen-fixing por.rer of the soiis are greatly affected by

the crop rotdlon. The soíl-s tn t¡ro and three year e?op,rotatlons

ha;d greater ba.cterlal actlvit¡¡ than solls und.er contLnuous'corna

$troflar results wele obtained b¡¡ ûainey and Sibbg (16)" Ttre

appllca,tion of manure to land. eropped contlnuously to cor,n and'

r,uheati grea Ly lncreased the nr¡mber of þacterfa." Ehe abllity of

the soil to oxldlue ãnmonia nftrogen to nitrate nÍ.trogen rmas

aLso materia'll)r lncreased. by the applieailon of marure or
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cornrnerciaL f ertiLizeY .

S{artlnss C2+) results ind.icate that stra,w applieati.ons to

a Loan soiL reduce nítrificatlon axrd. gror'rth of the erops at

Least for a perÍ-od. lhis seemed. to be due to the retarded.

a.ccr¡¡lula.üion of ni-trates in the soil" The results of other

lnvestlgators suggest that in the presence. of a large supply

of carbonæceous matter nitra.tes are utllLzed by the fncreased

nr¡nbers. of nicro-organfsms0

A correlætion betr.reen nitrification and soil productlvity

nas found by Bror¡rn (9), Noyes a¡d. Cor¡rer (2?)¡ and Lipmær (23)l

whl1e a, elose, correla.tion betrveen high nitrifying po'trer and

high productivity has been observed. by Ashby (3)r Stevens and

w:ithers (3t)r Given (18) arrd Gafnev (lr)-
All-en a¡,;ö. Bonazzi- (p) found. tha't the nitrifying capaclty

of a soil may or ma.y not correlæte with Íts crop produ-cing

porrer. Continuous cropplngr especi.æl1y without fertflizatlont
reduced the nltrifylng power of soils. Fraps (rh) pointed' out

thæt the effect of cropping upolL soil nitrogen was related to

the a¡nount of nitrate produced.. lhe lack of eorrelation

between soÍl productivlty and its nitrifying capeclty as

reported. in some eases may be due to determlning the nltrlf-
lcation capacÍty rrnd.er condÍtlons dlfferent from those found

in the ffeld..
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B, Qreenic l{ptter tosses

Stle ea¡rbon to nitrogen rætj.o 1n humus fs usual.I-y þetween

l-0¡l- and L2¡1n tTrerefore soil organlc ma,tter can not be'

pernanently or appreciably inereøsed or d,ecreased without a

corresponding change 1n organÍc carbon and nitrogene 9lie

lmportance of the carbon-nitrogen ratio æs lndicated by the

resuLts of Eal-vorson and taldneLL (fÐ on bl-ack præfrle soil-s

of southe¡n üffruresote in whlch the sol1s rdlth the ]-ower

cÊrbon-nitrogen rætios. had the Loræst nÍtrate producing capacity.

3he optlnun appeared to be aror:nd, 1231-. theref,oren as stæted

by !Íaksnan &O) a deereæs€, 1o organic matter eontent acconpanf-es

depLetion of so11 fertillty and resuLts 1n a. d,eterioration of

soil sf¡n¡s.ture.

Gl¡J.ttvation clisturbs the natural organic na,tter equlLlbrlun

æs Less organic mstter is usuaLJ-¡r reü:rned to the solL a¡nd

d.ecomposltion processe.s are speed.ed up by fær'ning operatlons"

fu, I9g? CaLdwell, þett, and Newton (fO), conducted a study of
the l-oss of orgenie natter ancl nltrogenr of soils in the thre.e

pralrie p¡ovinces. Ehey reported. an a,r¡erage loss of 2lr per cent

of the organfc metter and 17 per cent of the nitrogen from

the O-6 lnch layer" trosses from the lower depths were not as

grea-t. îhe data al-so fndicated that the a¡¡erage annual loss

f¡om solLs cuLtlvated for onl-¡r 9 yeans wts greater than the

ar¡rruaI loss from solls euLtfvated for 28 yeans. l.his rapld

loss of organlc natter and nJ.trogen ln a solL during the fírst
few yeans of cuLtlva'tion was al.so shonn at the Mtssouri

.ågricultural- Experlment sta*1on (21), Sfnll-ar results were
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obtained by $tephens (3t*) in Oregon, Sievers and l{olta (32}

1n Washlngton, Braeken a.¡:d Greaves (5j in ütab, and. Gainey,

Sewel]-, and Latshae,t: (].:?i) in Kaclsssu Myers, et a1-" C26) fo¡:nd.

that the carbon and nitrogen losses l,¡ere rapid follor'ring

breaklng but tend.ed to approach a constant l-eveJ-o Ttte nltrogen

and carbon content, the eroppfng system used and the so1l

treatment employed"

Iosses of organie natter ancl nltrogen are found. to be lower

ln semiaríd thær in hu¡rld regions. ThÍs uas shorør by results

obtained by Bqssell (3,1 )'tn l{ebraska and. Svanson and. Letshas

(36) 1n Kansas in which the hr:¡aid solls had a J-O per eent

greater loss thañ semLarid soiIs.

C. Nltroeeo D-lstribütlon

.dL consitì.erabls portion of the nitrogen-eontalning coütBorincts

found in soil- organle matter are proteinaceous in charactero

.L1-though attenpts to lsol,ate lntact proteins from soll-s have

not been genera,ll-¡f successful-, a treatment w'ith acid or alkal1

sÍnil-ar to that used to hydroLyze proteins wfJ.I llberate a. variety

of amino acÍds æs weLl- as arnmonia" A. part of the ammonfa nitrogen

is presr:raed, to be derived. from acid amid.es. 0n the basis of

the amourts. of these proclucts it has been estinated by Brenurer

(il and. Kojima Cæ) that one thircl to three fourths of the

organic niirogen in æ mineral soÍI and a muclc soil may be in

proteínli.ke combination 
"

I4orrot¡ and Gortner Ql) deter¡rined the nitrogen distribution
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in s.everal organic (peats ) and. mineræl solls and- foun'd that

1n the tv¡o kÍnds of soil the range in pereentage of total
nltrogen in the various forms r'¡as sirnllar. In the data reported

the proportion of amid.e nitrogen was eonsistently somer,¡hat

hlgher and. the nonbasic a¡nino n*itrogen slightly lower in the,

mineral soÍls. Slmllarllr Brenner (O reported that the a"nount

of asino nitrogen as d.etermfned by the nirrhydrln reactlon,

after acíd hydrolysis, varied. from 2l+ per eent of the total-

nftrogen Ín a cultivated. mlnera]- soiL containj.ng O.1O per eenli,

nitrogen to 3? per cent in a fen soil contaíning 2"lB per cent

nitrogen. Rendlg (3Ð studied. the nitrogen fractlons of

comparabl.e vfrgin and. cuLtivated soils. He found that the

content of nonbasic amlno nitrogen, as a percentage of the total
nitrogen, ldas: l-ower fn the cultlvated. than in the virgin soil-o

the cropped. soil also eontaíned a l-ower percentage of amid.e

nitrogen and æ higher percentage of nitrogen tha't r,¡as not

extracted.by the hydrolyzíng treatmentn The results by these

lnvestigators lnd.lcates that the amino nitrogen 1s suseepti.ble

to decomposltion r,¡hil-e the a:nfd.e. nftrogen is more resistant.

Early uork of trtinograds}y a3d his coLleague fueJ-iærslcy

as cited by lrJaksman and Starkey (h1) lnd.icated. that some

organic materials may conpletely inhÍbit nitrffÍcation" Such

Substances, as glucose,, peptone, asparagf,ner g1-yceroL, and urea

$rere distfnctly lnJurlous, in concentra,tions of O.2 to 3-o0 per

cent. Shrefner and. Sklnner (33') for:nd thæt organfc nltrogenous

compowrd.s ãppeared. to be as beneficlal- to plants as nitrates

and. were able to replace the nitrates in part" lhey Cfd ffnd



*7-

that the soil- eonstituents such æs picoLlne and. carbo:cyLic

æcid were mod.erætely hærnf\:.L and the related u¡ritonic acid

decidedly so. tyrosine, pÍeoLine, piperidlner ffid pyridine

were aLso found to be toxlc while neurine a¡rd guanfdine Ìrere

decld.ed.ly soo Benefleiæ.l constituents Írere found to be nueleic

acid., hypoxærthiner xanthlneo guanlner creatininer creatlnet

hfstid.lne aad argíníne" Cb.oline Ttas moüerately beneficÍal-.

Nltrætes do not Last over from season to season but the organlc

compound.s ean d.o s,o a.nd. henee constitute an inportant source

of ævaila;bLe soil nltrogen. lhe nitrogen fraction 1n the soil
1s lmportant sinee the organic nitrogen compound.s dj.ffer 1n

the. ease w;ith whleh they ean be d,iecomposed to produce

avalLæble soÍ1 nitrogen.

A hlgh total nitrogen content in æ soí1- u¡as found. by

Tflriting Ct*¡l to be conducive to rapid nltriflcatlon and. was

usnally accompanied wi-th a. high water-soLuþle nÍ.trogen content"

Sinl3-ar1y, a, high content of easÍIy hydrol-yzable nitrogen

æas related to a raplct nltrification if unener¡nbered. with

celLulose.. Green plar¡t materlals were found to nitrj-fy nore

raældly than dry pl-ant næterials of the sa$e a€e and kind.

I"egumes were more read.il-y nitrified tùran non-Legunes indicatlng.

that speeies of pJ-ant groarn and. serving as the crop residue

can affect the avai-laþ1lity of soil niürogen.
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III" S.OrtrS TISpÐ

Surface sa¡¡ples of virgín and eultivated soil ÌIere

selected. from the llel*dale, Stockton and Red. Rlver soil assoclatÍons,

The vlrgin and. cultivated. sa-ri.ples tr!¡ere selected. so that they

rrere comparable i'¡ith respeet to terture, clrainage, and

topography"

lhe sampS-es from the Ï[e"¿,'dale associationo a clay loa¡n

soil, vere taken at the southern outskirts, of Bassr.¡ood" lhe

samples fronr the Stoclcton æssociation, a very fine sandy loamo

located. in south central tr{anitoba were obtalnecl a. guarter of

a miJ-e soutih of Me1bourtle, Íhe, sarnples from the Red River

associatlon were taken from the }rrorris associate at a location

O.9 roiles west of Sraith Siding on highwa;y 23"

thes:e soils are d.escribed in more detail in the Manitoba

5o11 survey Beports (].,z), (L3-)r (tt).

the cul-tural history of the three solls ind.lcated that

the cultivated sarnples had been wrd.er culti.vation for iO to

6.0 yearso
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NT. T,ABOR.&TORY T}TqESTIG.&TTON5

A" Betes of i¡ätrifica.tis¿1

(t" ) l4ethod

0ne*hund.red-gram salrples of the six soiLs lt'ere ground. to

pass a;1ult. sieve and pLaced. ín glass jars" [t¡o nolsture

contents, 60 and 90 per cent of field eapacity vrere maintained

in the soj"Is during incubation" The so1l r+as Lncubated at

lnside and. outsid.e tenperatures. The insid.e teraperature l{as

the temperature ir: the laboratory rorhich was fairly uniform at

TEo E. the outslde temperature çras obtalned. by incubatlon of

the soil samples outd.oors thereby giving a closer represent-

atj-on of soil temperature under field condltlons. The outsfcìe

temperature during the iåcubation perlod of tr¡ay fth to Jiure 30tht

]755t \,ras & meafr of 6Oo F, The sanpl-es r.rere j-ncubated for perlod.s

of 3,r ?,'t th, 28, and 56 d.ays. lhe experíment tras replicated

four times. Thus there rrere two sampl-es from each assoeíatlon

(vlrgfn and- cultivated), two moisture contents, two temperaturest

five incubation perlods and four replicates making 160 flasks

for each so1l associationo At the end. of the respective

incubatlon periods the soil nltrlfirùation rtras stopped by

drîring the soil ai 5f A.

The nitrate nitrogen rç¿rs determined, b¡¡ the phenoldisul-

phonic acid method. of, Harper (ZO). FlfËy grams of soil was used

1n this d.etermination" ß. 2rO ú, solution of O.O2 $ copper

su-l-fate. was used to extract the nitrates, Gne hundred and fÍfty

nill-flitres of the colored extract ftr.as treated r,rith 0.2 gm. of

calcirr¡r hyd.roxide, 0.1 gm. of rßagnesinn carbonate and one hal-f
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teaspoon of charcoal to renove the soluble organic matter

and. glve æ col-orless extra,cto lhls was filtered and the ff,rst
20 e1u of flltrate d.iscard.ed.. .&- 5 to 10 ml" allquot of the

flltrate, dependlng on the nitrate content, !Ías evaporated

to dryness' The resldue was d.issoLved 1n 3 nl-. of phenoldi-

su3-p.honic acid, diluted. with læter and the. nitrate color

d.eveiloped wtth t+ tg' mnrnonlun hydroxide. lhe sol-ution uras. then

d.fluted. to 100 ¡rl-, and. coLor lntensity dete¡nined using the

Ool.enan ÏlrriversaL spectrophotometer" Nitraf,e eoncentratlon 1n

tTre, solutlon vras deterrnj.ned by comparíson of speetrophotometer

readlngs rrrÍth æ" standard. curve. nad.e, using potasslum nitrate.
Ehe concentratlon of nitrogen as nftrate ¡ms eaLculated. as

pÞtn. of the oven dry welght of soiJ-.
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(2") Resultsr and. Ðíscussion

Results on nitrate production upon incubation of the soil
ss,mpl-es are given in lairlê 1" AnaLysis of varianee. of these

datæ is presented in Tabl-es 2) 3,, and. tr"

1tÍith all the soÍLs studied the rate of nitrification i,ras,

significantly affected. by temperature, incubation period,

tpe of soil (virgtn a.:rd. cultlvated) and. moj.stirre content,

[he virgin c1ay loa¡n had a grealer rate of nitrate lnerease

than the cultivated clay loa:n soÍ-l-, In the very fine sand.y loam

slightly more nitrate was released from the virgln than from

the cultivat,ed. sm.ple but the difference l^ras not as great

as in the e1,ay 1oa¡r soil. Results r'rith the, c1-ay soil shon¡ tha'ti;

the cultivatecl sælple produ.ced more nitrate nitrogen than the

vÍrgin sampLe.

the fact that temperature significantly affe,eted the rate

o.f nitrification næy be of practical stgníficarlee. The genera1ly

Iow temperature that ocflrrs fn the spring in Ï{anltoba sofLs

may expla.,in in part the low rate of nltrifica ion and therefore

the respolr.se of crops to nitrogen fertilization.
The lorøer rate of nitrification in the virgÍn clay soil

may be, due to the presence of carbonaceous matter', such as

grass roots, Nr.¡¡¡erous, investigators suggest that in the presence

of a la,rge supply of earbonaceous matter, nitrogen is utiliøed
by the increased number of micro-organisms and. therefore is
not converted to nltrateo
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TabLe l-: Nitrate l-ncrease during lncubatlon

Temper-
ature

¡ Moisture inI ll of field
I capacÍ.ty

inside
inside
lnside
inside
outside
outside
outslde
outsíde
inside
inside
in#ide
inside
outside
outside
outside
outside
inside
insicle
lnsÍde
inside
outslde
outside
outside
outside

60
60
9o
90
ó0
60
90
9o
60
60
9a
90
60
60
9o
90
60
6o
90
90
60
60
90
90

Nitrate
eontent
at starb

2"9
8"0
2"9
8.0
2"9
8.0
2.9
8.0
2"9
7"r
2.9
7"1
2.9
7.r
2"9
7"!
2"3

f.3"9
2"3

13"9
4o)

].3.9
te

13"g

;frdays3?days

lncrease of nitrate-N in p@e
orrer initial nítrate €oßteú ats

25 "g
9.1

23"l
10"7
]-]6"3
9"r

19"0
6"6

11,1
7.3

11"0
8.0
5.9
5oA
l+"9
5"C
8.0

ra"2:
13.o
22"þ
0.1
1.tJ-o)

1.8
2,5

33 'O
10"5
39"a
!2"L
23"2
10.1
2/*"1+
6.6

12"6
9.'l

L6"g
al."l+
L0"9
700

]3"2
4"8

10"7
2L"2
10"8
27 "!

!+"8
1.'l
"l "2B,g

14 days ; 28 days ; !6 daSs

36"6
ll+.1',
t,8"7
12"0
32"7
11.1
3l*.6
10"4
19"0
!5.9
2l"L
20"0
a2""1
a7."3
)l*"2
10.8
18.2
2,6.7
17.8
3/+"7
75.2
26"2
18.3
2l*.5

37 "l*u"o
51.1
26"O
32"9
9.5

33"6
13.9
22"6
]-'/ "9
27 

"/+
20"l+
11"9
9,2

13 "ll!"2
log.5
35.6
24"5
36"6
u"7
7:l "6
f:6.5

53.L
18"3
56"9
1,7

28,6
11"0
36"9
18.3
20 "1
18"?
2/n'6
22 'l+].5,g
].3.g
]?"l+
Il*"ln
3lu"A
t+5 "I
&5,A
53 "9
10"2
Zlu.l,
].3,2
90.i1

V¡

C:

vírgin

cultivated

7.1+

E

H
¡\)

I



TabLe 2z Aaalysls of varåanee of data from the nítrifl-
cation study with Net¡dale clay loa¡r aollu

Temp,

1i¡nes

Types

Moisture

Tenpn x time

Temp. x types

Temp" x mofsture

Tines x types

Times x moisture

Typgs x moi-sture

Ternp.xtimesxtypes

Tenp.xtÍnesxmoisture

Temp,xtypesxmoisture

Tinesxtypesxmoisture

Tenapo x tj:nes x types x
moisture

Error

Total

D.Fo : Mos.

: L . ZZO3.O

z l+ z l0f7"7

: L z 2oo5o,2

: L , 290"8

t l+ z /&.7
i:
: 1 | gZl"L

: 1 . 2!.¿+

'. lr t 384"6

t l+ z 69"3
aaa.

: 1 ¡ 195.2Ò.
z l+ z ].:60"7
to

'. t+ ; t/o5.6

:1t58.5
z l* '. 37"2
ae

'Ll

; l2O

t 159 t 2O8.7 :
:!t

2203u6'

/ñ79 "t
20o5o"2

290.8

y18.9

92J""!

2!.1+

L538"5

?77.2

L95.2

6¿,2.7

592.1+

58.5

1/*8.8

l-16.8

tg26.r

3319A"7

t&"g w
67 "1&

1318.9 S*

19.13 S*

Z"9l+ &

60"6 &
1"/+1

25ô &
4.56 &

12.84 dú

10.57 s&

9"58 Íú

3"85

2"/+5 *

2'91- *L4"2 i

15"2 2

t

fÈ

Significant at the

SígnÍficant at the

5 per cent Ievel.

1 per cent leveLo
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Table 3: .{nalysis of variancê oi cLata from the nitrification
stuCy r¿ith Stoclrton very fine sandy loam soi1.

! SoS" : ÐoF" 3 l,i.Sc : F.

Temp"

Times

Types

Moísture

Temp. x tjme

Tempo x types

t Yl$8"2 3 1 t !/nj8"2 " ?25"'lw
aa

z 275O.2 ¿ /+ | 697 .6 | !t+9.5 ffi
aa

t j18"2 : 1 t 398.2 : 86.6úú
attaaa

2 l]l]g./+ ¡ 1 " ]]f]g.!+ t 25'95Éú
aataat

l 252"3 ? /+ t 63.8 ¡ 13"86 *ú
ta

21"5¡1t!,52O"33
3ìii

Tempoxmoisture 3 38"6 3 1 t 38"6 t 8ô9ffi
aa

Ti-mes x typs 3 6!o.6 ? l+ | !6"2 | 3.52 ffi'
3i::

ljmesxmoísture I lí7'! " 4 ! 11"8 2 2"57*
iiii

Typesxmoisture : 8.9: I z 8.9 z L"93
izii

Temp. x times x types 3 55.4 | t+ | I3'9 2 3.OZ &:¡::
lempoxtl-nesxmolsture : Ir.7 | /+ | !.2 ? 0"26

3a¡!
Temp.xtypesxmoÍsturs i /*'2 | 1 ' l*"2 : 0"91

:;ii
Times x types x moisture | 26,9 | t+ '. 6.7 ¿ I"1,,6

aô',
Temp.xtimesxtypesx ? ,.ta

moisture : 18"4 | /+ | lr.6: 1"00
aaaa

a..a

Error t 55t*"1 | 72O z ln"6 :
.tc,

Total 3 58/02.7 ? ]-59 ¿ 36.7 ?

ü Significant at the 5 per cent levelo

ffi Sigoificanb at, the I per cent leveLo



Table /¿ Ånalysis of variance of data from the nitrification
study l'¡ith Red River clay soíI"

Tempo

Times

Types

MoÍsture

Temp. x tine

lemp" x types

Temp" x noisture

Times x types

Ti-nes x moisture

Typ"s x ¡roÍsture

lemp.xtimesxå.ypes

Temp"xtjmesxnoisture

Temp"xtypesxmolsture

Timesxtypesxmoisture

Temp, x tines x types x
moísture

Error

Total

927t"3

t3858.2

t855.A

5]3 "3

2TL8,7

93.1

2lr'6

/+93.2

h62"7

l+o9 "o

253,1

295"6

58.2

30lr.3

577 "5

rt66"5

3]35/,,"3

827L.3

-21+61+"5

1855.O

5r3.3

529.7

93"r

2tr.6

]-.23"3

L]-.5"7

loo9.0

63"3

73"9

58"2

76,r

1l*4.1ç

U+'7

rw "2

562.7 &

235.7 ffi

:-26"2'ffi

3/o.g M

36.0 ffi

6$3 *

r"67

8.38 sú

7"8? ffi

2.1.9 *È

lnåo ffi

5.02 ffi

3.g5 *

5.r7 ffi

g"g2 &

taaa
.1rJ-

0a
¡l, l+,

.a

.l

r'l.J
1aaa
¿l.+
t.
.a._L

.1.¡
el.Lþ

taat
¿I.4
ta
r1.l

aa
.lt4

ta

.l

Þ.
.a.¿
a¡tt
.t.4
aa

ta

.t
'4.
tt

¡a

. .ô^. L.V

3 14q 2

tatt

* stgoificant at the

ffi signifieant at the

5 per cent levelo

1 per cent levelo
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E, Oreanfe Ma,tte; Deternfnætígl-

(1") Efethods

(a" )Wet Combustton Þfethod

Ehe procedure for the wet combustlon method Ís devel-oped

from methoäs of .&d.ams (1) and Waynick (t+e) and. mod.ified b¡¡

O. Gn Ca.ldr^¡elL in the laboratory of the $oils Departnent

Tlelverslty of }hnltobe.

lhe total ca:bon r$€.s d.etermlned b¡f oxidizing a 1 gm. so1l

sample, wj-trr ll il.L. of a chrorn{,e*srilphurÍc a.cld. mirture" TTre

earbon dloxide evoLved r+a.s drled by'passl-ng lt through a

sulphurie aeid bath and over calclum chloride and. magne,slun

perchlorate ery,sta1*. 3ny ehS.orides. present lrere removed by

pæssíng the gas over a"mailgamated zinc. The calbon dioxld.e was

colLecte'd 1n a ta,red irTesbitt tube contafning .&scarite" The

ræ1ght of carbon d.loxlde evol-ved. was converted to carbon.

The lnorga¡ic carbon was d.etermj.ned. by. dlgesting Ðgm,

of soiL with approxínately 6O nL. of ltlO hydrochloric acld.

The carbon dloxide evolved was draum through an absorption

train consf,sbing of a. tuþe of Dehydrite and. calciu¡t chlorid.e.

The carbon dioxid.e was then eollected in a Nesbltt tube

contaíning Ascarite. Garbon dioxld.e v¡as removed from the

air entering the digestion fl-ask by bubbLlng it throrr-gh

concentrated sod.ium hydroxid.e" The r'refght of earbon dioxide

col-Lected in the Nes,bitt tr¿be 'h¡as: collverted. to inorganie

carbon.

the dlfferenee betl¡een the total- and j-norganic carbon gíves

the organi.c carbon eontentn The organie carbon when nultiplfed
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by the Van Benmelen factor of 1"?2+ (l'Jaksuan (¡g))E Eives an

empirical organic matter content"

(¡, ) Loss on Ïgnition
The loss on ignÍtion method. of Rather Qg) involved. the

removal of minerals from the soil vrhich lose vreight on ignitlon.

ThÍs was done by successlve d.igestions with 2'i pet cent

hyd.rochloric acid arrd. 2"5 per cent hydrofluoric acid''

One gra.m of soil of l- run" size rr¡as digested with two iO m1'"

portions of water for ! ninutes on a boiling water bath" The

r*ater extract which eontains water solubl-e organle roatter was

concentrated- and saved. for ad.dition to the residue remalning

after a'cld treatnent, In soils r"r1th more than 3 per cent

ca1cium carbonate tv¡o dlgestions (5 urinutes each) were mad.e

on the residue rtrith 20 m1" of 2"i pet cent hyd.rochlorie acÍ.dt

and. 3O ml. of water. Íhe soil resj-due was then subiected. to &,

series of 6 digestÍons wlth 10 ml-. of 2:"i pet cent hydrochl-orie

acld, l-O nln of 2.5 peT cent hydroftuorlc aeÍd and J0 ml. of

water. the soil resid.ue was vashed w:ith water and. added to the

concentrated. ¡rater extract. lhls was evaporated to d.ryness

and brought to constant r¡¡eight at ]OOoC. the sa;mple was then

i.gnited at 960"t. and. the loss in weight r,ras multlplied by

1OO to give the percentage of orgatric matter in the soil.

The soil" nitrogen was d.eternined by a mod.ified Kjeldahl--

Gunning--Ârno1d. (4) method.. One grann of soj-l was wei.ghed into

a Kjeldahl flask and digested for 3O mlnutes in 10 gm. of

potassium sulphate, O,3: Bm. of copper sulphate¡ 0oZ 8n' of



*18*

metalllc mercury and 2i mL, of eoncentrated. sulphurlc acid"

iifter cooLing, 2OO m1., of water and. 25 m1.. of B per cent

sodir.¡n hyposulphite so]utlon were added" Sixty nillilitres
of coneentra'ted. sod.ir¡:n hyd.roxide and. a fe¡¡ pfe.ces of zj.ne

meta1 were added and the ammonia. released. r¡¡as distflled. lnto

ain excess of 0"1 S sulphurle aeid. lhe e:(cess acid was back

tltrated. r¡rith standard. O"1 [ sod.iun hyd.roxide"

TTre carbon-nitrogen ratios were calcuLæted by dÍvid.ing

the per cent. orgarric cærbon by the per cent nitrogen.
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LUJ. Resu]-ts and Díscussj-on

Îhe results of the organie na.tter and. nitrogen d,eterminations

are presented. in fa,bIe f. Nitrate increase in the so1l in
rdation to nltrogen content are presented graphicaLl-y ln
Figures 1, 21 and 3.

In the i¡ret combustion ¡nethod an empirical- factor is used.

to convert the organie earbon to orgæric matter, lhe organlc

carþon percentage 1n organic ma:tter varles and. hence, thls
factor is only æpproximate. For this reason the loss on ignÍtion
method úrich d.eterrines. organlc natter dfrectLy was used.. lbe
resuLts fndleæte ttrat the factor of I.?* was too snaLl for
convertÍng the organle carbon to organic matter. .4. factor of
2,0 ¡rouLd have given results in better ægreenent r¡rtth the loss

on lgnitÍon method.. tre the discussion the organic nøtter
ffgures referred to r,nil-J. be from the l-oss on ignÍtion method.

A declj.ne of ,O.8 per cent for nitrogen, JJ-.E pet eent

for organic earþon and l+9"6 per cent for organic natter r¡a,s

obtalned in the cLay loam soiL. The. very fine. sandy l_oam had

a snal-ler ].oss anountlng to JI+.4 per cent for nltrogen, 3O.O

per cent for organic carbon ærd, 2j.0 per cent for organic

mætter. L'osses of nLtrogenr organic earbon and. organic natter
were slight for the. c1æy soil and arnounted to g"I¡ 3O.1, and.

Ar"8 per cent2 respectively.

lhe effect of eul-tlvætion wæs not as great on the clay

so1l as on the other two soll-s. lhis may be a-ttributed to
cuJ-turaL practÍces, texture, and, erosion d.ifferences of the

three solL t¡4les.
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Flgure 1, shows the relation of the nitra.te lncrease to

total nitrogen content 1n the elay loam soil. lhe virgin c]_ay

3-oa¡o soil-, not only had a greater per cent of total nitrogen
thæl the eultivated cLay loan, but a greater percentage of the

nltrogen present nitrified und.er aLI compara.ble conditions.
ïn the very fine sandy loam the cultivated. soil nitrified a

greater percentage of the nitrogen present (Figure 2). Honever,

the difference. in totsl nitrogen content between the virgin
and cultivated soiLs r+as not as great" si.mi.larlyr in the clay
soil Ín which the difference ln total nitrogen content betrs,een

the cul-tivated and virgin soi-l- was snal-1", a greater percentage

of the tota'L nitrogen was nitrifiecl by the cu].tlvated. so1l

Figure 3). Erom this ít would appear that where the total
nitrogen l-oss had not been too severe-, cultÍvate.d solls would.

nftrify a greater percentage of the totar nitrogen present.

Bhls may be due to better condftlons for nltrificatlon such

as aeratlon, earbon-nitrogen ratlo etc. 1n cuLti.vated soils.
[emperæture æffected the percentage of tota]- nitrogen nitrified
in a sj-nilar manner ln aLL soils " The bigher temperæture

caused. a greater percentage of the nltrogen to be nltrifled.
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t - Deterni-nation of NitroEen DístrÍbution

(1. ) t'{ethod.

Fractionating methods: similær to those used. for protein

analysis have been used to d.etermine the nitrogen distribution,

that is, the proportions of varj-ous forms of nitrogen in soils.

fhe methods used. by Rend.lg (3O) and most other investigators

involves the use of the Va¡r Slyke (38) gas analysis method."

The nethod us:ed in tiris investigatj-on is one describecl by

Parker, $ow.den and Àtkinson (28) from r,¡hich ffve nitrogen

fractions l,rere obtained..

twenty five grams of soil r+as digested. in 6 S hydrochl-oric

a;cid for 24 hours under a reflux cond.enser. .After cooling, the

resid.ue and acld. hydrolyzate I'¡ere separated with the centrlfuge'

Ehe. soil residue, containing the hydrochlorÍc acid. insoluble

nitrogen nas dried ancl nitrogen d.eternrined by the Kjeldahl

method. to the hydrochloric acid hydrolyzat'e 2 mL. of toluene

Tras added as a preservative. and. the soluti.on diluted to 1000 m1..

¡rrith r^rater. "An alÍquot of this acid hydrolyzate was taken and

KjeldarhL nitrogen d-etermj-ned. gÍving the tota,l hydrochloric

acld soluble nitrogen. Another al-iquot of the acid. hydrolyzale

was made alkaline lüith calcium hydroxide and. the ammonia

rel-eased was detern-ined by distlllation lnto stand.ard acid'

The liquid. remaining after dÍstillatfon v¡as eentrifuged to

separate the calcium hydroxide preeipltate containing the hundn

nitrogen from the supernatant líquid containing the amine

nitrogen. Nitrogen in these fractions 'rrlas determj-ned by the

I{jeldatrl method.,
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Á,. further test for available soil- nitrogen was earried. out

using a method. developed by lruog (37)" In thls determÍnation
go5 #o of On! am, soil- rças oxid.lzed uslng a 1gn" mixture

consls,ting of 2O pants of potassir:n permanganate, 80 parts of

anhydrous sod.lum carbonate and. 150 n01n of ammonia free r¿ater.

.L sma:l-L plece of paraffin was added to prevent foa¡ni.ng"

the fl-ask was pLaced on the dlstil1ation rack and brought to

a boiL in exactly five minutesr ffid bolLed for flve minutes"

lhe dlstlllate, whieh contaíns the nitrogen Llberated. as

æmoniæ" was distllLed lnto 2O n1. of ammonia free water. She

d.istlLlate was transferred to a L00 nL" volr¡metric flask,
2 ml o of Nessler rs solutÍon was ad.ded to cl.eve].op the color

and the resultlng nixture dlluted. to 100 ¡oL, r¡:ith water.

The color comparison. uras made on the spectrophotometer" lhe
pprrr" nítrogen was cæIcu1ated. from a. graph mad.e using sta¡rdard

sol-utlons of ammonfirn sulphaùen
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tz,) Resu]-ts and DÍscussiort

The results of ihe nltrogen fractionation are presented

in lab]-e 6.

'Ihe eul-tivated soiL samples contained a. slightly higher

perceirtage of nitrogen that vm.s no1, extracted by the hydrolyzLng

treatment, The d.ifference betr,¡een the virgin and. euLtivated

sa,mpJ-es amounted to 2*3A per cent in the clay loam, t*95 per

cen{t in the very fine sandy l-oam and 0.91 per cent in the clay

soil" $irnilarl-¡r, the percentage of the total, nÍ.trogen found

in the amfne fractlon, \,rrâs higher in the virgín than in the

cultivated clay loam and cLay soÍIs. ïn the very fine sandy

loa¡n there rrr,as litt]-e difference, lhe. hr.inÍn nitrogen fraction
rdas consistently higher in the eultivated samples, partÍcularly
in the clay sci1. Thes.e results are in agreenent with those

reported. b¡¡ Rendig' ßO), Bremner (6), and Morror¡r and

Gortner (25)"

The ava{labLe nítrogen as measured by weak oxidation: r{ês

found to be higher in ihe vfugin sa¡nn1"" in a1l- cases" lb.e

virgin elay loasi rrtth a hfgher rate of nitriffcatlon, than the

cultivated clay loan also had a larger aÍiount of availabl-e

nltrogen. The vírgln ar¡d cultiva'ted very ffne sandy loa:n soils

which produced nitrate at about the sarne rate had. a slightLy

greater amount of avaLl-arbl.e ni-trogen. Þ1 the clay soiLt

al-though: the eultivated sampJ-e produc:ed more nitrate nitrogent

the vfrgln sample had a. sl1ghtly greater amourrt of available

n:itrogen" $ome of the ævaj-1ab1e nitrogen in the virgÍn: clay

naJr frave been'used. by soíl organisms iu decomposing organic
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natter present in the form of grass roots" ÍÏrfs may account

for the. d.iserepaney between the amount of avaj.l-abl-e nitrogen

as meastlred. by weak oxldation vrhen compared. to nitrate

accumuj-at1on.
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(t" ) Outline of Fertilizev Íría1e

Fertilizer ¡.sia1s r,rith amnon:1gm sulp-hate (Zf-A*O) a.t

rates ranging from 1O0 to IOO pound.s per &cre v¡era eondueted

on various fa,rms in þfarítoba. Both fall anrl spring applì cations

of fertilÍzer were r¡ad.e" Fall appllcations of asmoniu¡r nitrate

were also made al a rate comparable in nitrogeør to the

armoniu¡r sulphaten T¡. solûe GâSê:s the nitrogen appllcations

}treresuppl.ernented.byaunronir:.nrphosphate(rr-48-o)"lhenitrogen

fertilizers werle applied with a lÍue, spread.er prior to seedÍ-ng

in the spring of L955 " The fal-L applicatlons !¡elre made in

L955t just prior to f,reeze*t*p" The a¡rmonium phosphate Tfas

dri]led in r,rith the seed using the farmer ts ferti|Lzev

attachroentn The spring applications of niirogen fertLAizer

rfere made in 1O foot strlps. across the ammonitl¡r phosphate

treatments. lhese nitrogen strips were replicated at 10

fnterval-s: throughout the length of the arn¡roniu:n plosphate

treatrnents. frre faL1 applications of nitrogen fertilizer in

Lgr|, rrere nade in Lo foot strips the length of the field"

The smmonlurn phosphate Tras appllecl in the spring of L956 on

top of, these nitrogen strlps, Checli strips. were l-eft bet'r^reen

every consecutive nltrogen trea.tmontn fhe flelds used were

f3om one qua,rter to one half rnll-e long and had grol{n a eereaL

' crop for one oï rrloxê years since 1t was last suËloer fa.llou.ed"

yield.s were obt,aíned b¡r taklng ten or!ê*sÇ11ô3s-yaild sampJ-es

at regular interi¿als throughout the l-ength of each treatment"

These samples 'wêTê, threshed, weighed and the yfelds caLcul-ated
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ln bushe1s per acre.o

[e" ) nxperÍmental Resul.ts

îab1es I e.nð. I glve the yield, d"atæ obtained in LglT and

!9162 respectivel¡f, the yfeld data on the checks are the average

of aLl checks fou¡rd on that farn. The yields from eaeh fertúLlaer

treatment ean be coropared. to the ntean check yleld. at the top

of each fanr co].unn" T]le caLcuLætion used. to obtain the

fertlllzer yield flgures in Tables 7 and I ts a,s follours!

actual treatment yteld dlvld.ed by the a"djacent check ¡rie}d

times the average check yield." flrus yielcls of arry fertllized strlp
cal be compared. statisticatLy to their adJacent. checlcs in ord.er

to shovr rqhether or not yield dj.fferences æ3e slgnificartt.

.6,-verage y1e3-d.s of check pJ-ots were entremely J.ow ln L955

due üo unfavorable rseather cond.ftlons snch âs, ê- weti spring and

lntense, heat at maturlng tfute" She fertil-lzer effects are

probabllf not as 3-arge as they æould. have been qnder üore

normaL eondj.tions,

Signlficant ¡field. increases slere obtalned in every cese

for barley. Tfheat showed no signiflcant increase at 1OO pounds

amrnonÍu:n sulphate but did at higher appllcatlon rates," She

appLication of a¡moníu.m phosphate 1n add.ltion to a¡nmonitm

srrlpha'te signifieantl-y inereased rvheat yields as: coropared. to

checlis but not as'conpared to smmsnfu.m suLphate treatment alone"

HæLey yieJ-d.s. lrere greater wtrere ammoniu¡t sulphate a¡¡d. ar¡monÍum

phosphate were both used. than r,¡here a¡nrnonium sul-phate was

applled aloneo Qet yíe1ds were not af,fected to,any great
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extent at the lower rates but slgnificant yield. Ínereases

r,tere. obtained at the high ammoniun sulphate applications"

Grop yields in general r.¡ere considerably higher in l.956

than ín L955 due to far¡orabLe growth cond.itions during most

of the season.

tr'lheat did not respond to any great extent to the appl-ication

of nitrogêrr. BarJ-ey and. oats gave profltable yield increases

wlth appl-icatlons of anmonlum sulphate. Where a good. crop star¡d

ças obtaLned without fertilizer, appllcations of an'monium

su3-phate at rates above 200 pound.s per acre reduced, yields by

causing severe lodging. The appli.eation of ammoniun phosphate

tended. to al-leviate the severity of lodging. Fa1L applicatlons

of amnonium sulphate gave larger yleld lncreases than fe].l
appLications of amonium nitrate, presumably because it is 1.ess

susceptable to loss by leaching.
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lf / awe ¡ # IrT / acre : Fa:rn 1 -:- Farrn-Z : Àve.-Yj-e1d- :¡- [arm e :l- J'ar:n 4

Table ?; .Àverage yields in bushels per
affected þ aumonium sulphate

0
0
0
U

0
lr0
4o
lnO

lrO

4a
60
6o
6o
6o
6o

acre of barley, r¿heat
(zf-o-o) and a^mnonium

*
ùe

Slgnificant yield
Significant yield

a¡rd oats in L955 as
phosphate (11-/08-0),

increases wíth
Lnereases r¡ith

Farrn
Farm
Fann
Far¡l

adjacent check plot
aclj acent check plot

1 Red River Clay
2 - Dauphin Clay
3 - Red Rlver Clay
l, - itiaro¡rette Clay

23 "A
25 "6

27 "8a) r**)É.L+

at 5 per
at 1 per

cent Ievel.
cent l-evel.

!
\r)
U)

0



Table 8t ;lverage yields in bushels per acre of barley, wheat,
as affected by ammonium sulphate (Z:-O-O), arnmonium
and anmonium phosphate (11-lß-O).

.å.nmonium phosphate :
tt Itr/acre :

0
0
0

lnO

luo
lrO

40

Nitrogen ferbilizer :'ogen Ïer
lf / aere

none
100# 21-0-0
200# 21-o-o
100# 21-0-0
20úf z1-o-o
7oot'r 2l-o-o
tzjlf T-b-o-o

: Faml : Farm2 : Fa:m3 : Âve" : Farmå : Farrn5

*
&e

Signíficant ¡ie1d
Slgnificant yield

3J."7

51.F
2cr 4trõtr

fi"#
lug 

"21fs
35.a

Barlev

32"7
27 "6
3|n.8
38.t+
37.O
2'l "2
36,3

and oats in l-956
uitrate (Zlù-o-o)

increase over
increase over

Farm 1
Farm 2
Fa:m 3 --
Farnr /+

Farn 5

!6"5

20"#
2/*'dû

adjacent plot at
adjacent plot at

27 
"O

27 "6
35 "7
JO oU

38"3
37 "7
35 "7

I trJheat

Dauphin clay
Dauphín clay
Marquette clay
Banks very fine sandy loam
Nern¡dale elay loalr

tr7 Q

38"0

a2.2
la"#
lQ"5

: ûa.ts

5 per
1 per

59,2

59 "/+o
73"9: 

^nñ ,üûI I cl¡- -
cì.r aïtË

?3.fr

cent level"
cent leveI.

Ê
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vf. sü}4¡{aRY

the investigations carried. out on three solIs in Manftoba

and reported herein l¡rere r¡ndertaken for the purpose of d.eternining

the effe.ct of eultlvatlon on the avail-ability of soil- nitrogen.

this information ¡¡as necessary 1n a¡r attenpt to explain the

response obtalned at present with nitrogen applfcations"

Conparative vÍrgin and eultivated. sa.mples of three soils

coumon to l{anltoba r+ere used. ln this study" lhe soils used were

a Red. Biver clay (Morrls Assoclate), a Stockton very fine sand.y

loa.m and a Nedale claY loam.

taboratory studies were made to determi-ne the rate of

nitrlflcation, organlc matter content, nitrogen content, and. the

nltrogen distriþution. The investlgations have shor,¡n that

cultlvætion a.ffeeted. the organic matter, nltrogen content and

nltrogen distribution 1n the clay loan soil to such an extent

that rate of nitrification was redueed considerabl-y. In the very

fÍne sand.y loa.u and clay soil, cultivation had caused. a. smaller

loss in organic natter and. nitrogen and appeared. to lncrease

nltrification of the ni.trogen fractlon remalning.

The field investigations involved. a stud.y of the effeet of

a¡nmonlun sulphate on eereaL crop yieLds. lhe arnmonir:sl sulphate

was applied both in spring and 1n faLl at varylng rates. In
some eases f,þs emmsniu:n sulphate r+as supplemented by ammonlum

phosphate. f'aLl- applications of ammonii::n sulphate and. ammoniun

nitrate were compared., Both nitrogen carriers garre signifi-cant.

yield Íncreases but anmoniu¡r sulphate appears to be more effective

than ar¡monj-un nitrate 1f fertillzer appLicatj.on 1s to be made ln

the fall of the yearô
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vfl' c0Ifi3tIIsI0Hs

The most rapid accumul-atíon of nitrates oceurs fn the

first 14 ¿ays of incubationn

The rate of nitrÍfication is sígnificantly affected by

tenperature, incubation period, type of soil (virgin or

cultivated) and moisture conter:t"

Cultivatj.on was responsible for a- large decline 1n organÍe

natter, orga:rie carbon and. nitrogerr content. fhe clay l-oam

soil- r.¡as affected more than the very fine sandy l.oar and

clay soÍLs" The differenee of losses ri&f be attri-buted to

differenees io cult'rral- practiees,, soiJ- texture and. degree

of erosiotl on the three soil- types.

tlhere the l-oss of organic matter a"nd nÍirogen was large,

rate of nitrification lras, more than proportÍonally reduced"

Ificuever, r,rhere organic :natter and. nltrogen content have not

been serlously red.uced by cul-tivation the rate of

nitrificatÍon tend.s to be higher in the cultivated than

1n the vlrgin soiJ-so

The amine nitrogen, being easlly deconposed, is readily l.ost.

r'rhen a soil- is subjected to cultivation r¡hile humj.n and

nrtrydrolyzahle ni-trogen, being fairl¡n resistant, remai¡¡*'

The amowrt of available: nitrogen as ueasured by r+eak

oxidaibion r"¡ith potassi-um perlnanganate is higher in vírgÍn

than in cultivated soi1s.

The r.¡eatr< oxidatlon test for available nitrogen is no

indication of rno-re rapid nitrification in virgin soiLs as

eompared to cultivated soils except rthere the difference

tL'ra

5,

6"

q
lc
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in tota-1 nitrogen is large.

B, $ignificant yield j-ncreases of cereal grairrs gro'l',tj1 on

non-fatlovr land casr be obtalned- i¡ith a$llonilml sulphate

apBlied at rates of 150 to 2O0 pourrds Jler ãcle.
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