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ABSTRACT

Net nitrogen mineralization was measured in seed.ed

and. falloiv portions of four ptots on two l{anitoba soils

during the suiriïr-er of 1967. The ma-in f l-ush in net nitrogen

mineralization occured during Ju.ly and August" Nitrogen

uptake by the wheat crop was greatest during June and

July. Mineralized nitrogerl t¡as important in completing

the growth and developlnent of the crop but did not appear

to control- yieJ-d "

Net nitrogen mineralization in the fallow portions

of the plots exceed-ed that j-n the seeded port.ions 
"

rPr^ren{-rz-fi¡za ^ounds of nitrogen per acre were rnineralized.

in the seeded portion of three pl-ots" Mineralized

nitrogen in the seeded portion of the fourth prot totarlec

sixteen por-rnds per acre. In the f all-ow portions , the net

quantity of nitrogen minerali zed was equivalent -uo I"7

to 2"0 percent of the organic nitrogen in the top six

inches of soil

Results of a greenhouse experiment indicated that

yie1C reducti ons due to straw amendnents to soil viere

greater at 600¡'" than at 75op. This was attributect- to
crra:J. a r afFi r.i annr¡ nf nì {-rn^o- ,'+i I .i --J-.;g!Eo-Ler er-!rL-rç¡¡\-J v! rrru!ùgen utrl-l-zatl-on at Lhe lo.".¡er

ternperature. Nitrif ication , Têl_ative to imrnobilization,
arappea.red. to be greater at 75"". than at 60"F.



Chapter I

INTRODUCTION

A growing cereal crop obtains alniost all of its
ni +- rnna' f rn-¡ solubl-e tlinera'l ni +r.).r'ên stored in the soilev¿uv¿e ¡Lrrl¡s! q! tII Ll- (.,ggJ.I

.a# caa'{i -^ -Frr-:m ni trr.rrran nrinefalized d.llr j nr¡ f hp .ìr.r, r4vtr! ¡¡!u!v.Jçrr jurLrgJ_d.¿JZecl t).*_r-^: y*_WIng

season t oy from fertiLizer nitrogen" Nitrogen aclded in
rainfaL'ì or irrigation water, absorbed from the atmosphere,

or suppl-ied through fixation processes accounts for onrv
a minor portion of the nitrogen required by a growing

crop( to, g3 ¡ "
The quantity of nitrogen rninera]ized during the

growing season is generarly consid.ered- to be the major

factor in controlling the quantity of fertilLzer nitrogen
required (30, 42, 43, 44) " However, research in i,lanitohra.

in connection lvith the deve''ropm.ent of a comprehensive

soil- testing program., has indicated that at reast 50 per

cent of the variation in cerea.l- yiel-d' can be accounted.

for on the basis of nitrai-e-nitro3en in the soil at
seeding tine. Soper(73)i" l960 observed that the avail-ab_.t-e

nitrogen at seeding tíme was a najor iactor in conLroll-irrcr
fhe rêqÌ-ìônqâ af l.r¡r'l a*r J-^ -ì +-^^-^* ç^-LlL¡¡u !çÐyvtIÐu

reporteä tha.t the initial nineral ni trocien content of
the soi-'l-s he studied. was a better criterion for predicting
nitrog,en requirem.ents than were incubat'i on methods "

'ì
Ferguscnr , in sur*,,:rari zing st.ud'i es cond.ucted at Brandon,

l'{anitoba Íroll 1954 to 1963, observed a strcng correlation



between the nitrate-nitrogen con'tenL of the soil at seedinc

tirne and nitrogen uptake by cereals" young et. al. (89)

observed a bgtter correlation between the quantity of
nitrate-nitrogen to two feet at seeding time and response

to fertilizer nitrogen than between response to nitrogen
fertilizer and the quantit.y of notrogen mineralized
during laboratory i-ncubation. These reports indicate
th:.|- fha rrrr:n*i'l-r¡ ¡F -'i +-^ç¡rqu Lrrç yuqrru¿uJ v! rrrurv$êfI mineralized during the crop

i¿ear is probably of only minor importance in oetermining
yield response Lo nitrogen fertiLizer. However, it was

not póssible¡ oo the basis of reports in the riterature,
to assess the relative importance of the quantity of
available mineral nitrogen at seed.ing time and the qu-ant:'-ty

of nitrogen mineralized during the growing season in
rletermi n'i n,^, resÐclnsê 1- o ni tfOgen fefti LiZer. ït *U.=!uryv¡¡Ðç Çv lll ç!vYef,f !ç! urI_

qììdñêc.|-a¿l l-rì, I '
Ðu9ysÞLeL,. rJy Ferguson- that the quantity of nitrogen
mineralized during the growing season may possibly be

related to the quantity of stored minèrar nitroqen and

therefore determination of the qu-anLity of mineral nitrogen
avail-able at seeding ti-me would resul-t,in a measure of
the rerative quantity of nitrogeir minerarized during the
grow-ì-ng season,' ' i-le a-Lso suggested that the quanti-ty of,

nitrogen mineraiizecl may be constant anons soirs ancì years 
"

.1

Data presenteC at the seventh annual ì,ianitoba

Soil Science tteetino 1q63.f LJv,



3

without a dlrect measurement of the quantity of nitrogen
rni-ner'alized during the grov,'ing season it was not possibJ-e to
determine r,vhich of the above tlvo expJ_anations¡, if either,
was c_orl'ect.

The present stndy vras i-nitiat,ed in an atten:pt to
determine the relative importance of the quantity of nitrogen
mineral-ized during the gror^ring season and the quantity of
nit'ogen avair-abfe at seeding time in controJ_ring yier_d

and nitrogen upiake, This investigation consisted o,f a field
study during the summer ancr fafr- of 196T in which the
quanLities of nitrogen mineral-ized at vari-ous d.a,tes during
the gror+ing season ancì the quantities of mineral ni.trogen
avai-l.abl.e at seeding time r{ere measured. The quantities
of nitrogen mi-neral-ized between seedi.ng and the vari_ous
sampJ-ing dates were conrpared v¡it,h nitrogen uptake .d.uring

the same period" During the winter of 1967_196g a greenhousé
investigati.on rvas cond.uctecl in an attempi to determi_ne the
factor-s affeóting the quantity of nit,rogen mineral.ized ancr

macle avail,abl-e to the grovri_ng crop @



Chapter II

- LITERATURE REVIEW

Nitrogen in soíI is largely in organic combination.
However, in some soirs considerable quantities of nitroeen
may be in the form of unexchangeabry fixed ammonium-

nitrogen in the cray mineral fraction of the soil (19,59).
Þ.l¡n{-qì.r^l^7ô\7^ry^^''.i-^*.:!-^^.^..:..l''-! ¿q¡¡çÐ, rrvwsvs! , rE.jLr-Lrc rritrogen in the rnineral form as

either nitra{:e or ammoniun ions. The biorogical conversion
of nitrogen from the organic form to the mineral form is
termed nitrogen rninera'rization ancj renders the nitroqen
mobire, available to plantsrand- vulnerabl_e to larqe rosses
(fS¡. Organic material in the soit undergoes decomposition
by soil micro-organísrrs. The carbon in the substrate
serves as an energy source and the nitrogen contained
therein is utirizeci. in _the sy.nthesis of proteins " sorne

materials contain nitrogen in excess of that required.
by the organi-sms, resulting in the excretion of nitrogen
as waste in the form. of ammonia. The nitrogen contained
in other rnaterials, relative to the quantity of carbon,
is insufficient to meet the requi rernents of the
microorganisms. This often resurts in the assimiration
of mineral nitrogen from the soil by heterotrophic bacteri a

capable of utirizíng this form of_nitrogen in protein
synthesis. This microbiologi-cat conversion of nitrogen
from the minera.l form to the organic foim wirl herei n be



tenned nitrogen immobilization. The quantity of nitrogen

mineralized or immobilized depends on the relative proportion

of carbon and nitrogen in the substrate materialo the

^--^.i 1 ^L.: 1.: !--cr.vcrr-rclrJ-LrrLy of these elenents to microbial atLacks,

environmental factors, and the length of time that the

organisns are operating on the material.

Plants growing in a soil have a pronotlnced effect

on the nu¡o.bers and activities of bacteria in the soil in

the immediate vicinity of the root. plant roots exude

amino cornpounds and cell rvall materials during gror+th

(51, 67, 74). These materials serve as a readilv

avail-able substrate material for the bacteria on anC

inm¿Ä'i =+^l-' -rlia¡en.1. J-n .l-ha rnn1- rêa1il.{-j -^ j - .ñ j -^-,--,-^.{rrLaLLEuraLc¿y cruJ qusriu uu LrrL- !vvu / rçÐurtrrlÇ }n an l_ncrgd.Seu.

potential for both nitrogen rnineralization and immobilizat-i-on.

Pl-ants, theref ore, through their renoval of mineral_ nitroren
from the soil and their effect on microbiar numbers and.

activities, influence the balance between the mineralizatj-on

and iminobilization of nitrosen.

The complete mineralization process consists of
i

ammonificat'i on the production of NH, from organic
J

nitrogen; and nit::ification the cxidation of NH^ to
]J

NO" " The tnineralization of n'i t-rnrron Àonends on f actors- 3 ---: -'----- *-.È

such as total nitrogen content of the soi'l , C/N ratio,.
nro-r'i ^,'- Ì..i -J-^-=' ^,c Ll-^ ^ ^.: IPrevl.(Jus nrst()ry o! cne SoII I Soil aggregate size, e.í=fect

of partial sterilization of the soil and the acce-lerateC



rate of deconposition of stab]e hu¡nus due to the ad.ditíon
of easily decomposed residues supplying a readily available
source of carbon and nitrogen to the organisms. Factors
such as pH, temperature and moisture have varying effects
on anuíìonification and nitrification. These factors wirl
be considered separately. The ihizosphere effect on

mineralization and iramobilizati on rn'ill also be considered
separatelv "

Z:_f llt.er_na.t l.li trogg

.Iãnsson (see n1 ;:.\¡e ) rras proposed 'an in'bernal nitr-
' t' I a.' r \.ogen cycJ-e (f ig. l- ) consisti.ng of active (NH. ancl fresh

¿.

organic resiclues) and passive fractions (NO, and hunij-c N)

:in'wlrich conversions betlveen organic'-ancr irlí.gani.c nitrogen
"proceed. Each revolution of the cycle reduces the carbon

avairable to the microbial popu.latíon since a consjcler-able

quantity (50 per cent) of the carbon is 1ost as CO- (g);
,Z

Eventually an equil-ibriun. is reached at which time no more

mineral nitrogen is converted to organic nitrogen anc

inorganic nitrogen wirr tend to accuraulate if there is stirl-
a sufficient quantity of carbon left to support bacteri at

development. The substrate material must contain carbon
anÄ ni frn-a-qrru rr¿LrLrgeir in a readily decomposable form, and- losses of
mineral nitrogen nust not be g'reat :-n orcìer for the acjcumu-

lation of mineral nitroqen to occur.
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2."-?_ Fac t o r s A..r_- f eS: t i ng Mj, ne r a I i_z a! i-_on

a) Total Nitrogen Content of Soil_

The toJ-¡'i r*rr:¡n{-if¡z of niÈrnnan in ¡ en.il j^ ¡JLar '1ucrrrLrLy of nitrogen in a soil is det'er-
mined by clim.ate, vegetation, topog,raphy, parent materiar,
and age. Stevenson (74¡ reports that climate is the rnost

important single factor in controrling the total nitroo;en
content of virgin grassland soits, The total nitrogen
coirtent follows the Van't Hoff temperature rule and. increâses
two or three times for every ten degree d.rop in temperature
(7s¡ " vegetation controls to some extent the quantity of
nitrogen in a soil in that soirs deveroped. under leEumes

çentain a greater quantity of nit.rogen than soils developed
uncler non leguminous plant.s (78) " The total nitrogen
eontent of soils developed under plants with an extensive
root systeir is generally great.er than in soirs deve'r oped

under plants with a more restricted roor systern. Topography

Çentrols the total nitrogen content of soil through its
ef fect on clinate, runof f , evaporation, and transp-rl_ration"

Jncreasing age of a soir is generally associated v¡i-uh an

increased total nitrogen content of the soil until_ an

equil-ib::iurrr is reached, ât r¡¡hich po:_nt¡ rlo further increases
in total nitrogen can be expected with increasing age (7S) .

Generally the quantity of nitrogen mineralized
in a given period j-ncreases with an increase in the toiar
cllranli l-r¡ ¡F nrn¡n i n n) +-^^.yuarrL-LLy u! (r*yurrrr. lrrL!ugèrI in the soi1. rt is estimated



that in most arable soils betr¡een one per cent and ten
^^--t a€ !l^^ !^r- a J rper cenE or t.he total nitrogen or' a soil is minerarized

per year, however, the mineraLizaiion of more than three
per cent of the totar orgánic nitrogen courd be expected
i,fì on'lv â \¡êr\z far^r cnil. I¿¡¡ v¡rlJ q vçlJ !Çw Ður¿Þ ,,2, 15, 19) . The quantity qf

nit.rogen ¡nineralized in a given time correrates verv werr

with tota] nitrogen content (0" gBB) lvhen soils are

grouped according to tota] nitrogen content of the soil,
and groups of soil conpared" The correlation is very
poor (0.368) when indi-vidual- soi r s are considered (72) .
.nharaf^ro r=-cLors other than total nitrogen al-so influencevÀv!s t !qvÇv!È vu¿¿ç!

the quantity of nitrogen mineralízeð. in a given period.
Many workers consider the quantity of nitrogen

mine::alized to be more intimateJ-y assoiciated. with the
characterj-stics of a portion of the total_ nitrogen than
with all of ít (8, 44, 52) " An active fraction of the
organic niirogen of the soi I has been postut ated and it
is fel-t that the quantity of nitrogen in this fract_ion
deterrnines the quantity of nitrogen minerariled-. Attenpts
to characterize the minerarizeable n.itrogen fraction in
soils har¡e met ivith only limitei success. Keeney ano

ilra¡nar i/ ( ,)\ f ound that an index of soil nì #rn^o- =r"1u!çrrrrlËr- \)¿) !(Junq rnat an rnclex oi: sol_r nl-trogen ava.ìla_

bi-lity based soleIy on determination of hyclrolysabre anc

non hydro'lys;;bJe nitrogen vlas not satisfact.ory. Thev al_so

reported that the fraction oj: the crganic nitrogen contr_.i_-

butíng most to the accumur-ati on of mineral nitrocen
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during incubaLion varied with different soiIs.
ô+-^-r ¡ -i {-rn-o- j - SOiIS eXhibits A femarkablev!Y altrl, lrr L!LJgctL -Ll..t

e{-¡}-rì'li't-¡¡ +n:.7¿¡11 microbial attack, resulting in the niner-Çv !i

al,ízation of only a limited quantity of nitrogen each

year. Reasons for this stability are not immediat.ely

evi-dent since the substances from which the soil organic

matt.er is derived. are relatively easiJ_y and quickty

attacked (f9) " Considerable effort has been directed. toward

expraininç this stability and several- theories proposed..

rn a review by Bremner (19) , it is reported that as early
as LB92 Hebert . and n6herain pos'uuIa.r.ed. a proLien-lignin

conplex to a.ccor-:.nt for this stability" This theory has

been revived by severa-l- worl<ers since then but d.oes not
appear to conpletely explain the phenoirienon. Ensminger

and Gieselcing (33) postulated the ad.sorption of organic

conpounds by c'l ay minerals. They found that the enzyrnatic

hydrolysis of protein was inhibi'ued by the presence of

clay and that the degree of inhibition varied directry

with the base e;<change capacity of the clay. Ensmi-nser and

llì aqaþi na / ? ? I qlrrrñêq+4,ì +þ3i the inhihlj f orv ef f er-t of r:'l ¡w\JJl Ju:j:ruruus L¡¿uL çr¿ç !lt¡¿¿Lr*e_*l e u! vrq_y

v/as due to either absorpt'i on and inactivation of enzy¡nes

by c-lay t or the absorption of protein by clays orients it
; * ^,-^L --1-- 

i¿rr Þúur.r. o. wdJ as to niake it inaccessible to enzvrnatic

at'tack "

A third theo;y is that the quantity of carbon



1lII

available to the soil microfl-ora is insufficient to suppry

the needs of an active microbiat population (19, 44).

Accelerated decomposition of consoliclated humus has been

reported due to the additions of fresh green manure (16,

44) . Cropped. land with its d.ense microbial populatic_rn

around the roots is reporteC to exhibit a riore rapid.

breakdown of stable humus than uncroppecl soil (l-6, 44) 
"

This theory postulates that the stability of organic

nitrogen in soil- is more apparent than real and that

additions of a readily availal:Ie energy source results in

acce] erated decorrposition of stable humus.

Probably no one theory ad_equately accounts for
{-l-ra ¡+-1-i1;.t-*' l¡r ãññãran.l- sJ-a}-lilij-r¡\ r¡F /lrc¡nin ni{-rurrs Þ Lcr.lJrrr Ly \(Jr d.PPcrreJIL L,vJ t ,.- _.:Ogen

in soir" since there is ample evidence to support. arr the
J-honri oc :Arr=¡1gg6f it. is likelv irfrat- 't,he stabi I i f v ofe¡¡uv!rur qv-vqlr(-cL.t -L L Ib IIJrur¿ srrqu L¿¿ç SE'd..OIAJ_Ey Of OfganIC

maLter in soir is the result of a combination of several
factors acting; concurrently

b) Carbon: NiLrocien R.atios

The microbia-I rnaterial i n the soil has a character-

istic ratio of carbon to nitrogen. A portion of the carbon

ì n cn'i 'l ^rñ-hiC matefial iS O,rti.iì Zed tO ñt-\ .{-a ^,.^^'r,,¿rlquç!!qr {- ur..!!:ráÇu Lv -u2 L(J Þuyljry

energy for the netabolisrn 6f the ni croorganisms and a

nnrj-.i ^- ': ^ .'!.: l -: 
-^I 

.: .^ LL ^y.,rL-LU,' ¿b uuilized. in the synthesis of ce1l wall- materiar

and other celiul ar components. The nit.rogen contained in

Lhe organic substrate is utilizec in the svnthesis of



L2

prot.eins/ nucl-eic acid, and other ni_trogenous constitu-
ents of micr¡bial cells" since the enzym.atic hydrolysis
of the organic substrate releases carbon and nitrogen in
definite proportions, and since carbon and nitrogen rnust

be utilized in fixed proportions v¡ith a portion of the
carbon escaping as co2r excess ni trogen in the substrate
re]ative to the supply of carbon results in the exuclation
of ni trogen frorn the microbial bodies as a waste materia]
(B) " However, if the quantity of nitrogen in the substrate
material, rerative to the quantity of carbon were inacle-
quate for the synthesis of microbial tissue of the proper
c:N ratio, then either microbial activity wou'rd be cur-
tailed or nitrogen in the mineral form would have tc be

utilizec. rt woul-d be expected-, therefore, that sorrre

critical ratio of carbon to nitroçen should.exist, belor¡¡

which nitrogen wourd be exuded as a rvaste produ.ct and above

which nitrogen wourd be renoved frorr the pool of mineral
nitrogen in the soil, i.e. net nitrogen mineralization
should occur at c:N ratios below a critical lever and

ni +-rn^o- ;**^biliZatiOn 1¿61r-l ,t 1ì^ ¡rzn¡ar.rrru!vy=rr rrLuLrqrÐt-rrzatl_on wouro. þe expected at c:N rati_os

above this level-.

criti-cal c:N ratios have been estabrishec as a

resul t of botii experimentar observations and theoreiical
calcura.t:f-ons" Net nitrogen mineralization is qeneralyç¡¡v! --ly

consid-ered to resul-t from the mi crobial- d.egradation of
residues with a c:Ì'¡- ratio of ress than 20. tsetween a c:ìd
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ratio oi 20 and 30 nitrogen rnineral-ization may or may not

occur depenCing on environmental conditions ani- type of

substrate. Residues with C:N ratios greater than 30 are

generally considered to induce inmobilization of nitrogen

(8, 15, 29, 44) "

Only if an equal percentage of the total carbon

and niLrogen of a residue is available will the C:N ratio

be a valid indication of the potential for either the

mineralization or irnrnobLlization of nitroqen. If such is

not the case then the C:N ratio as det.ermined bv total-

carbon and total nitrogen me-thcds will not be equivalent

to the effective raLio of C:N available to the microbial

population" If the ratio of ava-ilable carbon to availabl-e

nitrogen is not equivalent to the ratio of total carbon

to total nitrogen then the ratio of these elements calcu-

lated on the basis of their total quantities in an organic

material rvill- be meaningless" The critical C:N ratio al-so

varies with qualitative variations in the soil microflora

since the C:N ratios of di fferenL grbups of organisms

may be quite dissimil-ar, ¡ I ^-.^*.1^* | 
^\ ^+ -!^^ !1^ -,!f1aËz\GiruE! \ t,/ Þ ucr Le> LItcl L

"As a rule for liixed popu.lations¡ 5 10% of substrate

carbon is assimil-ated by bacteria, 30 402 by fungi,

and 15 30 ? by acLi nor,rycetes . C:N ratios of 5 : l, 10 : J_ ,

and- 5:I rrLay be proposed for the cellular components of
h: ¡+^-.i - .{:,.-ã.ì th^ rn{-.i -z¡61znoJ-oq rêenôn1_ ì ¡¡o I rz rl T+lJauL(=rIar -L.II19I T d.IL(1 clL-:LIl.LL.rlLiy(-eL(j5 .LeSPg

Ir7ñìì'l rl l-¡a \zâr-.7 Ä:n¡^rn'r¡ ]-]naraF¡ra ]-n 
^rr^F 

amnlr =-.i -awvuru uç vc!J uQllçsJ-uuÐ t Lfls!sJ-u!s, LU L.rvt;I cl|.|,IJlLd-bIbt-
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the importance of a single c:N ratio" Much more instruct-

ive is a range in the C:N ratio since several variable

other than ratio of total carbon to total nitrogen tend

to control or mod.ify the process of niLroEen mineralizaLi on.

Carbon to nitrogen ratios are often translated

into per cent nitrogen varues due to the greater r¡ariati ons

in per cent nit.rogen than per cent carbon and the iact that
total- nitrogen determinations are more commonly perforitLed.

than tota'l carbon. As the totar quantity of nitrogen in
a resid-ue added to soil increases the quantity of nitrogen

mineral-ized is expected to increase" It is generally

accepted that the critical range of tot.al nitrogen is

from l-.2 Lo 1. B per cent of dry vreight (27 , 36, 44) " Less

than r"2 per cent nj-trogen in a resicue is considered to
result in either reduced decomposition a oy im¡nobilizatj,_o_n

aÇ -i +-^^..^- --.l -^^.: -f,,-^^ ^^.^L-.: -^i -^ur fl.rrr()gen and resid-ues containing grea-ter than 1"8 per

cent nitrogen rvhen added to soil are expected Lo cause an

íncrease in the quantity of mineral nitrogen" These values

are based on the assunption that most organic residues

added to soil have a total carbon content of from 35 to
40 per cent oÍ dry weight, The critical values cited. for

total nitrogen in a residue are subject. to the same

restrict.ions, such as relative avail-ability er the carbon
¡nÀ ni f -rn^'o' in the residue and J-vne nl= -i ¡rat1nr-s¡¡v rr¿ ulvJçrr -J t.* Ittr(-l(J]-l-of il-r âS l-n

the c:lï ratio" rt is therefore inpossibre to cite one

c:N ratio or one total nitrogen percentage above or bel-or,¡
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which net mineral-izat,ion of nitrogen wilt or wirl not
occur" The above arguments indicate that severar factors
other than the c:N ratio or per cent nitrogen in a residue
control- the point at which net mineralization of nitrogen
is observed" The accessibilty of the residue to microbial
attack is very important. The organic matter of most

agriculturally important soils in the temperature regions
is considered to have a c:N ratio of from l_0 to L2 (72).
Mineralizat-ì-on of nitrogen from thi-s source, however, is
very sl-ow due to its stability tov¡arcl ¡nicrobiar attack.
This further emphasizes the necessity of consid-ering c:N
ratios in conjuction v¡ith other factors such as tvpe o-F

mate::ial-, envj-ronmental conditions and. type of microbial
popu ì ation.

c) Previou.s Histroy of the-Soil
The quantity of nitrogen mineralizeð. durinq control_

Ied" incubat-i-on studies is reported. to.be markedly affected
1.rr; nn^,1.i 1- -i ^*^rJy uurrLrrrrons prevailing i-n the fÍeld at the time of
saropling; cultivation, cropping, fertilization, and.

meteorological seasonal- fa-ctors (4a¡ " wide varia-uions
have also been repcrted in the mine raLízation capacity of
soils bet','¡een consecutive years clue to differences in the
cl-irnaiic conditions. virgin soils, when incubated, tend

to raineral-izc a g'reater per cent o¡-. their to1:ar nitrogen
than do cultivated soirs" The sarûe relationship is observed.
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in the field. between recently brol<en soils and those under

cultivation for a considerable period of time. The rel_ative
a^,^! 

^-çysr uulrL .J! the total nitrogen in the active fract.ion of

newly broken soir is greater than in soils under cult.iva-

tion for several years " The soil microflora act upon

this readity decomposed source of nitrogen and. minerat ize
large quantit.ies of nitroEen each year thus depleting the

total quantity of nitrogen in the soil. This eventually

results in the pred.ominance of the stable soil orsanic
ni'l-rnno- ¡nÄ. a slower release of mineral nitrogen by soil!9r

microorganisrns" Gradually, the rate of nitrogen rn'ineral-

ization decreases untit an equil-ibriur,i is reached, at

which point, the nitrogen content of the soil no longer

<leclines anc the quantity of mineral nitrogen made avail-

able annually is equal to the quantity oÍ the nitrogen

add-ed" rt therefore beco,-nes evid.ent that the rencrth of

time a given soil has been curtivated influences the guan-

tity of nitrogen mineralized each year (ZS) .

Rapid flushes in nitrogen mineralization have
- been observed. as a result of thawing of frozen soil and

+!.i .^^ ^ :--- ^^:1 i !!çwçLLf,ilv o dry soil" steaninq a soil arso resul-ts in a

flu-sh of nitrogen rnineralization". These phenornena wil-l
be discusse.d further d-uring the discu.ssion of partial

s teri ].i z at.ion "

The najor effects of tine of year on accu¡nulation
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of nitrogen are the supply of carbonaceous residues, their
c:N ratio, availability to microbial attack, and environ-
menta-l conditions such as aeration and temperature. During

the spring, substrate niaterial is avairable and microbial
'an{-i ¡¡i f rz i narg¿ggs with j-nr:rea.sì no ]- ernng¡¿¡ure. As theyv¿.Lrr r¡ru!çqÐ+r¡y LgritI/cl- cl,Lurg. ]|\5

sun'ìiner progresses, however, the quantity of root material
with an i-ncreasing C:N ratio increases, resulting in
reduced net nitrogen mineralizati-on. During the fal1,
immediately after harvest, carbonaceous root material is
at a maximu.m (4a) and net immobilization of ten resulcs.
cultivation of a soil- often irnproves aeration and redis-
tributes microorganisros and organic materials resulting
in increased nineralization or _i_nrmobilization of nitrogen
d.epend.ing on the c:N ratio of the materiar- in the soil.
r 1^-,.-.:*^.-^ -^--, -i,}\ reguinl-nous crop contains a greater percentage nitrogen
in the roots than does a cereal crop. This results in
t h^É4 1õ^^ -'-efa]-j-zatiOn Of nitfooen ¡f ]_ ar nrnr.rr-r-, ^t¿r¿v!çqù\=L.r |.t Jl.Ler d.rLZ cfLI()IL c)_ ** Le).L g.fowt.n 01-

legurnes (44, 72) " Perennial grasses possess a tremendous

ability to u.tiLize alr the mineral nitrogen prod,uced; anc

due to the rarge quantity of sloughed off root r,rateriar
associated ivith the massive root grov;th, nitrogen irrmobi-

l-izatíon is greater than under annua]s. Theron (Bo¡ arso
crrann¡J-¡ J-] ^+ o6,renni al arrâqq15q :¡frr:'l'l r¡ in'nìl-.ì+. -.i+,ÐqyYsò uÐ LrlctL }Jsrçltlraar 9rd.SSeS aCt'uaIIY rlrrt¿JJr L trl- Lf: Oo.en

mineraliz'ation. Minerarization after a faflow year may

bedifferentfromthataftercroppingbutthenragnituc1e
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and direction of the difference is as yet uncertain.

d) Partial Sterilization

A flush in mineraliztion of nitrogen is often

reporled following freezing, drying, steaming, or fumiga-

tion of soil (I7 , 18, 42, 44) " This effect is termed

partial sterilizaiion and is attributed to the credomi-
nâhnê nf ¡¡ar¡r \7^ì1h^ ¡al l -¡rqrrçç \rL very young cerls stilI in their logarithmic phase

of growth. chemicar and physical alteration of the organic

consti'tuents in the soil- is also consÍdered to be partially

responsible" The large number of dead microorganisms, and_

a rê aÄ j 'l ¡¡ =.t-l- :r-l¿a¡l nrn:ni n crrh¡.t-yrra -l SO hc,'l ns er-r-r¡q¡fqu uqvJ\çq v! yqrt!u Ð uuÞ L-l_ d. Lc ¡ ctrov rrç¿yÐ quuL

for the peak in microbial activity and. mineral nitrogen
produciion (L7 , 42, 44) 

"

Birch (L7, 18) has studied the drvincr and reweitino

of soir intensivery. His conclusions apply mainry to the

effect of rvetting and d-rying on nitrogen mineralization

but are also applicable to some of the physical treatr¡en'us

which soils u.ndergo such as freezing and- thavringr âs lvell
âq rrri nÄ'i nn- P,i r¡1r | 11 'l q) renorts 1- hat SeVeral t.heOrieS:J!+¡rv!r¡y, ur!vrr \!/, Lat !vl-,vrur u¡¡c

have been advanced to accoun-u for the partial sterirization

ef fect; arironc: them are:

a) the cyclic developrnent of toxic substances

resulting frorn nicrobial- activity.

b) successive dryings effectr on each occasion,
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the release of small amounLs of d-ecorrposabte rnaterial from
within the clav laitice"

c) cyclic nricrobial gror^¡th"

d) increased solub]e hunus as a result of d.ryinq.

Birch reportecl that the maEnitude of the flush
in nitroc;en ir,i-nera-l.ization upon revzet'uing a dry soil_

increasec with increasing rength of the dry period, with
increasing telriperature at lvhich the soir was d.ried, and

was directly proportionar to the organic matter content
of the soil. Frorn this he concluced. that the drying
resulted in increasecl soluble inaterial available to
attack" Freezirg, through its dehydrat.ing effect, ilay
produce a similar effect on the organic corirponents of
soils "

rn discr-rssing the ef fect of moistening a dry soì l

On humus decorr.position anr-i ni,,-rn^^- --i -.¡!.yvr!urvr¡ qrru trrLrc-lgen nfnefaliZatiOn BifCh

(18) staLes that "it appears that the state of the orsanic
COllOidS after drr¡inn- 'ie j-hê r¡â,jn f¡r.J-nr ciryr-ng rs the r¡1a,. n f actor governing subse-
quent deco:rLposition and niirogen ininera_'l_ization, with pro-
gressive chanEes taking place as the dry col-loi,fs agei

these changes being accer eratec- by heat. " The drying
effect on nitrogen ninerarizatj_on is naniÍest only in soi ls
tha-t have been driec to the a-ir tiry state (rl) " Birch
cl-aims that at this point a transition frcm the sor to the
gel- form occurs anä thereaiter lv'i ¡¡ proronration of t-he
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dry state physical changes conforming to a definite
pattern occu.r in the gel. According to Birch, the drying
and heating resurt in dehyd.ratioflr shrinkage, and crack-
ing of the gel thus exposing greater surface area. upon

rewetting a proportional increase occurs in the ouantj +"J ¿ ¡¡ Lttç yuqtr LI Ly

of organic rnatter available to microbiar attack" The

satne explanati-on may be proposed for the effect of
freezing on mineralization of nitrogen. stearning ancì

fumigation, however, procluce an effect simil-ar to that
observed after drying and wetting anc freezing and thawing
(44) . These can not be explained- solely on the basis of
increased sotubility of soil organic matter" The complete

exp'1 ¿¡¿¡ion of the partial sterj lization effect probably

involves both biological and physicar considerations. The

number of bacterial cells in the logariLhmic phase of
growih is probably increased as is the suppry of readily
assimilated. substrate resulting fror¡ an increased number

of dead cel-ls (42, 44) and increased surface area due to
physicar and chemical changes during the sterirization
process (18) .

aì Soil- Aggregate Size

Large aggregates and fine textured soils are often
asscciaiecl r.ri.ih slow oxygen dif fusion (19, 66) " The

aerobic natu,re of the nitrogen mineralizat.ion process has
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led researchers to concrude that increased agEregate size
and fine texture i¡¡ould inhibit nit::ogen minerarization.
Robinson (G6) found that increa-sed soil aggregate grinding
belolu 2inn" had no appreciable effect on the quantity of
nitrogen m.inerarized äuring incubation stud.ies. other
workerso hoi,Jever, have reported increases d.ue to grinding
of soil (f9, 42, 43, 44, 66) " The effect of grinding is
probably influenced by the conditions uncler whicir incuba-
tion occurs " rn soils l,¡ith arl active nicrobial population
the o:<ygen suppry would be quickly reduced in fine tex.i:u_red

soils anc1 soils with large aggreg-at.es. However, with a

less active population, i-ncreasing the rate of oxygen

diffusion would not affect the q,-rantity of nitrogen niner-
ali-zed or the rate of nitrogen mineralization.

Priminc{ Effect

The stable hunus of soil is slorvry attacked by

microorganisms but the addition of green manure or other
readily decoraposable residue accelerates its rate of
decomposition (19, 44) " This prining. effect is ascribed
to the 'increaserf suppJ-y oll energy rraterial d-ue to the
easily attacked amend-rnencs. This expranation is prer¡.isecl

upon the theory that the stabi_l-ity of soil organic m.at-ter

is a result of .an irrsufficient erlergy suppry for active
microbial developrnent. ¿lnoiher expranation is that
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addition of fresh r,rateriar overcomes the biostasis
fesìì'l J- i nrr f rom J- l-ra Àar¡a'l a^rçÐurLr,rg rr(Jrr! Lrrs uevcruyêment of antibiotic or inhibitorv
substances during nornar bacterial activity (22 t48) .

The val-idity of the craim that a priming effect
occurs has recently been questioned. (22 t34) . The main
objection to the priming effect hypothesis is that of
Janssonr (see ref. 42) that the continuous internar- turn-
over of nitrogen in the soi-r (internar- nitrogen cycre)
makes a calcuration of isotope ratios inappricabre 

"

2"2"L Ammonificat.ion

Ammonification is the biorogical conversion
¡.nr-frogen frorn the organic form to the mineral form

arn¡noni- a "

a) Organisins Responsible

A host of heterotrophic organisms are responsible
for ammonification" They may be aerobic or anaerobic,
acid sensitive, acid torerant, spore-forming t or non-
spore-forming (3). The nitrogen ir, ìfl" substrate is
util-ized to satisfy their own needs and any excess is
exudeC- in the form of ammonia (B) " This is the sole
rnethod whereby nitrogen is converLed. from the organic t.o

the mi neral fornr in soils.

of

ab

b) Factors Affecting Ammonification
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Anaerobic, aerobic, spore-form.ing, non-spore-

forming, acid. sensitive, and acid torerant bacteria are

capable of d-egracing nitrogenous mat.erial. Theref ore r ât
least. sorne segrnent of the population is active regardless
of. the pecul.iarities of the habitat, so long as microbial
proliferation is possible (B) " Conseqr_rently arn¡nonification
j-s never entirely eliminated in most arable soils but the
rate is marked_ly affected by environment.

Measureabre a-mmonification has been reported. at
the wilting point and even slightly bel_ow (63, 65) . The

optinurn rl'Loisture content. is consid.ered to be approximateJ-y

60 per cent of water holding capacity; however, ammonification
has been report,ed in v¿aterlogged soils (44, 66) " Due to
the v¿ide variety of ammonifying organisms, optimr-r.m moisture
contents probably fall over a range of val-ues dependrng

ôn #lra nrazr^-,inant orga.nisms in the soil

The optimum pH for ammonification appears to be

slightly abcve 7.0 (42). There is a wide range in pH,

however, ât i,,'hich ammonification can take p1ace. very
little arnäonification can be expected- in soils with pH

values = 3.5 4.0 or > 9.0 9.5. The pH effect. nav

operate inci::ect-l-y through nutrient availabirity, especial_Ly

phosphorus, rather than through a hydrogen ion toxicity
or deficiencv"

A¡r-Lrnonification can proceecì- over a rçide temperat-ur.re

f ânatê ân.l r.rr.ìôê â/4õ rzì ^nrn,.ql17 .i n.J- ¡, *hp .Í-hr.rmnnlrì I i ¡ -r! orryç arrL: p! Lruc ecls V r go¡. Ou_ _J -:ange
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up to a temperature of 50oc to TOoc (42, 44) . rt has been

reported at t.enperatures as ]ov¡ as lo or 2oc but 5oc is
general 'l y considered the minirnum f or sion ì f i r-¡nl- ammr¡njf i-
cation (42, 84) "

c) Fate of End product and InLernediates

The NH, produced by ammonification may be oxidized
to Nor¡ losl.-- to the atmosphere, unexchangeabry fixed.¡ or
enter the exchangeable phase. Losses during the in-uer*

mediate sLages rnay also occur.

The firsL. step in ihe breakdoivn of protiens is
the hydrolysis and. deamination of amino acids and amines

(42, 44, 59). These may be:

i) broken dovrrr t.o NFi, by transaraination systerns.

ii) fixed. to clay minerals and. lignin, thereby

becoming resistant to further microbial
^ J- ! ^ ^1-

iii) absorbed by higher plants 
"

.fhe ìdT{_ formoil i^r' .t-v¡^^-'-;n¡1-inn mâ\¡ }ra""." tr.r3 !vr¡L(çu pI L! q1lÐoti;Itruu¿vrf rrio_J us c

i) utilized by higirer plants.

ii) used for hunus synthesis du.ring ]ignin

deconposition and oxida_t.ion.

ij-i) absorbed by clay minera_l.s or lignin.

iv) oxj.dized to NO- by nitrifvino bar:ieria.-'-3 --J

v) utilizeC by heterotrophic organisms and

returned to the organic fraction"
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vi) volatilized in alkaline soils

Some of these processes result in a permanenr_ loss

of nitrogen from the soilr.whereas others resulL in a re-

channelJ-ing of the mineral nit.rogen into the organic pool

or caLÌse nitrogen to be fixed in the soil- in a form unavait -
able to m-icrobes or plants. Only a portion of the nitrog-

enous nateriaj undergoing degradation, therefore, becones

available for plant growth.

2"2 "2" Nitrification

a) Organisrrrs Responsible

The process of nitrification, involving the oxida-

tion of NH- to No^ and Nc^ to No- o is associated with theJ ¿ ¿ J'

metaboric activity of two grou-ps of chemoauLotrophs" The

oxid-ation of NH, -"o No, supplies the energy requirer,rents

of one group while the second group derives its energy

from the oxiCation of No, to NO, (B) 
"

The autotrophic nitrifiers are classified in the

famiry Nitrobacteraceae of the ord-er pseudomonacar-es.

Seven genera have been recognized; (B)

Nitrosonronas )

Nitrosococcli.s )

N'f i J-rr-rqnqni r:

nìj- .t u vls

lr-fìJ.rncnalo:

Nitrobacter

ì' Oxidize NH-
rJ
J

)

)Nitrocvs tís
ôvirìi zo Ntal,'" 

2
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Of these Nit.rosomonas and Nitrobacter rvhich

oxidize NIi" to NO. and. NO^ fo NCI rps,ncctivelv âre i-he
. J 

_._ 
2 

_____. -,'2 .._3 Àvel/çv qls Lr

most inporta-nt agrici-ilturall y

' The carbon for cell- rvall svnthes.is and svnl-hosisul,¡¡ur¡ui

of al-l organic constituenis of the cel-l- is d.erj-ved from

the reduction of coz while the cxid-aiion of inorganic

nitrogen conpounds supplies the sot e source of energy

requ.ired for the reduction of the CO^ and for other enêr.r\/-- --2
consuming metabol íc processes. The oxid.ation of NH- to

J

Noz l-iberates 66 kcal- of energy per gram atom of nitrogen.
The conversion of No, to No, tiberates 18 kcal. per grain

a.torn of nitrogen. Nitrosononas ut-ilizes 5 to L4 per cent

of the energy supplied by the first reacLiono while i,fi-!5c-

!3S!gI, being slightly less efficient conserves 5 to t0 per

cent of the energy of the second. reaction (B).

b) Hetertrophic tditrifiers
Many het.e::otrophs, rvi-uh a içide taxonomic range, are

capabre of increasing the oxidation state of nitrogen" Ì4ost

nf {-lra c o ^rñ =v! LrrçÞe ur.r-gcLfiJ-sliìs convert NIi4 t or an organic nitrogen'com-

pound, to NIC. but a fev¡ arp r:an:l-¡'l o nf nrndrrr-inn xt,,.r from
Z - *' " }/r vquvll¡Y !\V3

NH4r No2' or a'ninc compounds" The heterot.rophs capab'ìe of
trri" o>rl.lation include grain-neEative anti -grarri--positive bac-

te::ia., spol:e-formers and non-spore--forners, and an obligate
anaerobe (B) . Fungi ano actinomycetes. as well- as bacte::ia
haWe fieen ?-É¡llar.-r-aÄ ¡:n¡l-l ^ of ni 1. r.i frzi na J-rrrf n^nê nf +¡-ac.¡uçe¡r !ç¡/v! uçu uqyaJJf,-u v! ¡r¿ u! ¿!J rlrg L!teSC.:

organisms appear capabl e of utilizing the energy of the
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oxidation a.s the sole source of energy for cetl synthesis

(B). There is no evid-ence that the energy released. by

lrar-arnr-rn^L'i ^ oxidation of NH/ or NC1 is coupled lvithv çÀ vyrrrv v^rsq ulvl¡ v! 
4 Z

biosynthetic processes i"e. phosphorylation is not directly

linke.J with the oxidation processes (B) 
"

The siEnificance of these organisins in NO, and

NO3 prod.uciion is not as yet determined but. is considered

to be minor (B) . Since the oxiclation of nitrosenous

compounds is not obligateì-y associatecl with the d.everopment

of these organism.s their numbers in the soil incjicate a

potential for nitrogen oxidation and not. an actual trans-

for¡nation "

c) Nur,ll:ers of Autotrophic Nitrifiers
The nurnbers of these organisms in the soil may

vary frorn zero to a mil-lion or rnore per graln. Generally

Nitrosoäronas and Nitrgbac-t9r are found together, but under

unusual cond.itions, such as extrernes in plj, Nitrobacter
m^\r ?ra:?rca'a+ while the conversion of tIH^ to NC^ bvvv¡¡vulrrul¡ v! tn, 

J ¿ *

Nitrosomonas continues (B). Their numbers increase in the

spring ancl decrease in the surnmer and winter; dessication
:nÄ Frøazf nn .'la¡-ro¡qaq {-hai¡ abUncjanCe bUt nevef entifelyqvulluq¿Ivç !

eIi¡ninat-es ther',

d) EnvironrnenLal Influ-ences

9-lg:gS_ëgËCE: Organic constituents in cuttu.re

media lvere observed to inhibit the growth of nitrifiers,
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thus. giving rise to the cor;rmon berief that organic sub-

stances lrere toxic to nitrifierse It has since been shown

ltrrr'zo¡ror t^ B) that the inhibitorv effer:J-s nf ôrñã\v t al Llrqu urlç _*:*nl_C

constituenLs in cul-ture nedia wa.s due to the effect of
autoclavj-ng on the composition of organic materials-con-
tained in the media and. not. toxicity of the organic com*

pounds per, se. Thus there is very littte indication that
organic compounds inhibit the groivth of nitrifj-ers, especially
since they function in soit s containing large quantities of
organic n.aterial.

Nulrien.t supply: The suppry of oxidizable srrbstrates
(NH. and. irJo.) will contror the rate of nitrification since5¿'

these nutri en'ts ai:e requirec- in greater quantities than any

others. Nitrosomona.s oxidizes 35 u.nits nf nìrrn^o- ìl-zes J5 u.nrts (rr rrrrr-<rgen and

Nitrobacter 100 units for every unit of carbon consurned-

(B). The firrrited quantity of Nr{, present in most arabl-e

soils indicates thai NIT, is probably oxidized at a rate
exceeding the rate of its production; the rarity of ever
finding r.0 p.p,r'.r" Noz or greater indicates the linrita-
tion of )Ji!.rohactel by No, availabilit.y. This wor-,,ld leac
to ''he conclusion that und-er f a-vorabr e conclitions the
pcten-tial- ::a-te of 1,1O, oxidation exceed.s that of NH,

J
oxidation which exceeds the rate of arrurronification.

The rate of nitrif icat'i on has been shown to increase
r,r¡ith increased. base exchange capacii:y of the soil (4a¡ 

"
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This has lead to the conclusion that adsorbed NHn ions are
preferentiarty utilized and that base exchange capacicy
influences the availability of oxii.izable substrate 

"

Tg.mpe.ra_lgre: The reniarkable physiologicar similarity
in the nitrifiers results in pronounced. environnenta.l_

control qf the nitrification process (5) . Nit.rifiers are
meqnnhi l'i n raestll ti ncr i n .âïr rrn4-imrrr -l-amnnr=trrr¡¡Lt=Þ..JPllr-LrÇ¡ r-us¿e¿¡ry rr¡ aLL v}.u¿rlrq¡L! uerrryç!quq!E rorrgê of

30o to 35oc anã cessation of nitrification aL 40o to 45oc.
a\Berow 30..c nitrificat.ion rate decl_ines rapidly until it.

practically ceases at 40 to 5oc" The process has, however,

been reported to progress at temperatures as l_orv as 10 to
zoc (36, 44, 7L) .

pg a Nitrifying organisms are veïy sensitive to the
H ion concentration. The onj- imllì¡ rlË{ fn-L,¡;Lrrrrur,r pi1 rt-,lr nitr-ification

appears Lo vary rr'ith different isolates (5, B). Organisrns

i-sola-tec í:rcür acic soirs tend to l¡e rr.iore tol_erant t-o l_ov.,

pll than do those from alkaline soir. Generatrv nit.rifi-
cation is fa-vored by a neutral to srightly slkaline pH,

hoivever, activíty has been cletecLed in soïÌe strains frorn

pl{s - 10 (8) .

Ano-the:: pll-re_lated fact.or is the accurnulation

oi NO-, rn soil-s. This occurs in soils vrith ¡ h.i rrh nrl or¿ q r¿¿Yr¡ }/r-

a loi-¡ bufrering capacity resLll-ting in a pH rise subseq':ent

to the a-dclition of 'large quantities of urea (B) . Nitrite
fails to accu.inulate bel-oi¡ a pFI of 7 "2. The exient. of i{o,
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accumulation is dependent upon the quantity of NH, formed

in or added to soil and the pH. The toxicity to Nitrgbacter
appears to be a result of inhibition of the bacterium by

free NH: rather than NHn since -uhe No, begins to disappear
after the NI{, concentration sLart.s to decline (B).

Aeration : tl-ho ni irnaa- arr{- n{-rnn}rcrr!u!vy\-rr d.uL.uLr()pltS afe Obligately

aerobic, lnu= aera.tion is a critical factor controllinq their
ä orra 'l nnm o -n *-uvvcruyr.rr€r.rL" Low or unusual-Iy, high oxygen 1evels inhibit
nitrification" optimum oxygen content is approximatery
that of air" Nitroso¡nonas and Nitlobacler utilize l_.5

a-nd- 0 " 5 moles cf oxygen respectively in t.he oxidation
of one mole of energy substrate (B) 

"

MoisLure: Nitrif ication rate increases almos.t

linearly with increasing noisture conteni betrveen wilting
point anci. fiel_d capacity (63, 65) " The opt.imum moisture
level- varies with different soils but appears to be betryeen

one-half to tivo-thircls of the soil's water holding capa-

city. rncreased. moisture content resul-ts in restricted
oxygen diffusion and- hence limited. nitrification as well as
+1a^ .i l^.: 'l ..:Lrrç y\JÞÞr-urrrty of denitrif ication.

Dgpth; Tìie effect of depth on nitrification operates
throrigh it.s effect on mine::al mutrient supply, aeration,
pH, and inoisture content" This witl- vary from soiÌ to
soil" Nitrifiers have been repor-ted. in soil doi¡n to eiqht
feet but seldcm is NC. accumul-at-ion expe::ienced at these
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depths (B) 
"

e) Fate of Intermediates and End products

Denitri-fication the microbial- red.uction of No- and Nc^
J¿

to N", and in some cases N-ô - ar:r:o:rn'l-q. for considerable¿' "2"
rosses of nitrogen froqr the soir system. These losses
are of considerable magnitude und.er anagrobic conditions
coupled with a large supply of organic substrate and a

high concentration of NO, - N in the soil

A small group of facul-ative aerobes are respon-

sible for denitrifica.tion. The active species are limited
to the genera P.s_eudom-qn.as, AchronobacteL, Baci'r lus, ancl.

Iîic.{oc.occus; with pseudom" inating
t" -*a "*r"'rra,"r.* ,*ortant soils (8, 24). These

organisms are all aerobic but in the absence of a suffi-
cient oxyg-en supply wil-t use NC, or No, as erection accep-

tors. The denitrification process becones quanti-uativery
significant only when aeration is consid.erablv reduced or
when the soil is rich in read.iry d.ecomposa-ble organic
material and NO, is present

The physiorogical similarity betv¡ee. the denitri-.
fying bact.erial resul-ts in strong environmental control of
the denitrif icatj-on process. Denitrif ication becoine s siq*
nificant above pH 5.5. At pH 6"0 î 6"5 NrO ma.y be evolved.

' 
.a ]-^r--i ^r ^^; ^-At pH values above 6"5, N^O is reduced. n.) l_S feduCed nrrururrrc,lrc-lgrcaL I y

and N, is the cominant gaseous product (8, 24). The optinun
piI f or d.enitrir-ication appears to be betv¡een B. 0 an,l" B. 6 (23)
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\/erv lii1- 'lÊ, ,renit-rification occurs belorv 2oC but due io the_ su¡¡41-rr!!uqLrvrt ut_Lri_¿!Þ IJgIUw ¿ u .ol.1t c.ue

thermophitic nature of these bacteria it will proceed to
about 600 to 65oc, with an optimum temperature of approxi-
mately 25oC ancl above (8, 23, 24, 44). Denitrification
does not appear to occur at less than 60 per cenL of rvater

holding capacity. This, however. is cue as much to the effect
of wat.er on aeration as to the moisture requirements of
the bacteria. Erementar nitrogen may be lost frorn aerobic
acid- soils throrloh l.he fnl'1 ovzi nri roanJ-i ons:

RNH' + HNCî ---1.' ROII ì- H^O + N^¿ ¿ ¿ -'z

RNH, + itNO.¿! ¿ ---Z- "z
but the qua.ntity of nitrogen thus lost from the soil
syster;r is not appreciable (44) 

"

Leaching losses account for a rarge portion of the
nitrogen l-ost from ara-bl-e temperature soil-s during the winter
a-nd fall" The tlca ion, compreteÌy sorubre in r^¡ater -and

only weak'ly a.dsorbed to soit constiLuents, is subject to
r:nì r'l =-nÄ ¡amn'l ¡*-n e^ñ^i-^'l!qy¿u qri!¿ ç\.rr|rp-Lere rer.ìovar frort the soil profile whenever
nro¡i nì + -+ ì ^- a-,^^^Å^r/r=\--LyrLc¿Lrurr e:{ceec-s evaporation and transpiration (t,2u 44) 

"

The lrTo, i-onu as ivell as the NHn ion, may be assimi-
lated by he Lerotropìric organisrns and- thus returned. to tjre
organic fra-ction of the soir. This removal of Nor, holvever,

does not constitute a ross from the soil systen but does

result in a reduction in the pool of mineral nitrogen avair-
a l^r'l o J- n f h a ^-r^r.7+ tr1 ^F 1^ : -L .qurç LU LIr.= grOWI'ít Or nl_gnef p_l.antS

Figure (2) i'l lustrates the fate of nitrogen as it is
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transformed from the organic form to NH, and

Lo NO..
1

thence oxidized

2.,2=3 Meas_uremen! of Þtineralization

The preferential utilization of NO. by plants led
early researchers to concrude that a measure of nitrogen
fertilizer requirein-ents could- be obtained. throuq-h measure-
manl- nr I'rrt - N in the soil at various times of the year.tr "3 tt 4¿¿ uttç Ðv¿

The No. - N content of the soil v/as found to be extremelvJ -'----

variab-le and of little value in predicting the quantity
of nit-rogen fertiLízer required" ir{ani rvorkers (39, 43, 44)

m¡ i n I rz i n +he ri-ore humid temn,-rai-a racrì 6¡19 , have conclr:ded¡¿u¡rr¿v Lçrrry=rauç rgyr

that the potential for nitrogen m.ineral-izatio¡ is the o¡r1y

relia-ble nethod of determining nitrogen fert.il-izer requ.ire-
ments" i{cwever, in more arid regions the No, - N content
¡{- caaÀinn 1-'r.g been found to be a reliable ¡reasure of,.-.s been found to be. a reliabl" olu.=rr. or

nitrogen ferl-if.izer reqrrirenents (45, 56, 73, B9) . Cook

qt al. (30) in saskatchewan however, found a strong nega-.

tive correlation between nitrogen niinerarizei during incub-
ation a.nd' response to nitrogen f ertilizers. Even rvhere

the qu-antity of No, - N-in a soil is a good measllre of
fert.iLízer ;:equirer.rents the quantiLy of nitrogen miner-
a1 iraå i-}-rn"^-L +-L^ -:^arf¿eLr Lllruuglt El.re year l-s considered imporl-ant in either

part'ial-ry deternining yiercl or in supprying a portion

of the nilrogen required to conpt¿is the grorvth and. develop-

meni of the crop.

liarnsen and Lindenburgh (43) aclequately express



35

the present concept of predict.ing nitrogen fertiiizer need.s

when they state that. "d-eterminatÍon of the amount of any

form of nitrogen in the soir cannot give a correct estimate
of fertilization requirenents. only a measurement of the
activity and. the rate of minerarization of the nitrogen-
containing organic maLter in the soil, can serve as a

criterion for this purpose. " They also state that:

"development of most annual crops in ternp_
erate climates starts at a time when the
content of mineral nitrogen in the soil
is relatively high, since late spring is
the period of the highest. mj-neral niLrogen
level in soil as a result of the compará-
tively active nineralization in the warm
days of spri-ng rr'ithout ally appreciable
uptake of nitrogen by the vcry young
plants " But this stock of rnineral
nitrogen can never becorne very large.
nuring the preceeding winter ånd eárty
spring the ternperature hTas too lov¡ foi
active disintegration of hunus, and
rainfal_I surpassed evaporation, vrhile
the period between improvement in cl_imatic
conditions and the star,c of plant grorvth
is too short for an accumulation of
appreciable amounts of mineralized nitrogen
Thus only the first part of the devefop_

. ment of the crop can be su.pported by accu.m_
ulated nitrogen, v¡hile as soon as the crop
Cones into the stage of most rapid
groirzth, it starts t_o absorb so rnuch ni_tro_
gen that the absorption surpasses, in
most soils, the production of mineral
nitrogen by the mineralizing action of
microJres. Consequently the stock of
mineÍal. nitrogen, available at the begin_
ning of the vegetation period, is soon
exhausted and the crop for the rest of
its growth depends upon the nitrogen
iiberated by rnicrobes f rom the hurllls. "

Methods of meas*ring the quantity of nitrogen
mineralized have been d.eveloped. The best meLhod is
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through neasurenent of nitrogen uptake and accumualtion in
the field" This method is very expensive and time consum-

ìn^ =n,l -i. .{-l-rnr¡ç^p^ 
"^^¡ *-.i^1..i-ng anG l-s t.l.ererure use<-r r!(qlrrrJ qÐ o otandard for routine

measul:enents (lz¡. The measu.rement of nitrogen made avail-
able to plants in the greenhouse or gror+th chamber is an

approximation to the field method but the root zone is
restricted and the environment a'rtered consi-derabry"

More popular among researchers is the incubation

method whereby soil samples undergo a standardized. proceed_-

ure oi dryingr grind.ing, remoistening, and incubation under

controlled environmenta-1 conditions " rt has the advant.ase

of being inexpensive and. is rea,Cily adapted to routine
procedures. Horvever, incubation provides a measure of
only the potentiar of a soil- to mineralize nitroqen and

values obtained with incubation techniqu.es must .iå adjust.ed

to su-it the prevailing f ierd. cond.itions. The r¡ain disac--
tzanr:aa ¡F +he incubation technique is that the incubation9¡ru ¿¡¡vu!qç¿vIt

conditions are entirely artificial anc the results are in
no way comparable to the rninerarization process under field
conditions (44) . Considerable energy has, therefore, been

expended. in correlating incubation results with response

to nitrogen fertilizer in the fierd" The result has been

tha'i \/er\z 1 i itle infOrmation r:onr:ern i ncr {-t-ra ñ,1ãn+.i +.;çr¡qu vç!J ¿r uLIê InlOfmatl-L-- errç yuqrr Lr Ly Of

nitrogen mineralizecl d-uring the yea.r o:: the time at rvhich

it is raad,e avail-abre refative to a growing cropos neecs

has been obtained" The best that can be hoped for rvith
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these methods is an emp5-rical relationship between response

to nitrogen r'erti'l izer and the quant.ity of nitrogen miner-

alized in a given tlme under controlled. laboratorv conditions.

2 "3 Immobilization

The add-itions of carbonaceous residues to soil is
generally associated. v¡ith a reduction in the lever or in
the rate of rnineral nitrogen accurnulation in a soil. rf the
qua-ntity of nitrogen suppried by the residue is insuffi-

cient Lo ¡:leet the requirernents of the heterotrophic micro-
flora then mineral nitrogen fron the soil is assimilatec
to meet these requirements. rmr-nobírLzation of nitrogen is
therefore the converse of nitrogen mineralization. Even

when a pure protein is adcled. to soil, no-t all of its nitro-
gen is liberat.ed; sonìe always goes into the biosynthesis
of microbial celrs. blhenever nitrogen mineralization

occurso nitrogen imnobilization runs counter to it (B).

a) C:N Ratios of Added Resi..lues

c:N rat.ios have been di-scussed in some cietail under

the section on effect of C:N ratios on nitroqen mineraliza-
tion (page 1l-) . rt is sufficient here to state onry that
the critical c;N ratio above i.vhich nitrogen ir¡¡robil_iza.tion

occurs and beloiv r,,¡hich nitrogen minerarization occurs r i"
believecl to farr betr,r¡een values of 20 to 30 for cereal
resiclu,es containing approxir,rately 40 per cent carbon.

This corresponds to a nitrogen content of from 1.2 per
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cent to 1" B per cent"

The values of the critical C:N ratio depend-s on

the availabirity of the carbon and nitrogen in the added.

residue" A c:N ratio of approximatery 30 in cerea'l straw
amenc'Ì-ments in t.emperate cl-imates generalry results in
nitrogen in¿nobil-iza"tion white a c:N ratio of one or rrv-o

in sucrose plu-s nitrogen amendments to soir will- resul-t in
immobitiza-tion of mineral nitrogen (86) " All-ison and Ì"iurphy

(r2) found that the decomposition of softwood, which is
srowly attacked by microbes, did not require added nitrogen
whereas the decomposition of a more readily attacked hard-
v¡ood species required nitrogen ad.dit.ions. rn the former
case the ra.te at ivhich the soil supplied mineral nitrogen
vzas equivarent to or greater than the rate at rvhich it was

rernoved by the microbial- popuration, but. in the latter case,

the ra-Le at r^rhich mineral nj-trogen was removed. by the
heteroirophs exceeded the rate at v¡hich the soiÌ coulcl

supply it.

A c:N ratio of 50 is considered critica] in tropi-
cal c] inates (70¡ but Greenl-and- and Nye (41) found no

im¡nobilizing effect d.r-re to addition of residues r,vith a c:N
ratio of 70 to tropical soil-s" This may have been due to
a very aciive temite popuration or to the method of incor-
porat.ing the s'¿raw into the soil. This further illustrates
the danger of assigninE a single.val.u.e to the critical
c:N ral-io rather- than setting proba.ble limits for the
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extremes in the C:N ratio. It also is an indication of

the effect. of climate and environm.ent on critic-al C:N

ratios.

b) Form of Nltrogen in the Soil

The preferential utilizat.ion of NH, - N over NO.4J
N by most heterotrophs has been conclusively established.
fT'ho nraforon¡a far \TË - ÀT i- nvnL. 11^'l*' ¡ vaarr'ì+ ^ç¡rrv ylsrersr.Ìc)e l:c)f !\fi4 - r\ IS pfO.DaÐIy a feSUIt Of*the

reduced state of the NFi, ion thus minimizíng the energy4

expend.j-Lu-re in converting it to arnines and thence to

proteins in the organism. A given concentration of NHo

witl result in a more rapid and- exLensive immobilization of

nitrogen than will the saiae NO. concentration (50) .

Imrnobi'l iza.'cion is -""o*J-.r.. i "¡ h)qvvv:!!ì/qr¿ruv v1z a pII change.

Immobilization of NO, - N increases pH v¡hil_e the inmobi-

lization of NHn - N i.¿..""= soil p;i" The imnobilization of

NO. - N is favored by dry conclitiorrs u Hoti,ever, NH{ e,ssim- -
J-!.)

il-ation exceeds that of N0, regardless of the moisture
/ -^ Ireg:]-me t )ui "

The rate, anC tim.e of m.aximum immob íLizaLion,.
' is affecteci by the quantity of nitrogen present. rncreascol.

irn-rr,obil-ization occurs r,vith increa-sed. nitrogen additions,
l]nr.rar¡a-¿ -ì +r¡-r.rêÌì ¡r'lr'li f i ^nS in eXCeSS Of thaf rec¡li feCi fOferv¡rr rrr ç^u=JÐ vr ulluu !uYuIJ

complete decom.position does not influence the rate of

nit.rogen irnrnobilization (SO ¡ "

c) Relationship tsetween Per Cent Decornposition and
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Immobilization

Maximum nitrogen immobilization is reached at
t'

different times depending on the mineral nutrient status of
the soil, substrate availability, and. envj-ronment. Generally,
hov¡ever, the maximum quantity of nitrogen is immobirized

at approximatery 20 per cent decomposition of the residue"
Af l-h i e nni n1- mì ^or= f i - -+ j nn n€ -.i +-^^õu u¡r!Ð yvrrrLr lttrlle¿ d!Lzat*-,. rr!u!-yêll from the soil

organic matt.er starts to exceed. the rate of nitrogen
immobilization anö mineral nitrogen again accumulates 

"

sucrose u.í¿itiorrs produce a maximum in nitrogen irnmobiliza-
tion in about 2 days whereas 24 days incubation is required
for a maximun with addition of straw (ll).

d) Competition of Heterotrophs with Plants ancl Nitrifying
Autotrophs

Yield reductions have been repori*ed. to be greater
with ad,ditions of straw and NHo - N io soil than with
additj-ons of straw ancl No. - N (52¡ . This indicates tha-u

plants 'can ccmpete more rlrror-nry f or irTo, than for r,r-ïin -. N.

Hef.efO.i-ronhs riâïl õênêr: I 'l rr cOmoet.e môrê f :rznr:l-rl rr f av¡¿uLe!vurvyfrÐ L-q]1 ggrlcrd.JJy uvrrryÇuç ¡llv!ç !qvv!apLJ --r-- Ni,{,

.- N than can the nitrifying autotrophs. The act.iviiy of
.{-l¡a nì+viç',.i*^'r-!]^*LrÌe nrErJ-ryrng populat.ron l_s conti:orlecl in part by the

natura] fertility of the soil (26) " Soif s r,vith a high org:anìc

matter content generalry support a more vigorous nitrifying
popuration than a l-ess fertile soir. Ferguson (34) observed

no yeild reduction due to the acdition oi strarv t.o soils
during field trails in Western i{anitoba r,vhereas add.itions of
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strarv to the sane soir in the laboratory reduced the No: - N

content" He postulated that the cooler temperaiures of early
spring favored prants relative to the heterotrophs in Lhe

competition for avairable mineral nitrogen. plant uptake of
nitrogen appears to be enhanced- sornewhat bv reduced soil
temperature . (38, 5B) within a def inite range. Belor,v approx-

imately 60o¡' increased Lemperature increases the upt.ake of
nitrogen.'

e) Environmental Effects

Ternperatu.re ancl moisture are the two most importanL

environmentar variables deterrnining the quantity and raLe

of nitrogen irnmobirization" very l-ittre clecomposition

ârìrrê.ârq ln ^cnììr aJ. .|-cnrnor¿-ruÏ.eS belOV¡ 7OC ( 84) bUt SIOrVqu Ls¡Ltyçr

decomposition at 10 or 2oC has been reported (36, 71) ..
fTha ctrrf irr,rrrn {-omnararrrro âññ^ a?ô ].n }-^ i ^ +L ^ *^^^^L.;-Lrre v.LJL-L.!.LrL.Lr.r. L-^!.r-e! uyyc"1rÞ LU rJc rn the mesophitic

râñÃ^ h,,t- ì-.-robilization continues at a decreasing râ*uêrrtuLtvu¡LL¿taL¿vt¿ uvl¿uflLLtgÞ o.L ó-

inLo the thermophilic range and ceases between 600 and 70oc

(15, 42, 84) .

optimurn moisture corl-L-ent is in the resion of field.
.capaci-"y (84) . Àt the rvilting poini immobilization prac--
'l-i aal I rr ^ôãcâs and excess moisture inhibits immobil izat-ion
hV ferjtrr-i-nrr J-1-'o ^--\7d^ñ c,,^¡11¡ .l-n I j-ra 

^r,v! rsuL¿\-r.L19 Llie (Ja)/!] ef I s; ttpyrv uv urtü urr $âIIISITIS ,

Decreasing soil- pt-I results in decreased inimobilizatic,¡,

by either favoring fu.ngaL. and inhj.bit,j.ng ba.cterial- prol,ifer
rfi nn ^¡ ì-r" ¡^Ä,'^i -æ +L,^ -L^^-L r /.1.ì \ n'du-Lurr., u| uy reducing the phosphorus supply (BB)" phosphorus is
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necessary to'microbial metabof,ism in.that it functions as

an energy storage and transport agent. winsor and pollard (Bg)

found a correlation of 0.89 betv¿een acetic acid extractal¡le
phosphorous anC immobilization at a probability level of O.ggg.

The mineral nutrient status of a soil is important
in controlring immobil-ization. curtivated soils with a

low c:N ratio have been reported to immobil_ize more nitrogen
than virgin soils with a high C:N ratio (BS). This was

attributed to the increased mineral nutrient content in
the cultivated soi'l- which enhanced the microbial poputation.

f ) gua-nt.ity of Nitrogen Immobilized

Alexander (4) reports that the complete decomposition
of l-00 units of prant residue consisting of approximately
40 per cent carbon by bacteria, fungi, and. actinomycetes

would requ-ire 0"4 1"8, L"z L.6, and L.2 2.4 units of
nitrogen, respectivery, which wouid be equjvalent to B - 16,

24 - 36 t and 24 48 pounds of ni-trogen per ton of strarv.
Bartholom-ew (14) reporl-s that the cl-ecomposition of one ton
of re,sidue \'/oü]d- require 24 34 pounds of nitrogen of which
12 to 17 pounds iiay be supplied by the residue. Therefore,
.f-}ra l--i 1.., ¡f -.i r-^^^- ..i -ï.ne quant]ty ur rrrurogen r_n the resid.ue and the dominant
organisns in the soil influence the quantity of nitrogen
in¡nobilized. Ferguson (34) and l-ergllson and Gor by (3s)

reportec that acciitions of strar,v to ,\4anitoba soils resulted
in no significant yield reduction indicating th¿¡ the quantity

^'ç - 'i +--^-^- j r,rnobilized rvas either small or that it rvas raoi d I vv! ¡lI L!uyClI lllúltulr!IIáCLa WAJ ç-L Lttg! ÞlLlAII \JI LlIÕL I L !'vqÐ rqlrrv.r_X
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remineralized. Pinck et al_. (6r1 ca-lculated from greenhouse

data that an extra 16 to 18 pounds of nitrogen per ton of

strar,v added rvas required in ord.er to produce a wheat yield

equivalent to that of soil to v¡hich no straw had been added.

2"4 Effect of Plants on Mineralization and- rmmobitization

of Nitrog_en

2"4.r1_ _Effect oI Pl,gnls on I'[ic.roof.ganisms

A growing crop affects soil structu.re, aeraLion,

and nutrient status. Florvever, the m.ajor effect of a crop fg
on the microbial population of the rhizosphere soil" The

rhizosphere inay be divided into an inner ancl an outer regiolr

The inner region is at the very root surÍace and supports

a larger and rnore active microbial popuration than does

the outer region which embraces'the immediately adjacent.

soil (7).

a) Effect on Microbial_ Numbers

Microorganisms are more numerous in the rhizosphere
than in the soil- boC-y as a l+hole (f6, 28, 51, 69, 74, 7j).
The increase in fungal ancl actinomycete numbers is not es

grea.t as thaL of bacteria (44, 70) " The increase in ¡nicro-
biat numbers is evident throughout alr stages of plant

developnent (28, 51, 77) but. is accentuatecl as the plants

âgê, and reaches a naxirrrum when the plants reach an appreci-
able size, reach the limit of vegetative growth¡ or have

bloomed and siarted to CegeneraLe (Sf¡ 
"
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The abundance of microbial cells is influe'ced bv

the type of plant, its stage of grovrth, and its vigor"
cereal s produce ihe smarfest increase in microbial cel_I

numbers whereas rapeseed and legurnes produce much larger
ancreases (28, 51, 77) " The greatest increase in micro-
bial numbers, by any given plant, occurs during rapid
vegetative growih and the effect disappea-rs upon death

^F .r-L^ *; ^*-()r trne pr-anr" rt is therefore believed to be associated
ivith normal gror,vth (77) .

b) Qualitative Effect of prants on Microorsanisrns

The rel_ative proportion of the variorr_s ¡njç¡obes

is often different in the rhizosphere than in the soil
body. This indicates sone selective action of the rr.]'zo-
Snhpro - aìr n^rô nra^'i o^'ì " rhi qncnlrara ¡nnÄì +.i n--

to f avo:: some organisms over others. Hereín v¡ill be

discussed the effect of plants on Azo!.obacter, ammonifying

and nrôJ.onlrz';jç barìteri ¡ - ni.|-r.i fiarq - Äa-ì+rj.Ê.i^--q¡¡s yr u ucLjJ.J Lru vqç uç! ra , !-_ , svrrr Lr r! rç! Ð ¡ cfild_

cell-ulose deconposing bacteria

Azotobacter: There is fitt.re indication thaL there
is a stim.ulatory effect of prant roots on these nitrogen
f ixing bacteri a (28 , 5f , 77) " Sone reports in,licate increased
numbers of these bacteria in the root zones of some prants.
Russían wo:kers cl-aim that increased ce.real- yierds have

resul-ted fron inoculation of the seed. with 4zotobacter
but these findings are the exception rather than the rule "
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rt is often argued that sloughed off root material supplies
the 'l arcre aflrân f-i ¡rz nf ênôr^\7 F^^:1i -^Ä È.e¡¡s rq!yç yua¡¡u!LJ v! ç¡r=rgy required by these organisms"

Experimental observations, however,. have not verifie,d. this
claim (51, 77).

AnlmoqiÍyilg,_ .?_nd_protegtytic Bac-te-ri-g : The numbers
nf +l^^-^ur tllese org'al-ll-sms are rncreased as much as several hund-recì

times by plant roots (7, 51184). Most of the organisnis
associated with ptant roots belong to species active in
decomposition of fresh organic rnatter (51) 

"

Ni.Lrifiers: prants are reported to accer-erate

nitrification duri_ng the early stages (51) of growth and

depress it during the latter stages (51, 77) " This mav be

a result of stirnulated activity and increasecl numbers of
these organisras due to plant root e><cretions (Sf ¡ "

Denitrifiers: Denitrifiers have been observed in
large numbers in the root zones of ptants by many investi-
gators (44) , but there is stirl no evidence that denitrifi-
cation is increased as a resulr of prant grorvth.

cel-lu.lo9e....Decor.posere: cerrurose decornposers are
present in the root zones of a large number of plants (7,
28' 51, 77) . Large nu.rnbers of these organisms have been

reportecr on r'¡heat roots d.uring thg early stages of develop-
ment fol lol';,-c by a decline during the most rapid portion
of the vegetative phase. À second increase t; ilr"i, numbers
a'ì^^rrr Ärrrì-^ lvççur L¡.1¿rrrrg the latter stages of groivth (51) . rt has been

concl-uded. tha-t they 't*ake part in cecorrrposition of slouqhecl
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off root fragments and that the products of this process are
raanì-oÄ rìñ^h 1-.¡z n.l-l-rav ¡^j'l i --^ | È1uyv¡r uJ v Lrrcr Þ\Jr r- organi SmS ( 51 , 7 7 ) "

¡l T!'pes of Root Exudate

The most consistent finding in examination of

nutriticnar requirements of rhi zosphere microbes is their
need for amj-no acids (7, 28, 51, 67, 74, 77) " This has

led to the suggestion (71¡ that leakage of amino-acids,

but not of grorvth substances, from plant roots occurs

\/iJ-aminq rêõrlirarl hrz rh'iznenl-'oro ^yñ=h.ic-o =y^ l-^'li^-¡ed tO'eu !J !rr¿¿vÐyrtç!s urgalrJJltrÞ dj.e JJe-Ll-e\

be obta.ined fron planL residues, frorn root excretion, or
frorn excretions of associated organisms. various bacteria
recovered from the rhizosphere secrete extracellular vitamins
and am.ino a.cid.s (71¡ " Rovira (G7) isolated actual. secretions
of amino a-cids from sand in which voÌ1ncr n¡r ^1--r^.--rr vr¿r4v¡r J vu¡¡y ()at pIantrS V¡ef e 

.

growing" He noted that as the plants aged root secretj-ons

becone less important and sroughec off cel-lul-ar material-

increased in quantity" This suggest.s that. a qrralitative
¡-hanco 'i n J-l¡o m'i ¡rnl¡i ¡l ñ^nìr'1 -+.i n^ '-^r'vfrGr¡yç lrr Lrle r..¿ r.-puracron may also be assoiciat.ed

with the change in substrat.e materiar as the plants age "

d) EnvirrorrïLental F actcre

EnvironnenLar conditions infl-uence the maqnituc:-e

of the rhizosphere effect (sr¡. Bacteria are most numerou_s

in the rhizosphere of ptants grovring in neutral to srightly
acid soi-] . Actinoriycetes are unaffected by pH and fungi
preva-il at extremes in pH. soil luexture has an effect on



47

the ratio of bacteria in the rhizosphere to those in the

soil as a whole (n:S). The R:S ratios are in .uhe followino

order z

loam

Drier soil conditions prod.uce an enhanced rhizo-

phere effect rela'tive to v¡et conditions (28, 5f ) . Large

numbers of bact.eria have been found. in the rhizosphere of

plants gro\¡rn on steamed- soil even though the bacterial

numbers were near zero in the rest of the soil (5f) " This

is probably due to the enhanced grorvth of bacieria in the

rhizosphere rel-ative to the soil as a whole.

2, 4. 2.. *_Ef f.ects of_MicroorgsJrisms

a) Nutrient Supply

The bacteria of the rhizosphere are physiologi-

cally more aciive than those in other portions of the

soil (68, 69,74,75). Arnmonifica-uion is markedly stimulateci

by the preseltce of plant roots " The amrnonifying poput a-

tion may be several hunC,re.l -uinr-es as great in the rhizo-

sphere as in i-he soil ba-dy as a whol-e. rnvestigations with

N15 have revealed thai although the,net quantity of nitrogen

mine::a.lj-zed in cropped. soils is often hal-f that of fallor,r,

the absolute quantity of nitrogen mineralized is gireate::

in croppec i-ha.n in fallov¡ soifs (t6) . The reduction in

net nitrogen mineralization is a result of markedly increased.

nitrogen irnmobilization in the root zone (16) .
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Goring and Clark (40) reported increased net

mineralizaiion of nitrogen in cropped soils over fallow
soils during the early stages oi plant developnent, but
reduced net nitrogen mineral-ization as the crop m.atured.

simil-ar effects have been reported in several reviews
(7,28,5f, 77)"

Nitrification is arso stimulated by growth of prants
(l+¡ " The effect may be due to increased activitv of the
nitrifying bacteria or to increased numbers (51 , 69, '16,

77) . The increased. nitrificationo however, results in
increased ì\ro. being mad.e avair-able to the groiving plantJ

for at least r¡art of the cryro$il_ng season, The stimulaiion
of immobirizing bacteria often resul-ts in a failure of
this mineral nitrogen to be utir-ized by higher plants.
mL.^ ^t--^ ^Ê'i'rìe srage or plant development appears to partially
reclì'ìlafp J-hc maoni J-rrrla nf the nitrification-immobilization¡rrqY¡¡r uuuç v! urlç f f I LIIIruct

effect

Im_mobilization is definitely increased by the

grwoih of a crop (7, 16, 28, 39, 51, 77) " This increase
in nitrogen i¡¿¡nobilization is believed due to slouqhed

off cell-ulai: rnaterial-. As the plants age the c:N ra.ti<> of
the slougired off material increases and the quantitv of
nitrogen i:un'.obil-ized therefore increases. rncre.ised

nitrification duríng the early stages of groivth results in
â drô¡J-ar '^^urnulation of nrineral nitrooo. in arnnnalìJ¿v¿çv! (¿vvurriurquru¡¡ u! rL:!r.rËrc¡_r_ r.r.r uru9cri rIr Çr()p!uec

soil relative to fal-loiv soil early in the season" Nitrogen
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immobilization increases with increasing age of the plant
and surpasses nitrification resulting in a reduced net
production of minerar nitrogen in cropped soils relative
to fallo'r- soil

The large number oi bacteria in the rhizosphere

capable of reclucing NO- - N to NO^ - N and r\T - r.r,rrr¡l ed- withJ -.- 3 ¿ 
*"'" ," 

2, 
vvuyll

the generally reduced oxygen supply resulting from the

growth of a crop, has l-ed to the hypothesis that denitri-
çi^-+i^^ *--' t^^ ^ -.i^-.:€.i^rlcat:ron Íìâ! u= q Ðryrrrrrr-âflt factor in accounting for the
ro¡lrr¡aÀ na.f- !.: !-- ^5 - 

j nêr¡l n.i ir^ñêÌ.1 ff,ade aVaiIable¡çuuuçlr rrçU LlL¿d,IILfLy (JI lrt_Lrrv!c!¿ rr¿u!vyç

during the grorving sea.son in cropped. rerative to fallolv

soil. The large nurnber of denitifiers in the rhizosphere

indica-tes on-]-y a potential for the reduction of l-arge
arrr-!.: !.: ^^ ^cyuqrrur LruÞ Lr! I\'iO- to N^ should the nececqâr\z nnn¿î i I i .

J Z 
L)L1JLL LIle fl€C€o Ð G!J uurrLlr urOllS

arise. (77) " There may be slight clenitrification in local

areas of oxygen d-eficiency but it is, at present, not

considered quantitatively significant in cropped. soils;

the poLential-, ho'r,'ever,, for rapid anC extensive losses of

mineral nitroEen in this manner definitely exists.

The najor effect-of ptant developrnent on nutrient
supply is the increasecl ammonification and ir¡mobilization

of nitrogen in the root zone resultinq in an increased-

nitrogen supply to the plants ,luring the early stages of
plant deverop.;ellt and a reducecl supply cluring the lat'i:er
c{-a¡oc nf -*^\,,/th. Increased f ixation of ai,mosoherì r: g.ìJ!v/yurro ¡¡¡erçGÐçu !¿ÀeLJUtl (JI ctLIILUbpllgl_Lc.:

does not often result fro;n Lhe gror.rth of cereals, rt has ,
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however, been reported that significant guantities of w,

become fixed by non-symbd-oiic bacteria deveroping in th"
rhizosphere of non-leguminous p'i ants on organic material
coming from the roots (77) " Starkey (77) reports that
Parker observed the fixation of a greater quaniity of N.

á

"-^¡^- ^ th¡n l-lrz eÄrl'iJ-innc nc ? nnñ nar,^.1 ¡ a€qrrqç! graùÞ Ltrqrr py GuurL-_L\)IIS (J_._ J, UUU p(JUJi(]!j Of SUgaf

per a.cre, This indicates Lhat the increased- root materials
under grass inay possib]-y result in sufficient stimulation
of non-syrnbiotic ni-urogen-fixing bacteria to caúse

significant fixation of atmospheric N.,
¿
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Chapter III

Experiment I Field Experiment

The purpose of this experirnent was to determine the

quantity of nitrogen mineralizecl during the growing

season in both fallorv and seeded soir. The effect of crop

gro\,vth on nitrogen mineralizati on was an important aspect

of this investigation as was the effect of minerarizecl
.;nitrogen on yield and plant development" This experirnent

was also designed to de'cermine the raLe at whicli nitrogen

is mad.e avaitable to the growing drop through nineralization.

3 " l- l-fethods and I'laterials

This investigation rvas cond-uc,¿ed on two plots on

each of tv¡o soil types. One plot on each soil type was

located. on a- previously fallorr,ecl- field while the other v¡as

located on a previousry cropped field. rn order to reduce

variations between soir charac-Leristics in the prots on

the sanì.e soil type, adjacent stubbte and fallorv fields

were selected "

a) Soils

l-" l,iorden clav loarn

Legal description: N"E. 5-3-4-VJ

Soii Survey Ì'Iap Area: South Central

Parent rrlaterial: Grey-drab alluvial clay

deposited. as overwash or outwash plain

Drai naoe: Gooi
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Topography: FIat and Smooth

Ìz¡æar--¿.: ^n lnaJ-ir¡o\ : rla:l I nrai ri ovç9sLctL-L(J¡¡ \¡rqurvç/. r!*¿À+ç J-faSSeS

and herbs

Soils Report I{o. 4 (32)

2" Alm.asippi Loamy sand

Legal location z 22-B-7-W

Soil Survey Map Area: Carberry

Parent Material: Sandy delta.ic deposits
Dr¡i nâõê. Tmnarfanj-. r¡Lr}/u! rçç L

Topography: Level

Vegetation (native) : Tall prairie srasses

and- sedges

Soil Report. No. 7 (31)

some cha-racteristics of the soils are summarized.

ll'ì 'l'âr\lê I

b) Experimental Design:

The field. experiment consisted of two treatments:
a) seeded (to iyanitou v¡heat) no fertiLizer.

b) f allorv

which were repricated four times on each of -'he four p1ots.

Each repricate of each treatment was 30 feet by r1 "5 feet
f Ìrrrq ¡l'l nr,¡i n^ for 1- an <:mnli¡gg, each On a ciif fefent 3.5

x 15 foot a-rea of plot. wheat was seeded at the rate of one

bushel per acre with a serf-properled six rorv seeder wiih
seven inch rovr spacing built at the Universitv of l,lanitoba,
The Àlr¡=si nn'i strlhl-¡l o nl ¡rJ. h:ä l-raan ¡rannaÀ .r-n n¡*-a +rrls r¡I¡tlGJrl/pr eusvvle yrvu r v¡vyyçJ Lv udL-Þ uhe
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previous year, and. the Morclen stubble plot to barley. The

Almasippi sûninerfalror,v and Ùiorden summerfallorv plots had

been sunmerfal-lov¡ecl the p::evious year.

Sampling:

sanples were taken to the follorving depths:

0 - 5"

6-12"

12 24"

24 36"

36 4 B,'

taken at seeding and every two v¡eeks there-

the final harvest. The da-tes of seeding and

surirnarized bel o¡¡¿;

Soil

(¡mnl oc \,7ÒYã

after until
harvest are

Iviorden sum-mer f al low

I.{orden stubble

Almasippi summerfall ov¡

Almasi.ppí stubble

\ôôd ì ñd

**;r,
l4ay 25/ Al

l4ay 25/ 67

I'{ay 29/67

M¡J-lrri J- rz \

Àì:a 1É. /â'7õqY, LJ/9t _

Aug. 12/67

Aug" 2L/67
F t- 

-/lug. ¿5/o /

Pl-ant material sanples *åt. taken every two weeks.

after seeding until maturity. plant râateriat wal collected

from onej--en fooi ror.v of each replicate at each sampring

d.ai:e except at maturiLy at r,vhich tj-me tv¡o ten foot ror,.Js

tr--vrr¡^r-^.!vç!ç ttq! v=ot=J. '

c) Treat¡.ren-t oÍ Salnples

1) Soi-l- -- The sanples vüçre imnediately brought

into ihe lab v;here they ',r:orê diviCed into two portions "
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One portion was weighed, oven driedr'reweighed, ground to
./^a2 mm", and replicates bulked and stored for NOa - N

determinations. Each d.epth v/as treated ="pu.ru.t.i.y.
Repricates were bulked by first t.horoughry mixing each of
'l-l-ra ¡rnrrnÄ o=-n1^- =-'l +l^^^ J--l-i.^-tne grouno sainpres and therr ucrÃ¿rrg c¿ .tLrcâsl1ted volume of
soil fron èach replicate of each treatment and. burkinq
them together ancl thoroughty mixing them before analysis.

Moistu::e deterrni-nations were made on all- soil
samples as soon as they were brought from the field. Loss

r¡f r^z¡.|.or rr- ^ñ Ärr¡i -^ la- 1A Ì.^,'r- -+ 'l 
^ 

^v.!rr¿¡., lvr o4 hours at 100-C was calculated
as per cent of oven dry weight and was consídered- to repre-

sent the moisture content of the soil at the time of
sainpling "

The second. portion of the sar.iples from the field.

consisteol of a.pproximately 30 to 40 grams of fiel-d mois,c

soil lvhich rvas stored at approximat,ely Aoc in the fietd

nr.oist condition. Determinations of the NH* - N content
were räa,j-e on these samples

2" Plant ì4ateríal- plant-material sa.mples were
}.rn,rn-l.r- +-n r-r.c ärrzjna qhaÄ and CUt intO pieCeS tWO tO thfeeu uv gttç u-!J r¡Iy Ðflçq Gl.tL-t t-LlL- I1.l-LU

inches I ona ¡nr-l n'l :¡ad a)n rì:nêr J-n rlrxt ¡'ìr'l-ra c=-n't ^-lrrvr¡çÐ ¿vrry ar¡u ¡,rqveu vrl ¡-*¡-__ IJle Saf¡,pIeS Wefe

driecl- at 3oo t soc. The drying period lasted. approximacely

tvro v;eeks, af ter r.,'hich time the material was weiqhed anC

ground.. F.epli-ôates v/ere bul-ked on a volurne basis after
^-.i *:.: -^- -*:grr-nor-ngi ano. were sto::ed for totar nitrogen anarysis. At
l'4¡{-ir-r.i i-r¡ {-lro .^'l -^r --L^*-: ^'er¿v yrcrrrL r.rrc{r=r-r.rl- v/as clriec at 300 + 50c. ancl then
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weighed" The sarnples were then threshed and the seed. and,

strarv ccllected separately" The seed. was weighed and strar,v,

weíght wes obtained by subtracting the seedl.reight from the
total. weight of each sample. The seed and strarv replicates
were then buLrked separately" ,

d) Analytical Proced.ures

1. Soil pH -- The pFI of a saturated soil water
paste was measured using a universal pH meter (47) 

"

2" Soil carbotrate content -- The acid neutrali-
zation method as outl_ined by Al1ison (1:1 was used.

3" Soil oI:ganic Ð.at!e{ conten! -- The procedu.re

developed by l{arkley and tslack (Bs¡ was used in which oroanic
matter is o:<i¿izeð. by chroriLic acid.

4. Q-. 5 M. \laiICO, : extrãc+aìrl o rrhncnl-'n'^" -. - eåLrdç LdÐJe pnospno_r:us _ The

soil samples were a-nalysed for extractable phosphorus ,.rsing

0"5 t{. NaHCo2 a.t pH 8.5 according to the procedure describedJ

by Olson¿ €t al-. (60).

The soil sa¡nples r¡/ere

ana'lvs,cd f¡rr o:-',^hânõê=l-rla na.{-¡õÕi,,- ,.^..i .q¡rqrJÐçu !(Jr ç^çr¿qrrvcarJre por.assrun u.sl_ng the f lame photo-

metric method according to the proced.ure d.escriT:ed bv Fratt
(62¡ " No correction for water soluble pota.ssiur,r was ma-d.e.

6 " Nitf a.ts:_nitroggn. determj-n:ilion -- Nitrate determin-
ations on tiie soil sanples were rnade u.sing the colorim.etric
nitrophenol disulfonic acid method as nodi fied t-,w lT:r¡rr LrvyrrErrvJ .,¿l-:iuIl_OnlC ACI_Cl metnod. aS nC .,*.:pef (49) .

5 " Po-tassium deternination
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)

7. Ä¡nngnium nitrogen determination This deter-

mination was made according to the procedure described

by Jackson (48) using' the modified. Nessrer's reagent as

described by Yuen and poltard (OO¡. The NH; - N was

extractecl with 2N KCL, steam distil-ted in the presence of

NaoH into bcric acid solution, treated. with Nlessrer's

reagent' anC determined colorinetrically on a spectronic

20 colo::imeter.

B. .Ni-tri,lg nitrggeJr. deterlriSation -- The modif ied

Griess-rllosway method described by tsremner (22) was used

in which NO; - N was determined on the 2N KCL extract-)

;used for NH, - N determj-nation"

g. iolal nilgocre+ de'gergrinatiot -- The macro-

kjeldahl procedure described by Erenner (20) was used..

The nitorgen in both the soil samples and the plant

material vras converted to am¡noniura form, distilled into

boric acic solution, and titrated with dilute hvclrochl-oric

acid

e) Calculations:

I" Unit-s of concentration (p.p.n. and per cent) to
pounds p_es acre -- This cor.version was mad.e using the follor.¡-
ing clensity factors obtained fron -,he ì'lanitoba Soil Testinq

'Laboratory:

Depth _(inches) Atmasipoi Morden

1a0-6 ¿"2
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6-12

12 24

24 36

36 48

2"2

4"6

¿1 .b

4.6

L"6

3.9

3"9

<u

2" Netj¡.-i.n_erelr.ized li-erog.en -- The net quant.ity
of nitrogen ñineralízed between seed.ing and the various
sampling dates rvas calcu.lated- according to t.he follor,ving:

N"M"N" = lb. NO; - N to 4 feet at the variou.s dates +

lb. N containeC in lfr. plant mat.erial Ib. No^ - N toI :rtsuv¿ Ia¿

4 feet in the soil at seedinq
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TABLE

CHARÀCTERISTTCS SOILS USED

r

OF

Morden Summerfallow
Morden Clay Loam

I tôñf h

(inches )

% CaCO.
$qul-\¡ "

P
ppm.

ñTJ.Y¡¡ K O"¡4"
ppm. z

I\
z

0

6

T2

24

36

o

L2

24

36

4B

t"¿

11

7 "B

7 "B

A a')

¿+()
¿"¿

l_. 0

ln

l_. 0

1a

l 4\J_.+)
\

7 0ì

L6.2

17 "2

3r"0

4.32

u.¿o

O.IB

0.11

0.08

0.06

Morden Stubble
l¡InrÄ^* 

^'ì --- TJ.\',lurqeII LJdV !oaln

Depth
I i nr.hoq ì
\-+¡v¡¡vv/

? CaCo.
-uqurv.

.Yrr P
ppÍì"

K
ppm"

o"M.
z

L\

z

0

6

t2

2¿,

)-Jb

6

1a

¿4

4B

6.8

7 "7

7 "8

32l-

LY¿
1.6

^-7

^1

1/1

1.8)
I

e"e)

L2"0

1r" 9

??

0"29

u"zz

0"13

0"06

0.06
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Tabl-e I continued

Almas ippi Sun¡rerf alIorv
Almasippi Loatìy Sand

Depth
li n¡-,haql

?CaCO.
-E;qur-v "

pH r
ppm"

.r\

ppm. z
N
z

0

I2

24

36

6

L2

24

lh

4B

7"7

7 "6
1A

lr.u

Qrì

0,6

0"s)
)

r.0)
A'

7 "B

L"2

0"4

1.6

ôq

0"2

U"J

0"1_

0"08

0.05

0.03

n n?

0"02

59

42

Almasippi Siubble
Almasippi Loaä,y Sand

ñan i-l-r

/ i - ^r- ^ ^ \\ ¿rtutlçÐ,r
I CaCO.
¡.;qurv.

ñ!Í
ì-,! P

ppä.
K
ñññ
l/¡/¡1..

o.Ii"
9o

N
z

0

6

L2

Z4r

36

6

L2

24

35

4B

7 "4

7"7

7 "7

8"0

0.9

u"5j
)

r"2)

8.0

9"6

64

49

¿"5

1.0

0.7

U"J

0.1

0"1

U.Uf,

n n?

0"03

n n,
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-3. ? RESgLTS AND DTSCUSSTOi{

3., 2.. l. . Q.u_a.+tities_of Ammonium , Nitrate and Nitrite-
Nitrogien in the Four plots

No nitrite-nitrogen waÈ detected in either the
Almasippi or the Morden soil- (rable If f ) "

The absence of NO2 - N in these soils is to be

expected since the pH values were near neutral, (Table r)
r.r¡J-ar'l n^^i -^ ,-,-^ -^r ^--.: -1 ^ -- rr¡ro.L-c!ruggrirg was not evident, and. no nitrogen fert.il_izer
was added to these soi'ls.

The ammonium--nitrogen content of both soils was

very lor,v (Table III ) " On occasion -the variation was as

great âS¡ or greate:: than, the a.verage quantity of ammonium-

nr-trogen detected (Table IV)" Harrnsen (4¿,) argues thai_

the consistently sraalt quantities of ammonium-nitroqen

found in gra.ssla-nd may be an artifact of the method used

to cletermine it. This may have been the source of the
ammoniurn-nitrogen cletected in this experiment.

The quantiiy of nitrate-nitrogen in these soils r,vas

considerably greater than the ammonium-nitrogen contents
(rable IfI ), In pounds per acre these values are;
Table II Poqnds Nitrate-Nitrogen per Àcre

0 - 24 ins.
lviorcien sl-liu:rel:f al 'l orv

Iviorden stubble

Al-mas ippi sur¡nerf al loiv

Almasippi- stubble

+l1- ' 
^-.-lrt

+33:- l*'
I

¿ / I?r

+9 : 1*
confidence limits

1AA

66

13

t
t
T
,

t
*-for 95 per cent
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According to limits used by the tfaniLoba Soil-

TestinE Laboratory, a nitrate-nitrogen content of ress than

13 pounds per acre in the top tr¡o feet would be considerec

very low. A medium value rvould be between 26 and 38

pounds of nitrate per acre in the top two feet. Amounts

of NC; - N in excess of 60 pounds per acre would be con-J
qì Ä¡r4.4 rzêr\t l-'i al, 

^¡nnrÄ.i -- .t-^ +l-^^^ '¡¿¿y¡¡ o nvçv! lrrrrv LU LllEÐe limits the

Almasippi stubble plot. contained a very 1oi,v quantity,

the lÍorden stubble and the r\lmasippi sumrnerfallorv plots

contained medium quantitj-es, and the t,iorden sununerf allov,,

plot a vel:y high quantity of nitrate-nit.rogen"

Nitrate-nitrogen is the dominant form of mineral

-'i {-*^-^'^': .^ *rsf acrrì rrrl fllral lrz'ir-,nr¡r.|-:n.l- qni -ì c ( avacrlrtl'Qgen ln |.¡-uÞL c¿grruLlrLLlrq¿rJ !r'.Lyv! Lqrru rvr!o ¡=avept.

paddy soils) (44) " Results reported herein are therefore
in accordance with those in the' lit.erature.

3. 2 " 2 YrELp êNp NITRC_GEN UPTAKE

1" V_i.e]g: Dry mat.ter yielcl curves were sigmoidal
in form (fig. 3), becaroe logarithinic about. two weeks after
seed-j-ng (June B), 'l inear by July 6r and reached a maximum

at ten r'¡eeks and then decrined during the period betiveen

ten rveeks and harvest.

The l4orden sumrirerfall-ov¡ plot produced the greatest
Ärrz nr=i4-a-r \¡ield and the A.lmasinni .t-ii¡hlrle olo.|. the l^---q¡¡u uf lç ðI¡trqÐryyr 'i uUJJIrru I/!vu u¡¡u rdCt:i L"

simirar anc. ir.termediate yiercls \./ere obtainec on the

Irlorden Siubble and Almasippi Surrrlerf al_lorv plots.
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All yield curves \,,/ere snooth with no rapid fluc_
tuations. The curves for the various ptots started to
diverge during the logarithrnic phase and retained their
relative orcers until maturity. potential maximum vierd.

I"= 
probabry determined during an early stage of develop-

mênÈ

same

I AUIC

The relative

as the relative

V Tot.al Dr

PLOT

Morden Sumnerfallo."v

I4orden Stubble

Almasippi Summerf a] low

Almasippi Stubble

seed yields on various plois were the
r¡axirnrrm Ël rr¡ m:.i-l-êr \7io'lÄc"¡rrqu9ç! J !çIUÞ .

It{atter Yie_lds and. Seed yields

},ÍÃX" DRY Y-iATTER YIELD
(LB 

" /Àc" )

6 r273

3,378

3,944

¿,uoo

SEED YIELD
(BU " /AC" )

40

¿J

27

16

2" Nit-rogen u_p!!Lkg: The ni'trogen uptake curves (fig"
4) were probably sigmoidal b'.rt sarLpti¡g ç¿s not sufficiently
ç*^^'-'^*! *^ ^11^-- J^!- -.r I -rrequenr tro allor,¡ det.ection of the rogarithmic phase " The

curves becaine linear afte:: tv¡o r.;eeks and remained_so until
s9

July 20 in the i.lorden sun¡r.erfaltoiv' pJ-ot, uniil Àu,gust 3 for
the Armasippi su.nnerf alloiv and i..torden stubble p1o.ts, and-

untir the finar harves-1. for the Al-masippi stubble plot.
Af ter the above-meniioired- rf ates the curve s reve'l erl of f , and

in tiv'o plots, declined sonewhat by ha.rr¡est. A J-arge po::tion
of 'l-Ì:o n'i l-rn¡on rrJ- j'j i oo.] l-r¡z +Ì.^vr L-L¡.e rr-L L-rugcrr uLrrr¿c(r rJy LIte crop was .assirnilal-ed eairiy

in the sunìlier" This \,,/as expected since cereals are capable
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of assimilating nitrogen early and storing ii for later
use (BZ, 83) "

The crop on the I'iorden su¡nr,rerfarlow proi assimil-
La rLorì {. 1-r a dY¿rqLçu Lr,r greatest quantity of nitrogen while that on the
Alm:ci^^i a#r:l-.Ì. 1^ n'la+- ^^^.:*.: ì -L^rö¿lrraÞryy-L ÐLL:ÐrJre pJ-or assimilated the leasg nitrogen.
rntermediate quantities of nitrogen \dere con.tained. in the
crops on the Àlma-sippi Sum.merfallorv air.d the ì,jorden Stubble
plots.

The nitrogen uptake curves d-iverged earry and by

July 6 a- cefinite rank had developed v¿hich persistec until
maturity. The slopes of the linear portions of the nitrosen
uptake cu:cves (which may be assu¡ned to determine the
pot.entia-1- yierd) hiere cletermined curing the first si;< weeks

a.f te:: seeC-ing "

An ii-*portant feaiure ôf these resurLs is the
sinrilarity er both yield and. 

^it.rogen uptake in the l"iorcien

stubble and the Àlmasippi surrrnerfa.rlol,, plots. These soil-s
dif feyerl r:roa{- I rz i n l-hei r n-.^hâ-¿.t- i ^- /m.u4!J-ç!çu y-,-caLr-y r-rr Llrer-¿ pr-upef rres 1,r'able r)" one ha-d

been cropped for two years previou.s t.o this study and the
other f al lo,;¡ed. for a year " Greater yietcÌs are gene::al-l-y

expecied af'"er: fallor.ving than on previou.sly croppec soil..
The only observed sinilarity in these two soils r,ras the
quantity of nitrate-nitrogen in the top tv¡o feet at seedinq
tir,ie (appro:lina-uely 30 pounds per acre) "

A ¡natheriraticar relationship betiueen the quantity
of nitraLe*nitrogen to two or four feet and vield and
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nitrogen uptake would be meaningress with only four sites.
rntuitively, hoçvever, yierd and nitrogien uptake appear

closery and positively related to the quantity of nitrate-
nitrogen in ihe soir at seeding time. More data are

required to adequately deterinine the correlation between

nitrate-nitrogen and yield. stu.d-ies conducted in tfanitoba
on yielcl response to nit.rocren ferti r; ,'.rJ have ind-icated
that yierd. and nitrogen upta.ke are highly dependent upon

the jnitial nitrate--nitrogen supply Lo two feet (73) 
"

The quantities of nitroEen mineralized at the vario..-rs

dates are reported in Table vr and figures 5, 6 | and. 7.

The val-ues reported represent the net quantity of ni_trogen

minera.lized between seeding and- various sampling d.ates "

Minor quaniities of ni-trogen were mineralized. d-uring the
first six week= .ft"r seeding (?able VI). Large quantities
of nitrogen were rninera'tized in the i,{orden Surn¡nerfal_iow

pJ-ot on the first samplinE clate, bu.t.due to the rarge error
(fable VII), t'hey were probably not. significant.

Three factors contribu--te to the uncertaintv in the
arr¡nl--ì -t-.' aF -.i s*^^^* *.: .^^--.ysu¡¡çruJ v! rritrogen mineralizeCz

a) Uncertainty in the original qr-rantity of
nitrate-nitrogen in the soil.

b) uncertainty in the quantity of nitrate-nitrogen
in the soil at each sarnpling cjate"

Quantities of ryineralized. Nitroqen
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c) uncertainLy in the quantity of nitrogen in the
cro'o 

'

Twenty-four samples fro¡n each prot at each depth
\^/ere taken at seeding time and individual nitrate deter_
minations made on them- Due to the rarge number of saroples,
rrn¡¡ç]- -ì *!--uncerrar-nry in the initial quantity of nitrate-nitrogen
measured was not great (see page 60, Tal:le IV).

Error i-n the quantity of nitrate--nitrogen present
at. the first. sampling date (June B) was calculated (fable
vrrr), (sa;nples were bulkecl- for all- dates except seedÍng
and June B) . Due -uo the tirnited. nurnber of replicates, the
unceri:ainty in this var-ue v¿as quite rarge. rn alr fou.r
plots the variation was greater in the seeded- than in the
farrow portions. This indicates that the crop had an effect
on the nitrate-nitrogen content of the soil in locar areas
d-uring the first two weeks of growth. This effect may

have been on the rnineral-ization-immobilization balance as

well as the reinoval of nitrate froro the soil.
' unce::tainty in the quantity of nitrogen in the crop

was not as great as that in the soil. The quantit.y of
nitrogen in the roots was not determined not rvas a correction
made for it. This resurtec in an u-ncleres,cím.ation of the
quantity of nitrogen n.ine::al-ize,l in the seeded portions of
the plots 

"

The large quantities of nitrogen ¡rineralized berrveen

July 6 and harvest appear to be significant (ra_ble vr and vrr) "
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TABLE VI

QUANTTTIES OF NITR.OGEN I,ÍINEP.ÀLIZED BETTVEEN
SEEDING AND SAMPLTNG DATES

(pounds per acre)

DATE MORDEN a

FS
MORDEN

FS
J\LMTASTPPI A

FS
ÄÏ,MAqTDÐT 1^

ñ
4U

h

June B

June 22

July 6

July 20

Aug. 3

lvlaJ. rrrì {-rr

O¿ JY

023

30 -5

20 L9

õJ ¿ó

ó¿ z4

-7 -2

OB
a-IU

<\ | I

46 32

49 25

A

)

rì

JJ

¿J

0

-2

.+

3

JU

¿o

rìo

10 Il_

27

l_B 22

38 22

1f 1aZL IO

F falfov¡ portions of the plot

S : seeded portions of the pl-ot

a previously fallowed plot

b previously cropped plot
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TABLE VII

DELTA VAIUES FOR 95 PERCENT CON}-TDEN]CE LIMITS
FOR THE QUANTITY OF NITROGEN T.ITNERALTZED

(pounds per acre)

DATE MORDEN a MORDEN b ALMASIPPI a ALMASIPPI b
FSFSFSFS

June B 41 64 25 63 13 2L 6L7

Lower l-imit : Mean value Delia

Upper liinit - llean value + Delta

Delta = Stand.ard Deviation x T(n-1, .975)

. \rî-
T - 3"L82

Eì f : I 'l n'.r nnrf i Ons of f ha nlOtu:lç I

S seeded portions of the plot

a previously fal-lorved plot
Ì-' nrorri nrr c'l rz ^rn^^^Ä n'l nJ-p ¡/!çvrvuùrJ çTLJPPçLI PIut-
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IABLE VITI

POIINDS Ì\JITRATE-}TITROGEN IN THE PLOTS

AT TTiE JUNE B Sè"I\{PLING DATES

AVE. LB" NO;,/AC"
(O 48 incËes)

PLOT DELTA
/Tñ /¡ a \
\JJr5"/áIU"i

Ivlorden Sum.rnerf al low
fallow
seed.ed

Morden Stubbl-e
f a1l-ow
seeded

Almas ippi S urürl.er.r'a I I ow
f a1]-ov;
caa¡la¡l

Àlmasippi Stubble
fallow
seeded

207 + 36*
181 F 60*

59 + 23'n
60 F 4g*

30 + L2'*
36 + 2,0*

13 + 5*
36 T lt-r

+or 36
+ or = 60

+or 23
+or 48

+or L2
+or 20

+or 5
+or 11

-x at 95 per cent confidence l_evel

There was a steady increase in the quantity of nitrogen
mineral-ized after JuIy 6 in both the fall-ow and seed.ed portions
of arl- fou-r plo'ts " A maxinum in .net nit.rogen mineralization
was aitained by August 3 folior',,ect. by a slight decrine in
some of the pl-o'L.s " (rhis dec] ine vias due to a reduction in
the quantity of nitrate-nitrogen j-n the soil at harvest) .

The main flush in nitrogen r¿inerali-zation started
after Jury 6 anc persisted for approximatet y one rnonth to
six weel<s. Ferguson2 reported that d.ur:'-ng a 30 year stucl-y,
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the main flush in nitrogen mineral ization (in fallow soil_)

occured during the middl-e of July" Results reported. herein
are in agreenent wii-h those of Ferguson.

The quantit.ies of nitrogen rninerarized. in the seeded.

nnv*-'i^-- ^ç 'hree of i-ho n|sis v/ere less than in the fallowyv! LlvttÞ uL LIII çe (JI LIIe P

portions (Table VI) " The quantities mineraf ízed in both
portions of the Atmasippi sunmerfallow plot were similar.
considering the quantity of nitrogen in the roo.ts of the

' F^l- -...i '^^--'l -: - ^!..1 ^*çrL)y¡ rr€r rtrrneral-ization v¡as probabl-y greater in the
seeded than in the fa-Llorv portion of the Almasippi summer-

f al-lorv plot 
"

a) Total Organi_c }litrogen Content of the Soil
The quantity of nitrogen r¡rineral_ized. in most

agriculturally irnportant. soir s during one crop year is
generally equivalent to one to three percent of the total-
soi] org.a;ric nitrogen (15, 19) . ff the quantity of nitrogen
mineralized" during the groi,;ing season courcr be predicted.

by the total o::ganic nitrogen contenL of the soil_ at a

given depth it would faciriiate the prediction of nicroqen
fertilization requirei:nents. rn an attenpt. to deterniine ihe

/-DaJ-.a presenied
Conference university

at S aska-ucher,van
of Saskatchewan.

:jol_I .t,'ertl_ 1l_ty
196 B

Factors Affec!}ng_ Jhre e-qanti-uy of i.litrogen lviineralized
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depth at r'¡hich most nitrogen minera'r ization occured, the
quantities of nitrogen mineralized in the various prois
v/ere corr.tpâred with the quantities of organic nitrogen to
6 , 12 , anC 24 j-nches 

"

The maximurn net quantity of nitrogen mineralized in
1-ho f¡llnr.¡ ^crtions of three oìots \^7êrê. equivalent to L"7,, l- "* Lr¡! çç }/.ru LÞ WÇJ_ €

2"0 per cent of the total soil. organic nitrogen in the
top sir inches (Tabte iX )" In Lhe t{orden Stubble p1ot. a

much sntaller per cent of the organic nitrogen vras mineralized.
This was probably c1-ue to greater immobilizaLion resulting
from the greaier quantities of residue left. from the
previous crop"

A sr¡a-l-ler proportion of the organic nitrogen vras.

mineralized in the seeded. than in the fall-or.¡ portions cf
all_ fou.r plots (table ïX) . The quantity of nitrogen
rninera'l ized exceeded one per cenL of the total orc,anic
nitrogen in the top six inches of soil_ in only the Almasippi
sur,l¡ir.e::faller.,¡ plot. rdentical percentages of the totar soil-
organic nÍtrogen v/ere mineralized in the seeded portions
of the trvo l4orden prots but a wid.e dj-screpancy occured.

betr^¡een the ti,vo r\lmasíppi plots.

These data ímply that a strongr positive associa-
tion exists betrueen the quantity of organi c nitrogen in
a falfor,v soii and the net quantity rrrineral_ized- duri-nq the
suñ-rLì€r" The relatively constant value obtained (betv¿een

soils) lvhen the quantity of nitrogen rnineralized is
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TABLE IX

PERCENT OF TOTAL OR.G¡]NIC NTTROGEN T,IINERÀLIZED

Pounds of Nitrogen

0-6 0 12 0-24
ínches i-nches inches

Percent l,fineral i zed-

o-6 0 L2 0-24
inches inches inches

Morden Su-mmerfallow
4,096 6t922 LL.29O fatf6ç 2.0 I.2 0.7

seeded 0"7 0"4 0"2

Morden Stubbte

4,608 8,L92 13,184 fall_ow l_.1 0.6 0.4
seeded. 0.7 0.4 O "2

Almas ippi Sur,rmerf al lov,r

I,760 2tBI6 4,288 fallorv 1.8 1"1 0.7
seeded I"7 1.0 O "7

Almasippí Stubble

2,IL2 3,L68 4,640 f all-oiv I.7 t.l 0. B
seed.ed 1.0 0"7 0"5
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calculated as a per cent of the tota.l nitrogen to 12 and to

24 inches indj-cates thrat nitrogen in the 6-12 and the I2^2[

inch depth.s may have contributed significantly to the total-

quantity of nitrogen mineralized,

The ratios of organic nitrogen in the 6 - 24 inch
depth to that in the 0 - 6 inch depth are: L.7, I.B, L"4

and I"2 in the Morden Sumrnerfallo:..', l"lorden Stubble, A]ma.sippi

sumnierfallo'.", and Alma.sippi stubble plots respectivery.

These values are relatively constant" A constant ratio

of nitrogen in the 6 - 24 inch depth to that j_n the 0 - 6

inch depth rvou-ld result in minera\ízation¡ âs a per cent

of the -toial riitrogen to 24 inches, being a constant
(betrveen soifs) even if all the m.ineraLízation occured- in
the top six inches.

rt is therefore not possibl-a on the basis of t.hese

data to deterr.nine if significan'u quanti-uiies of -uhe nitro-
gen in the 6 - 24 inch clepth were n:Linera-l-izeð."

b) Rela.tionship Between Initial Soit Nitrate-

Nitrogen content and. Quairtity of Niti:ogen l.iinerali zed

In discussing the effect of initial NO;-N in the
J

cni'l 
^ñ 

rria'ì ¡f llar¡rr-^-3 na¡.t-,.1-.1-^À .t-1^-+ Ll^^ ^..^*!.:!-Ðvr! vrr J¿cru-, ! E!yuÞ\-/.r.r yosti,r.lal-ed_ that the quantity

of Nor-t{ in the soil at seed'ing tiüLe r*ay be crosery related.
{-n -i-l-ra ñ,ì=n.i- j ,r-r¡ r.'-F nì í_-rn^-a11 ,¡.i ne::al-i ZeCi 6trri ncr f he .rr:C..¡i nCIr¡ru:vyçr¡ tL.f,r¿çJ_qjrás!l UUIItIV LIIC yJ

seð-son. rt is logical- to assL'.i.ie that since l.Jc--l{ procluc-

3o-au.

Soil Science
a-t^¡ -.L}/!çÐEiruc(J- dL

Moa{-ì na I AÃ
I LJ!

the seventh annual Manit.cba
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TABLE X

TNITIAL NTTRATE-NTTROGEN CONTENTS /{NDNET QUANTITTES OF NITROGEN MINERALIZED
BET!{EEN SEEDING AND HAP.VEST

PLOT TNITTAL NO^-N
ts " /ac
0 - 24 inches

NET QUANTTTY OF N
MINERAITZED BY
HARVEST
f all-ow seed.ed

Morden Sun¡nerfallov¿ LL7 82 24

Morden Stubble 33 49 25

Al-masippi Summerfallow 27 23 26

Alrnasippi Stubble 9 2l_ 16

tion Ís the result of mineraLízation, there should be a

close refationship between the quantity of r.To"-N in the
profile at seeding tirae and the quantíty of ,riaron.,.,
mineralizeC during the grooíirrg season.

Results of this experi-ment do nor support this
Hypothesis (Tab1e X) "

rn the fa110w portions of the pl0ts the q-uantities
of nitrogen minerarized have the same rank as the intial
nitrate-nitrogen contents " wit.h a greater population a

mea-ningful coïrelaLion coefficient coulcl be calculatec.
fde'ti-car quantities of nirrogen wcre minerarized in the
.seeded portions of three plots whêreas their initial
nitrate-nitrogen contents variecl frorn lr-7 to 27 pounds
per acre to tv¡o feet. These clata inciicate that therê mav



tÕ

not have been an associat.ion between the quantity of nitrate*
nitrogen in the 0 - 24 inch d.epth a-' seeding ti¡re and the
quantity of niLrogen mineralized in seeded or fallow soil
during the gro\\ring season.

one may expect only a v¿eak association between the
initial nítrate-nitrogen cont.ent of the soit and_ the
quantity o-f nitrogen mineralized. for several reasons. The

guantity of ni trate-nit.rogen in the profile at seeding time
is the net result of mineral-ization (and iinnrobilization)
Ärrvì -^ .l-1^^L¿urr-rrg rne prevl-ous suruÌìer anc- fa_rI p]u.s the quantities of
nitrate-nitrogen storec frorLr pervious years. A similar
quantity may not be minerar izec-l in fol]olting years. The

quantity of nitrogen mi'er:alized in croppec- soir after
fa-l-l-ou¡ing rnay not be the same as tha-u mine-rarized cluring
the fa-l-low year. Environnenia-l variations and fluctuations
in the mineralization-irnr¡oJ:iLLzation balance from year -to

yeal: ivill- alter the net quantiti es of nitrogea nj-neralized
fro¡n one year to another..

c) Relationship Betv¡een Nitrogen Uptake and

frf 'ì +*^^-.^- lt.i ^^-rr¿ L! vgsr¡ ...-¿rc-f â1iz atíOn

only minor quantities of nitrogen \,./ere mine-i:arize,l
befo::e July 6 in both the seed.eci -ancL farloi', porticns of
al-l fou.r p.ir_rls (tabie VI). Nitrogen uptaJ<e by the
crop start.ec short'l y af ter June B " Ber=ore the rnain f lush
in net nitrogen inineralizaiion starLed, a considerable
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quan'l-ity of nitrogen had been assimi.lated by the crop
(fig. 5, 6, 7, and S). Nitrogen uptake started four to
six weeks prior to the roain flush in mineralizaLion. The

per cent of maximum nitrogen uptake occuring before net
ni-trogen r¡ineral-ization commenced variec from a row of
42"a' per cent in the Armasippi summerfarrow prot to a

high of 64.5 per cent in the lvtord-en summerfallov¡ plot.
Before the main fl-ush in nitrogen mineraLizaiion

started., ât least. 50 per cent of maximurn nitrogen uptake
had occured" The potential for yield and nitrogen uptake
by a ce::eal is determined at en early stage of developmen:
(81, 82, 83). A high dependence of crop yield and nitrogen
uptake on the initial nitrat.e-nitrogen conLent of the soil
v¿ouId therefore resurt from the late start in net ni irogen
mineralization. The potential dry maiter yierd ancl nitrogen
upLake v'zas probably d-etermined prior to ihe rnain f lush .i ¡
ni Èv^-^- *j .^^-^i.: 

-- 
| i ^rrrL¿ogen mrnera'l ization. Mineralized nitrogen was irnporiant

only as a sou-rce of a portion of the nitroge' :reqr-rired. to
cornplete the growth and developinenL of the crop.

substantiar ne'i- nitrogen minerarization occured
during onry a reratively brief period. of time. The main
flushes in nit::og,en mineralization l_asted for a- period of
two to four v¡eeks (Fig" 5, 61 7, and B). This is probably
due to the nr.ineralization-immobilization relations exis.i:.ing
in the soil system. The deveropnent of toxi ns in the soj l
as a"resul-t of microbial activity (21 , 29) or a rnarked.



BO

TABLE XI

NTTROGEN UPTAT(E /.1S A PERCENT
OF PiAXI.UUÌ'4 AT START OF i41r,II{

FLUSH IN I\,:INEP.åII ZAT]CI\J

PLOT DATE AT I^/HICH FLUSTI NITROGEIü UPT/TJ(E
IN I{]]ÑEF.ALIZAT]ON AS A PERCENT OF
STARTED T/LAXT}IUM

Morden Sun"Linerf a1 l-olv

Morden Stubble

Almas ippi Sunne::f al lor¡u-

A lrrlâq'ì ?r-.1'r cìl-rrþþ16

July 6

July 6

JuIy -20

July 6

Ave::age = 54"9

64"5

42"4

52 .0

r-eduction in the supply of soll'r.ble organic matter to the

anrmonifiers due to the rapid nicrobia-l activity (18) may

have curtailec the flush in net nitrogen mineralization.

A combination of the above-rrenti-one,l factors r¡av have

interactecl l-o produce the obserrzed resul_t;

Harrnsen and. VanSchreven (Á,4) in reviev¡ing nitrogàir
mirrera-]-iztion states that 'the rrain flush in nitroqen

mrnera'l j-za-tÍon occurs in the early spring and suppl i-ss a

rlônsì rlcreh1 o pOrtiOn Of the ni trooan re¡;: j recl bv thoevr¿ùrç:çrq!¿s L , rr¿u!vyçrr rçy-_**___ gfoltlng

crop. The results of this invest.igation, anC ',hose of

Ï.ararrcnn [n=aa 73) , are cont.ra_ry to those reviewed. by\ l/'¿ÌJ \

Ha:amsen. -riost of the resea-rch pertaining -L.o nit.rogen
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mineralization has been conducted in the more humid.

.|- enroeraÌ.e rpoi rrns enrl \¡êr\/ l-itt1e infOfmation reoa16ieu¡rl¡/e¿ q uç ! çy !\/r1Ð qttu v erJ .L-Ì L LJ_e I1IIUlt..* *-ng

this process on the prairies is avairabre " The d.if r-erent

climatic conditions in these two regions may have caused

the variation in results. coo]er spring temperatures on

the prairies may result in an ihcreased lag phase in net
nitrogen ririneralization. Further research is required .Lo

clarify this point.

d) Effect of a Growing Vtheat Crop on the euaniity
of Nitrog¡en i'lineralizecl During the Growing Season

During the latter portion of the growing season

srnarrer quantitj-es of nitrogen were r,rineralized in the

seeded than in the fallor,,¡ portions of three plois (fig.

5, 6, and B) . fn the Al_masippi Summerfallorv plot (fig. 7) "

l- ha ñìì^h+'i +i ^q nf ni l- rnnan minefaf iZed in the Seeded po1.-¡¡r u!v:Jçrr lrlrlrE! qrr¿cL¿ ILI LlIg 5eg(-lgcl _

tions were aimost equivalenL on a]l dates (fig " 7) " The

net quan-uities of nitrogen mineral-ized in tire seedecj. por-

tj-ons of the i4ord-en summerfalloiv¿ the Morden stubble,. and-

the Almasippi sur¡¡rerfartow plots were ar-most identical
lrral-rl o \/T ñî\rq-vrç vr,r r.,-gê 1r) " Net niirogen nineralization betleen
seeding and the harvest sampling date was calcurated on

the basis of the quanti-uy of nitroEen in the crop on the
ÀrrnrrqÈ ? c=¡n'l i-na À=fa ñ'rlinrr .l-ho ^arì-gfl betWeen AUgUSt 3ô UU! ¿¡¡Y UIIç i'UI J

and harvest the crop lost nitrogen. rt rvas assumed that
this nitrogen v;as not present in the soil- in the form.of
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nitrate or ammoniun-nitrogen and that using the August 3

valu.e for the quantity of nitrogen in the crop \vas therefore
justified.. Ttven with this met.hod of calculating net nitro-
gen mi-neral-ization at harvest the value oÌ:ta-ined r¡as

considerabJ-y less than that ob'L.ained on Augusi 3 in the
qaallaÄ nnri i .rnq nf j'ha n'ì ni5 .urrç t/¿v

DurinE ihe early stages of prant groivth an increase
in na+- n'i+-rn^-sn mineralization in the seed.ed relative toqLLAqLIVI¿ JII L]]U ÞCC(-ICLT rEJ-d.LIV(

the falloiv port.ions of the plots occured at the l"iord.en

stubbl-e and the Alnasippi stu.bbl-e sites" The crops on

the previously fallor.¿ed sites ha-d no consistent effect
on net r¡ineralization during the early stages of grov:th

(Table VI: fig. 5t 6, 7 and, B) .

The recìuced net onant'i i-v of ni 1- roc+n m.i nor:1 Í 79¡ì-

by hanzest in the seeded rerative to fallor+ed soil is
inportan't in deterärining fertiLizer req.r.irenients in pre-
dicting yiel-d. The sirrtilarity in the quantities of nitro-
gen rnineral-ized in the croppecl port.ions of the plots r¡¡irr
al-so har¡e ir.rplications in soil testing and in determining
fertil-izer regu.:'-renients. on the basis of only one year's
results and only four plots it is not possible to estab_t_ish

1ir¡.its for the probabt e quantities oi nitrogen nineralized
in soi-ì seed,eC- to rr'heat

Reduced- net nitrogen mineral-i-za.tion du.rinq the
growing season in seeced relaiive to fallor,¡ soir has been

reported by several rvorkers (16, 28, 40, 44, 74, 77 , B0) .
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Results reported herein are in accordance with those in

the literature. The reduction in mineral.ization due 'to

a crop has generally been attributed to increased immo-

bil-ization resulting from microbial degradation of sloughed

off root material (16, 40) .

Denitrification nav also be a factor due to red,ucecl

oxygen tension in the root zone (44, 67) " Theron (72¡ has

also postulated that perennial grass roots inhibit nitri-

fication. The l-atter two possibilities probably d.o not

contribute significantly to the observed. reduction in net

nitrogen mineralization (9, 16, 17 , 32) "

The quantity of nitroEen immobilized (cal-curlated as

the quantity of nitrogen mineralized in the fallorr, por-"ions

of the plots minus that in the seeded portions) would be

exnpr:f ed io l're nronorf i nn¡'l J-r-l J-ha nrr':n+i {-rz nf rnnJ-e{vrrq! Lv urlç YuqrIU¿uJ v! !uuL

material in the soil and hence to the crop yield" With

the I'{orden soil, imrnobilization uras 2.42 Limes sreaLer in

the seed.ed portion of the Summerfal.lol ptot than in the
qaarraÄ nnrr-i^n of the Stubble plot while yield lvas L.74

times as great. These values are similar and indicate

that in this soil inmobilization in the seeded portions

of the plots may have been proportional to yielcl. In

the Al-masippi soil the respective ra.tios wer:e 0.60 and 1.69

indicating that no proportionarity existed betrveen yierd

^--r !1^^ r'i r-" ^F *'i +*^-ãt1 im¡noblized" Future investi-qrlu Llie L]L,¡.d-lr L-r LJ lJ¿ rrJ Lr()gt

gations into introgen mineralization und.er fietcl conclitions
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shoulo exanine this aspect of net nitrogen mineral-ization
closely" rf the reduction in net nitrogen mineralization
due to crop grorvth can be shorvn. to be' proportional to
yield, and a proportionarity constant developed., it rvirl
facilitate predictions of fert.ilizer reguirements.

During the first two to four weeks the wheat crop
caused an apparent increase in net nitroEen mineralization
in the iitorden stubble and the Arinsaippi stubble ptots"
Î.l'ra ¡ran lr -Ä h^ r^h+ :f fec'¿ on net ni .l-ra^o- mì -of ¡rç u!u!, rrc¿¡_L L.r.(J d.ppd.r gIÌt eIreci: on ne.t: vyerr .rrrrrslä.]-_

ization on the previously fallorved sites

Àlthough these val'es may not be st.atistica'ì f v

significant, they do exhibit a. cr-efinÍt.e trenc and d_o

v¿a-rrant sone discussion" ¿\n increase in net nitrogen
mineralization during (anc1 resu.lting from) the early
sta-ges of. plant grorvth rvour-cl have ir,rportant ir,r.plications
in the 'i'crogen nu.trition of the crop. Goring and cr-ark
(40) d.etected increased net niì:rogen rnineralízation during
the first fou.r to five rveeks of grovrth"

This effect o-y n" öue Lo:

a) A stimlrlati-on of nitrogen mineral i zing
organis:,'-s i-'rring t.he early s-tages of plant grovith.

b) A red-uction in nitrogen irunobilization
due to the renoval of minerar nit::ogen frora the soii by

the crop:

substantial quantities of carbonaceous resid.ues

had been i:rcorported i nto the soil of the i.iorden Stubble



i...':','í-1Ç
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girowr-ng crop reduces nitrogen immobilization. As plants
matu-re' the c:N ratio of sloughed-off root mat.erial
r-ncreases. Dur-ing the latter stages of plant developnent
nitrogen uptake by a crop is reduced thus reaving the
mineral niirogen vurnerabLe to assimiration by the heter-
otrophic niícrcflora" Nitrogen immobirization therefore
increases a-s ihe plants mature until by harvest ilre net
quantity of nitrogen mineralized in the cropped soir- is
very much less than in fallow soil-"

.J."?"5" Rooling Dep.th and zone of NitroEen I'{ineral-ization
rt v¡a-s fer-t that by comparÍng the soil moisture

contents at t.he various depths in croppecl and_ f alr ov¡ soil
a.n indication of the rooting d-epth and feedinq zone of
the crop cou'ld be obtained. rn the Ar-masippi soir_, horv-

ever, Lhe ::¡.oisture contents of'the seedeil and- fallor,v por-
tions of the-plots -v/ere simila:: to each other throuçih-
out the entire sumlner (see Appendi>:r rables rrr and rv)

thu's making it irnpossible to accurately determine the feeding
zone of the ci:op, Däta and discul-l-ion on ::ooting deptrr
wilf therefore be restricl,ed to the Morden soif"

rn both t'forden prots measureabre moisture rernoval
froin the top six inches occured- within four r,veer<s (Tabre

XII and XIII)" I{ithin six r,veeks (Jrrl-y 5) significant
nr-oisture'renovat had.occured to a depth of trvo feet in both
plots. rn the rlorden stubbre prot., root penetration courd
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noL be definitely proven to exceecl. two feet. rn the Morden

sur,unerfallorv- ploto significant root penetral-ion (moisture

removal) haC occured. to a depth of three feet by July 20

(eight v¡eel<s) and to four feeL by August 3 (ten weeks) .

The restricted root penetraiion in the Morden Stubble

plo-t probably resurted fron a reduced demand for moisture
i- J-].i- ñ]^+ e^l-!..:--^ !^ !L^ .^--^--i^--:r--rrt tnas p,oc relative a: the previously fal-Iov¡ed soil-"

Crop grwoth on the fallorved soil was more profuse and. there-
fore required more moisture than on the Stubble plot.

S{-ri¡¡i-rrra'l no¡rr'l :i:ri +i a- nfOha'nl V rlo nOt aCCOUnt fOf the

restrictec rooting in thi.s plot. because its texture was

the salre as that of the fallor','ed soil ancr during sampling

no structural variations v/ere observed- between the two

plots

These d.ata indicate tha"t for at least the first

four to sj-x weeks the top one to tlvo feet of soil were rnosL

imnn-r-r-=-f i- the nutrition of J-ho .rr-rT^T'ind ^r^h rnl-raaa Ä=+ruur¡u rr¡ ç1rç tluu!rLIUiI uI LlIe 9rUWIlig ÇfOP. l'Ilestj U.ctLd.

apply to only one soil type and one set of enr¡ironmental

conditions. P.oot penetration in different soils and

under different environmenLal condit.ions mav follo',v a

somev¡hat dif¡--erent pattern" l.{otwithstanding these timi-
tations, the t-op one to two feet of soif are probabry very
important in plant nutrition.

Data on the quantities of nitrate-nitrogen aL .uhe

various depths (f ig. 9, 10, 11, L2) al-so support .this

conclusion. rn -uhe fallorv poriions of the plots the first
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major increase in nitrate-nitrogen content occured ín the
top two feet and was generarly follorr,ed by an accumulation
in the third. and fourth foot levels two to four weeks

later" rn the seeded portions of the prots the onry major
nitrate-nitrogen accumul,ation occured. in the top two feet
and no appreciable accu:nualtion occured. in the third and

fourth foot leve1s

TracinE the r,rovem.ent of nitrogen in the profire
withoi-r.t isotopic nitrogen was practicalry inpossibre.
Furthe:: exainination of fig. g, 10, 1r, an,j. rz inclicaies
that the second foot depth is probably not as inportant
as the first in nitrogen minera-'l-ization" rr4ost nitrate-
nitrogen accurni.;l-;-..tion in the fal-loiv portion of the plots
appeers to occu.r in the top foot pri.or to'any buil-d up in
the second foot. I,/hether the build. up in the seconcl foot is
due to leaching or to delayed ¡rineraÌization in that
regilon cannot be established on the basis of d_ata presented
herein. sarnpling error in the top trvo feet may have been

great enough to cause the observecl differences between

the first arrc second foot depths. rt is therefore not
possible to ::each any definite conclusions concerning the
differences in nitrate-nitrogen accumulation in either of
the top Lv;o one foo t C.epths

ft e-ppears that root penetration cid not exceed i2
to 18 inches in the íirst r,ionth of grolvth. This places
special significance on the quantity of rnineral nitrogen
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present in the top foot of soir in determining potential
yield of plant material. The top six to twelve inches

shoul-d therefore receive special emphasis in determining
nitrogen fertilizer requirenents.

Fluctuations in the nitrate-nitrogen content of
the Lop si:< inches of soi-l- may be very rapid. and rel-ativ-
ely large" Determing the quantity of nitrogen mineralized
or im¡robilized in this region becoraes very difficurt with
out a compleie nitrogen balance stu.dy. rt is probable

I

that early nitrogen mineral-ization, and immobilization
rlrra {-n ìnnnrn63;ated residues, ivill be restricted to therçÐruuçÐ ¡ !VI_LJ_ JJg l-l

top six inches of soil in most ara-ble agricultural soils"
Dead. root mat.erial at lower depths wirr also ind.uce niLro-
gen irrrnobi-lization, but to a smaller extent. than in the
upper six to twelve inches. The rhizosphere population
delines with increasing depth (71¡ . -The greater rhizo_
sphere effect wculd therefore be expected in the top six
to twelve inches of soil d.ue to the greater root mass in
this region an.c the greater nicrobial population per unit
of rooi area

FuLure investigations could yielcl much valuable
information concerning nitrogen minerali zation and immob-

íLization rel-ations if the top foot of soit were stu.died

more intensively through increased sanpling frequency,

more intensive sampling of a giverr area to red.uce the
effect oÍ the variation in ninera't nitrogen 1evel in the
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soil-, and Nl5 laberled fertirizers or organic residues
Ãa¡rrv¡!^ - ff\cuurc¿Ee rneasurernents of moisture, nitrate-nitrogen
movernents, and temperature are necessary in order to furlv
evaluate the dynamics of the soir mineral nitrogen content.

3"2"6. Effect of i,{ineratized Nitro n on Yield"
A proper evaluation of the effect of mineralized

nitrogen on yield requires an und,ersl-anding of the factors
nnn*-vai'l .i *^ -,-: ^f ^r --- -r I rcurÌrrorrrng yield and the effect of nitrogen on grain yietd.
and quality" Nitrogen, when supplied in large quantities
to cereals at seeding timeo results in increased numbers

of shoots per unit area of plot (Bz¡ and consequentry
increased dry rnatter yield (s+¡ . rrlost agriculturalists,
hov¡ever' are concerned with increasec seed yierd.

According t.o Thorne (Br) seed yield is deter¡nined
by the quantity of carbohydrate synthesised after ear
emergence" He states that. the niost obvious factor con-
trolling grain yietd is reaf area d-uration (leaf area
J-ntegraied r-rorl ear energence to maturity) . yietd in-
creases d.ue to nitrogen applications are generally related
to increases in reaf area cluration (1.a.d.). Minerar
nutrition controls 1.a.d. through either increased. shoor
numbers per uni t area of ptot or by retarding ihe rate
of decline in leaf a-rea after heading lS1, 82, 83). Reports
indicate that the f orirer ef fect resurts f ron ear'r y nitrogen
applical-ions (54, 82) . Delayed nitrogen applications
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. incfeases I - .a ä lrrz ra.t- =r^i h^ +r^^ '.-!^¿¡¡v¡equer r.d"c.. Ðy f€târ,urrrg Lile 
'are 

of d.ecline in leaf

area'after heacing. several rvorkers have postul_ated that
'l a{-or -i +-^--LoL-sr- rrrLrogen applications or split applications would.

be preferentiar- to ear'ry apprications since they wourd
be expected- to increase grain yield. ancl seed quality rather
than vegetative growth, resu_'l-ting in more efficient
nitrogen utilization (54, 82) " Most work torvarcl this end

has resu-lted in increased protein contenL but not yield,
possibly becaurse the nitrogen \\,,hen apptied rate, was not
incorporated into the plant at the proper time or vzas not
mad-e avail-able until the prants had- starte,c to degenerate

Nitrogen minerarizecl after the niddre of Juty wour d.

therefore, probably not increase ihe total quantity of
dry matter produced. h.oi.,;ever, due to the advanced. stage
of nlant rJevplopmen'c at v¡hich milera.lized nitrogen becomesvv¿vy¡r¡ç¿rv qv ¡cr¿-

available a: the crop, it rnay be of considerabre var_ue j-n

coni:rolling seed_ yield and qualiiy.

Data obtainecr. in this experiment indicate that
nitroEen minerarized dr-rring the growing season v¿as required
to cornplete the g'ro'th-and developriient of the crop on

at least trvo plots ancl probabiy on a thircj.
The quantity of availabrie niirogen in the soil_ at

seed-ing ti-me ipas ress trian tire qu.antit.y of nitrogen
assiniilatecl by the crop in three p1ots. The crop at the
It'iorden su:r;inerfalloi¡ site utilizecl l-ess nitrogen t.han was

originall-y availabie (fable XfV) . The quantiLv of ni-i'rogen
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in the top two feet of soil at the Morden stubbre site was

considered the only init.ially availabre nitrogen in this
plot because root penetration could not be definitely
shown to exceed. two feet. rn the Almasippi soil the roots
were assumed to penetrate to four feet because there was

no evidence to the contrary" Root penetration in the

Morden summerfallow plot definitely reached four feet.
The quantity of nitrogen to four feet was considered

available in the latte.r plots. The quantity of mineralized
nitroge¡ used by the crop was calculated as the difference
':* !L^ -jfv of n'i 1-rnrran aSsimilated hrz .f-ha ñr.ìn andrrr L-Lts 9uar.rL-r Ly (rr ttrLrU9elt ctsSIIitIl_d-teq. Ðy t'ne CfOp ê

the original quantity of nitrogen avaílabr-e to the crop.

The quantities of mineralized nitrogen utilized. by the

crops on three of the plots vrere similar. The crop on

the Morden summerfallow plot did not requi-re any mineral--l/ 4v e ¡¡v L ! eY ur ! ç qttJ ittl-lItr

ized nitrogen" , 0n the' other three pJ-ois the percent, of .the

.ðtal- nj-tr.ogerr supp.lied by ni-neie.f.izat,j-crn increased as the
, fnj,t-ia.l" qua.ntity of avail.abl-e ni.tr.ogen deci:eased, thus .

:jrrdicati-ng an inci-e ased clependence on mirrer arized. nitrogenó
rncreased clependence on mineralized nitroqen had.

an effect on the efficiency of nitrogen use in seed pro-
duction. The pe.rcent of the total above-ground plant
nit^-^o- ¡nn*-ained in the seed incre¡rsed as thè percent¿¿a uv!Ye¡¡ vvt¡ u.

of total- above-ground prant nitrogen supplied by mineral-
ization increased (faL¡le XIV) " This indicates that nitro-
gen mineral-Lzed during the growing season is more iniportant
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TABLE XIV

VALUE OF MINERALTZED NITROGEN

VARTABLE MORDEN MORDEN AIMASTPPI ALMASIPPI
S. F" St. S.F. St"

Available Nitrogen
aL seeding (l'b" /ac.) 145 33* 32 13

Nitrogen Utilized by
the crop (Lb" /ac") 106 51 54 26

Lb. Mineralized
Nitrogen required O IB 22 13

Percent of Tota1
N Supplied by Min'n O 35 41 50

Percent of Total
N Found in Seed 72 77 82 85

Lb" of Nitrogen **
per bu" of wheat ,2"7 2"2 2.0 L.6
Nitrogen Content
of Seed (percent) 3"46 2,47 2.25 2.35
Lb. of Initial N
per bu. of wheat 3.6 L"4 I.2 0.8
Lb. of above-ground
plant material per bu.
of wheat prod.uced. 157 LA7 J.LS I2g

** pounds of nitrogen in above ground portion of plants
per bushel of wheat produced

* assuming that rooting depth did not exceed. two feet
and that the quanti-ty of No. - N utirized from be]ow
this depth was neqliqible.
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in seed production than in production of vegetative parts.
A greater quantity of vegetative material was produced

per busher of wheat as the dependence on mineraliced.
nitrogen decreased. Delayed ,rítrog.r, apprications are con-
sidered. Lo favor seed production relative to production

of vegetative parts (74¡ 
"

Due to the reduced production of vegetative parts
in the minerarization-dependent crops, the quantity of
nitrogen in the above-ground portion of these prant.s

necessary to produce a bushel of wheat was less than in
those less dependent upon mineralization (Table xrv) "

This was arso due, in part, to a lower nitrogen content
in the seed. However, recluced nitrogen content of the seed

was not the complete cause. The nitrogen content of the
seed produced on the Almasippi stubbre plot was slightly
greater than that produced on the Almasippi Summerfallow

plot. However considerabry less nitrogen was contained in
the above-ground portion of the plants per bushel of wheat

produced in the former than in the latter plot.
Yiel-d per pound of initially avairable mineral

nitrogen increased as the dependence on mineralized nitroqen
i -^-^--^r t11 ^r-rlL:reasco 1'r'abie xrv) . Thi-s further supports the hypothesis
that !:-geral¿z-ed nitroqen (due to the advanced. stage of
plant clevelopment at r,vhich it becomes avail_able and the
resultant nitrogen stre,s-s tha,t clevelops pri.or to nitrog- ...
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eh niineralization) is much more

seed production than is the ini
the scil"

^€-Ê.i ^.i ^*r 1 .. -u!!¿v¿çrrLr-¡, .ltilized in

tial- nitrate-niirogen in

3." 3 srrMMêRyjT{p co!ücI,u_sroNS.

A field experiment was conducted in wh:lch the
quantities of nitrogen mineralized in farl_ow and seeded

portions of four prots were measured. The total organic
nitrogen content and the initial nitrate-nitrogen content
of the soil v/ere delermined and. the relationship of these

two variables with the quantity of nitrogen minerarized
examined. Attempts \,,/ere made to determine the r:ooting
depths of the crops and to determine the zone of nitrogen
mineralization. The effect of crop growth on nitrogen
mineralization was studied as was the effect of mineral-
ized nitrogen on seed yield and nitrogen content of seed.

Resurts of this experiment indicate that yield and

nitrogen uptake were cLosely rel-ated to the nitrate-nitro-
gen content of the soil at seeding time

The quantity of nitrogen minerafized during the
growing sea-son was more crosely related to the quantity
of organic nitrogen in the soir than to the nit.rate-nitro-
õân ¡nn.|-nn+- -i. <oo¡lin^ {-j- ? ^*l I ^ ___gËrr (-(rllLerrr âu Ðssuri.rg urrrrê" Between L"7 and 2"0 per cent
of the organic nitrogen in the top six inches was mineral-
ized i-n Lhe fal-low portions of three p1ots. The large
quantity of residue in one plot may have reduced the
quantity of nitrogen mineralized to 0.7 per cenl- of the
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total organic nitrogen in the top six inches of soil in
the fallow portion. In the seeded. portions of the plots
the quantity of nitrogen mineralized was noL as closely
related to the organic nitrogen content, It was con-

cluded that the quantity of nitrogen mineralized in cropped

soil is probably equivalent to no more than one per cent

of the organic nitrogen in the top six inches of soil"
The main flush in net nitrogen mineralization did

not start until the middle of July. potential yield. and

nitrogen uptake were probably determined prior to the main

flush in net nitrogen mineralization.
During the early stages of crop growth a trend

toward. increased mineralization in the seeded relative to
the f allow portions of t.wo plots r{as observed " By maturity
crop growth had reduced the quantity of nitrogen mineral-
ízed' The increased net nitrogen mineralization associa.ted

with the earlv- stácres of croo orowth \^7âsy Ð LqysÞ ur l-.rop growth was attfibuted to

both a stimulatj-on of mineralization by the p3-ant roo.Ls

and to r:emova.l- of minei:al-. nitrogen from the söil re.su.lting

in reduced. potent.iat immobilization. Reduced net nitrogen
mineralization at harvest rvas probabry caused by increased

immobil-ization of nit::ogen resurting from the microbial
degradationofsloughedoffcarbonaceouSrootmateria}

gen

was

f'rom studies of rooting depths and. zones of nitro-

accumulation it r./as conclu',d,ed that the top foot of .soil
critical in d.e1-ermining yield and nitrogen uptake;
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Most nitrogen minerarization occured in the top foot of
soi 1

Mineralized nitrogen was very important in com-

pleting the grorvth and deveropment of the crop and. was

more important in the production of reproductive than
vegetative parts. The importance of mineralized nitroqen
i-n seed production was d.ue to the advanced stage of de-
velopment at which it became avaitable.
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Chapter IV

Experiment II Greenhouse Experiment

Results of the field experiment indicated that
the grorving crop affected the net quant,ity of nitrogen
mineralized.. crop growth reduced net nitrogen mineral_i-
zation during the latter stages of development but tended.

to increase it during the early stages of development.

The effects of the latter stages of plant development on

neL nitorgen mineralization have been relatively well
documented in the l-i-terature (28, 40 , 44 , 57) but tthe eff eet,
a€ +L^ ^^*1--or Ene earry stages of plant. development is noL well under-
stood. Results of the field experiment indicated that the
crop may have reduced. immobilization during the first four
to sj-x weeks by competition for available minerar nitrogen,
Ferguson (3s) found that addition of straw to some Manitoba
sor--Ls dr-d not reduce the yield of the succeeding cr.op. He

postulated that reduced spring temperatures in Manitoba
favored highdr plants rerative to the heterotrophs in the
competition for available mineral nitrogen.

This experiment -was initiated in an at.tempt to check

Ferguson.rs hypothesis and ar-so to determine if a reduced

temperature has a significant effect on the competition
between nitrifiers and heterot.rophs for available ammoniurh-

nitrogen,

4"1 METHODS and MATERIALS
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Soils - The soils were selected from the seeded

portion of the Morden stubbl-e ptot and the fallow portion

of the Almasippi summerfallow plot. These locations were

selected since it was desired to conducL the experiment with

the Morden and Almasippi soils and selection of these loca-

tions reduced variation in NO, - N content between thre two

soils. The soil samples were taken from the top six inches

of the profile and air-dried at 30oC,, ground. with a wooded

rol-ler to pass through a one quarter inch sieve, sèparated

from the undecomposed residues of the previous crop, and

stored in the air dry state until potting"

4.1,1. êbility_of plant_s to compgte for availqble
mineral nitrogen at tl,vo tenÌperatures

Treatm.elts - The treatments, replicated three times,

for each soil weie as follows:

75or. with no straw

added to th9 soil

2" Manitou wheat grown at 75o¡'. with straw adcled

to the soil. (Five gräms of straw per 2000

grarns of soil) "

3. Manitou wheat grov¿n at 6001. with no straw

added to the soil.
4" Manit.ou rvheaL grown at 6ooF" with straw add.ed

to the soil. (Five grams of straw per 2000

grams of soil)
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A completery randomized experimentar design for each

temperature t.reatment was used.

c/N .ralio of strag - The totar nitrogen content of
the straw was d.etermined according to the Kjeldahr method

described in experi.ment one. Total carbon was determined.

according to the method described by Hobbs (46) , The

straw was digested j-n hot concentrated chromic acj-d, the

liberated co? was passed through drying and absorbing

columns, and. collected. in a Nesbitt tube. The air stream

flowing through the apparatus was rendered free of coz by

bubbling it through concentrated NaOH.

The average nitrogen and carbon contents were as

IOI-l_ows:

N 0 "47 percent

C 38"9 percent

resutting in a C/N ratj-o of 82.7.

relting, Seeding, an - Two thousand grams

of soil or two thousand grams of soil and five grams of
chopped straw (one to two ìnch lengths) were placed. in half
gallon pots" The straw was thoroughty mixed throughout the
entire soi-l volume in the treatmenLs receivinq straw"

seedi:rg and nitrogen fertilizing were performed in
the follorving manner i '

a) A 0 -75 inch layer of soil was removed and the new

surface smoothed lvith the bott.om of a beaker.

b) g-i-ght- wheat seeds were placed on the soil- in a
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circle, the diameter oi which was approximately

half the diameter of the plot

Half of the soil was replaced and. smoothed 
": before.

NH/NO- pellets (commercial 33.5-0-0) were distri-+5
buted i:ve'ly over this second surface to provide

B0 milligrams of nitrogen per pot.

The remaining soj-1 was replaced and smoothed. as

before

: i After seeding the pots were watered as follows:
a) The quantity of water necessary to bring the soil-

to the moisture r-ever- observed in the fierd at
seeding time was calcul-ai-ed. values of 19.9 and

29"8 percent moisture on the Armasippi and Morden

plots respectively were rounded off to 20 and 30

prcent

b) The pots were weighed and. the. appropriate quantity
- of water added by weight to bring the soir- to the

desired moisture content. ,

The pots _to be maintained at 600¡'. were placed in
a growth chamber. The temperature was maintained at ootto
F' Those to be maintained. at 75o¡'. were placed. in a green-
house" Temperatures during the day often reached. B0or'. -
85"F. The soil tenperature never exceeded B0o¡.. in the
greenhouse" Both the soir and air temperaLures vrere down

nto 75'F. by morning. Thé minimuni temperature attained in
the greenhouse was 73 7Aop

c)

d)

e)
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Fluorescent light was suppried for 12 hours a day

in the greenhouse and in the growth chamber. The light
was'suppried during the daylight portion of the day and

since the experiment was conducted during the wj_nter, light
from the sun did not have a large effect on the quantity
of radiant energy received by the plants in the greenhouse.

The sun did not appear to affect the photoperiod. Every

two or three days after potting, depending on the needs,

the pots were weighed and brought to the desired mo_j_sture

content.

weeds were removed as they emerged. when germination
\A/as complete (two weeks) the plants were thinned to five
plants per pot and KHrpon ad-ded to supply 50 milligrams
of phosphorus per pot

After two weeks, four weeks, eight weeks, and at
maturity three pots from each treatment were harvested.
The prants were cut off at the soil surface and dried at
30oc. for two weeks, weighedr ground., and total nitrogen
determinations made

soil samples were removed with a r"5 inch diameter
probe. Two cores were removed from each pot and bul-ked,

dried at 10coc. for 24 hours, and ground to trvo mill-imeters.
Nitrate-nitr:ogen was determined on the soil samples

according to the method described in experiment one.

The plants grown at 75o¡'. reached maturity i-n 15

weeks whereas L7 weeks \^zere required at 600¡.
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4"1=? åbility_of nitrifiers to com ete for avai-Iable
an",¡no+il:ry nitl:ogen at two temperatures.

This portion of experiment two was d.esigned to
determine if a reduced temperature influenced the competition
between heterotr'ophs and the autotrophic nitrifiers for
avai labIe ammonium-nitrogen.

The same soil, fertilizer, straw, and. temperature
treatments vüere used in this por¡ion of the experiment as

in part No planLs were gro\,vn. The four sampre dates
(same as in part a) served. as replicates for the statisti-
cal- treatment of the data;

Soil sampling was performed according to the
method outl-ined in part a and. nÍtrate-nitrogl, determi-
nations made in the sa-me manner. Ammonium-nitrogen deter-
minations were not made.



118

4.2 RESULTS and DISCUSSION

A) YIELD

: In most instances the
above ground dry matLer yierd of the prants g-rown at 600r.
r¡tas greater than at 75o¡,.

During the first two weeks dry ma-tter accumuration
at 75o¡'. exceeded that at 600¡,. (Table XV). Straw ammend_

ments to both soirs significantry reduced yields of mature
plant ma-terial at both temperatures, prior to the final
harvest yields of plants gro\,vn on the Morden soil at 75oF.,
ana tne Almasippi soil at both 600r. and. 75o¡.. were rgw
and the dif ferences between treatments were too sma.l 1 to be
significant (tabt_e XVII , fíg. l3)

Straw ammendments to both soils at 75o¡,. appeared.
Éo increase yierd during the first four to eight weeks,
however these increases were not significant.

. At 60o¡'. 'straw ammendments significa-ntly reduced
yield of plants grown in the Mord.en soil during the entire
course of this investigation. rn the Almasippi soir at

-this temperature no significant yield reductions were ob-
served until the eight week sampling date

yierd reductions (of mature plant material) due to
strarv ammendments were significantly g,reater at 60o¡." than
at 75or. in both soils. During the earïier stases of
development there appeared to be a trend toward gre-ter yietd
reducti ons due to straw ammendments at 600r. than at 75o¡,.
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S.e_e3, Yield: Seed. yield. aL 6Oop. was greater than
r'ìat 75-F" seed yields of plants grown in both soil-s !.7ere

reduced to a greater extent by straw ammendments at 60or..

tha-n at 75o¡'. The percent reduction i¡r seed yield d.ue to
straw ammendment.s was greater than the percenL reduction in
total dry matter yield (Tabt_e XVII) "
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b) NITROGEN UPTAKE

I) fotal nitrogen uptake: No definite effect of
temperature on nitrogen uptake occured during the early

stages of grovrth. During the 1atter stages, however,

(eight weeks to maturity) nitrogen uptake was significantry
greater at 75or" than at 600¡'. -(table xrx). Dry matter
yield of mature plant material was significantly greater at
60o¡'. than at 75o¡'.., whereas the quantity of nitrogen

' contained in the mature plant material was greaLer at 75o¡'.

Therefore, temperature probably had. some effect on the

nitrogen metabolism of the plants

The fact Lhat more nitrogen rvas .removed from the

soir by the prants at z5or'. than at 600¡'. (after four weeks)

ind.icates that the higher temperature probably favored. the
plants either d.irectly in the competition for available
mineral- nitrogen or indirectly through j-ncreased mineral-
ization:.:.

By eight weeks a significant reduction in nitroge'
uptake (due to sLraw ammendments) had occured. in the

- plants grown on both soirs at both temperatures. This
raÀ,r^+'i^- ^ersisted until maturity. During the first twoervr¡ I/

weeks strarv ammendments t.ended to increase nitrogen uptake
';- ^]--;- .:* !L^ rÁ^---r--- -^J1 ' --O-¿¡¡ !,rqrrLÞ yrown in the lrl0rden soil at t3 -E'. ano l_n the

Almasippi soil- at both temperatLires. (Table xxr, fig. l4) .

This increase was not significant and did not persist.

straw ammendments significantty reduced. nitrogen uptake by
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the prants grown in the lvlorden soil at 600r. during thg
entire iourse of this experiment.

straw ammend.ments red.uced the absolute quantity of
nitrogen assimilated by plants grown in the Almasippi soiL
!o a significantly greater extent at 600r,. than at 75or. but,
the effect was the same at both temnorar!vu¿r. ec¡rlyçrqull.I€S in the Morden

soi1.

Seed: The ollanJ- i'l-rz nf ni.|-rnna- i- +ta,v! ¡r+ _! ç,¡ê Seed fVaS

greater at 75o¡'. than at 600¡.. in each soil- and wa's reduced.

by the addition of straw to the soil (Table XX and xxrr).

c) Effect of straw on the Nitrate-Nitrogen content
I of Seeded pots

AddiÇion of straw to these soirs resurted. in a

reduction in'the quantity of No" - N present. Durino J-ho

first four weeks the quantity of nitrate-nii:rogen was

genera}ly greater at 750r. than at 600¡'. (Table xxrr) al-
though significant, results were obtai-ned in only four of
eight comparisons. After this'period the nitrate-nitroqen
content of both soirs was very r-ow. Therefore, during the
l-atter stages of devel-opment the rate at which nitrogen
courd be assimirated by the crop was determined. by the rate
at which it \óras supplied by the soir. The generalry higher
minerar nit::ogen content at the higher .temperature woul_d

indicate that ni-trification was probably greater at this
temperature' This concrusion is arso supported by the
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greater nitrogen uptake by the crop at 75or'. It may there-
fore be concluded with reasonable confidence, that in this
investigation the soil supplied a greater quantity of

nitrogen to the crop at the higher temperature, both in
the presence and absence of straw.
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d) Possible Mechanism of yield Reduction

Results presented herein indicate that straw

ammendments reduced yields to a greater exteni at the lower

temperature. However t grêater yields at the lower temp-

erature and greater nitrogen uptake at the higher tempera-

ture indicate that some fact.or other than nitrogen uptake

alone contributed to the greater yierd reductíon at the
lower temperature.

The plants grotvn at the lower temperature appeared

somewhat nitrogen d.eficient after approximately five v¡eeks

of growth, and contained a significantry rower per cent

nitrogen than did the plants grown at 75or'. (rable xxrv).
Nitrogen metabolism appeared more efficient at the lower

temperature in that the plants prod.uced a greaLer yield
with less nitrogen. A unit of nitrogen at 60o¡'. resulted
in the production of more prant materiar than at 75o¡'. A

reduction'of one unit of nitrogen at 60or. would. simil-arly
be expected to resul-t in a greater yield reduction than at
75o¡'. rncreased efficiency of nitrogen utilizal-ion at the
l-ower temperature is therefore probably a factor in the
greater yield reductions clue to strav¡ ammendments at the

l-ower temperature.

Fergusonrs hypothesis does not appea.r to be correct.
I-):#¡ nrôcarrtaçl herein indicate fhaf wì-alfl reductions were¡ru!ç!rr r¡¡uf vseç y reI(-l f tj(lLlUL-L(Jll!;

greater at the lower ternperature and Lhat the plants removed

greater quantities of nitrogen from the soil at the higher
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temperature. Due to the greater nitrogen supply, the

relative ability of ihe plants to compete for nitrogen'may

be greater at the higher temperature" rt must be remembered

that the greater yield red.uctions at 600¡,. were in part
modified. by .the different efficiencies of nitrogen utili-
zation at the two temperatures. 

_

Soil temperai,ure of 600¡'. and 75o¡.. are not likely
attained under field conditions until the surnmeï. The top

few inches of soil may reach 60of. on bright days in spring.

The soil temperatures in this investigation may have been

too high for a pïoper evaluation of the hypot.hesis. Air
temperatures of 60-75oF. are not u.ncommon in rate spring.
Any extens,ion of this investigation should incl_ude a

wider range of ternperatures as welr as different soir and

air temperatures. Future investiga-tions should incrude
__15N-- in order to determine the effect of the growth of higher
prants on nitrogen minerarizat.ion and immobilization at
various temperatures.

The method of straw application and the time of
application may also be important factors. Ferguson mixed.

sfrar,v fhrorrcrhout the soil in the fatl and then seeded and.L].l.C.[r ÞeeLIeu

broadcast. nitrogen the following spring. rn this investi-
gation straw was adcled at the tíme of seeding and may have

prod.uced cui.Lsiderably different resurts had. it been add.ed

several weeks ea.rlier and all_orved to incubate.
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. e) Effect of Temperature on the percent Nitrogen in
Plant Material and its Relation to Nitorgen Nutritíon ând yieId.

ïncreased temperature resulted in an, increased per
cent nit::ogen in the plant materiar (Table xxrv, fig" 15 and

19) - The temperature effect became evident. afLer about

four weeks in the plants growrr in the Morden soil_ and after
about six weeks in the plants gro$m in the Almasippi soil-n
Addition of straw to the soil tendecl to reduce the per cent
nitrogen in the young prants in both soils but had no

effect on the per cent nitrogen in the mature plants. The

soil had very little effect on per cent nitrogen in the
plant material-. since the No, - N content of both soirs
at both temperatures was not ;" excess of two milliqrams
per pot during the l-atter stages of plant developm"rla, it
may be concluded that the mineral nitrogen supply was

probably the. limiting factor during this period. TÞ" above

data indicates that a difference exists in the per cent
nitroqen at which ni t-rooen becomes limitino to ol anf¡¡¿u!vYU¡¡qLv\f¡!v¡r¿¡¡ç!vyç11ÐeComeS]].m]--_..2--

at different temperatures. These data indicate that plants
are probably capabre of-functioning at a lower nitrogen
content per unit of dry matter as the temperature decreases.

Fl-oral initiation, which results in increased apical
dominance and henie suppressed l-eaf developmento i_s derayed

by reduced temperal-ures (37) . Therefore, a reducecl temp-
erature resufts in increasecl carbohyilrate synthesis and

greater clry matter accurnulati-on due to a ronger vegetative
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period. It may be argued that increased dry matter accum-

ulation under the cooler conditions resulted in a greater
dilution of the nitrogen and therefore loler per cent
nitrogen in the plant. This is basically correct but it
rmplies that the greater per cent nit::ogen in the plants grown

at 75or. was a result of luxury consumption. irris would

mean that, had the plants matured more s1owly and accumulated

a greater quantity of carbohydrate, they could have

ftrn¡J- i nnarl nrnnar'l ¡r :.{- +la -¡q¿rvç¿v¡.çv yioperly at that temperature without assimilating
additional nitrogen until the per cent nitrogen in their
tissues reached a leve1 simirar t.o that in the plants grown

ôat 60--F" Hov/ever, during the course of this experiment:

a) Nitrogen uptake by the plants gro\^rn on the
Morden soil was greater than by the prants gro\^/n on the
Almasippi soil at the same temperature.

b) Dry matter yields of plants grown in soil at
^75or. (and ooor'. ) to which no straw had been added exceeded

Lhat in soifs receiving straw at Lhe same temperature.

c) Per cent nitrogen in the plant material (at

maturity) was indepenclent of the quantity of nitrogen
suppried by the soil but increased lvith an increase in
temperature.

since dry matter accumulation was controlled bv the
guantity of nitrogen supplied. by the soir, and the per ceni
h:i-trogen in ihe p-lËr:ri maieÌ'j.e-r, "r,¡r.s i.nclepehrlent, of t,Lae soil- or
st¡'air' t::ea t-.nlenü s buL no'i thc t elrncra t r rr.o -i r. rr,¡ ¡¡ ho¿' vç.,i.lJerquLr!C, :i"t may be
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concl-udeo that a higher per cent.: nitrogen is ,required for
ptant grovrÍ;h at 75oF, than at 60oF"

Fulton and Findlay (3S¡ report the following per
cent nitrogen values in oats at three temperatures:

rqoq 
"

L.4

0,201

0 "373

seed

straw

roots

l_B"c 
"

*J-" f,5

0. t-90

0.519

2loc.
¿ ".t3

0"434

0.664
These data arso ind.icate an increase in the per cent nit.ro_
gen in the plant materiar- as the temperatures increase"
They (3s¡ also reported that nitrogen uptake increased
and yield decreased with increased temperatures. Mack (53)
reported reduced growth at soi-r temperatures of 27oc. re_
lative to r8oc with 15oc optimum. This may have resurted.
from reduced immobirization as welr- as increased efficiency
in ni-trogen metabolism at the lower temperature. Nielsen
e.9 g!" (sa¡ reported increased yields with soil temperature
increases from 4L-67op. but a reducti-on in yield at B0o¡,.
relative to 67op. These findings support the concept of
a temperature effecL on yield as werl as on nitorgen content
per uai.t of dry matt.er" Resufts reported herein are there-
fore in accordance with those in the literature.

Fulton and Findlay (38) agree v¡j th the suggestion
of Ketalrap¡,er that the difference in nutrient content of
plants g'rown at d.ifferent temperatlrres was a resur-t of a

temperature-induced shortage of some essential metabolite
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possibly qicotinic acid, B vitamins t or certain ribosides.
The morphorogy and physiorogy of plants is altered bv

temperature chang'es. ïncreasing temperature reults in
longer, narrower, and thinner ieaves" The respiration rate
of plants increases with-increasing temperature and the
ratio of photosynthesis to respiration is inversely related.
to temperature (37). These factors may control the quan-
tity of mineral nitrogen required for growth as well as the
quanti-ty of carbohydrate procluced. in a given period.

. The implicatioris of the temperature effect on the
nitrogen percentage in a prant to soil fertility must not
be overlooked" vari-ations'in efficiency of nitrogen util-
ization witl occur with environmental changes between years 

"

Temperature, as yet, can not be prec'ricted. This restricts
the use of data on temperature effects on yield ano

nitrogen content of grain to either controlled environment
studies or to regional predict.ions of nitrogen effeiciency
in a growing crop. Differences in averagie long tefm
temperatures between regions of the wheat-producing portion

- of the prairies and even between areas in Manitoba are
probably great enough to produce variations in the quanti.ty
of nitrogbn required per unit of .grain produced in these
regions, Mathematicar rerationships d.everopecl for the
purpose of predicting response to, or need for, nitrogen
fertilizaticn must contain a factor for tem.perature be-
cause of i-ts effect on both the nitrogen minerarization
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process and the efficiency of nutrient use in the. plants.
suggested lower rimits for the 1evel at v¿hich nitrogen

becomes limiting at eight weeks of growth at 75or'. would be

between 1"8 and 2,2 per cent nitrogen i-n the plant material,
and between 2"0 and 2"4 per cent nitrogen in the seed at
maturity. At 600¡'. comparable rimits are probabry 0.8
7.2 per cent nitrogen at eight weeks and L.4 1.8 per cent.
nitrogen in the seed at harvest.

4"2.2" Ability of Nitrifiers to Co te for
Avail-gbre Ammoniu$ Ni-trogen at Trvo Temperat-ures

This experiment was extend-ed to determine if nitrifiers
could compete more favorabl-y wíth the heterotrophs for
available ammonium-nitorgen at z50¡'. than at 6Oop,. Although
both No, - N and NH! - N can be assimirated by heterophic
bactefia, the lrÏIl':- fnrm âñnears to be ¡qqimi l¡t-oÄ mnr) NH4 rorm appears to be assimilated more

rapidty than the NO, form (24, 25, 50). Nitrification may

therefore be considered to red.uce nitrogen immobil-ization.
since the nitrifiers require NHo - N for growth and metabolism,
and the heterotrophic microfrora prefer it to No" - N, aJ
competition for NH, - N would be expected to devèlop. rt4

was felt that if temperature hacl an effect on this cornpeti-
tion it may help explain the resul-ts of part ri-,r and arso
those of the field experiment.

The q,tantity of nitrogen immobirized lvas calculated
as the difference i-n the No, - N contents of the soil- to
which no straw had been .¿ala and that to which straw
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amendments had been made " The quantities of nitrogen

nitrj-fied were cal-culated as t.he differences in the guan-

tities of xo, - N present at each of the sampling dates in
the soil to which no straw had been ad.cled. and that present

in the same soil at the beginning of the experíment.

rn the Morden soir the quantity of nÍtrogen nitrified
was signifì-cantly greater at the higher than at the lower
*.ann¡*-J-'.-^ l^¡i-ir-L=rrryerdL,reo No definite trend could be detected in the

Almasi.ppi soil (table XXV) "

The quantity of nitrogen immobilized was generally
greater at the lower than at the higher. temperature in the
Morden soil (rable xxvr), There is an B0 85 per cent
probability that more nitrogen was immobilized at 60or'"

than at 75o¡'. Although this is low it indicates that
probaiiJ-y more nitrogen was immobirized at 60op. than at
75-F. No definite trend was evident in the Almasippi soil.

These daLa indicate that the competitive ability
of the autotrophic nitrifiers with the heterotropic micro-
flora was probably increased as the temperature \^zas in-
creased. from 60o¡'. to 750¡'" Reduced nitrification at the

lower temperature left a larger quantity o.,-' ttuf - N avair-
able to the heierotrophic population at 60o¡.. This resulted
ín increased immo]:il-ization at 60o¡', The effect of tempera-

ture on the minera'l ization of organiu nitrogen to ammonia

coul-d not be determined" This may have had a bearing on

the observed results "



TABLE XXV

Quantity of Nitrogen Nitrifíed*
(ml-I1l_grams per 2000 g" of soil)
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B weeks 16 weeksTreaLment 2 weeks

24"8

39. B

15 "2

23 "7

4 weeks

56"4

89"2

2L"3

10"4

76 "2

B9"B

33. 0

30 "2

58.0

100.5

23"9

52"9

vI. 6ooF.

M" 75op.

A1.600r..

A1 . 7 5or'"

Calculate
of the soil
dates in the

as the difference in thã-orîmãI
(including 40 mg. fert) and that

NOT-N
at "the content

various

50 .2

L7 .4

35 " 0

++ " J

treatment receiving no straw.

TABLE XXVI

Qgs@ity of Nitrogen Tmmobilizeð.x-.-(milligrams per 2000 g; -õE-sõîl_F

Treatment 2 weeks

M. 6oo¡'.

M.75or.

A1.6oo¡..

41" 75o¡'.

17"4

32.4

L4"2

¿¿ " I

4 weeks

68"0

o¿J " ¿*

23 "s

L3 "7

72"s
A1 I+I"J

53.8

¿)"3

B weeks 16 weeks

*Calculated as the difference
receiving straw amenclments and
each of the various dat.es "

inNO.-Ncontent
soil-receiving no

of soil
ñJ-*-.. ^l-



TABLE XXVII

a per Cent

of the Quantity Nitlified
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B weeks 16 weeks
Treatment 2 weeks

M.6oor'.

M.750¡..

¡.1. 6oop.

A,1. 75o¡'.

tv"¿

81" 4

q? n

95. 5

4 weeks

I20.7

72 "2

110.2

L32"2

9s .1

4s. B

163.0

Õ+ " J

86"5

L7 .3

l-46 .4

84"2
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There is a 90 95 per cent probability that in
the Morden soil immobilization as a per cent of nitri-fi-
cation was greater at 600¡'. than at 75or. ïn the Ar_masippi

soil there is an B0 85 per cent probabilit.y that one

would be correct in concluding that immob'ilization as a

per cent of nitrification was greater at the lower temp-
erature (Table XXVII) 

"

At 60or'. immobilization exceeded nitrification on

three occasions whereas this occured only once at 75or,.

rmmobilization in excess of nitrification would result in
a decline in the to; - N content of the soir-. rt is highry
probable, therefore, that straw residues adcled to soil
would resul-t in a decline in the quantity of No, - N pre-
sent if the moisture content was sufficient and. the tempera-
ture of the soil were approximately 50 600r. rn previously
cropped' soil it is unlikely that net nitrogen mineralizatíon
would occur below 55 60o¡'

Results of section 4"2"r. indicated that the soil was

capable of supplyi-ng more nitrogen at t.he higher than at the
lower temperature. yier-ds were reduced to a greater extent
at 600¡'. than at 75o¡'" in both soils v¡hen straw was added.
A greater reduction in nitrogen uptake occurred at 60or.
than at 75op" when straw was added to the Armasippi soil.

fncreased competitive ability of the ni_trifiers at
the higher temperature increased the nitrogen supprying power

of the soil-, and arso caused. a reduced effect of strarv on



L44

yield and nitrogen uptake at the higher temperat.ure. rt
therefore appears that plants are capable of competing

more effectively for available mineral nitrogen at higher
temperatures because of the increased nitrification.
These results do not indÍcate what effect temperature has

on the physiology of nitrogen uptake.

Results of the fierd experiment (experiment r) showed

that net quantities of nitrogen mineralized were very smalr

before the middle of Jury. This may have been due to the
cooler temperatures before this time and their effect on the
immobilizatíon-nitrification relations. The erratic results
obtained during the first four weeks of the fiel-d study may

have resulted from shifts in the balance between nitrification
and imrnobilization during the period when nitrification rvas

not significantly in excess of immobilization. Harmsen (44)

reports that rapid fructuations, both positive and negative,
have occurred in carefully control-led laboratory incubation
experiments " This type of variation he attributed to shifts
in the mineraLLzation-immobilizal-ion equilibrium under

apparently constant conditions" The temperaturé of incuba-
tion may have a considerable effect on this equil-ibrium and

on shifts which occur in it.
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Resul-ts obtained indicated that finar yields were

greater at the lower temperature and that the reduction in
yield attendant upon the addition of straw to both soils
r^7as greater at 60ot'. than at 75of'

Nitrogen uptake was greaLer at 75o¡'. than at 600r.
straw ammendments reduced the quantity or- nitrogen
assimilated. by the plants grorvn in the Almasippi soit to
a greate:: extent at 600¡'. than at 75or. similar reductions
in nitrogen uptake occurred at both temperatures with the
Morden soil

straw ammend.ments reduced the nitrat.e-nitroqen
content of both soils. Generally the nitrate*nitron""
content of the soil- was greater at 75op. than at 600r.

At'the eight week sampring date and at maturity
a significantly higher per cent nitrogen was found in the
plant materiar lanove ground portion) at 75or. than at 600¡'.

straw ammendments reduced. the per cent nitrogen in the
plant material at eight weeks but not at maturity.

rn the absence of planb gror,vth nitrification was

greal-er at 75o¡'. and immobilization was greater at 600r. in
the Morden soil-. No definite trend was evident i-n the.
Almasippi soil, rmmobilization as a per cent of nitrifica-
tion at 600¡'. prol:ably exceed.ed thar at 75o¡,.

straw ammendments reduced yields to a greater extent
at þ0or. than at 75or.. due to reducecl nitrification.
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Nitrogen supplying power of the soil at the lower temperature
was instumental in increasing the magnitude of yierd. re-
ductions at the loir's,-r temperature.

The per cent nitrogen required for normal func-
tioning of growing plants was greater at the higher than
the l-ower temperature,
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Chapter V

SU¡,{¡4ARY AND CONCLUSIONS

A review of the riterature revealed that in most

agriculatural soils the nitrate-nitrogen content of the
soils fluctuate too rapidry to be useful- in determining
grain yierds" These reports indicated that. nitrogen
minerarized during the growing season was the most
important facLor in determining yield and nitrogen uptake.
other reports, ho\^/eveï, indicated that the nitrate-nitro_
gen content of the soil at seeding time was very strongry
anq positively correlated.to cereal yields.

The present studlz was initiated in an attempt t.o
determine the relat-ive importance t.o plant growth, of the
mineral nitrogen content of the soir. at seeding time and.

of the quantity of nitrogen mineralized during the growing
sea-son. An intergral part. of this investigation was an
.a{- l-amn.t- .l-n ,7^quus,L.yL L(r uetermine the effect of crop residues on cereal_
yield and nitrogen uptake at t.wo temperatures.

The investigation consisted of two parts:

1) A field experiment in which d.ry mai:ter accu-
nturation and nitrogen uptake v¿ere measured during the
growing season using lvianitou wheat as t.he test crop. The

net guantities of nitrogen mineral-ized during the sunmer

were mea-surecl in seeded and fallolv portions of the plots
to determine the effect of a grorving crop on the nitrogen
ntineralization process. The zor-ìe of nitrogen minerariza-
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tion and the depth of root penetration were determined on

a }4orden soil. The function of minerafized nitrocren in
crop growth was discussed"

2) A pot experiment in which Manitou wheat was

girown at two temperatures both with and without the
addition of carbonaceous residugs to the soil to determine
if plants could compete more favorably with the hetero-
trophic microflora for avail-abl-e mineral_ nitrogen at a

l-ower than at a higher temperature. rncluded was a

treatment in which soir was incuJ:ated both with and without
straw ammendments" Ammonium nitrate was added to the soil
to determine if the nitrifying bacteria coul_d. compete more

favorably with the heterotrophic population at either
temperature.

Under the conditions of this invesl-ìcr¡1_ inn .rata

obtained l_ed to the foltowi ng conclusions:

1) yierd and nitrogen uptake were determined
mainty by the nitrate-nitrogen contenL of t.he soil- to two

feet at seeding time.

2) The quanti ties of nitrogen minerarized in the
seeded and fallow portions of the prot.s were crosery rerated
to the total organic nitrogen content of the soil. The

quantitlz of residue in the soir had a marked effect on the
net quantiLy of nitrogen mineralized during the growing
season. Tt v¿as concluded that in many ,Manitoba soils ,

{-ho rrrr:nJ. i'l-rr aÇ -i +-^^^* '-.;Lrr- yLlcr.rlLrLy ur rrrLrogen mineralized during the grorving
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season in cropped soir- or in soil being fafl0wed. but
containing large quantities of residue,. from the previous
crop was probably equivalent to no more than one per cent
of the total organic nitrogen in the top six inches of
soil-- The quantity of nitrogen mineralized d.uring the
growing season in fallorv soils containing onry limitecl
quantities of residue was equivarent to r.5 to 2.0 per
cent of the total organic ni-trogen in t.he top six inches
of soil

3) During the latter stages of development, the
crop reduced net nitrog;en mi-neralization. This was at-
tributed to an abund.ance of sloughed off root materiaf
with a high C:N ratio

4) Minerarized nitrogen became avair-ab1e to the
crop after the middle of Jury. At least 50 per cent of the
maximum nitrogen uptake had occured prior to thr-s time "

5) Nitrogen minerar-ized during the growing season
wa-s very important in completing the growth and development
of the crop. Minerarized nitrogen was more important in
the production of reprod.uctive than vegetative sLructures
and was more effíciently utitized for this purpose than
was the initial- nitrate-nitrogen in the soil.

6) Depths of moisture renova-1 and nitrate-nitrogen
distributions indicated that the top foot of soir was

probably the rnost important depth in the study of both
nutrient- u.ptake and nitrogen mineralization. rt was
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suggested that this region be more intensively studied.
7) straw ammendments reduced yield and nitrggen

uptake to a greater ext.ent at 600r. than at 75or. This
!üas attri-buted to the lower per cent nitrogen and a

gireater dry weight of the plants at 600¡'. and hence a
magnified effect of the reduction in nitrate-nitrogen
attend.ant upon the addition of straw to the soil.

8) IJitrifiers can probably compete more favor-
abry fot ammonium-nitrogen at 75o¡'. than at 600¡,.
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APPENDIX I DATA FROM FtrELD EXPERIMENT

Table I
DRY I^/EÏGHT oF PLANT MATERIAL FROM THE FOURPLOTS ON THE VÀRIOUS SAMPLING DATES

(pounds per acre) (above ground portion)

DATE MORDEN
qrî MORDEN

st"
ALMASTPPI

Þ " -b'"
ALMÀSTPPÌ

st.

June B

June 22

July 6

July 20

Aug" J

maturity

s4"1

o4¿l .5

2tl-BL

5 t2I5

6 ,51t_

or¿lJ

3l-"2

257 "5

I I O"

2,788

4,346

3,378

32"8

183"7

852

2,394

4 ,608

3,944

24"6

TLg "7

54L

I ,216

¿r¿JU

2"066
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NITROGEN UPTAKE

(above ground

Tabl-e II

ON THE VARIOUS SAMPLING DATES

portion of plant.s) (pounds per acre)

DATE MORDEN
S"F"

MORDEN ALMASIPPI
qEa

ALMASIPPI
q+

June B

June 22

July 6

JuIy 20

Aug" 3

maturity

2. 85

_i34 " 0

68.1

105.9

702"9

l_04.9

1" 54

1r"s

28"6

51" 3

51. 3

4J. ö

I <a

7.5

22"7

53.5

44"6

I. Uf

5"0

14,9

25"9

25 .9

26 "r
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Table III
MOISTURE CONTENTS OF THE AIMASTPPI SUMMERFA],LOW PLOT

( per cent oven dry weight)

DATE TREAT.

DEPTH (inches)

0-6 6 L2 12-24 24 36 36 48

June B

June 22

JuIy 6

July 20

Aug. 3

maturJ-ty

fal1ow
seeded

f al-1ow
seeded

fa1trow
seeded

I AI IOV/
seeded

fa11ow
seeded

ral-10w
seeded

12"B
14"0

L+"2
l-3"2

aa -

13"1

l_0.5
IJ..5

l_1. 0
11. 0

QO
oa

\6"4
17"0

lo 
^IO. U

16. 0

L2 .0
l't a

10. B

10"4
11" 0

9.1
ó. t

18. 4
19"3

1a ?

2r"5

L3"2
13"8

12.4
11" I
r0.7

'9"5
.o 't

22 "I
20 "9

¿¿"u
zL"5

19. 0
19"3

17. 3
76 .9

1l o

13. 3

T2"B
11" B

24"0
24"0

¿Ll " 5
24"3

23"L
24 .0

16"9
22"3

1A o

20 "2

20 "B
18"4
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Table IV
MOISTURE CONTENTS OF'TI{E ALMASTPPI

(per cent oven d.ry weight)

STUBBLE PLOT

DATE TREAT.

DEPTH (inches)

0-6 6 12 12 24 24 36 -aJO 4ö

June B

June 22

July 6

July 20

Aug" 3

Maturity

fal1ow
seeded

fallow
seeded

fal1ow
qoaÀaÄ

! q-L I\JW
qaaÄaÄ

fallow
seeded

f all-ow
seeded

IU.U
ö.1

l'l '7

X{

12 "7
LZ"ó

10.0
t1

L2 .2

10. I
6"8

12.3
1?'7

10"1
1) a

]? A

1A /1

11 -J-I" /

t¿. u

otr
o't

o)
8.4

14. 1
14"6

f^L¿"O
1/l '1
IToJ

IJ"ö

14"4

l-0'" 7
LI" 4:

10"0
B.B

9. B

B" B

19. B

79"4

lr¿J. b
20 .3

18. 6
lq n

1q A

15. 4

f, 1
-LT}. J
'l? 11

15. 0
1^ 1

22"0
¿L" I

20"2
24"4

22 .5
22"2

20 .2
lq o

15 "2
IB"2

20 .6
20 "7
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Table V

PER CENT NITROGEN IN THE PLANT MATERIAL AT THE

VARIOUS SAMPLING DATES

DATE MORDEN MORDEN
st"

ALMÀSIPPI
S"F.

AIMASIPPI
q+

June B

JuÍre 22

July 6

July 20

Aug. 3

Maturity

s.27

5.28

3 "L2

¿, u3

1" 5B

r"66

4 .94

4"48

2"39

I. s7

l_"18

r"¿y

4. 83

4.10

2.66

r. +o

1" 16

1" 13

4"28

4"20

2 "75

r" 67

1. 16

I. 26
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APPENDIX IT

STATTSTICAL TRBATMENT OF GREENHOUSE DATA

Table I

ST4TIPTICAL TREATMENT OF YTELD DATA

VARIABLES HELD CONSTANT.."_(soi-l) -(ffi
Morden OO?¡'" 2 wks.Morden 75op. Z wks.

Almasippi-oofn. z wks.
Almasippi-75"F" 2 wks.

Morden OO1r.. 4 wks.Morden 75"p" 4 wks.

Almasippi-OOln. + wks.
Almasippi-75"F" 4 wks.

Morden Oolr. B wks.Morden 75or. B wks.

Almasippi-6Olr. B wks.
Almasippi-75"F. B wks.

Morden Oo?r. mat.
llorden 75o¡'. mat.

Almasippi-OOlr. maL.
Almasippi-75"¡'. mat.

(soil) (straw) (time )

Morden no st. 2 wks.
Morden straw 2 wks.

A1masippi-no st. -2. Í,vks.
Almasippi-straw 2 wks.

Morden no st. 4 wks "Morden straw 4 wks.

VARTABLES COMPARED
( straw)

straw x no straw
straw x no straw

straw x no straw
straw x no strav¡

straw x no straw
straw x no straw

straw x no straw
straw x no,straw

straw x no.straw
straw x no straw

strarv x no st.raw
straw x no straw

straw x no straw
strarv x n-o st.raw

straw x no straw
straw x no straw

(temp)

--o- -^o_./f^-u" x bu^¡'.
75-F" x 60"F"

ar^
7q-F v Ãn"I.vv^! ê

75"F" x 60"F"

--O- -^O--/f,n-8. X bU^t,'"
75"F. x 60"F.

1tT-

1.000
2. 830 *

1.000
0"730*-

2 " 873*
1" 000

L"244
1"000

4" 985*'
L"46L

3"180*
1" 000

:. 4.430*
+" / lux

29 "700x
9 " 929*

I"297- B. 264*

1" 393
2"4L3

5 " 4I4x
10"086*'
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Table I (continucd)

Almasippi-no st. -4 wks.
Almasippi-straw 4 wks.

wks "
wks.

- -O'.IJ -F".--o.-
IJ ¡'"

- -o..I3 .t "
I) r".

--o.-t3 -t,.
- -o'-I 3 t,'"

z <o'.liol't5 ¡'"

--o-I5 ¡'.
--o-t5 t'"

- ^o-bu^-H.
ou -F "

-^O-ou -e "- ^o'-OU T'"

60-F"
-^o_b u t,'"

Ánor.
- ^o_bu -t""

Ánoç'
6 0 "F..

0 .497
0.601

9"174,r
I " I49*

7.L4Bx
8.196*

12"004*
4"-i96*

28"01-5*
24 " 028*

Mord.en no st.
Morden straw

X
x

x
B

B

x

x

Almasippi-no st.-B wks.
Almasippi-straw B wks.

Morden no st. mat"
Morden straw mat"

Almasippi-no st.-mat.
Almasippi-straw mat"

*-Significant at 95 per cent confidence level_
1 /ãanvoo n€ ç--reedom = 4
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Tabl-e II

STATTSTI CAI TREATT{ENT OF NITROGEN UPTÀKE DATA

VARIABLES HELD CONSTANT
( sor_ 1) ( temp) ( time )

Morden OOln"
Morden 75"F.

Almasippi 6 0 
or'.

afmasippi 75or.

Morden 600r.
Morden 75or.

Almasippi AOfr'.
Almasippi 75"¡'.

VARTABLES COMPÄRED
( straw)

T1

Morden
Morden

Án"E
I2 -t'"

Morden
Morden

Almasippi 601r.
Almas ippi 7 Sov .

(soil ( (straw)
Morden no st.
Morden straw

Almasippi no st.
Almasippi straw

Morden no st"
Morden straw

Almasippi no st.
Almasippi strav¡

'2 wks. straw
2 wks " strar,¡

2 wks, straw
2 wks straw

4 wks. straw
4 wks " straw

4 wks. straw
4 wks " straw

B wks. straw
B wks " straw

B wks " straw
B wks " straw

mat. straw
mat" straw

mat. straw
mat" straw

l+'imol

2 wks.
2 wks.

2 wks.
2 wks.

4 wks"
4 wks.

ú. t¡Þq

4 w-ks "

x no straw 4"155*
x no straw 2.040

x no straw 0 " 356
x no straw 0"782

x no straw 2.866x
x no straw 1.583

x no straw 0.956
x no straw 0"000

x ho sLraw 7.7g6x
x no straw 24 " 87 B'*

x no straw 10"655*
x no straw 5.678""

x no straw 8"538*
x no straw 4"895*

x no straw 16"381*
x no straw t5 ..7 90 *

(temp)

o olr. t-.
600r . 7,

o o?r'. t.
6 oor' . z.

ooln s.
60"F" 6"

666
02Bx

23r
354""

42L*
97 6x

92r
689

Al-mas ippi 60 
or'.

armasiþþi 7so¡..

6 o 
or'.

- -o_I5 t'"

- -O-
--O..

- -o*/ 5 -t,'"
--O-

- -o'-tJ ¡"
--o*I J -t'"

- -O-t) -Ë"
--O-

6 oo¡'.
6 o 

o¡',

X

X

X

0
0
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Tab1e rr (coîtinued')'

Morden no st. B rVks "o- ÁnO,Morden srraw s wks . íi"i-" i :3";. s 1""?3tri,
Almasippi no st. B wks --o'- .^o-Almasippi "i'.' B wks : +i"Ë" i :8"fl". 'r:331.

il::å:i 3:,:*' il3: 
.. 

1i3i: î 33:;: ; 
..3\e,:

ålilå:iffi 3:,:;" il3:" 4;3$: :ffi3fl: ,z:312î

*significant at 95 per cent confidence level
I/degrees'of freedom = 4
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Table III
STATTSTTCAL TREATI1ENT OF NTTRATE-NTTROGEN DATA

VARIABLES HELD CONSTANT

Almasippi OOfr'.
almasiþpi 75o¡'.

(soil)

Morden
Morden

-^o-ou t'.
- -O--t a -r'"

IT-

4.190*
23.813*

1" 573
2.27 L*

2 " 653x
3"589*

0"436
1 -F-

2 wks.
2 wks"

2 wks.
2 wks.

4 wks.
4 wks.

4 wks.
4 wks"

¡r.|-imaì
\ e 4¡LLu ¡/

2 wks"
2 wks.

2 wks.
2 wks.

4 wks.
4 wks.

4 wks"
4 wks.

ffiime)
VARIABLES COMPARED

( straw)

straw x no straw
straw x no straw

straw x no straw
straw x no straw

strarv x no straw
strav¡ + no straw

straw x no straw
straw x no straw

(Temp)
n^75iF. x F0Ie.75"F. x 60"F.
a't751F. x 60:F.

75"F, x 60"F.
ar^751F. x 60:F.

75'F" x 60"F
r\751F. x 60:F.

75"F. x 60"F.

Morden
Morden

6oo¡'.
75or"

Almas ipp j- O O ?p.ahasiþþi 7sop. 
-

(soil) (straw)

Morden no st.
Morden sLraw

Atmasappa no st.
Almasippi straw

Morden no st"
Morden straw

Almasippi no st.
Almasippi straw

1J"

U"
0"

3.
¿"

¿6

1

498*
398

940
+t3

325x
168*

631-*
725

*qi ^-i .F.i ^^'^+!+vqrr u àt 95

L/ð,egree of freedom

per cent level"
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Table IV

STATTSTTC+I TRE4Tì4Eh]T OF PER CENT NITROGEN DATA

VARIABLES HELD CONSTANT-*--(soil-) mime)
VARTABLES COMPARED T1

( srraw)
Morden oolr- B wks. strav¡ x no straw 3.990*1Morden 75"F. B wks. straw x no straw ,""41;.r
7\lñ-^.i*-: .nõ IArmasrppl_ b UõF. 9 *].= . stra\,v x no straw 5 " 37 g*+Almasippi 75"F. B wks. straw x no straw é.;i6.1
(soil) (straw) (time) (temp)

il::å:i 3:,:; 3 if: 133fl: : 33:F. i tr".Ii-^îi
Almasippi no sr. B wks. lslu" x Aolr. 1L.478*+Almasippi srra_w B wks . 7sop. x 60-F ã"";;4"I
Morden no st.. . mat " 7sle" x Oofr. 13 "249*2Morden sLraw mat 75uF. x ã0"; 

oo '

Almasippi no st. mar, ZSln; x eofr. 12.602x2Al-masippi straw mat. 75oF. x 600r

*Significant at 95 per cent level.
l/degree of freedom = 4.

2./degree of f reedom = 10.
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