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hbstract. d‘ﬁ;}r'i?ud_t vsl 4fﬁﬁ |

'“"ﬂfQOrgan1c matter 1s necessary as a reductant 1n

Yy

.Hf'denltrlflcat1on.,The supply of read1ly decomposable organlc

'-"matter or water soluble organlc carbon (WSOC) prov1des a

'ﬂjgood 1ndex of the 5011 potentlal for den1tr1f1cat10n.

f{wReports in the 11terature 1nd1cate an 1mportant role for the

.

%'water soluble Organlc carbon pool however; they do not :

r'*demonstrate the controls .and mechan1sms supply1ng carbon to

”the soluble pool ' '@hif' 5';3 f;7[f7[ﬂ¢flif7ff;ﬂj7”v -th;'
Exper1ments were performed 1n samples of Ap hor1zons -
rhgfrom a Black Chernozemlc 5011 (Malmo SlCL) and a Gray

.'>Luv1sollc 5011&(Breton L) of the Prov1nce of Alberta to'5gycf“p:

examlne some of the mechanlsms supplylng”;arbon to the water

~soluble pool the relatlve magnltudes‘lf a551m11atory and

B falr drled 5011 samples were lncubated at f1eld capac1tyffor fﬁht

:d;fSeven days}

?fﬁﬁualmo and Breton 50115;

158 and"fs ug g'ffof WSOC were removed from th“",

_espectlvely.Aw

Mlcrob1al 1mmob111zatlon oi NO,—"N dur1ng lS;days i;;f_;3‘

.'

d7}under saturated cond1t1ons accounted for only 5% of the 1hﬁ?5




N

T~

- NO;—N losses, so that den;tr1f1cat1on appears to be the maln;l:'

mechanlsm of “N losses. The greater den1tr1f1catlon

capac1ty of”the Maimo rather than the Breton 501l was

= con51stent w1th 1ts greater supply of WSOC Denltrlflcatlon.

ceased 1n the Breton %011 when WSOC content dropped below 3445fv

'»; ug g- 5011 When glucose was supplled to the Breton 5011

. hlgh Noa N losses preva1led Th&s suggests that the WSOC was a

11m1t1ng denltrlflcatlon in ‘the Breton 5011 Although

. t‘exten51ve NOa-N losses occurred 1n the Malmo 5011 these

PR
[N

4N03—N plus NOz-N (over 300 ug N g"5011) 1nh1b1ted

losses ceased when WSOC content dropped below 114 ug,c

: g"‘5011 The addltlon of a hlgh dose of NOg'N (1500 ug N
"“g“so1l) to the Malmo 5011 1nh1b1ted den1tr1f1catlon and

:*NOZ—N accumulated In the Breton»so1l the appllcatlon of

vrdenatr1f1cation as well C/N ratlos calculated with the

"amount of WSOC consumed per un1t N denltrlfled conflrmed

.1expectatlons that a greater amount of WSOC was consumed whenf |

N was 1n the N03-N form than when lt was 1n the Noz—N form..
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-l;'lntroduction"’ -
For many years 1nterest 1n den1tr1f1cat10n has been due
'not only to the 1ntr1n51c nature ‘of the reactlon but also to'
dj;ts potentlal 51gn1f1cance in agricultural productlon. Thls'

Y., .
1nterest"has—been st1mulated—by—the—poss1brlity of—depletlon

.h1of n1trogenous sources for crop productlon, by 1ncreased '
-costs of . n1trogen fert111zers, and by the pract1cal

lnece581ty of av01d1ng n1trogen losses and ma1nta1n1ng a

'reasonable n1trogen 1eve1 'in the 5011 |

Moreover, this process has recelved add1t1onal

'attent1on because of 1ts p0551ble contrlbutlon to 1ncreased' -
Uatmospherlc concentratlon of n1trous OdeE(N 0) and

:-adestructron-of atmospherlc ozone (O )(Crutzen 1974) |

-fén»the~othen hand it has a con51derable appl1cat10n in

'the removal of unwanted n1trogen from 1ndustr1a1 wastes and

;»domestlc sewage (Delwlche and Bryan,'1976)

In Alberta, losses of 5011 nltrogen and fertlllzer N

;,f:have been reported to occur at the beglnnlng of sprlng when d

f-the 5011 1s completely saturated w1th water (Nyborg and o
HLeltch 1979) ~U51ng 1"N labelled fertlllzer Malh1 (1978)
\concluded that N losses 1n early sprlng were’ almost

‘*exclu51vely through den1tr1f1catlon. e |

| The objectlves of th1s 1nvestlgatlon were to study.thevl

"1;foﬁ§ow1ng aspects of den1tr1f1cat10n- i) the»mechanlsms

.}supp1y1ng organlc carbon to the 5011 solutlon-'ii) the'

wzextent of n1trate losses by bacterlal 1mmob111zatlon,i

relatlve to - den1tr1f1dht1on under anaeroblc condltlons' iii)
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2. Literature Review g

f2 1 Descr1ptxon of the Den1tr1f1catxon Process
j_The concentratlon of NO; ions in 5011 is determlned in :5
;dpart_by;simuitaneouscratesnoprnoduct;on_and_consumptAoanuep;e;
- to the activity of var1ous 5011 mlcroorganlsms. Durlng S
) den1tr1f1cat10n, nltrate is used by m1croorganlsms as the
termlnal hydrogen acceptor follow1ng ox1dat10n of organ1c
' -compounds or in the oxldatlon of 1norgan1c compounds, such
B as HS and_sz; glVlng rlse to- compounds at a lower stage off”fﬂ
~oxidation than NO3 (+5) such as NOj (3+), No (24), Ny (0),
’gand NH*.(dt) ’ when other more su1table acceptors are not‘
_supplied at a rate sufflczent to meet the demands of these
’,iorganlsms.‘Consequently, den1tr1f1catlon 1n 5011 1s
’tvi.prlnc1pally conflned to condltlons of 11m1ted nggen accessi
_______ :itogether w1th suff1c1ent hydrogen donors (WOldendorp,_1963).’
' In general two dlfferent types of nltrate reductlon:
fare d15t1ngu1shed a551m11atory n1trate reductlon and
..d1551m11atory n1trate reductlon, n1trate be1ng used as a
F:termlnal hydrogen acceptor 1n both cases, Dur1ng |
.”a551m11atory reductlon, N03 1s 1ncorporated 1nto cell
.ljuhmaterlals. Dur1ng d1551m11at1on, N03_1s merely used as a
'hydrogen acceptor when -other more sultable acceptors ( l1ker'ly
.:ffdoxygen)_areulagﬁlng-or;are_not supplled at_a SUff1C1eDF] :

» ‘



2 2 Enzymxc Mechan1sms
. When cond1t10ns are aeroblc, oxygen ls normally theuhg

.1electron acceptor for the reduced pyr1dlne nucleotlde
8 carr1ers generated dur1ng 1ntermed1ary metabollsm- the
d-cytochrome system, or l end resplratlon system acts as é_;___

f1nal l1nk between reduced carrier and oxygen When n1trate

acts as an electron acceptor 1n place of . oxygen;rthe complex
‘_hreduced pyr1d1ne nucleot1de is reodelzed at the expense of
| n1trate'reduct1on and the actlon of nltrate reductase._

Nltrate reductase 1s not a 51ngle enzyme but rather a

complex enzyme system 1nvolv1ng FAD cytochrome c,.and

Jmolybdenum ( Campbell and Lees, 1967) At low oxygen
concentratlons a branch occurs at the cytochrome b leafl of
the oxygen termlnated electron transport chaln, and c- type
cytochromes, syntheslzed forma nltrate termlnated SYStem,,{
'?iare utlllzed (Delw1che and Bryan, 1976) _The- cytochrome <
donates 1ts electrons (v1a a molybdenum conta1n1ng enzyme)
.f to n1trate. The pathway can be represented by the follow1ng

sequence-ﬁ- '

»» PNH * H*"+ FAD-——-FADHZ' +: PN* i _ cL o [ 1.7
FADHZ._-f 2 eyt Fe“--—-FAD £ 2 cytl Fers 4 2H' 2 :
2 cyt. Fe=+ + ZH* + Nos—(molybdenum‘enzyme) eea—é_f‘jf*hf[3]x

I_--—-—Z cyt e" + Noz ¥ Hzo o "-},f'tdt l i ;7 yh 5[4]

TR yE Rl | .-

! The abbrev1at10ns used in thlS chapter 1nclude :

"PN* for the oxidized pyridine nuclebt1de carrler,_g

‘PNH: for the reduced pyridine nucleotide carrier, VT
: FAD and FAD, for the ox1dlzed and reduced forms of flavin'
“adenine dinucleotide, . : TN

¢yt. Fe?* and cyt. Fe?* for the ox&d1zed and reduced forms
~.of cytochrome c, o

[H] for unspec1f1ed blologlcal reduc1ng power,

.'/'
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The molybdenum conta1n1ng;enzyme of the n1trate
~reductase system competes w1th the cytochrome oxldase of the
"ordlnary oxygen consumlng system for electrons from |
-;cytochrome ~-c. Therefore, oxygen and n1trate compete wrth

each other for electrons generated dur1ng metabollsm of -

those organlsms capable of using both n1trate and oxygen as

o, " .
Vet R T
;o k

.acceptors (Campbell and Lees, 1967) In these organ1sms' .;ﬁ
Voxygen competes more successfully A control mechan1sm
’exlsts by whlch ‘the act1v1ty of the d1551m11at1ve enzyme
.,system is repressed by oxygen (Woldendorp, 19537_D¢1V4Cb¢11.
.and Bryan, 1976) | | e :
_ D1551m11atory n1trate reductases are reported to ‘be S~
'.membrane bound w1th the excéptlon of SplPiIlum ltersonll,

'yhere the enzyme 1s found 1n extracts and dlsrupted cells'
(Delw1che and Bryan, 1976) Lp addltlon, enzyme preparatlons
f‘made from bacterlal cells catalyze n1trate to NO NO to N O
:rand NzO to Ng or the reductlon of n1tr1te*to NO N2 O and Nz. p;
'iThe respon51ble enzymes are termed the n1tr1te, n1tr1c ox1de”‘-
'and n1trous Odee reductases, respectlvely (Payne et al.,‘ |

<

1971- Alexander, 1977)

\

-

2.3 Intermed1ates of : N1trate‘Reduct1on

Several major pathways of n1trate reductlon have been‘

‘.vproposed and d1fferent 1ntermed1ates detected but the1r
'obllgatory presence in the process 1s Stlll tenuous and B

N ,

. rema1ns the subject of some controversy after years of study
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by numerous workers (Alexander, 1977 Ardakanl et al., 1975-

:Campbell and Lees, f968 Dewlche and Bryan, 976)‘ A generalt'

‘scheme representlng the major n1trate reduct1on pathwaysv o

“ilnvolves the reductlon of n1trate to" n1tr1te, and then, in
o .

‘the den1tr1flcatlon sequence, n1tr1te 1s transformed to

linltrlc ox1de (NO) wh1ch 1n turn 1s converted to Nz w1th
_introus ox1de as an 1ntermed1ate. On the oﬁher hand the_d'"
h‘mechanlsm of n1tr1te reductlon to ammonlum remalns oV

‘a uncerta1n. In partlcular, the evldence 1nd1cat1ng_1f
4hydroxylam1ne (NH, OH) as an 1ntermed1ate remalns tenuous
vh(Alexander, 1977) | - | H73~' EEEER ﬁh’ .

Accordlng to Delwlche and Bryan (1976) ifhtwéa

‘“'electrons are added to n1tr1te, the resultant compound-‘:

‘nltroxyl (HNO) readlly dlmerlzes and y1elds hyponltrltef;hp'
Anypon1tr1te decomposes rapldly 1n ac1d solutlons and at{dﬂ
’3;measurable rates 1n neutral solutlons,_yleldlng n1trousrw7

- ;ox1de (N O) ‘and water. Campbell and Lees (1968) proposed
) idthat Noz is reduced to n1trohydroxylam1ne (Noz—NH OH) whlchhfri

in turn decomposes to n1trous ac1d (HNO ) and hydroxylamlne

(NHszH) The hydroxylamlne could be e1ther reduced dlrectly*iw'

'to ammonla (NH ) or reduced stepw1se to n1trous ox1de (NZO)

-and fl“ally t° nltrogen (Nz). Both of the above schemes are_ﬁ"‘f

fspeculatlve and only Iuture research can dec1de whether or}””‘5

’ not they are correct._g.f'
It has been suggested that 1n enzymatlc n1tr1te
'5reduct10n the 1ntermed1ates rema1n bound to the enzyme

’*=surface untll ammonla or Nz 1s released ThlS could explaln



how: living‘cells”can succeed in'stoiChiOmetrically:‘
'-}convert1ng n1tr1te 1nto ammonra or’ gaseous n1trogen via-

'd1fferent 1ntermed1ates, such as n1trohydroxylam1ne or_f'

<

'”n1trous oxlde (Woldendorp, 1968- Campbell and Lees, 1968)

ng the latter proves to be true;'lt w1ll help to explaln

‘.

rmany of the confllctlng data on the mechanlsm of n1trate

reductlon..f SR ,fgvh‘f:;ffff-*_‘frpl'ff SR

“j:2 4 Magn1tude of the Asszm1latory Pathway
| Over the years,.contradlctory results have been

' f{reported for the magnltude of the ass1m1latory NOg‘N

'“T-Hreductlon process 1n 50115 under anaeroblc condltlons.:y S

Ba51cally the d1fferences 1n the a551m11atory and

‘yd1351m11atory pathways reflect the phy51olog1cal role of

fﬂ,each process. The a551m1latory pathway supplles reduced

Jnltrogen for blosynthe51s,_and as such reduces only as'much';“

'.1N03 N as 1s needed for growth Therefore~ the ma1n regulatorh*ﬁ

’:1s NHn—N and the process 1s 1nsen51t1ve to oxygen (Payne,_;,“hf

‘h?1973) Though not regulated by 02; a551m11atory reductlon' v

'ffjwould be expected only 1n aeroblc habltats, 51nce the;ﬁfﬂ””‘w'f:

7;repressor, NH@—N 1s generally h1gh 1n anaerob1c hab1tats

if; owlng to the absence of n1tr1f1cat10n (Tledje et al.,1981)

-’In contrast the d1551m11atory pathway functlons as electrOnfsﬁf

‘,acceptor, whlch allows greater energy conservat1on and thus.__f

"_rimore eff1c1ent growth (Thauer et a7., 1977) Because Oz 1s'w

‘“the preferred electron acceptor, thlS pathway 1s malnly %:"
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.'tfegulatéd?byr02¢;‘and is- not {nh1b1ted by NH.—N (Bur1sh and

“oPatrfck 1978°n Caskey and TIEdJe, 1979) . .

~Int agreement w1th Thauer et al (1977) focht (f974)t'

J.con51ders that under anoxlc cond1t1ons, a551m11atory losseS'

’ﬂare 1n51gn1f1cant in llght of thermodynam1c cons1deratlons,

. He c1tes the. follow1ng reasons. More energy 1s requ1red for

';,gthe reduict Lo of N03—N to NH.—N than to Nz " The

'-'1ncorporat10n of one atom of n1trogen 1nto bacter1a1 blomass

’ ﬁ’

o requlres approxlmate 1ncorporatlon of 7 atoms of carbon,

"fsuch that the m1n1ma1 C/N ratlo has to be 7/1 Besxdes,-the4

3most eff1c1ent manner of generat1ng the energy requ1red for-

'-€~b1osynthe51s 1s through oxldatlve phosphorylat1on, whlch is

<

‘ ”f_best achleved by coupllng the ox1dat10n of carbonaceous

””substrate w1th n1trate C 1n lleu of O ) as the electroni

acceptor._A551m11atlon of nltrogen by fermentatlve nonv
'ffdenltrlfylng organlsms would be much less eff1c1ent and
'jwould 1nvolve con51derab1y more carbonaceous substrate

':gbecause of 1ncomplete ox1dat1on.,;jlv-v_y~f,. fﬂuLj' o

Although an accumulatlon of NH.—N durlng

"Qfdden1tr1f1cat1on 1n 501ls has often been observed

’:f”exger1Ments w1th labelled nltrate have 1nd1cated that the

JusDelw1che, C C 1954) wOldendorp (1963) 1n a

. N o
'ammonlum pool has not conta1ned apprec1able amounts of labeli*

(Broadbent F. E., 1952 Nommlck H 1956 W1Jler, J.. and

‘.?fto determlne to what extent Bacrllus Ilchenf Oles was‘ f*;,j”’
'~capable of reduc1ng N03—N to NH4—N under condltlons

“7dipreva111ng durlng denltrlflcatlon 1n the rhlzosphere found ;_57"

N

<1nvestlgat10n;f3f_



'-‘that approx1mately 1.5% of the added NO3;-N was reduced to

-NH.-N .He’ concluded that the greater part of- the NH. N was

'der1ved from deam1nat1on reactlons. Also, Sacks and Barker‘
1‘(1952) 1n a deflned medlum,_showed that 98% of the added

'Noa N (717 ug- N/ml) was converted to .N and the remalnder

npresent.,.

left.lntact vith growing cells of-Pseudomonas,denltﬂlflcans.f

o Alldof‘the.NHch andﬁcellu1ar nitrogen appeared to have been ~

“»der1ved from glutamlc ac1d . the only other ‘nitrogen source

. 3

More recent work w1th "N labelled N03—N has showg thath

"between 0.3 to 0.6 ug“N g”day‘f were reduced to NH*-N 1n an“

anaeroblc 5011 (. Tledje et al., 1981) Fermentatlve 5011

_anaerobes such CJostPldla have been found respon51ble forf;

L

r'.the reactlon (Caskey and Tledje, 1979) Accordlng to-Tledje

V;;et al (1981) thls reduct1on is a resplratory rather than, a

T :

| hgrowth l1nked process,»whlch means that NH.—N should
"‘laccumulate and be‘excreted from the cell. A fractlon could
,pool w1th NH*—N from other sources w1th only a port1on |
f;1ncorporated 1nto blomass. Thus 1n "N 1abel}ed stud1es,
jﬁsomev'5N from Noa—N could be expected to be: converted to
t-f?!organlc form but only an amount proportlonal to 1ts

.'~fcontr1but10n to the total NH“~N pool

Research w1th labelled NO;-N reveals that the format1on . K

» ,of labelled NH“-N 1s enhanced by glucose (Buresh and
m‘-Patrlck 1978 Caskey and T1edje, 1979) Stanford et al
'*<f(1975 a) found that when the C/N ratlo of added glucose and

,fn1trate was 10 in a: 51lt loam 5011, approxrmately 19% of the'

e T . .
. . . o L . A

,').



In an experlment w1th anaeroblc slurrles treated w1th

10

added "Noa-N was present in the NH“—N pool and 18% in the‘

soil organ1c matter, after 24 hours of., anaeroblc incubation.

"NO;—N and-glucose—C'(C/N ;-5) T1edje et al. (1981)

-observed two' dlstlnct phases for NO;—N reductlon to NHA-N

and den1tr1f1catlon. Dur1ng the 1n1t1al part of the growth

2

phase (35 hours) the_i’NHu-N concentratlon was lowered

n‘whereas durlng the late phase (48 hrs), <the productlon of

NHQ-N from NO; N and Noz N reductlon was excess1ve and

accounted for most of the NH;-N production at thxs stage.

The latter workers con51der that thlg.hlgh act1v1ty of_

reductlon to NHQ—N 1s assoc1ated w1th growth .the bacterla

1

respon51ble p0551bly belng dlfferent from the den1tr1f1ers‘

and requ1r1ng more reduced cond1t1ons before the excesslve
growth Focht (1978) con51ders that NO3-N w1ll not be

aSS1m11ated as long as an exogenous energy source is absent

~or if the add1t10n of an exogenous energy source does not

LI

‘.exceed ‘+the- stolchlometrlc C/N ratlo requlred for the'“

completion of the reactlon to carbon d10x1de and d1n1trogen.

’ The followlng equatlon can be used to calculate the- amount"

of ava1lable carbon requ1red for m1crob1a1 reduct1onlf\ T

~ 5(CH; o) * 4N03 + 4H*—'—-'—_—--5 coz_+ 2N2 +7H,0 [10]'

Thus, 1 g of avallable carbon 1s requ1red for the

B productlon of 0. 93 g of N as N2 and therefore the C/N ratlo

is 1.07 (Burford and Bremmer, 1975) C/N ratlos hlgher than B

1. 07 may represent a 51gn1f1cant 1anuence 1n cell growth

andvpopulatlon.shlfts,‘hence affectrng_the,NH,fN'productlon;fg}
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-and subsequent 1mmoblllzatlon in a way that’/ hds not been
determxned B | ,“Hl: : ST

IR
!

From the prev1ous rev1ew 1t can be concluded that N03~N

\_')

reductlon to NH.-N and further 1mmoblllzatlon can occug 1n

50115 under anaeroblc condltlons.bThls process 1s affeCted T
”by the amount of carbon avallable for m1crob1al growth 1n:"%
relatlon to the 'NO3- N present 1n the system (C/N ratlo) and

i,
1t is greatly favoured by 1ncreased reduc1ng condltlons 1n

.7the system. The exact mechanlsms by whlch these factors ‘ffi o
flnfluence the ‘process .are yet to be determlned dﬁiihu'gﬁ%f.-

A

y2 5 M1crob1ology

Lo ,/ : , 7 : ,
m1cr00rgan15ms,‘and counts 1n excess of a mrlllon'per gram

kA . -, ,4.-\1«.r ‘

'i‘are not uncommon 1n f1e1d 5011 The populatlon 15 typ1cally

'7‘..1977)

Most of the bacten&a responsuble for reductlon of Nqa—N

to gaseous forms of n1trogen are facultatlve'iunder aeroblc

cond1tlons they can use oxygen as an electron acceptor,,and

under anaeroblc cond1tlons they can use NOg'N and NO:-N as
e e '::..«'-x._»
f1nal electron acceptors, prov1ded that an oxldable R
N K SO

\substrate 1s present 1n the medlum (Delwlche and Bryan,v

. j
R R

' 1976)

. 0y ;' BE
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o Most denztrlflers are heterotrophlc, ‘but several
: chemoautotrophs are capable of reduc1ng nltrate to molecular'
',nltrogen. Paracoccus denltrlflcans, a facultatlve autotroph':

i

‘*develops in air or anaeroh1cally, w1th e1ther organlc'

.f:”electron acceptorsg ThlobaClllus denltrlflcans is a
ifsulfur ox1dlzlng chemoautotroph that dlffers from othert

”7ThlobaCIlll by 1ts ab111ty§to prollferate anaeroblcally

prov1d1ng nltrate is avallable; For T denltrlflcans, the

_energy source in these c1rcumstances is sulflde, elemental

[:sulfur, or’ th1osulfate, all of whféh are oxldlzed to’v'

'.’sulfate. The n1trate 1s converted ma1nly to Nz .. but NO and

‘ N O are also sometlmes evolved (Alexander 1977)

Most denltrlflers reduced nltrate all the way to NZ;'

"us1nq Noa, NOz\, NO or N fo) as electron acceptors for
hprollferatlon Some bacterla, however, carry out 1ncomplete

’5Feductlons. Conynebactenlum nephredlL ‘for example, reduces

only Noa'; NOz ; and NO ' but the compound at the end of the:f; »f“fl

~ sequence w1th thlS bacterlum 1s N O rather than Nz
T(Alexander, 1977) Others lack n1trate reductase and are
- thus No, dependent Some lack the ab111ty to. reduce NOz to

t

N O but have the ab111ty to reduce N2 O

Two spec1es ' Azosplrzllum bnasflense and

’Rhodopseudomonas SphaePOIdes , have the ab111ty to denltrlfy_f;“

Qs well as to flx Nz . but. the ecologlcal 51gn1f1cance of ;f;'*;

v

such ab111t1es is not clear yet ( Knowles 1981) Accordlng

{to Alexander (1977) the act1ve spec1es are largely 11m1ted



:J

to the genera Pseudemonas, Bac:llus and Péracoccus. In a .

~

~recent rev1ew, Knowles (1981) listed 20 genera,llnd1cat1ng;wf“

’thelr main character1st1cs regardlng ther{ ab111ty to ,~3”.:“

-“*‘““denltrlfy. Perusal of Bergey s Manual (1974) 1nd1cates that

e

—f—m——mmden1tr1fylng—bacteria—are w1dely dlstrlbuted;taxonomxdally,\

Ay

o~

suggestlng that the capac1ty of . bacterla to denltrlfy 1s not ‘jf

(]

conflned to a few genera. e ‘:‘;x“

‘2.6 Factors Affecting Denitrification "~ = " .
SURRE ‘t";f~ - jy,=,W”;; ST

2 6.1 N1trate Concentrét1on._g‘*'

Several reports have 1nd1cated that n1trate -ff};;;:[f1 v"‘

o ”'l;poncentratlon can 1nfluence d1ssxm11atory n1trate reductlon

-and’ the. relatlve proport1ons of 1ntérmed1ate compounds as'_:aﬁ
- well. (De“lche and Bryan, 1976 Malh1 __j_9_}8 WOldendorp, R
'1963? Yamane, 1969) Alexander (1977) states that n1trous ?ﬂhjﬂ

'ox1de release 1n soal or 1n culture 1s cond1t1oned by "f37"*"

) -.

nltrate concentratlon and the

'fﬁ"' 1s greatest at: h1gh nltrate levels. A later study by Cho ethjfi"

(1978) conflrmed that accumulat:on of N O was dependent
,.upon the NO; N concentratlon' w1th hlgher concentrat1ons of
:N03~N favor1ng accumulatlon of N O thus reduc1ng the

"*format1on of Nz. He attrlbuted thlS f1nd1ng pr1mar11y to the

,'competltlve nature of NO;-N and N O as electron acceptors Af"

-under constant m1crob1a1 act1v1ty.lNevertheless, recent

'-_“results contradlct these conclutlons. Blackmer and Bremmer

'elatlve proportlon of the gas e



R
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——~—~~—m1xtures of NOy—and NOz—onureductlon of—N20~to—Nz );:ound

;,; ;provance of Alberta by Malh1 (1978)
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-

(1979) suggested that n1trate -may have two effects on thlS j”
process' one be1ng that 1t st1mulates N,O reduct1on to Nz,
and the other be1ng that it can 1nh1b1t the reactlon.

Gaskell et al (1981) comparlng the effects of - N03, NOz and

that in some 1nstances, NO;, Noz and No f1rst 1nh1b1ted and.

then stlmulated the reduct1on of Nzo to Nz by 5011

4i'm1croorganlsms. They also found that 'NO3 alone 1nh1b1ts N, O

_reductlon, but they did. not conflrm the suggestlon by

Flrestone et al (1979)‘ that thlS 1nh1b1tory effect was due

to n1tr1te formed through m1crob1al reductlon of n1trate. It

¥i:can be concluded that nltrate concentratlon is an 1mportant

factor affect;ng 1ntermed1ates of den1tr1f1cat1on but

further studles are needed to clar1fy the mechanlsms :

7l 1nvolved

2 6 2vTemperature.- ‘
- Several optlmum temberature values for den1tr1f1catlon7
1n so1l have been presented' about 60 C by Bremner and Shaw
(1958) 65° c. bwaommlck (1956) 30 C by Bollag et al

(1970) 25 C by Alexander (1977) and 40 C for 50115 of the'

A Y

. The lower temperature l1m1ts of den1tr1f1cat10n have L
N I . . N

been set- at 2 C by Bremmer and Shaw (1958), at 3°c by

NommLck (1956), at. 5 C by Balley and Beauchamp (1973 c); atﬁ;ﬁf“‘d

10 C by Bollag et . al (1970) at 2 to 5 c by Stanford et al

(1975), and at -4 to -5 C for 50115 of the Prov1nce of



. \"Alberta by Malhi (1978)

The upper temperature 11m1ts have been set at 70 C by

. Bremner and Shaw (1958), at 85° C by Nommlck (1956) and at’ 60

" to 65° C by Malh1 (1978)

Temperature affects_the_relatave proportlon_of
- ;1ntermed1ates formed durlng den1tr1f1cat10n. Bazley and

",Beauchamp (1973c) reported that a partlal 1nh1b1t10n of the

'reductlon of N2 O to Nz occurs at 8 C 10 C, “and 15° C

e -

-resultlng 1n accumulatxon of N O and Noz N .

‘ Later, Ba1ley (1976) reported that decrea51ng theE
v}temperature from 30 to 6 8° C, resulted in.an 1ncrease 1n NO

. product10n°.thls was the pr1nc1pal gas prbduced at 6 8 c. -
4.N1trous ox1de (NZO) productlon, llke NO 1ncreased as the .
"temperature decreased from 30 to. 10 C, where 1t was the A

. pr1nc1pal gas produced At 30 to 15 C and 6 8 C, Nzo ; |

vfproductlon was secondary 1n quantlty to Nz and NO

'“ﬁih respect1vely The NO and N, 0 released due to thls

“temperature effect,,may have -an - 1nfluence on 03 in- the Upper'
',atmosphere. v ) : T
In Central Alberta, losses from 5011 N and fertlllzer lew

j'have been reported to occur at the beglnnlng of the sprlng

fwhen the 5011 1s saturated wath water from snowmelt (Nyborg_ ’

”‘ﬂ;and Le1tch 1979 Malh1, 1978) Malhl, u51ng"‘N labelled

vffertlllzer, found that N losses 1n early sprlng are almost i,»ﬁ

exclus1vely through den1tr1f1cat10n. The average monthly
'35011 temperature at 10 cm { 10 yr perlod October 1964 to B

':.September 1975) reported for the spr1ng months ranges;:
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R

".between -3.8 and 10. 0 C (Malhi and MCGlll 1982) fherefore;
a. natlve den1tr1fy1ng m1croflora adapted to’ these cllmatlc
- condrtlonsvcouldvhave'an,mmportant,;mpact on the

-énvironment, if as reported earlier, the proportion of N,O

_and_gQéreleased;jsfincreased;atfthis;temperatureQ.

IR S

‘ ' _ The ove: all rate of product1on of gaseous products of

-iidenltrlflcatlon is p051t1vely correlated @gﬂh pH hav1ng an
»optlmum between 7 0 and 8 0 (Nomm1ck 1956 Van Cleemput and
uPatrlck 1974 wlgler and Delw1che,h1959 Woldendorp, 1968) |

Mgny of the bacteria that brlng about denltrlflcat1on

.gare sen51t1ve to h1gh hydrogen 1on conentratlon, and hence

‘1var10us ac1d 501ls contaln a sparse den1tr1f1cat1on
<popu1at10n ( Alexander, 1977) Woldendorp (1968) found that
Apbelow pH 6 den1tr1f1cat1on was markedly retarded, y1th N O
"?belng the ma1n product Above pH 10 and below pH 4 5 the ;
hilprocess was found to be completely suppressed o

Delw1che et al. (1976) reported that pH of 50115

"flnfluences both den1tr1f1cat;on rates and the relatlve

fproportlons of Nz, N 0 and NO Alexander (1977) attrlbuted

I

v'these dlfferences 1n gas comp051t10n assoc1ated w1th pH to

e

‘an ac1d sens1t1v1ty of the’ N3 O reductase enzyme system.%s'\

2. 6 4 Oxygen Level

It 1s now generally accepted that d1551m11atory nltrate -

v'reductlon 1n most organ1sms becomes domlnant only under



B

anaerob1c cond1tlons (Alexander, 197%- Delhiche and‘Bryan,:
1976) The quantlty of dlssolved oxygen is controlled by
oxygen consumpt1on (plants, m1croflora, m1crofauna) ‘
d1ffus1on rate, partlal pressure of- oxygen in the 5011

atmosphere and temperature. The part1a1 oxygen pressure is

also 1nfluenced by other factors such as m01sture level
texture and structure of the 5011 (wOldendorp, 1963)

Although the mechanlsm by wh1ch oxygen affects nltrate 1s

not well understood den1tr1f1cat1on has been reported to be,f'}

ontrolled by oxygen repre551on of nftrogen reductase!ﬂ7'
transcr1pt10n (Woldendorp, 1963 Delw1che and Bryan, 1976
'»Cox and Payne, 1973 Knowles, 1981) Aeroblcally grown cells;;”
placed under anaerob1c¢cond1tlons exh1b1t a lag perlod "3

before u51ng of n1trate as an electron acceptor. No lag has -
been reported 1n the use of oxygen by anaerob1cally grown .
:'cells. After the metabollte repressor 1s removed f1n1te |

t1me LS requ1red presumably to transcrlbe and translate thef* :
genes 1nvolved. In Pseudenomas perfectomarlnus, the RE
synthe51s of the den1tr1fy1ng enzymes beglns W1th1n 40

‘»'/o'

m1nutes after derepre551on (Delw1che and Bryan,vT976) The

reductlon of NOa—N to Noz—N seems to be less sen51t1Ve to Ozv’f,:

"f than are the later steps. Thus, as den1tr1f1catlon 1s

repressed by 1ncrea51ng exposure to 02, reduct1on of N 0 to
Nz 1s altered and an 1ncrea51ng proport1on of N3 O 1s '"l;@§;';:

releaSed (Knowles, 1981) W

In experments w1th Pseudenomas denltmfrcans, Sherman

and MacRae (1957)'°observed that concentratlon of d1ssolved

[ ; .
S o



,onygen above 0 2 ppm- 5uppressed d1551m11atory reductlon of

:n1trate completely. Greenwood (1962) found 51m11ar results.-
i'On the ba51s of laboratory data, Woldendorp (1963) concluded‘
'~that the low levels of‘oxygen requ1red for den1tr1f1cat1on;;_

LY

w1ll often occur 1n 50115 under normal agrlcultural

»

lpractlce.

2, 6 5 Mo1sture Level

The effect of water on denltrlflcatlon 1s attrlbuted to S

o ) “ - ¢
-"1ts role .in governlng the dlffu51on of 02 to s1tes of lf '

”m1croblolog1ca1‘a€%1v1ty (Alexander, 1977) Furthermore,%n’

“_*water can act as a solvent for nutrlents needed by the

;lfdenltrlfylng populatlon, as well as control the d1ffus1on

"d rate of these nutrlents between m1cr051tes of the 5011

.

" env1 ronment

AR Studles suggest that den1tr1f1cat10n occurs at water‘

'S,contents above 60% of max1mum water hold1ng capac1ty

'f(Bremmer and Shaw 1958 Nommzk 1956) The latter found that“

: gat 100% saturatlon, den1tr1f1cat10n was 9 tlmes greater than '

N )

:rvjat 80% saturatlon.gf;f"

“f Accordlng to Alexander (1977), at m01sture levels above
'760% of the water-holdlng capac1ty, the rate and magnltude of”
Ldenltrlflcatlon ‘are correlated d1rect1y w1th the m01sture'

o reglmen.zf



'Z;drﬁ‘carbon)sources' .

| In soll“ the reduc1ng agents used durlng
‘vden1tr1f1catlon are. ma1nly suppl1ed by organlc compounds.::
Den1tr1f1ers can utlllze a W1de array of carbohydrates,

organlc ac1ds, or the organac compounds of complex. culture,'

a med1a as carbon and energy sources dur1ng aeroblc growth

Under anaeroblc condltlons, sequences requ1r1ng oxygenase s

'afact1v1ty may be suppressed and the substrate spectrum _}f:f;n;v

\

restrlcted for some organlsms, i. e..Pseudonomas stutzerl

";uses vallne, leuc1ne, 1soleuc1ne and cystelne durlng aerobch

'»growth but not under den1tr1fy1ng condltlons (Delwlche and e

" !

Bryan,‘1976). »JQ *‘11' -{T {dfvti-f t‘- 'h__f»d ;f,
In general levels of nat1ve\5011 organlc matter have.
-been reported to be suff1c1ent for the occurrence of |
lidenltrlflcatlon. Bremner and Shaw (]958) found |
_:denltrlflcatlon to be absent only when the quant1ty of. 5011.

organlc matter 'was.. less than 1%, and observed that readlly N

."_i decomposable materlals such cellulose rather than llgnln s

: wheat straw rather than water extracted wheat straw,
:strongly stlmulated den1tr1f1catlon.v" .
| Burford and Bremner (1975) _reported that

’;denltr1f1catlon capac1t1es of the so1ls they studled were RE

fs1gn1f1cantly correlated (r-O 77) w1th total organ1c carbonv -g;

:fx.and very hlghly correlated (r 0 99) w1th water soluble

i',carbon or m1neral1zable carbon ( evolved COz*C ) ThlS worksl'
_'strengthens the 1dea that den1tr1f1cat10n in: so1ls under’

'éanaeroblc cond1t1ons 1s controlled largely by the supply of
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7read11y decomposable organlc matter and that analy51s of =

-fso1ls for mlnerallzable carbon or water soluble organlc l;”

h"'carbon prov1des a good 1ndex of the1r potentlal fi\ o
den1tr1f1catlon. ’ A - e

- Stanford et al (1975) determ1ned den1tr1f1catlon rates -

"ffand w1th 5011 glucose C" were hlghly 51gn1f1cant IIt 1s

';under near anaeroblc condltlons 1n 30 501ls of d1verse
'4_'or191n that dlffered w1dely 1n pH . organ1c matter content ul o
and other characterlstlcs. They found that correlatlons of

’the apparent f1rst order rate constant (k) denot1ng the

fractlonal loss of NO;—N hour ﬁ’w1th total so1l organlc C

_:therefore clear that the carbon supply plays a major role 1n
>den1tr1f1cat10n. Nevertheless, no 1nformatlon has been F"

gathered regardlng the dynamlc changes of the carbonaceous_*;?f”

;ﬂpool whlle NO3 N losses are takyng place.ff

‘fz 6 7 Influence of Plants ' f pi

o Den1tr1£1cat10n rates are more rapld 1n a system_"

7.~conta1n1ng plants than 1n a fallowed one (Balley, 1976

“gn1trate 1s assumed after the appllcatlon of

'“Alexander 1977) 1n add1t10n to creatlng anaeroblc ‘fff
hfmlcr051tes 1n the rhlzosphere, plants promote_l’ N
:;den1tr1f1cat10n by the excretlon of hydrogen donors or; -
'%comblnat1on of both The number of den1tr1fy1ng organlsms
7has been found to be hlgher 1n the rhlzosphere than 1n -
'non rh1zosphere 501ls. Moreover, a cont1nuous supply of

.

"jn1trate conta1n1ng fertlllzer, as a consequence of uptake by

;0



1jroots, thus cau51ng a constant flow of thls soluble compoundg

through the rhlzosphere._Consequently,‘rhlzosphere 501ls

fh}constltute an excellent env1ronment for the occurrence of

'ftdenltrlflcatlon. (Woldendorp, 1953: 1968- Bayley, 1976'd:

dTJ.Alexander, 1977)

2 7 K1net1cs of Den1tr1£1cat1on
Con51der1ng that den1tr1f1cat10n takes place 1n a_7"

%1ologlcal system, n1trate may be consumed at a rate:}5

'represented by a Mlchaells Menten expre551on(f1g 1) The Km

'value may be termed an aff1n1ty constant between n1trate and}f.”

_fnltrate reductase, v 1s the observed rate of reactlon, Vmax B

’ftls the max1mum rate of reactlon that the system can achleve;l._;

’fand [S] is. the n1trate concentratlon. Flgure 1 can be 4

-fryrepresented by the followlng equat10n~3;f§rj

v (Vmax[S] )/(Km + [s] ) o ‘: [ 1 1] R

When Noa—N 1s very 11m1t1ng, the system follows a f1rstﬁ."

”iiorder rate of loss. At a greater NO;—N supply, the degree of_"

' 7jg197o McGlll (1977) Requa and. Shroeder, 1973)

‘*gfsaturatlon of n1trate reductase 1ncreases and at saturatlon_j.:;

| ffthe rate of loss becomes 1ndependent of add1t1onal nltrate.ide}

‘ :»The same argument ‘can- be applled to organlc carbon (Cleland"'

‘,i;

In the case of two substrates,‘the follow1ng

/

”-fexpre551ons may be used for den1tr1f1cat10n°"jf j;:ﬁl?

(Vmax[C][N])/((C CRIN A K)ol

40

7'95fwhere [C] or [N] correspond to carbon or nltrogen-'*i"

Ste T w
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v

" Figure 1. Representation of Michaelis-Menten Kinetics ~

‘;f‘ﬂtzconcentratlon Kc or Kn correspond to half saturatlon

Bh

» ‘fconstants,‘and V. and Vmax as already deflned (Bray and
“d-Whlte, 1966) | ,5ffi‘frrpfﬁtp§_hﬁ”‘.Afbbv h :

) Be51des Mlchaells—MentenTe}pre551ons,?wh1ch suggest’:hi
1""""""eqvuztlz.brlum reactlons, there are three reactlon order |
’fnienpre351ons that have been used to represent den1tr1f1catlonf:
a%frate~‘zero order, flrst order and second order.fpuu,e‘ofeeﬂnﬁi
| .IThe rate of a zero order reactlon can be represented thV

:'ﬁpthe expre551on°

vﬁﬂiwhere dN represents the change 1n NO,-N content Rﬁth'

'ﬂrepresents the rate of NO;-N loss and dt represents the t1me."

"Q?span con51dered ThlS 1s the 51mplest system and 1s accurate_

:'jat zeasonablY 1arge NO,-N concentratlons.;,'f
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o The rate of a first order reaction can be represented_‘f
'V; b§3the“ekpression§ o - ‘ R

AN = kN dE 1)

A
N . N . . . . N
\ . . . . LN ~.

-kt

JWhich:integrates_to

Nt = No e o '."_?.. : _“b” "i“'-' i [15]
hwhere Nt is’ the amount of n1trate present at a glven tlme t
No315hthe_n1trateepresent‘at‘t;me_zero, e is the:base of'
_jnaturai loéarrthmshand.k is thehfirst order'rate constant. A,
:Vflrst order approach can be used 1f nltrate is low.‘

| The second order approach con51ders two substrates
.‘1nvolved ‘in the reactlon. Use of the second order expre551ont'
”assumes that C 1s elther completely OdelZEd to coz—c and/or_ph
»;1s used for blomass product1on on a welght basls, concurrent
y‘w1th complefe reductlon of Noa—N to Nzl, Con51der1ng that 1 ‘
egnatom ot n;trate WIll consume 5 electrons durlng Jts A
"kreductlon to Nz - 1t should take 4 8 atoms of n1trate to

.J,._.

haccept 24 electrons generated dur1ng ox1dat10n of one atom °h‘t

,p‘of a 51mple sugar (C H1zOs) to coz C and H O._Thus,_one atom .

'~¢of Noa—N should accept the electrons from j 25 C atoms. ThlS“;.

';ndproduces a C N ratlo of 1 07 (wt wt) (MCGlll 1977) Most -

“hfdata avallable, though 1nd1cate that the C: N ratlo 1s

",Qiﬁcloser to- 2 (Bowman and Focht 1974) Based upon complete __j7

f:voxldatlon of CH, o to £Oz { equatlon [10] (page 10) should Q.‘
represent the system. Assumlng the dlfference to be due to B
2]

'HVblomass productlon w1th1n the m1crob1a1 pool the follow1n9 ﬁ

-:fequatlon may be more represeﬁtatlve.p. 1 ey

. ,. 4



. . 9. ‘33(CH O) + 4N05—N + 4H‘ ‘.._...__. -

g, 33(b10mass*CH o) + 5coz,+ 2N, + TH,0 0 - [16]

‘On a wt. bas1s, the- equat1on becomes~

112G~*—56N ——-‘—u52(b1omass C)»+ 60 CG,—GW+’5 N-— - {17}
'_-whlch can be 51mp11f1ed to:. ‘ S
| 2Ao + Bo}—*-—Products - ‘:‘_-‘-'-:h o - ”[18].[

N, respectlvely, and 2 molecules of reactant A .are requ1red

hnper‘unlt of reactant B. If X represents the change 1n o

"fconcentration"from B and Bt and At represent the respectavezi

_concentratlon after time. 1nterva1 t then

Bo “'x ¥thf-f.: T N &1
| Ao - 2x = At e e A : _.'[ZY.O'].,‘»
" ana dx/dt . k(Ao - 2x)(Bo -x) T

Which 1ntegrates to (Latham, 1969)

7l{(Ao @&2Bo)kt = ln((Boé@o) ((Ao - 2x)/(Bo-- x))) { _‘fI22]~

: where k 1s deflnﬁd as the second order rate constant whichf“

!

”'can be determlned experlmentally by plottlng ;“‘”

'ln((Bo/Ao)(At/Bt)) on’ the ordlnate agalnst t on cbeufp

‘lifabsc1ssa. The slope of the l1ne equaIs (Ao.— 2Bo)k Because:

'-}i(Ao FZBo) 1s a constant obtalned from the orlg1nal

.“

‘tiand Bt can be calculated from the 1ntegrated fosm of- the

7eguatlon- . . 7}7gfe e

concentratlon, k- can be read1ly calculated The values of At

3

whére: Ao and Bo represent the 1n1_1al concentrat1on of C and-;
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(Ac - 2Bo) kt

2 =‘(Aoino)fe

hstandp01nt den1tr1f1cat10n could be treated as a. second

forder system. '

(o - 236)1k§ < In ((Bo/Ao) (At/Bt)) 23]
. (Ao - 230) kt o o
e (Bo/Ao)(At/Bt) [24]
: - (Ao - 2Bo) kt o " ‘ S
";(Ao/Bo) e . ) = At/Bt =y [251 -
',amd also, (Ao - At)/2 % 36_4 Bt t26]-‘;v
.°Iltheréfdre, Bt =”' (Ao -At)/2 "»ﬁ:'[27]'.
dthen substltutlng in equatlon [25] . | i
“ﬂAt/(BO[—‘(Ao/Z) + (At/2)) =y ' [28]
and clearlng At in equation [28] _ _ .
| . =(y Bo) - ((Ao y)/2) + ((At y)/2):‘ “[29]:f.ﬁ.:
‘7;QA£ﬂ— ((at y)/2) = y (Bo - (Ao/Z))A' (301
'?fAt (1 - y/z) ¥ (Bo —-(Ao/2)> : , ‘h[3?j_7
(S ¥ (Bo - (Ao/2))/(1 - /2 el
‘_At = y (2Bo = Ao)/(2 - y) - f'j:[33],'
’ow, replac1ng y by equatlon [25]
ST e (Aoj?;zso)zkt
(gBo'f;Ao)(Ao/Bo) e S
Mo el

Theoretlcally, therefore, from the chemlcal klnetlc fﬁ

. Because the den1tr1f1catlon rate can be represented in

~v;4¥several ways if the approplate cond1t1ons are met

'1n the l1terature on thlS matter appear confu51ng. The

reports T
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react1on order used to descrlbe den1tr1f1eat1Qn should be

‘selected in a way that reflects the real system as cloSely

as. poss1ble, taklng into’ account the relatlve amounts of C

and. NOg-lenvolved
When h1gh concentratlons of NOa—N and carbon are
.-present the reactlon w1ll be 1ndependent of e1ther
lsubstrate concentratlon -and the system will have the
3;max1mum rate of react1on. In such cases, the react1on rate R
. can - be descrlbed us1ng zero order k1net1cs, as found by |
'Doner et al (1974) in, 3011 column studles.’Smlth and
Beauchamp (1976) and Reddy et al (1978) reported zero order
'k1net1cs dur1ng den1tr1f1cat10n 1n the presence of an added'b
‘energy source. fﬁ.‘T _'j:4;*"n. . | S
'fg7f Nevertheless,*rates of den1tr1f1catlon that approx1mategf
h”flrst order k1net1cs or two- substrate M1chael1s-Menten'l‘.
k1net1cs have been reported (Bowman and Focht 1974 Reddy .
”et.al.,'1980 Smlth and Beauchamp, 1976 Stanford et al.,
.fl9759 Bowman and Focht whlle study1ng the 1nfluence of
.{glucose and n1trate concentratlons upon den1tr1f1catlon |

rates 1n a sandy 50115 found that den;tr1f1cat1on rates were.

dependent on NO;-N concentratlons and glucose concentratlon-}~?vif

the denltrlggcatlon rates were substrate dependent at lower o

'concentratlons approx1mat1ng f1rst order k1net1cs and

."‘

'gradually d1m1nlshed at hlgher concentrat1ons to become

'1ndependent of elther substrate concentratlon (zero order '

s

l}zklnetlcs) Furthermore, Stanford et al., (1975) whlle

v;studylng sandy SQllS wlth very low contents of total or

e .

K
M
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extractable glucose C found relat1vely poor f1ts for e1ther
. f1rst or zero order k1net1cs. They postulated that these o
,50115 could not sustaln a steady rate den1tr1f1cat1on for‘

more than a few days because thelr sources of carbOn soon

| were depleted. i ‘g'_fi ',f B 'H\ff""z.,,‘ . J
’ On the other hand Yamane (1969) vreported decrea51ng

k

brNoa N reductlon rates as nltrate concentratlons 1ncreased

from 200 through 400 800 and 1600 to 3200 ug g" of

e NO; N Also, Bowman and Focht (1974) found that hlgh R

-'glucose C. concentratlons (1 8%) appeared to 1nh1b1t o

-den1tr1f1catlon dur1ng anaerobl':sncubat1on..;-

, From the prev1ous rev1ew, 1t _eems apparent that the
“rate of denltrlflcatlon w1ll fxt sev ral d1fferent k1net1c
‘treatments de%endlng .on the relat1ve amounts of NO3—N and

‘;carbon present 1n the system,.at a glven tlme.}Also, 1t 1s
flmportant to keep 1n mlnd‘that any of the 51mple treatments

;represented here w1ll hold only for a short t1me. If one of 1

the substrates 1s exhausted the react1on w1ll stop— The f"

: best app?oach therefore con51ders both substrate‘*. “"‘

“gconcentratlons- erther two substrate Mlchaells—Menten o

nk1net1cs, or the second order system.~:f

-'2 8 Summary :
.‘ It can be concluded that den1tr1f1cat10n 1s controlled
bfby several 1ndependent factors, many of whlch undergva.

'”seasonal and even shorter term fluctuat1ons and whlch
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1nteract w1th each other, Thus, the complexlty of the
den1tr1f1cat10n process and its control mechanlsms make 1t :
Re v

‘hextremely d1ff1cult to predlct for any partlcular

'env1ronment, the overall den1tr1f1cat10n rate, and ‘the’

O

relatlve proportlons of products, unless the controls are’
;quant1f1ed Further research is needed to clarlfy aspectshof
’denltrlflcatlon such as, enzymlc mechanlsm, 1ntermed1ates_
and m1croblology and thelr 1nterrelat10nsh1p w1th factors";,t
'such as temperature, pH and substrate concentratlons. Ifu*
such understand1ng 1s achleved the ab111ty to. modlfy i

"denltrlflcatlon by approprlate so1l management practlces r

~w111J1ncrease.



3. Materials and,Methods“

. . I L . L R L - - :
: o L B R AR

~3 1 So1ls o

Samples of Ap horlzons were collected from two 501ls,

9fdur1ng the autumn of 1977. The 50115 were°'a Black

Chernozem1c, Malmo SlCL and a Gray LUVlSOllC, Breton L, -

' located at the Unlver51ty of Alberta Ellerslle farm j'

‘ [(NE 24 51 25 W4) and at the Unlver51ty of Alberta Breton

-Plots (NE-25—47—4—W5) respect1vely Thé almo 5011 was f‘

.ax‘.ﬁ

.,cropped wlth alfalfa (Mbdlcago Satlva) unless otherwlsep

spec1f1ed The Breton so1l was under stubble. Table A of the”

lappendlx presents the general characterlstlcs of - each 5011 )

"3 2 Sample Treatment i ";;“~; ,f f,f

5011 samples taken from the f1eld were air- drled and

';ground to pass a 2 -mm S1eve. Bulk samples were stored dry 1n

'il'the dark at’ room temperature untll used for 1ncubat10n

a.fstudles.‘ fo#'f

"'3 3 Incubat1on Procedurerff . -IN'T. /“

Each sample con51sted of 100 g of a1r drled 5011 placedf'

';n a 150 ml Erlenmeyer flask De1on1zed water was used to.”'t

r,_saturate the so1l saturatlon be1ng prev1ously determlned by

‘frecord1ng the mo1sture needed to produce a gllstenlng sheen:‘

on stlrred samples. The 1ncubatlon flasks were closed w1th a;fthﬁ

rubber stopper, therefore m01sture losses were cons1dered

¥




~;days at field capac1ty to av01d the flush of act1v1ty o

-1
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1n51gn1f1cant durlng the 1ncubat10n per1od Incubations weref
in the dark at 28 C In some experlments, prlor to add1tlon

of amendments, the 5011 samples vere. pre 1ncubated for seven‘

W

follow1ng m01sten1ng of an air drled so1l sample.‘

3.4 Amendments

”fgrade Ca(NO )2 4H20 and KNOz respectlvely.n '

- ,1ncubat10n flasks were- not SUbsampled

3 5 Knalyt 1cal préé‘ea‘urésﬂ",,

| .

Amendments ( N03—N , Noz—N and glucose C) were applled

drOpw1se in- solutlon and m1xed 1nto the so1l at t1me ‘Zero of;

all 1ncubatlons. The sources of NO3-N and NOz—N were reagent

Sampl1ng durlng 1ncubat10ns was destructlve- 1,e;-

3 5 1 Mo1sture Contentydf7-s:3'.n‘l“¢.

So1l samples were drled at 105 C for 24 h &ifn“ \

7mo1sture loss expressed as percent of oven dry 5011 welght.ﬁ_ﬁ'

-

'5,3 5 2 Den1tr1£y1ng Populat1on S1ze ﬂ.'w ?m f‘:‘

The most probable number method ut1llz1ng NO;—N broth-dV

:(Voltz, 1977blxwas used to est1mate number of den1tr1f1er5gp"

I3

,eeAbsence of NOg was taken as 1nd1cat1ng presence of - gv-iAa;i“_.

'fdenltrlflers.u» _””I“fv’)lj:li"_“ “1. ﬂ{f,:[.-“_ .'d” SR

e B

e i o e

% m01sture at field capac1ty was deflned as the % water

ﬂreta1ned -at 33 kPa ‘moisture ‘tension. Values are’ expressed as

percentage oven dry welght of so1ls.5

‘o

ER o ) L _a";.'
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3 5 3 Water soluble organ1c carbon p f} R S
N - .
‘ The water soluble organlc carbon(WSOC) content was

f"measured by shaklng 10 ‘g of 5011 in! 100 ml of. glass A:"

'dlstllled delonlzed water 1n a polyethylene centrlfuge

- bottle for one hour followed*by centrlfugatlon at 10000 x g,‘

,'at 4 c for 30 m1m¥tes. The supernatant was f1ltered w1th ;*a o
fisuctlon through a 47 mm dla 0.2 pm metrlcel membrane f11terr”|
{Tprev1ously washed w1th 100 ml de10n1zed water. The f1ltrates |
.:were stored at -10 C untll analy51s was performed | |

Dur1ng the completlon of thls study, three methods.to”f

‘determlne the WSOC content were used
. A s

3. 5 3 1 Persulfate Ox1dat1on R B :

n
A

| " The method used was taken from Hu et al.a(1972)
“'thls method a 20 ml allquot of 5011 extract was placed
:,1n a 250 ml wlde mouth Erlenmeyer flask (Cornlng 5100)
'f{Immedlately ; 1 ml of concentrated H SO. ; 1 ml of

saturated Agzso. solut1on and 4 g of K S Og were added

'}A v1a1 contalnlng 1 8 ml of 1. N NaOH solutlon was placed
brnto the 250 ml flask conta1n1ng the sample reagent |

P

f :imlxture. The flask was stoppered and the stopper taped d
"onto the flask Wthh was placed 1n an oven at 80¢C for 3‘
ifﬂhours for oxldatlon et the C. and collect1on of CO,AC;:y
l‘The flasks were removed from the oven, allowed to cool

ftand the)v1al contents t1trated to the phenolphthale1n'

e e e e

:end po1nt w1th O 005 N HCl follewlng addltlon of 1 ml of

N 1 M of BaClz.':-

L i
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3 5 3 2 D1chromate Ox1dat1on' .
‘ Extracts (10 ml) were treated w1th 15.0 ml of 0. 267

‘N solutlon of K Crzoy 1n a 125 ml Erlenmeyer flask

"fltted-WIth a reflux condenser,_and the_mlxture bolled

.:for-3b-minhte5'(Mebius, 1960)". ResidUal dichromate"in
::the cooled dlgest was determ1ned by tltratlon on w1th
0.03 N Mohr salt ((NH )50, FeSO 6H;0), w1th the‘ | -T‘,
'_'1nd1cator prepared by dlssolv1ng 200 mg of U
h‘N phenylanthranlllc ac1d in. 0 2% Na,coa solut10n.;7
_‘3 5 3. 3 Dry Combustlon‘p;”~f" _
._In the f1nal set of exper1ments, th; WSOC content
' was. determ1ned u51ng the Beckman Total Organlc Carbon
-Analyzer model 915-B. Total C content and the 1norgan1c o

| l( ..”l'?C were both determlned ~w1th the organlc C content taken ‘

_,_ o .’v.

°

'as the dlfference (dlfference method)

B 3 5 4 M1neral and Total Nxtrogen'
M1ne7al N was extracted by’ shakln for 1 hour 10 g of
5011 w1th 100 ml of 2 M KCl PMA solutlon followed by |

'-f flltratlon of the resultlng suspenslon (Douglas and Bremner,4_

"1970) Determlnatlons of NO3 -N , Noz-N and NH.—N were
;\;erformed u51ng steam d1st111at1on (Bremner, 1965a)..Forn
fitotal n1trogen 5011 samples (0 1 g) were pre.treated u51ng‘
KMnO. solutlon to ox1dlze NO; to N03 followed by powdered’Fe'

to reduce-N03 tovNH‘ -Samples were then~d1gested accordlng_f'

: to the normal Kjeldahl procedure, but u51ng 7 ml of

'v_H SO /K SO./CuSO. solutlon (McKeague, 1978) Ammonlum,
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~ produced was measured using steam dlétiilation'and'.k.,

’acollection'in 4% boric acid (McKeague,.1978).

3. 5 5 Evolutlon of ‘co2-~ C

- . .
.}

vaolut1on of COz—C dur1ng the 1ncubatlon perlod was

| measured 1n quart Jars u51ng the NaOH collectlon method '

‘ outllned by Mlddleboe et al (1976)

°3.5.6 Total 5011 Organ1c Carbon'
Total 5011 organlc C was determlned by dry combustlon
d'1n the Leco furnace (Tabataba1 and Bremner, 197Q),3

E 5 7 Exchangeable Cations R

Exchangeable Na, K, Ca and Mg were determlned by atomlc

/i. absorptlon (McKeague,,1978). f
- o -;}.- . -

© 3.5.8 pH

- vah 5011 pH was measured w1th 2 pH meter u51ng a glass

Aelectrode_ana suspenslopvof_1.2.5 ,'5011 water ratlo.,'

'f3 5. 9 Total PhOSphorus
Total phosphorus was determ1ned u51ng the dlgest1on |
‘-procedure outllned by Parklnson and Allen (1975) and ;'\.

‘measured u51ng the molybdenum blue method (McKeague, 1978).

c



©3.5.10 Total Sulfur

intal‘sulfu:,wés'determined'uéing~fhe'alkéliﬁe

s foxidatibnxméthod_as outlined by T&batabainand'Bremhe:F

(1970).

34'
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.4 Effect of Pretreatment on Water Soluble Organ1c Carbon of

o

‘”';, Two So1ls

4 1 Introduct;on o

Much of the total organlc carbon of soxl is hlghly

"lfjre51stant to decompos1t1on. The short re51dence t1me of the

water soluble organlc fractlon 1nd1cates 1t 1s a more
'ldynamlc component wh1ch i's: partlcularly susceptlble to
‘.decomp051t10n (MCGlll 1978) In .a study related to : i
e T
/1revegetatlon of the 011 Sand Area 1n Alberta, a close‘?zf"

»r7relat10nsh1p between resplratlon rate and soluble carbon-

3

supply was found 1n several 501ls. In every 5011 COz Ce;d.ﬁb,»f"

o

rd*evolutlon rates dropped off qu1ckly once soluble carbon

‘7levels of WSOC were con51stently hlgher 1n the less

5]content dropped off suggestlng that for most practlcal
"f{purposes the soluble carbon pool 1s the 1mmed1ate carbonm -

:;source,for 5011 m1crobes (McG111 1978) .y ' [ _
Hu and éllmour (1972) reported that the WSOC was a good

'-1ndex of decomp051t10n and hum1f1catlon. They found that the.n'
S U

. ."

:f;5decomposed materlals and decreased w1th 1ncrea51ng

”.decompos1t10n and hum1f1catlon.}a

3 Burford and Bremner(1975) reported that the water

' ffsoluble organlc carbon content 1n 50115 prov1ded a good

”ny1ndex of the1r capac;ty for den1tr1f1catlon. B

o Reports 1n the l1terature 1nd1cate an 1mportant role »
'“for WSOC but they do not clearly demonstrate the controls-f@

;fand mechanlsms supplylng carbon to the 5011 solutlon.lThe
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1 ”wwobjectlves of th1s research were.,l)to determlne the WSOC

' ”;content present 1n a1r dr1ed samples and pre 1ncubated

R

';isamples of the Malmo and Breton 501ls~A11) to establlsh the,;

e

'.most prec1se method to determlned the WSOC content of the

'?5011 extracts,v111) to determlne the effect of 1ncreased

i'fyvolumes of extractant per g of 5011 on the recovery of‘WSGC

o, 1v) and to determlne the WSOC content of f1eld m01st

'g‘fextracts obtalned from a1r dr1ed samples, pre 1ncubated

1hsamples and the relatlve proportlon of C compounds of
'7‘ protelnaoeous nature present 1n the WSOC pool |
“34 2 Materxals and‘Methods,}Hidh” ~

Determlnatlons of the WSOC content were performed on

x“'iesamples, and fresh m01st samples taken from the f1eld.i;id_yg{’fi7;

”:_;Samples were repllcated three t1mes each The extracts werefﬁfy

;?te,studled-ni'icg

'f,obta1ned by shaklng 1ncreas1ng volumes of water (extractantY[ﬁifﬁl!

T

'j¢w1th a constant mass of so1l

.

--r S

";ﬁCarbon Analyser Model 915 B and two d1fferent methods were

N Y S

'ﬁdf4 2 1 D1fference Method |
'h;:The extracts were analysed 1n the total carbon channel
“;;and 1n the 1norgan1c C channel of the analyser and the |

forganlc carbon content determlned by dlfference.:,“

Analyses of WSOC were performed w1th the Total Organlcfﬁf\f' |



“'lfthe leference Method and the Ac1d sparge Method 1n the Q~ﬁ:_.;

4 2. 2; Ac1d sparge Method : UEETON o
‘ ’ 2 .

" The extracts ‘were ac1d1f1ed by addlng one drop of |
concentrated HC1(10 M) and the samples wene-set in the ;
!

sparge manlfoLd and sparged u51ng COz free a1r to remove

b

o 1norgan1c carbon. The Organ1c Carbon of‘the sampIe_waS“then

determlned in- the total carbon channel.--" -

,'4 2 3 N1nhydr1n peact1ve N
B The n1nhydr1n reactlve N was performed in the extracts ;

'fof the fresh f1eld samples u51ng the method developed by

NS

h;-Moore and Ste1n(1954) ‘f ‘_‘vf
S R v :; ?;' .
. 4.3 Résults R i
:diﬁﬂ4 3 1 Alr dr1ed Samples l»{lflfd“f"iirf’f~_”' ,fl ;ltdfjdh.ﬂté-

. Extracts of a1r drled samples were analysed by u51ng

TR

an

Ve

o Beckman 915 B analyser. leferent water volume to 5011 mass 5tt'

N

*twratlos were used 1n both cases for each SOll Results of

“'5jsmaller than those obta1ned w1th the leference Method w1th :

-iiﬁsamples,.51nce the relatlve amounts of WSOC in the Breton

””Lfﬁw501l were very small _;jl' . ﬂ&m;,'u_ze : ljz-l : yn” ?[1‘

1

t

]
| '37,WSOC contents obtalned with. the Ac1d sparge method were - vfx"AiﬂL
‘ﬁftwo exceptlons in. the Breton so1l(ApPe"d1xr Table B) The,lf

:ﬁilatter was attrlbuted to natural var1ab111ty w1th1n 5011

oL

LA T e e i i

D1fferences 1n results us1ng thgse two methods could be

h;attrlbuted to the presence of volatlle water soluble organlc

e T



compounds 1n the extracts, wh1ch would be lost in the

process of ac1d sparglng. Use of the D1fference.Method has“, F

g - o

been recommended for samples where the volatlle organ1c LW
_;;-___carbon (VOC) content may be~549n1flcant_and_lncludes_var1ousm____:L

petroleum petrochemlcal and sewage waste waters.'In these;

’ appllcatlons, the Total organlc carbon levels are -
’

Asuff1c1ently hlgh so that the dlfference technlque (Total C ;

t ﬁ"— Inorgan1c c : Total organlc C ), is the,preferred method ;
(anon.’1979) » ‘r"’: ' . G . .,»‘,’ . :«, ) .‘ .“. ‘. | : »' 8

G .

-As a, conséquence, the leference Method was, adOpted for"

.

'h' determlnatlons of the WSOC contents of the 501ls in the

E :subsequent studles.j_ f‘  B _j" _; o ft 'j'7,f"73v5g
ffj"‘y- , For air dr1ed Malmo 5011 samples, WSOC contents var1ed

from 423 up to 2126 ug é"; for the water volume to so11

. \
ok fﬁ ratlos of 2 and 100 respect1ve1Y (Flg--Z) These resultS:f
~'_(;»:._.A'_sugggsi:ed that tﬁ% greater the volume of extractant used per
.éafgram of 501l, the greater the amount of WSOC content'brought
ﬁxkfk?1ntovsolutlonij»m_f' fi‘j;iihr;fﬁrkexfs'x.lv | : s |
4 Th@ same trend was.found in alr\dr1ed samoles of the\

‘Breton so1l but the magn1tudes of extracted carbon at the

dlfferent water to 5011 ratlos were approx1mately one half o]

.4

:ﬁf3of the Malmo so1l extracts. The dlfference in WSOC contents'gf?f{f
I.of the tWO 50115 was slgnlflcant at the 1% leVel as Judged
I o SR : L MR
by a t test. B L .v_;w4~ o

e e . - g
. : L . EP I St .
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~ Malmo | S
2000 A Breton -

1soil]

1200

“g .

D lug C in -'s:c')lutlon g~

o m

+ 0. 20 40 7 60 - 80 100
c V[ml H?_Og sonl] |
;:.-Sijlgure 2 WS C contents (D) |n alr-drled samples cf the Malmo and A

Br n soils, extracted with different. .volumes, of water (v),' .
Bars indicate standard Aav,at,on R N




o

o 4. 3, 2 Pre—1ncubated samples

; For both so1ls w1th pre 1ncubated samples h1gher

amounts of WSOC were extracted w1th 1ncreas1ng water to 5011,.p

_____nratlos_jTables 1“and“2 l_ Amounts of WSOC_extracted“from_the___;l_;;_

pre 1ncubated 50115 were, however, smaller than those

5-:extracted from air- drled samples.

R RN

xlf'j'," The WSOC contents of pre- 1ncubated Malmo samples were-v
approx1mately one half of those.of a1r drled samples, at a
glven extractlon ratlo. In BretOn 5011 samples the WSOC was
abbUt 1/3 to- 1/4 as large 1n pre 1ncubated samples as in?
a1r drled samples.,fff'” . .. ' .” - “
e These d1fferent WSOC contents obtalned for a1r dr1ed

vﬁ“‘samples and pre 1ncubated samples can be attrlbuted to
m1crobial uptake of WSbC once the 5011 ‘is- 1ncubated |
followed by either convers1on to blomass or release as Coz-C

durlng m1crob1al metabol1sm.,.

The dlfference 1n Wsdélcontents of the two sozls was .-ﬂ;?"uf

) 5 51gn1f1can§ at the 1% 1eve1 as judged by the t test ‘,»;J;
4 3 3 F1eld Mo1st Samples 3 A .
WSOC contents of fleld m01st samples were measured at
?'a greater volume of extractant affected the magnltude of
o }-extracted carbon,_as found 1n the prev1ous experlments.; “'*“
Samples under d1fferent management cond1t10ns, such as frf}

J

fallow, barley stubble, sod and hay were stud;ed 1n the

two dlfferent volumes to so1l welght ratlos, to determlne lff'ﬁ”T'

MaImo 5011 Samples under stubble were stud1ed in the Bretongﬂv"‘“



" Table 1.' WSOC. contents of extracts - obtalned by us1ng
: - " different volumes of extractant to soil mass in
" pre~incubated samples oflthe Malmo 5011 (by theA

d1ffefence.Method)

- 3 9

Coan

: Volume‘of extractant/soil maSS'

' WSOC

[ . . K ‘

'ml g!

ug

b 6
o B I
~ 98

351

371

1100

1092

H HH | W0
o

o,

+ indicates standard deviation. .- .

e |

R -
A
ST e -

gTaBiéHZ.';WSO ;contents of extracts obtalned by u51ng
~ ... different volumes of extractant to soil in-

. pre-incubated samples’ of ‘the Breton soil (by thel

..

.'t dlffenence Method)

"z_VQlumé;éfléx;rédﬁéﬁf/sbiifmaésf

: ug

e ml .9'3'; .

49

52
64

69
198

1nd1cates standard dev1at10n._ iv*
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"'sorl (Table 3)
In the Malmo 5011 WSOC contents varled w1th managementf"

.f practlces, the so1l under sod had the hlghest amount of WSOC"h{.

| di(90 ug. g") and the lowest WSOC content was 1n the one underi

»fhay (69 ug g‘") On the other hand the WSOC content of the B

. ndfjstubbled Breton 5011 was about 1/3 of the stubble Malmo sollifT}

(24 ug g ) In both SOllS, 1ncreas1ng ratlo§7bf water to

5011 mass resulted 1n greater amounts of WSOC extracted per B

ufjfuhlt‘mass of 5011 Varlatlon of the WSOC contents between

w-:samples extracted wlth dlfferent volumes of extractant and

f;ﬂunder dlfferent management however, were relat1ve1y small

“’hwhen compared to the WSOC contents extracted from a1r dr1ed

fsamples and samples pre 1ncubated follow1ng air dryang..j¢;}];1fu

The n1nhydr1n reactlve—N content of the extracts,.bfl'

1f1nd1cated that the contents of am1no ac1ds and related

'fcompounds vere small and varzed w1th management practxces Qh”n”fr

‘F(Table 3) In the Malmo 5011 the h1ghest content was

¥ideterm1ned for the 5011 under sod and the lowest under hay, 'giff

‘}p2 8 and 0 7 ug g" leuc1ne equlvalent respect1vely.‘The

Breton sorl under stubble had a s1m11ar amounts of n1nhydr1n S

f_rreact1ve N to thatvobserved 1n the Malmo 5011 under stubble

ie‘ 1 5 and 1 3 ug g" leuc1ne equ1valent respectlvely)

”¢74 4 Dlscuss1on v’i'J

In general data of the WSOC contents for a1r-dr1ed

gsamples, pre 1ncubated samples and f1eld m01st samples of

:'the Malmo and Breton so1ls 1nd1cate that the soluble carbon
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“j pool ava1lable in solutlon is d1fferent for these two somls«

and for a. g;ven so11 appears to be weakly related to

7fmanagement cond1t1ons. Also, the data indicate that the ,«f;;h:‘

7ﬁtotal WSQC desorbed per mass of 5011 1s related to the .

N f‘vo}ume of extractant ‘used.

Ty

*ff:4 4 1 A1r—dr1ed and Pre 1ncubated Samples fhf'

Because the measured WSOC contents of the 50115 were

v’ﬁ'_~found to be related to the volume of extractang’ it 1s‘

'fconvenlent and useful to descrabe them 1n quant1tat1ve or‘gl'

\

'"“Qﬁjmathematlcal termf. The Freundllch adsorptlon 1sotherm has

,‘7ﬁﬁbeen appl1ed to. t'e adsorptlon of nutrlents and organlcs by

"y[501ls and 1s,‘ther'fore, con51dered here.‘The Freundllch

”{aorganlc matterf

:”-ﬁﬂ;lsotherm has a form.that 1mp11es 1nf1n1te ab111ty to adsorb

sk et N e T

'fherevx/m represent«the\amount of WSOC adsorbed per g of

k represent the adsorpt1on constant hav1ng un1ts of ml

:7{}§f'5011 n reflects the d ree of nonl1near1ty of

*ﬁfadsorptlon,_and Ce represenés the equ1l1br1um solutlon

'““{comcentratlon (ug c ml") (MCGlll 1978) The two constants ‘n:
éand k embrace all factors affectlng adsorpt1on from LT

:“:solutlon- propertles of the adsoﬁbate, adsorbent, and the o

f'solvent as well as the equ111br1a\between the

S

‘1”-adsorbate adsorbent, adsorbate solvent and ‘prﬁj;; ;;;Tltl}p

'"*;ﬁfsolvent adsorbent The flex1b111ty of the two constants( k




".accuracy if the data are eéirapolated beyond the

. ‘ \j‘ ‘ . . N ‘- ‘ “'..‘.v ‘ . '-- “ . ) 45

4

se e

"o

experlmental polnts.v°

...‘w :

Because the Freundllch adsorptlon equatlon 1s an L

,and n ) allows easy curve f1tt1ng but does not guarantee r.fﬁ"

(Bohn et al., 1979)

exponentaal functlon, 1t emplles that the energy of

X

'-adéorpt1bn decreases logarxthm1cally as,- the fractaon of .

"y .
iy v

surface covered 1ncreases. Therefore, the adsorpt1on of WSOC o

would be malnly a,functlon of the total amount of WSOC and

that adsorptlon can be 1ncreased almost 1ndef1n1tely The ~¢;'

Freundllch equatlon can be derlved theoretlcally by assumlng

that the decrease 1n energy of adsorptlon w1th 1ncreas1ng

the degree of heterogene1ty 1s unknown in most adsorptlon o

1nvestlgatrons, the Freundllch equatlon 1s best treated aslf’

an emp1r1cal descrlptlon of an actual adsorptlon process

£

On the other hand desorptlon can ‘be experlmentally

determlned by equ111bra%1ng 1ncrea51ng volumes ( V ) of jffg

extractant (water) Wlth a constant we1ght of adsorber
(5011) The concentratlon of desorbed materfal under study

1s determlned quantltatlvely. At equ111br1um,‘adsorptlon 1s

g SRR VA L e

d1rectly proportlonal to solut1on concentrat1on and

conversely desorptaon 1s 1nverse1y proportlonal to solutlon.j,u“
:g concentratlon. At thlS p01nt'7"‘ | '

Adsorptlon-====ﬁ!=-Desorptlon *;ffgvj;:’ﬁ'f’?.:‘u'f'EZJf’”

If adsorpt1on 1s represented by-' 5ﬂ£€:5

- surface coverage 1s due to surface heterogenelty. Because o

[;')



"?t,grepresented by ﬁjk-~”

S '1/n. e LQh . A o R A
‘x/m = f1 Ce j"l"j’, ' fﬂ:‘- e S [Sih -

V-;then, if desorptlon is an 1nverse relatlon 1t can be

-

'"_.'D-'= fJ (1/Ce) R el

}and has units of ug C/g of 5011

L f'Con51der1ng that' ,‘ ?;i‘A?}"

Vntherefore j;g,gfn:v-a,iv.r_ i, v.l;n c. § .'~J »_‘ : |  '
'vand [ R S R R

N .n+1'-" o S e e

To determlne 1f the data are 1n agreement w1th the.;

o

Freundllch 1sotherm, 1t 1s more convenlent to use a Log

: ,fgtransformatlon to make the equatlon 11near, thus-jf"‘

S and}“

Tw

(n+1) ln D = ln ‘k + n ln V qﬁtl'fh“il:i“}'i ﬂ-.'[TI]"a-r;

ln D = (1n k/n+1) ¥ (n n v/n+1) B [12] )

-

A plot of ln D versus ln V y1e1ds a stra1ght 11ne,-1f

'f“ﬁl'the data conform ggjthls equatlon, where the slope (n/n+1)

‘,xand the 1ntercept (ln k/n+1), are - two constants. Once the



;represented by : ,J,‘c_'
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D

'~-two constants have been calculated desorpt1on can be

>

. ':i((lnk/in¥1))l+ (nanl/Kn¥1)5" . ~'<i‘!f“r :
D=e o0 O [13]

v

} WSOC pool under dlfferent env1ronmental cond1t10ns.'ﬂﬁ

‘-hlower than for air- drled samples ’ wh1ch 1nd1cated that the»v

"ﬁBreton 50115, respectlvely.,

fIn the present exper1ment data of the WSOC contents of

Lthe Malmo and Breton so1ls, for air- drled and pre 1ncubated '
:'isamples, were found to conform to the 11near transformat10nl7
.:of the desorptlon equatlon (Table 4 Flg. 3) Values of n
-;were characterlstlc of each 5011 yalues of k however,'were.
“.“several fold. greater for ‘air- dr1ed samples than for

h pre 1nngated samples, therefore reflect1ng changes 1n the

!.
i }[ :
In both 50115, 1sotherms for pre 1ncubated samples were

‘,S !

f“WSOC content was removed from the pool (e1ther by C

'

Jdﬁflmmob111zatlon and/or by evolutlon 1n the form of COz C) asf
“”fa result of mlcroblal act1v1ty when the samples were» |

fagllncubated at f1eld capac1ty*for seven days. For -each 5011
-jthe amount of WSOC removed from the pool was calculated
l]u51ng the desorptlon equatlon and the dlfferencés between :f'el

u’tthe 1ntercept values of the desorptlon 1sotherms of

[.

V_'a1r dr1ed and pre 1ncubated samples. The amounts removed |
.*ffrom the WSOC pool were 158 and 45 ug g" for the Malmo and7 o
'ifBreton 50115, respectlvely. The latt values would reflectfa
‘;that portion of the WSOC pool wh1ch became part of or wasf

“’utlllzed by the 5011 blomass, 51% and 71% for the Malmo andf
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‘Table”4..,Values of n, 'k and desorptlon equatlons _

T calculated from the linear. form of the desorptlon
'equatlon , for the Malmo - and Breton’ 50115,,for :
-air- drled and pre 1ncubated samples.‘_~ g

. Bretom- . = - .'.’,;lf"

-Soil—Treatment—-——n——k———-desorption-equation

A e . (5.72+0.411nV)
: Air-dried  0.713 18,106~ e .. . . =

. Mélmb‘-uj';;, - —_— T O ——
SRR T A 2 (4.98+0.431nV)’

~

. (4:15+0.591nV)
gtde1570.8 ‘

Alr drled

& (2.90#0.581nv) -
Lt

Pre-incybated ” 1.43

S ) Ve [ ; &
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=pg-g= o) Y

In D (D =

S Malmo Anr-dned ‘-  o—o r2 0997**:",.',}';_,":J‘;:_'_
R P Pre-mcubated o—o. 2= 0.981* - i
N \’«‘:Breton Airdried . O—0. 2= 0.975* T

S D Pre-lncubatedl-—l r2 0989* o
o 20 1 2 03 4 o 5 SRR
| 10 ln V(V ml g ‘1,)‘.::" -
e Figure 3 Desorptloh |sotherms of WSOC of alr-drled and pre-lncubated
Lo i:; _-samples of the Malmo and- Breton souls plotted accordmg to
R the Ilnear form of the desorptlon equatlon

PN,

R **sugnlflcant at the 1% Ievel
o *sngnlflcant at the 5% Ievel




4 4. 2 Fresh Moxst F1e1d Samples o

Contents of nlnhydrln react1ve-N of the extracts of €he7“

:Malmo and Breton 50115 var1ed between 0 7 and 2 8 ug g-'-:'f&V“‘

'}leuc1ne equ1valent. Paul and Schm1dt (1960) reported that

fdhthe total amounts of extractable free amino ac1d n1trogen 1n‘7j,7

-

':rf501ls rarely exceeds 2 ug g"deremner(1967) 1nd1cated that‘

| free am1no ac1ds are rapldly decomposed when added to 501lshh“

.A,.

B f‘Also,vhe 1nd1cated that although the quantltles of such

compounds may be very small 1n 5011 such compounds may bef,yf“r’f

?Z,Q&y;'of spec1a1 51gn1f1cance 1n the rhlzosphere, where roots,_,'

'j501l and m1croorganlsms are 1nt1mately 1nterrelated

=

"”Q,found ‘in water extracts of,field m01st samples were

fhrelatlvely small and varled llttle between the two 50115

:ff4 5 Summary

'1 The present study 1nd1cates that desorptlon of WSOC

irican be descrlbed by a mod1f1e reundllch 1sotherm ~wh1ch

1*j‘fcan be used ﬂ@ characterlze a 5011

R 4

n1nhydr1n reactlve materlals ‘{l;7

‘ffexamlned {{g'ﬂvyi?.:fbefﬁfﬁf"EJ.QPJQ_aﬂf~fﬁf“¥faryf}hﬂjk'"h;

ﬁ”,2 Parameters of the desorptlon equatlon obtalned for’fft:ff'

‘ i;a1r drled and pre 1ncubated samples can be used to determlnen;d_Tﬁ

R L
.\,, . ’

biixrthe portlon of the WSOC pool utlllzed by mlcroblal act1v1ty

',ybas well as the effect of drylng and other perturbatlon of
:ﬂfs01l 158 and 45 ug g" of WSOC were removed from a1r dr1ed

:a 7 day 1ncubat10n per1od at fleld capac1ty.



o

The d1fferences of the WSOC contents of a1r drled %k

55 and pre 1ncubated samples G& the Malmo and Breton 50115 were j

hlghly 51g»;f1cant.nu ﬁ_dd*'; li-v‘{.“nl ﬂ't Hk;*t'

4 N1nhydr1n reactlve materlals found 1n‘water extracts

‘.,
e,

-r\\\

‘*' llttle between the two 50115 examlned

of f1e1d m01st samples were relatlvely small and varled
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5.1 Introductldn ;. o ,L3_~‘fr\ e

-

In stud1es on den1tr1£4cataonr_theuquestAOn always

' arlses whether NO,-N dbsappearence can be attr1buted to

.J.. [
aBS1m11atory n1trate reductlon ( N Jmmoblllzatlon) or "
den1tr1f1cat10n (d1551m1latory n1trate reductlon) Because

a551m11atory nltrate reductlon retalns n1trogen in the 5011 '

Jhﬁrather than losiﬁg 1t as gaseous”ﬁeductlon product, 1t is

'w1th 1. 35é’excess ‘*N The samples were 1ncubated for 15

-

<./ ‘A >

the 5011 in. o%der to assess 1ts relat1Ve 1mpact on the

-mmdblllzation in- the Malmo 5011 compared to losses by
o T g
. argl t
‘ ' Atff
A . é‘ ) $ . ' »
'Sozl samples were treated w1th 192 ug g" of Ca("NOa)z

jﬁegféﬁtned in. 51-

In thls_exxper};lmentn for each n1trogen detecminatlon 30

PR A ""-1 gy 4 ,
ml o§ dlstlllate fere collected t1trated and an additional
A \ EXN 5 "':‘ef\

A

1 ml cf t1tra ipon. ac1d addedlto iurthe:;;cadlfy the~samples.
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The samples were evaporated to; dryness at 60 C and stored 'f

forﬂ&sotope ratlo analy51s 1n the mass spectrometer. The .

N ,/ L T

ammonla in the extracts was ox1flzed by an alkal1ne solutloni

: ‘°Bf 11thaum_hypobromlte_to_nltroben_gas 1nwyacuum,_and "
auf tted)yb the mass - spectkd@eter to determlne "N/"N X K
}Porterfand O Dean,(ﬂ???).~ﬁ%gﬂre5ctlon pro eds as’ _’
,.»'a L . 5, ../‘ ‘.,I (‘q’ : '/.“ N . '§ B .
6quatlon~ 3 e R
RERIE T A
néVp,r{ormed on ‘a mlcromass 602 EEE

R . . : . v
o N to. . N S b‘ -4"' ‘; : .. n
f X o : R .‘ FE .

I

The amOUnts @flfabelled "N’éertllr%eflremf

Rared
.-.

’

so:},&n_the form 3 “NH,,—N NO;.,—N NO""'N apd- 6

T &
. h

é@ables Caand D)

' 2 3
.. X Y o
PLEY 5 X .‘ x g‘ . . Lo ~
5.3 Results and D1scussron”'f‘ '

:J:

In thls exp§r1ment the NOa—N content_decreased from 195:

to“5 ug g’; after 5 days of 1ncubat10n and to 1ess than 1 ugd’

3

’ vvug Q“.after 5 days of 1ncubatlon and compleé%ig:d1sapped¥edai.f;
i; after 15 days of 1nénhatlona(Table'5;‘ pri:n;mlafﬁgl ‘ 3
The labelled "N present f@ the form of 1E Noa—N was,
165 ug g“ at’the beg1nn1ng of the 1ncdb”tronjand 1t ;\z:;y~‘ﬁ'
decreased to 3 4 u; g"1 after 5 days and:to less than 1 ug a
s

’”Aig" after JS days of 1ncubatlon. No ”N was detected 1n the is{.

form oﬁ NOz—N (mable 6 )
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y L . E
0 a % & P
. 2 & b % . ‘) @ . . R 3 )
. ‘ ., . o - " . .
4 'a - . [N
o a ‘. A }
& = T ; °
R b cwr - . E
” : 9
el © SN »



Vi; Table 5,‘»M1neral N contents 1n the Malmo 5011 1ncubated
» . . under water saturated condltlons, at dlfferent
1ntervals of . tlme. SRR AN S .

oax
-

'*QTime‘l~in;'g"vnﬁﬁ;N, RO

—'_r‘

S
Q

M4 | o

. days 1 ug

-:" _ o s ‘?gl’g'- 1 -
L0 .. 8.9 o |
s . 92u0

4
i . .2
V15-‘ .. 54.0

wr+n' Q
m w@no

't oo
W, 0N W

i 1nd1cates standar ev1ation. Lt

;5~'sTébl¢"5: Labelled "N contents present in- the Malmo 5011 as:d““V
e - NHj-=N, NO;-N, NO;sN, and Organic N, .at -different = -

-VA‘IT:w . intervals of time, ‘wifiin. 1ncubated under water
e ~ saturated cond1t1ons R

“¢ Time f{"VNH:-N';t; U NO-N . 'NO3;-N . ' Organic-N =’

‘ff?fEQQQYSf”ﬁaﬁ;ﬁg gf} — ‘:Jug.gflczlﬁf tusigﬁijﬁ’”"

87

7?4.
.0.
.0

HP&H.
;auaw

65.1
3.4
0.2

©oo

l')

+ indicates standard‘devrat1on},.~;Q;”

AV N N
~ . R

SR 'g:;g;;;j}zgjf‘ﬂTQ7fﬂ";';g”'{}f¢_ - -fﬁ S
- 1Ta51egfi’. Percent of labelled '°N. present as NHj-N, NOa-N jﬂf:‘;;é
RO '~ -and- Organ1c-N in the Malmo soil, at d;fferent T
T kg jaﬁlntervals of .time,  when 1ncubated under water o
Lo saturated condltlons._¢ e A

o NEgEN 0T NO3-N [ oOrgamieNo.

e . » SR

15- - et O

e N R S
| B T
" ’ :

s,
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The NH.-N content 1ncreased from 9’ to 92 ug g" aft r 5
days of 1ncubat10n, then 1t decreased to 54 ug g“ after 15

' days. However, the total amount of labelled "N present in’

L

:’the form of NH*-N corresponded only to 7 6 ug g-! after~5,,ﬁ

l \

days of 1ncubat10n and to 3 9: ug g“' after 15 days. ThlS

__1nd1cated that after 5 days Qj,anaeroblc 1ncubat10n, only 9%
(\of the total NH“—N present was derlved from the 1nft1ally 'hki‘

s added labelled 1A N03—N Furthermore, after 15 days of RN
I I »% S CTE

from the labelled fert1llzer._In llght of these results, the sf’;

Ao "_ 1ncreased m1neralhzat10n can poss1bly be expla1ned in terms .HZ

of sh:fts in-. the m1crob1al populatlon, cau51ng e11m1natlon a?hf

. and«dec mp051t1on of m1crob1al cells of decaylng so1l

AN blomass Tables 5 and 6 . 3:“_-',1:ﬁed RS

Vv e
o The “N present 1n the form of organlc N’ was 26 4 + ‘“,ég o
29 7 ug g" at the beglnnlng of the incubatlon and decreased 1‘”#;
bfﬂ%owQ 7. 2 1 and 10. 2 1. 4 ug 9"1? after 5 and 15 days of 421“

ngvbatlon, respectlvely (Table 6) _ _ TR
W1th these results, the percentages of the gn1t1ally
'44“ -

added labelled 1”N present 1n*the form o? NH. N NO,-N andj

I'T«organlc N vere calculated After 5 days of 1ncubat10n, 5% of

‘e

labelled"’N was present 1n the form of organlc N z4% was in f

o ‘a.
- o .

the ammonlum form and less than ?% remaxned in the form,of ;ﬁ;}f,;
NOs—N{,After 15 days of 1ncubat10n, 5 2% of the ofﬁg1naﬁly
added .sN was present as organlc Nz 2% was‘ln the NH.—N form t%f;:

and less than 1% 1n the form of NO;—N (Table 7) ,'y:ff;mf:f;afiy

> . . B e _:_' KT L . e, oo . .




’/ Consequently, the amounts of labelled "NO,-N lost from
| Jthe so1l were equlvalent to 89 a% and 92 6% afxer 5 and 15
.ﬂdays of 1ncubat1on,.respectlvely. These losses Vere |

o

Jfattr1buted/to den1tr1f1catlon.~'ﬂ?fgggdfixiﬁgxgi

These f1nd1ngs are: 1n agreement w1th other
'1nvest1gat10ns. Woldendorp(1963) in- an experlment desagned
“Hto clarlfy the CondltIOﬂS under wh1ch n1trate was reduced by

'Bacillus Ilchemfor-m:s and B subtllls tomg&?um,_ found

?

'that the accumulatlon of thls compound occurs only 1n the,;":“ﬂ>
EalI sty

;-cells grown aeroblcally 1n the absence of ammonlum.» R
;:Furthermore, the same author, used tagged N03—N to
j1nvest1gate the capac1ty of permanent grassland sod derlved

O vl ¢
";erom sandy 5011 to reduce n1trate’to ammon1um, when

;1ncubated under anaeroblc dond1t1ons. The results of‘thls

-jexperlment 1nd1cated éﬁat the formatldm of ammon1um from‘
N ;-_n1trate was negllglble and handly exceeded the 1% level at

_,j}all stages.‘In sp1te of that the total amount of ammonlum 1n |
_fthe 5011 was clearly h1gher upon add1t10n of nltrate.jg.:' e

L

v N

. PN . S . . . Y .‘ 5 ._» ,\‘ : co
%a of‘th1s 1ﬂvést1gatlon 1nd1cate that Noa_“rg._t,

1fTh *"N da
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.él,Nitrate;posses'infReiatfonfto~theﬁwater Solubleuorganic,:

Carbon Supply

._The role of organlc‘Aatter as a reductant 1n den1tr1f1cat10n ’

- is well recognlzed (Bremner and Shaw 1958 Woldendorp, 1963;

d“;‘i",Delwlche and Bryan 1976) Moreover, 1t has been - found that

f,the supply of read1ly decomposable organlc matter or ‘

%:_water soluble carbon prov1des a good 1ndex of the so1l
1potent1al for den1tr1f1catlon(Burford and Bremner 1975)

\f&t-Changes 1n 501uble C. content durlng den1tr1f1cat10n,52'
ﬁhowever, have not been reported. .' ' ”eg” =

i

‘*,In order to establlsh the relatlonshlp between NO;-N

'n and Malmo 50115,_

. 'flosses and the WSOC contents 1n the Bre

S set of exper1ments were performed 1n whlch NO;—N losses ;g{ff;*j

6 o

:ffand concurrent changes 1n WSOC content were followed under

&!saturated mofsture condltlons. Theée results are;d' 6

*fsectlons 6 1 6 2 6 3 ‘and S 4 Also,.the.effect@bf hlgh s
‘ifggé:jﬁd;éﬁ concentrat1ons and mlxtures of Noa—N and Noz—N on -Ri;'”zsﬁ
t""'.s'bn‘-';:'.denltrlflcatJ.on was exam;ned in. tdese soiIS‘:the results are

P S L T . :‘i .

v

:;freported 1n sectlon 6\5'l'.\j*'

ST

1 50115 R




e
a. Malmo'siCl. '~ . . oTrE
| ?Jy{ﬁreton,L.' ‘ L

'?”5}fiTreatments.d

'fﬂﬁﬁf arT-Control (No NO,—N addltlon)

s

¢3b.”'Add1t10n of NO,-N at”a rate of 200 ug g" 1n»thew~'

'°Malmo 5011 and at‘a rate of- 130 ug g*‘ in thegBreton-

‘ e - ; R R
35011 .
3;:fIncubat10n per10d~ 10 days under anaerqblc condltlons e S
S DR P : SRR

4, WSOC determ1nat10n5°‘persulfate oxldatlon (Hu et al.,,c

Q1972) u51n3}a water 5011 rat1o of extractlon 3f 10 1¢

:Determlnatlons of Noa—N Noz N NH.—N the den1tr1fy1ng

- ?populatlon . CszCé§VOlutlon rates?a

ﬁﬂ,were made at dlffenent 1ntervals

0w

6 1 2 Results and D1scuss1on ’:'6.1_.,;:f’gfl‘7‘ZWf“r7-’
}Qb N -pv, R R I T
Malmo 5011 T

o AR 4
F o B ¥

In the controlf

Efﬁincubatlon (Table 8) whereas the WSOC content of the

"'fﬂfcontrol decreased from 556 to 366 ug g“. The denltrlfylng -

‘ﬁpopulatlon fluctUated between 1 Sx?O‘ and 1 7x10° organlsms L

h;ﬁ}per gram of so11 dur;ng the flrst 4 days of 1ncubat10n and

"_fditflncreased later to 1 7x10‘. The CO,—C evolutlon rate 28 ug

}

'f;;g" day" when measured after 2 7 and 10 days of

l1ncubat10n.~

When 200 ug g" NO,-N were applled to the so1l thej;aﬁyff*wﬁ

f;f”NH.-N and the NOz-N contents rema1ned unchanged The NO;-N

s

I/ < :



ytent decreased from 201 to 2 ug g“ The WSOC content

'decreased abruptly from 556 to 141 ug g'ﬂ w1th1n the flrst
day of 1ncubat1on and then 1ncreased to 267 ug g"'after 10

- daYS. The populat1on of den1tr1f1ers fluctuated betweenfvhm

‘-:,was detected dur1ng the course of the 1ncubatlon 1n both

'f,by a’ factor df 10

o

‘“?Lsonlwadd the den1tr1f1er populatlon 51ze was greater by av

’:9factor of 10 1n the latter. At the same tlme, the amount ofﬂj}iiﬁ»

;é-' per day after 7 and 10 days of 1ncubat10n.'f'ﬂ5”

K3 e

1ncubat10n per1od The COg‘C evoLut1on rate was 12 ug g“~f
Y : :

3

P’/

s ' l N

.

':treatments.~f,;frpf

Estlmates of the denltrlfylng populatlon 51ze 1nd1cate

“'}wthat the number of denxtr1f1ers dec11ned and later 1ncreased

\

‘ rn general replacement of: some of the depleted WSOClﬂ'

“f;1 5x10’ and 1 6x10‘ organlsms per gram of 5011 durlng the.37 }

:kfper day after 2 days of 1ncubatlon and 1ncreased to 18 ngiff'

The ;ate Of COz C evolutlon was greater 1n the control“‘5

'?,treatment than when 200 ug g";of NOa-N was applled to the

\1'

”_;lfpopulatlons u51ng 1ron or manganqse as electron electron

”:ffand also u51ng other organlc compounds bes;des the WSOC,_

3

,absence of Noa, manganese d10x1de can functlon as an~7~

“;QFWSOC remaznlng 1n the 5011 was smalleb 1n the Noa—N amendede;m““.-
; ff5011 than 1n the control aftﬁr 10 days of 1ncubatnon. Th1s”fﬁl}3"d
fmust be due to the effect of growth of dlfferent m1crob1al‘f.

g:acceptors under anaeroblc cond1tlons in the absence of NQa,-57.¢°V

"”;wh1ch remalned rather stable durlng the 1ncubatlon. In- the ';;’
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; preferentlally as an’ electron acceptor._About the t1me of

PRI SR L S 61
e . ) oo L. o . ' . '
. S . ' : . A . . o . . - B

S . . . . . a N .

T

Alevef comparable to that of n1trate. The presence of n1trate L

1n-flooded SOllS retards manganese reductlon, suggestlng

~

'-‘vdthat the facultatlve anaeroblc bacterla .uses. nltrate

: maxlmum accumulat1on of reduced manganese compounds 1n o

'“-:nltrate has been found to decrease the act1v1ty of the ‘ml 5ff*

bidlron reduc1ng bacterla (Yosh1da, 1975)

"Qfln 10 days of 1ncubat10n”

x*w,;."The latter would suggest 4

Kflooded'501ls, the amount of ferrous 1ron starts to

@

.iﬁplncrease(Yosh1da,w1975) In experlments by Asaml and Takal,,_
'-f;‘quoted by Yosh;da(1975) the amount of 1ron reduced waSgnrf
"hlghly correlated w1th the amount of carbon d10x1de prodUCed<i

tjfor about two weeks aﬁter floodlng. Also, the add1t1on of

Vo

Con51der1ng that -in the Noa—N amended 5011 289 ug g"'

h7ﬂof WSOC was depleted (WSOCdep) durlng the 10 days 1n%ubat1on o
',dperlod and that the total amount of CO;-C evolved 3 o

;;(CO: Cevol)for the same perlod was 162 ug g" -the~carbonvld;la’:
1conver51on eff1c1ency (%Cce) 1nto m1crob1al blomass may be.

R LS e
7est1mated u51ng the followlng expregflon'.y:”;-'“

g
R

_J e

%Cce . = ((WSOCdep - Cog—Cevol)/WSOCdep ) rdqfi;f,7u;}] flf[i}'f} B

| ahThls results 1n an estlmated C convers1on eff1c1ency.of 44%;4"
‘hfwhen NoafN was added to the 5011 Values between 40 and 60 ;i“_h
'*dpercent were reported for aerob1c 50115 ﬁg MCGlll et al g
’;(1974) In the conttol treatment however, the net WSOC

’ifdepletlon was smaller than the'total amount of COz-C evolved

-

at be51des the partlalf vgi;ﬂ’”

90 and 280 ug g“? respectlvely.v-jhﬁi



. ~unamended 5011

ut111zatlon of the WSOC pool other sources “of - carbon were.

‘:ut1llzed in the unamended 5011 or the WSOC pOol was raglialy 'f“n;

B "'v N -

'replenlshed‘ A150, the hlgher CO: C evolutlon rate of the i e

",‘occurred 1n the unamended 5011 compared to the amended one."

o LAl Ve

. In thlS experlment the den1tr1f1catlon rate d1d not t“‘“:vff

SIFEH s s

o 7
'"Ifol}ow second order k1net1cs (F1gure 4) because the 11;%"

ralthough stralgh d1d not pass through the °r191n,-and the ,».‘-:

‘forder regre551on was' g

,C content 1ncreased w1th cons1stency, rather than decrea51ng

w1th t1me; The rate constant k;'was determ1ned fﬂ%m thedigi-'“ug
¢

slopegof the regre551on oﬁ%ln((Bo/Ao)(At/Bt)) on t(days)
accordlng to equatlon [22] (page 24) in, Wthh k m/(Ao -

. 2Bo) and 'was found to be 0. 003651 g ug" day“{fThe second

XQ
p o s,
el L - UL e Ly‘

x\,

Ya 1 6745 + 0 5622X and r’- 0 992~

“eThe large negatlve 1nterc§pt suggests , ?t ;
., addltlon‘to 51mple secdnd‘order klnetlcs*as descrlbed 1n:ﬁbifl;f¥z@
'”fﬂcsectlon 2 T vfgdf;;fj;;¢,fL”rt?fﬁxﬁf&j;ﬁf_-;’34 55{f51f5fh§;ffﬂfh
»k v U51ng the same data,.the flrst order»rate constant kd; 3;ff:
'ﬁflebh respect to NOa—N was determ1ned from the sle@-of the jhi
Jfaregresslon of 1n Noa—N remalnlng (1n ug g")“on t (days) G
'rdlgtbased on the f1rst order equatlon; 4 {f  ‘ -
_ 7 ln NO;-—Nt “1n No,-No - kt pEon e _. [3]
£ hThe resultlng k calculated nas.equal to 0 489 d".'w1th the ;‘j




S AT
s Lo

By

T|me (days)

r2 0992

m 056229

k ________ = o 00365 g #g

(A0—2B )

R AT

where A represents c and B represents NO‘ N in the

Malmo soul

" ;!-, i

Rt - YU T
‘)’ t R , :

g

‘, Flgure 4 Representatlon of the change in C and NO —-N wnth tlme



» ..'= 5. 659 - o 489x and r=—o 981 RTINS EE ¢ S
o Con51der1ng that the value of r2 calculated for both L

equatlons were 51m11ar, any of them could be used to

3

represent N03-N los5es 1n the Malmo so11 The f1rst order

.“, .

e

"~lfg' ' durlng the 1ncubatlon per1od The COz-C evolutlon ratehiff{j

- - .

'\_1ncubat10n.,,f'“

"WSOC contents"Varledfsllghtly durlng the 10 days &ﬁ

19x 10° FwB.

plot glves a. better representatlon of the system because ot .

1ts large r’ value and p051t1ve 1ntercept ﬁ: l,h': L

Breton 5011

In the control*treatmen; the NH‘—N the Noa—N and the.»

1ncubatlon. The COz C evolutlon rate 1ncreased from 4 6 to
13 9 ug g hd ,after 2 and 10 days of 1ncubat10n. Durlng i

th1s perr' itheldenltrlfylng populatlon fluctuated between,7m

4,9 X 10°'organlsms g“ (Table 9)

N

. ’-r

h NHA-N content 1ﬁtreased sllghtly from 3 to 10 ug g"'and the’f B
E Noa-N content decreased from 132 to 103 ug g‘f and rema1ned

- constant. Therefore, only 29 ug g" of the appl1ed Noa-N

-
.....

decreased from 58 to 34 ug g"; after 10 days (F1gure 5)

The WSOC content was approx1mately one tenth of that found f'df”h

'f:1n the Malmo 5011 The den1tr1fy1ng populatlon of the

J

amended so1l 1ncreased from 1 9 x 103 to 4 6 x 10‘ organ1sms'h'

<.‘.

1ncreased from 3. 9 to 9 3 ug g-' d“‘,‘after 2 and 10 days ogn}"lf

<

When 132 ug g-' of NoabN were applled to the 5011 the ;””



5o

Flgure 5 NO : —N and WSOC contents and standard devnatlon of
B anaerobtcally mcubated Breton SOll samples at dlfferent
mtervals of tlme : ‘ ‘

e




. ) . e g ° Ao
o : . . '.’,. LA ‘~ . N R P PR .
ot N G " . SR o L < ° . ' 6@ -
‘ - B . . N . ‘

§$

ﬂ" In generaf” 1n both treaﬁments, smal:-anrements 1n the%.

h:“ NH*-N contents'as well as replacement of some éf the R

'.&. P N J . j R 'y LN
:.. - 3 . ;f
depbeted WSOC were observed As 1n the‘Malmo sonl” ﬁhe rate

**———thanﬁwﬁen—ﬁba-N‘was*present.., R RCLEN
. B \*qu_._ L |
f--mwﬂ-j Nogfﬂ IOSses in- thGSe gxperlments dlﬂ not follow flrst

4 . o . . N .\.._,

mor second order k1neths.;Thls could be attrlbuted to the
u Ta M . R SN
ufsmall losﬁes of NO;—N (up to 28 yg g“) in the amendgd 5011

,- o

,A@%nd to. the relagfvely small WSOC content of the so1l After

x-.

_.wo days of 1ncubat;on the“NOJ-N losses_completely ceased 1n

.
P

{fzgﬂ‘thesﬁreton 5011 -On th1s ba51s/ the lower denltr1ﬁ1c3t101
SO capac1ty of the Breton sorl 1s ma1nly attrlbuted to a lowex

Mv l By

amqunt oﬁﬁmhe WSOC in, th1s 564l.~,; jf;ﬁ'"

. : .' -, . B
e d& o

i;‘ M e e
] denltrlfred from air- draed samples of the- ali
/ S LA e g "
10 days of 1ncubat10n under saturated§%01stu§e condltlons . h
L and durxng the same per1od.290 yg g of WSOC were depleted -5

.‘ .~

'ﬂUnder 51m11ar 1ncubat10n condltlons, however,. rr dr1ed

L Lo ah . K
. '

"Samples ot the Breton 5011 denltrlfled only 29 ug g“ o£ -¢f%

“;hJLNos-N and den1tr1f1cat10n ceased‘aiter 2 days of anubatlgn’

o s . e

ljwhen the WSOQ cOntent-dropped frgm 58 to 32 ug g"

T

SOC con%%nt, whlch was

N e

| A

. e A
S -‘e.‘ v



. : - . . LA . ’ N ’,..;‘ -
k- T R "' v . . : L A

1/10 of that found in the Malmo 501£ samples.. N ,
S ' . . . e ‘ 'h‘: . B '_’ Lo e .
“. . . A D

'f L e * oot .
6 2 Nitrate Losseg 1naPre‘;nq§hated Samples of the Malmq and
. ‘.‘ .‘ "'; . \ )‘

Breton Soiﬁé and 1ts\_

. .11" 2%

i v Lo

_f-t; pre 1§Eubated\saﬁpleé ox the Malmo and Breton 50115 have‘f?% :
"h‘ lower content of WS&% Szab a1r—dr1ed samples;wThe objectlve-i;
. ‘e ) -“u\ V

of thlS exper1ment was to determlne,Nog-Néycsses #in;

- L te,

pre 1ncubated samples, wh1ch@bdnt31n lowenﬁamount‘n

. .
‘.'. e - * 6» 4y !
. PR . ,
. L v . [N . o
. .. s . . $ . N
. N PSR TN s " e
' ‘ . . R A - L o
O R : “ 13 IR SRR, :
< 'fm_ : . . 4 .
. Sl i R

at ¥ e ' r

f;f , 6 2 1 Experﬁmental De51gn U?‘:éQiﬁihu.m T

o 5011 sﬁmple5qwere pre 1ncubated as outllned»ln sectlon; »
gﬂ PR ;..".: . . - Q : )

Tvo studles wefe de51gned for each souw- ”"fﬁt;pvtTfL; §$

BRI the NO -N was agplled'

L : TE ﬂ ‘4
o the 5011 samples*yere 1
;. quftftV~71anaer051ca‘ly;for 14 days.g .“V_;1‘~-

b In ﬁtudy .No 2 the NOs-N was applled/a,t.-‘g, rate-;q?'

3 ;*ﬁtﬂ' 196 ug g"'and the 5011 samples were, 1ndubated

"'*In study No 3 the Noa-ﬁ'was appl1edﬁa£ 392 ug g




¥ . .:v‘. - J‘1 1 \ " F‘» - x ‘ .‘ )
: | | b e = 68
Cor A ’ S i"ﬁ'f . ", : { :
__il‘ ,‘ fO[: 10 days .’ . é‘“ PPN A ﬁ'l%?,* . ‘: N
N ‘ . v ‘\‘ n\‘ ‘ o X \ N \w\‘ . " . l ‘"
4f“4!7”"“-b“ ‘IU stu&? N° 4 the~N0a-N4¢as appl1ed at rafe of 323

e e ug g&"and the so1l.samples.wgre 1ncubated A we:'{

- . ’ <o 9’“0 N e .v' , _‘
AN anaeroblcally for 10 dayw, --;’, C “7';ﬂ'§ ~;ﬁ-q-e
- -.1'.:, {. ‘ C . voar . « ‘ N
fj”gfikﬁ, Each_studywwas_repllcatbd_3_t;m%s and determlnations oﬁ__
Noa N,,NO;—N and NH.-N were made 5§1n Ehe methods outllned
f' »[;n sectlon43;3 The WSOC conﬂe@; determlnagqbyg used the'ﬁ.
Meblus Method(1960) and the water 5011 extrﬁ@t&on ‘ra; 3 .
Q . . . -3'.‘, B -‘ " X ST . . \ ‘i " Wi N (;
PO 1v. \..' . " "4‘%\ . ‘.‘a, ‘/""_' o ‘u.- ~':,-'~'4_> ; L0 g *
"“m e Y ‘ T ) o '1 o l-.';f'*:',’ . : e q ' ‘jﬁs‘. .\.f:" . Bk B
. U%.‘,.,. ..‘ "‘ ""\_‘_.' 5'“ . '- _:‘(.' N
: ,,4'- 43, YRR e
o TRg 2, 2 Resubts and D15cu§§ﬁon,‘ e s
;‘.w‘-'-’j . l‘-"’f : ."' . P1’.’r g o .'. A <. A , ‘-:,: J.‘;,‘ FARTITEN N
'- Malmo JSOll e ,_1.‘ ""' ‘Vl'. # o5 . _'.. K . ’ P .® ,bz e
R
e ,ﬁeg' In“stﬁdy No, i the NH,-N content-@ncreased from‘?O to

- N, - e

'/‘109 ug g-, afﬁt&r& aays (Tak?lejﬁo) 'I‘he NO;,-N content Q\\ L
;n'ﬂﬂ decreased fromW124 to 13 ug g M after the'second day of ;ﬁgf

5

: Y e : A
.1ncubat13% and 1tucdmpleteby dzsappeared after‘tn%rr1fth R

Q;7~¢- | In study No 2 th NH’-N content 1ncreased from 87 to e

14§§ug g“ }The NO*—N”

content decreased from 196 to 2 ug g" ﬂf

N 1.

el _-
\N

-jfafter the second day of 1ncubat1on and only sllght changes

- w.

; r'Q‘

ffg}?were detected thereafter £+ 1 ug g") The Noz—N content

'v*f}decreased from 12 to‘1 ugfg 'and*varled sllghtly durlng the

\\,,»rest of the 1ncubatlon perlod The WSOC content decreased




. . a 2
ey s e Y e IS Ao :
et . - ., . Wy S 4
&7 o C : WA 69 L
. o -5 BRI o
- L g’ K ' [ S
I . - . -' " .l“ o"l ‘ L T '} . L NN Lo
‘.. R n . . . . . N . o

o :%”¥nom 492 to 244 ug g" after 17 days o% 1ncubat1on and 1t
;W?fl.,1ncrea§?§ up to 598 ug g".after 24 days of 1ncubatrbn T
. ) '-“u K ~' .u'/’ -\aj\

Therefome, 1n the pre 1ncubated sampleﬂ ‘tv‘;e Malmo :g;-g

" [‘Thereafter,-the WSOC coptent steadlly 1ncreased .so that 1n:ﬂz-g
3 -

_ 0 " .
5_1;[ Breton soll ‘ & ¥ 5-'
RS 5 e SRR at,

e ﬁ;f \;tudy No 3 thq,NHn-N.content 1ncreased‘£gom 0«@0‘29
ey . 3
'f‘é-' ug gQ“aftér 24 days. Buring fhlS per1od
.'*'. :G:"-“ < 3 -#’ : : ""--“~ '-'9
R decreased from 3%;.to 310 ug g" (Table 11) The szfN &;;-1-:r
;. content 1ncreas%d dh'16 to 86 ug g-' dur1ng the gé;stGEWo =

days of 1ncubat10n'ﬁnd‘thereafter 1t steadlly decreased to

‘-.

. e o
32 ug g“'after 24 days.'The WSOC content decreased from'110

a57?f;uto 19 ug g" dU;lpg the flrst two days of 1ncubatlon and 4.ff

: /

vkﬁf varledmbétwgen 10 and 30 ug gT durong the rest ot the,
“"1ncubat10n perlod In study No 4 the NH.—N content rqmalned

The NO —N decreased 75y1?

,_after ﬁ&.days. 'h

d(/b u changed aftel 10 days of 1ncubatlon.
W .Noz*N content‘

.(‘§§f0m 3}3 to 313 ug
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Table .10% . NHj=N;" NO3-N, NOQ-N»and wsoc content of-il ;
col e S pre 1ncubated ‘'samples of :the Malmo. Soil, when’ e
BT 1ncubated under water saturat’ed condltlons, at 28
gl T v_.;v* A Ui
o ,:a;1"?”5f3; Time -  NHi~N.-*  NO3-N ' NO;-N. . wWgoc ‘M .
5¥:':;;f_i;": days g—g“ : :ugfg:}q';h mg g"'_t'ﬂg—gf{;ji:-
7 “_fiz4;iﬂ3‘? R S\ 6017 30,
277: 2 14 x 4y V792 87350
Co 0 0. % 254 %23 .
LA O BRREIRTRE X 10 I T SR
0

... study No.

N R
L
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. :gug g ]‘ Jug g7 ug 9““1; g g‘“
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; . i M : . - r" . : e . . POl

w'ﬁtl i In genergﬁ 1n studges No 3 and No 4 sllghttchanges in §;

the NH“—N and wsog content occurred durlng the 1ncuhatlon

J;ﬁrf. per1od Also,.the applled N03 N decreased by 82 and'16 ug ff“:*
’ ké"'1n studges No 3 and No 4, resp&}t1ve1y. Both studles f;h R
"‘::, 1nd1cated that the NOa N was ma1nly reduCed to Noz

"t}~“vrema1n1ng pr1nc1pally as such«w1thout be1ng further reducedt,‘

'.-»

x,content durlng the same perlod These f1nd1ngs were

con51stent Wlth results reported 1n sectlon 6 1 of thhs
.‘;‘_._." ) ’ ’
R paper, 1n wh1ch a 51m11ar amount of N03

“lesappeared from

}?ff: a1r dr1ed samples of the Malmo 5011 These'resuits were also
g‘a;T 1n agreement w1th results reported by Gould and quready '.¥ﬁ¥.

SERREE f(1981)u who-found that exten51ve den1tr1f1catlon occurredxln

o o«.. _
no- NO%,N losses occurred On the contrary in: the

va1sol:

S present'gtudy, up- to’%Z n@»g" Q;QN03_N were lost {rom theﬂﬁl ;




o f.:' e ~:j,§_‘_'

)
Y‘c

‘_.-‘1_:‘:{.."-or191nally appl'leti NO, N, .and the WSOC aropped from

10 ug_g" ‘ Jn septmn 6 1 No3—N wlosses wer"" ¢

T w% of 'the omglna‘lly applled NO, N -

« .. ‘_:
:u

Therefore, 1{: was ,con,cluge?ﬂ that the pre mcubatlon

. Y '.""“ O B
;.’treatment of t,,he Malmo and Breton smlﬁ,}’dfd, not; ‘“"l’ter the1r
’ : X ‘:»_ \? ] ‘a

‘:[;_'.capac1t1es to de@rlfy, wh:.c“h wer‘e 5losely‘related to' tkﬂelr

."-._'Z'd1f.ferenté supplles gf Asoluble

N

"present in the Breton soi_"f

s . V. ,.‘,

Ly .‘,.\(,, '59

- of orggnlc car.‘ér?“@% the" factor pf‘e\ren?ting denitjrjl{matlon

o /.




' ”Q,In study No 1 the NO;—N ‘as appl1ed at a*rate of 125 w*&y

ug g" and the samples were 1n!hbated anaerob1cally “for 14-'

andf'he samples were 1ncubated anaeroblcally for.24 days._ﬁ,“

'W;ﬁif The WSOC determ1natlons were made on the Beckman 915 B

K

6.3. 2 Results and D1scu551on _ Lwi"gf 'hkiﬂﬁf]37'§"

IV;fﬁfV?_ L In study No 1 the N03—N decreased frem 125 to 1 ug 9"

In study No 2 the N03 N content,é< -
3-3\1 ug g“ after two da"' v :h

d thereafter*]The WSOC decreased from 620 to 293 ug gJ- after
e o
two days. From then On, the WSOC contentulncreased 427 ug g"““‘




“

R )

NH.-N NO,-N NO,—N and WSOC conte}t,and standard
- deviation in pre-lncubated samples jof the, Breton
soil amended “with NO3-N 'and :600 . kg -t glucose-C L
-aand 1ncubated under watef-saturated condltlons..‘,7.(
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5.g;;}t1on, andwg§§m then on- 1t stead%Q?ﬂ
'ﬂ“ ‘.' . ,

:g . .ll ‘ PR B
In gﬁneral for both studl_s, sllght fluctuat1ons 1n

i
the NH% N content were detected durlng the whole 1ncubatlon-

perlod In both studles, all the NO,—N or1g1nally applled

“ffg' dlsappeared w1th1n two days of 1ncubat10n w1th a- v
. . \
samultaneous decrease 1n the WSOC content _usually followed _

by an 1ncrease 1n WSOC content These f1nd1ngs agreed Wlth o

P

VR

results reported by Burfond and Bremner(1975) who studred 'ij
: the effect of gluaose on den1tr1f1cat1on° when samples were %]”

‘*1ncubated anaeroblcally at 20 C for 7 dgys after treatment

"5:w1th n1trate (0 4 mg NO;-N/g) these 501ﬁ§ denltrlfred only

_,c k

fN was detected after 7‘days, and 96 99 % of NO;—N :ﬁjhhn

[

: .' v n1trate

lost was recovered as Nz and N,o) More recently, Ryden and ;~f

Lund(1980) suggested that den1tr1f1catlon 1n the fleld may

more often be controlled by ava11able C rather than Noa-N L)
v l ‘

'ﬁﬁﬁi czpcentrgtion ‘Also, t1mmer and Steele(1982), found tﬁat
n

5y o ‘ ';;;. .
1tr1f1catlon potentlal 1ncreased w1_gr ‘

d
u “ wamendmeﬂts.to a soxl from New Zealand

_’afof)manure to th% 5011 greatlyf'

'1ﬂ of den1tr1f1cat10n. The

y.also;




K

,”ﬁevertheless, Gould and McCready (1982), dld not‘ :J
e ‘ :
observe an 1ncrease 1n den1tr1f1catlon 1n a Grey Luv1sol
*g .
when the 5011 was treated w1th 300 ug g" of glucose C

suggestlng tﬁ?t e1ther the 1ndlgenous m1croflora were

,,:

’1ﬁt§pable of denltrlflcathn o; some other chem;ceL fector

ot

”;méy have been&llmxtlng den1tr1f1cat10n.‘ “:g'“"

41nit1ally addedmNOa—N ={n the presentie

.:"




*."f; could'bersustained cons1der1ng the1r rélatlonsh1p to the
l’f1ndxgenous WSQC pool Thus, the object1ve of thlS experlment-f
':was to study how long the WSOC present 1n the Malmo 5011

'ﬁ ‘fdwould be able to support contlnuous losses of N03—N.

"‘jyyét 4“1 Experzmental Deszgn o, _po,‘g‘__ A e

”;7 ThlS experlment was conducted w1th samples taken of the jfv

pr horlzon of a Malmo SlCl SOll wh1ch was: collected 1n the
; ﬂ

spr1ng of T980 from a’ f1eld Wlth barley stubble, at the the.j;.

k. ‘e
. 4:

ﬂ}‘Un1ver51ty of Alberta EIlerslle farm.,ff”:f;ﬁr-,Qt;@uf*‘ﬂ_-?fa

Alt dr1ed 5011 samples were treated w1th 200 ug g-r

of 7.,
‘ ‘Q '.‘.:_.

..A. ’w P -I. '.,‘;
“were repllcated three,tlmes each Determfnat1ons of NO,-N _Jf\}

U
.

fi; Noz N NH.—N and WSOC contents were performed da11y. When f

the orlglnally added NO;-N was exhausted 3 second~i -fﬁ?ﬁidﬁlLf‘

appl1cat1on of 160 ug g" was performed Later,”when o’ more e

losses of NO,-N were detected a flnal addlﬁ

tlon of 200 ug o

: “?he WSOC also decreasedpfrom 203 to 171‘"after 6 days of
PRAE w‘, : :

1ncubatlon (Flg.‘6) on day 7 the second add tlon of NOQ‘f
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,'-was made. At thls po1nt the WSOC contqpt had decreased from»t :

T{lncubatlon, th N03-N decreased to 55 ugxé‘F; and the WQOC -.l

”"n"content decreased to 114 ug g-' Between day 15 and day 16
'J;" ‘_o"f the 1noubatlon, the NO;-N content varled between 55 and :
'.‘: '.'.,'I-v iy . v

T . 667 ug g"f 1n splte of the apparently large WSOC content s

t,

"3fg.wh1ch Varled between 114 awd 122 ug 9"; ConseqUently, at

< 'thls pomt 1t appea\red that the 1nd14€'us WSOC supply could

Vgriperformed agEding. a .Vm
. n,.. % -‘ . o i ‘i

;{ﬁ;fglucose~c reSptct1vefy._W1th1n 24 hours the ﬁp ,N,decreasgﬁ

:l_to 10 ug g" and”’
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Table 13 NH.—N th*N—‘Noz—N and WSOC contents of Malmo" .

~60il sampbes, when incubated under water saturated

cond1tlons \at 28 ( C in the .dark.

\

Time. NH:<N.- a *yjnos—N~> g -No;—N Wsoc
- days .. mug g”' ug g- . ug gty S ug gty
-0 13 2 4 217 £ 12 0 203 = 13
1 19 & 2 157, 5 26 & 3- 164 3. . -
2. 26 £ 1 87 % 14 14 £ 3 171 £ 15 <
3 e 32 %1 62 £.7 V13 x 2 ¥58 + 8 .
4 37 %2 3.t 4 - TTTTITRITTTTTTTASITESE T T
5. .38 %11 27 + 8 <1 152 -9 |
6 44 = \2 o6 1. 31 171. ¢+ 8
7% 45 + 4 167 £ 5 21 ¢ 1 S -127 02 12
8 42 + 3 155 . 10, 5+ 1 118t 9
10 47 £ 2 143 % 9 <1 95 + 7
11 51 %10 135 # 3 7% 2 - 105 + 10 4
12 517 - .130 % 7. 3 £.2° 129 + 9
13 52 = 1 110 £ 9. 9. +5 113 .+ 3.
15 58 + ¢4 © 56 % 9 2 271 114 = 16 -
16%%. ‘62 + 6 . 66 .2 4 +.1 122 £ 140
170 00 39 25 “Ip;t 10 17+ 4 219 i-46
o +1nd1cates standard dev1at10n. L

_ % at’ this time, 160 ug g-' of NO3~N were added to. the 5011
-~ . %% after obtaining the data for day. 16th 200, ug g7'of =
" NO3-N and 500 ug g~' of) glucose-C were, added to the soil. -
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These Tesults indicate that’321 ug NO3-Ng~' were lost

_W1th1n a. 15 day 1ncubat10n per1od by wh1ch time the WSOC

supply had decllned to a 1eve1 wﬁﬁch could not sustaln o

further losses{of NO::N. As soon as.a carbon source was
"applied,.zéogug g“’vof’NOS-N oiSappeared<within;one day; '
K This‘finarng agreed with reports\;hat'suggestfthat
denitrificationbis'largely'controlied’by available'C’(Limmerf
'and Steel, 1982; Ryden and Lund; 1980 and Roiston.et:al.,g
| 7978) ;':”" o | f,~,” - "-m_ ;4* s

In the - present study,‘when the losses Of'NO3 N. ceasedv
'the WSOC content was st111 144 ug g“, whlch is h1gher than.
fthe level at whlch WSOC became 11m1t1ng in the Breton 5011
:ﬁThls fact 1nd1cates that .the 11m1t1ng WSOC content 1s not
.con51stent among SQllS. lefu51onal 11m1tat1ons and the.
.nature of ‘the organlc carbon source may vary between. 501ls.
.‘Loglcally, max1ma1 denltrlflcatlon rates must - respond to the
,number of the electrons per mole of carbon substrate* for
example, a mole of hexane w111 provrde‘tw1ce as many
.eelectrons as a mole of glucose..Regardlng the nature of the ;
:carbon source, Woldendorp(1963) fouﬂa‘that the rate of
.denltr1f1cat10n u51ng glutamlc ac1d as an hydrogen donor,""
was hlgher than w1th glucose. In comb1nat1on both hydrogen:.ﬁ
ﬂdonors 1ncreased the rate even more. He obtalned 51m11ar |
presults w1th other amino ac1ds (alanlne, ly51ne,‘
{v1tam1n free casam1no ac1ds) .which always gave hlgher
| den1tr1f1catlon rates than carbohydrates._‘.fr" -

-{l' o E "‘[.ur.
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6.4, 3 Summary T PRGN

: s N ) ,
‘Results reported in sectlon 6 1, 6.2 and 6.3 indicated

"l-denltr1f1catlon and the relat1ve proport1on of 1ntermed1ate

fsamples of the ‘Maimo soll~and that NO;—N losses ceased to .

‘occur when the WSOC content decreased to 144 ug g"

;vscope of th1s study.

that NO;-N lossesWin samples.of'the-Malmohand Bretonpsoils’

: were related to the WSOC- content. In the-present experiment)“

Cit was found that up to 321 ug g. were lost from air drled

\

| However,-results reported 1n sectlon 6 1. showed that the i

v

'-llmitlng WSOC content for air drled samples of the Breton

5011 was 34 ug g",~1nd1cat1ng that the 11m1t1ng WSOC level
was. not cons1stent among 501ls. Th1s .was: probahly due to p

factors such as dlffu51onal 11m1tatlons and to the d1fferent .

: nature of the organlé carbon between tﬁé~80115\ Therefore,ffr

¢ ¢

the exten51ve NO;-N losses wh1ch occurred in the Malmo 5011
\ -

were 11m1ted not. only by the quantlty of WSOC present in the

'fsoll, but also’ by other factors,,whlch were out51de of the,

'6 5 Effect of the Concentratxon of NO3—N and N02~N on

Denxtr1f1catzon - ' 4
Nltrate concentratlon has been found to 1nfluence

t

compounds. Therefore, the follow1ng experlments weref o

- conducted to examlne the effect of concentrat1on of n1trate,'
'u;jand of nltrate plus n1tr1te on- den1tr1f1cat10n 1n the Malmo
'Vand Breton so1ls. Also, to determ1ne concomltant changes 1n7,57.

*the WSOC content of the 5011 wh1le N03 and NOz losses were B

\\.
\

\

A
N !
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‘taking place..

1 6.5.1 Exper1mental Desxgn |
‘ Th1s experiment con51sted of three studles, in w ich - ;7
_samples:}ere 1nchated fOllOWlng the procedures as outllned
'.1n section 3. 3. In stud1es No 1 and No 5) the effect of h1gh5fdﬂ
.’concentrat1on of NO3—N on den1tr1f1catlon in the Malmo and |

v

" Breton sO1ls respectlvely, were determlned ‘In- study No 3,

'the effect of n1trate plus n1tr1te on den1tr1f1cat10n 1n thel
Breton 5011 was determ1ned For each study the samples were

:frepllcated three tlmes each - " |
'xStudy No 1. ‘lg,‘ ‘
‘ Treatment A was a. control and treatment B rece1ved
‘1468 ug Q" of NO;-N Alr drled 5011 samples were used and \:1

ey 'were- 1ncubated under water saturated cond1t1ons for 7

‘1at 28 C Determ1natlons of WSOC content used the

r

ulfate ox1dat10n method (Hu et al., 19721‘

»,'Study No PR .?,___ R

In. study No 2, pre- 1ncubated\Breton 5011 samples were

™
\

‘treated w1th 345 and 600 pg of Noa—N and of glucose C g" of
5011 respectlvely. The samples were 1ncubated under water
saturated condltlons for 10 days at 28 C Determlnatlons of

._WSOC content were performed-1n theHBeckman_915—B analyser._;

. >
. -

Study lio ‘3 :



= ’ . : a

C StudY No '3 consisted o\\two‘treatments‘ ‘\ - ~h;_,f

,ﬂ'In treatment A Nda—N and NO&-N'* ‘were applled at rates of

e

”‘271 and 9€ ug g", respect1ve1y. _hli' T o f
‘;2. LIn treatment B N03—N and NO:—N were appl}ed at rates of.f
'zoo and 190 ug g, respectlvely '

: In thls study, pre-lncubated Breton soil samples were

oy ..

‘treated at tlme zero w1th the n1trate and n1tr1te mixtures
.together wath 600 ug g” of glucose C Samples were |

"1ncubated under water saturated condltlons for 14 days, at ‘_”

.,;ﬂ.28 C. ThlS study was des1gned as . a completely ramdom1zed

&

ﬁtblock and analysls of variance was conducted for the NO; N s
B¢ plus Noz-N contents remalnlng durlng the flrst three days of
1ncubatlon. Determ1nat1ons of. the WsoC content were |
performed w1th the Beckman 915 B analyser.w
._:;,.-fa’ S e Lo :
jfﬁ:S.ZtBesultsvand_Discussionr ' jfr f d
| *Studybﬁo f'f i L '. f | ‘,- e
. In the control}taeatment the NH;-N content var1ed
‘v::between 14 and 68 ug g"A(Table 14) For the same perlod-“
;‘”‘Hsllght changes 1n the N03—N and. NO;:N content were detected
e(ranglng between 1 and 12 ug g“) The WSOC content 3
’ifluctuated between 980 and 291 ug g"" durlng the course of |
'“the 1ncubatxon..After 7 days, the WSOC content was 867 ug |
'é ' The den1tr1fy1ng populatlon 1n§reased from less than 10
- to ! 1 3 X 10° organlsms g", after 7 days.s. T

When 1468 ug g" of NO3—N were applled to the so1l h.

ENH“—N content decreaséd sllghtly (from 14 to. 11 ug g")

. »¢: .
X



e ':l“ e .‘ L ‘[ ) . :

~after 7 days. During this peribd' the NO;eN content;

uhdecreased from 1468 to 847 ng g'(. At the same t1me,4the

;7NOZ-N content 1ncreased from 0 up to 209 ug g" after 1 dayv}‘
“and later it steadlly decreased to 86 ug g“. Durlng-the .
:course of the 1ncubat10n, the WSOC content fluctUated -
between 980 and 215 ug g" _howeyer, after .7 days, ;tgwas
equ1valent to 602 ug g“ ;No%growthuot;denitrifiersgwas'_3
detected (Table 14) S h ‘;. S
. In general 1n both treatments, fluctuatlons in® the E
IVWSOC contents were detected p0551bly reflect1ng growth and
decay of the m1crob1al populatlon. : ..7 ;_L o S .,.’,'. ,”
Den1tr1f1cat10n in the Malmo so11 was.:ffected hy”thewil
1n1t1a1 appllcatlon of a hlgh dose of NO, N After 7 days of .
‘1ncubatlon,.535 ug . g‘1 of NO;—N were lost and 847 ) g"" o
remazned 1n the 5011,'and at the- same t1me an: accumulat1
. of Noz—N was . detected (86 ug g"), although the WSOC con ent}*f :

‘f~rema1ned relatlvely h1gh ( 602 ug g“) same effect

- -

“,occurred in 1ncubat1on studles on denltrlflcatlon conducted

;fby Cho and Sakd1nan(1978) where NOz accumulatlons were ;}d

frelated to the 1n1t1al concentratlon of n1trate.

ces T

'Woldendorp(1963) suggested that h1gh n1trate concentrat1on

. Q-

b;fmay 1nh1b1t denxtr1f1cat1on. Q - Q77.°".:’ ,f 'i”df_t7:}';‘idgﬁi

Us1ng the values of the WSOC lost per un1t ofoNoa—N
_lost durlng the total 1ncubat10n perlod the C/N ratlo was.

calculated w1th the folldwlng expre551on- i“.fu i@ f°3'~"

e
A

C/N [(wsoc lost)/(NO3-N Tost)l L sl

o :
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In this study, the calculated C/N ratjpdvas 1.42, is

higher than ‘the theoretical C/N ratio‘for-complete"

den1tr1f1catlon u51ng glucose as energy source (we1ght

v

basis= 1 07). ‘ _
Although Noa-N losses were- detected when a hlgh dose
‘“of NO;-N was appl1ed to the 5011 no- growth of den1tr1f1ers:

} R
jwas shown. ThlS was probably due to some bacter1a be1ng

"lf_unable to grow in the Noz—N broth used as growth med1a'

l(Volz, 1977) and to the amount of Noz N present 1n the 501r”
'whlch may have been toxlc to m1croorgan1sms. In thlS B
context it has been reported that extracellular Noz-N
and/or 1ts resultant reactlonsyw;th organlc matter may
produce blochemlcal toxlns; a decrease of nutrlent
avallablllty, or may 1nact1vate m1crob1al enzyme systems 1nt;
5v1tro (Castellan1 and vaen 1975 R1ha and Solberg,1973)

The appl1cat10n of a: h1gh dose of NOa-N had a
detr1menta1 effect on the populat1on of den1tr1f1ers,.wh1ch 0 |
-1nh1b1ted the denltrlflcatlon process to an extent that R
‘perm1tted only partlal losses of NO,—N and an accumulatlon

‘and per51stance of Noz-N althbugh the WSOC content of the

‘-5011 remalned relatlvely h1gh

‘i/.Study Nd 2. ;{r~”“' | , L |
o In study No 2 1n whlch the effect of a hlgh _’“lef
'concentratlon of Nos-N 1n the Breton 5011 was. studled the -

N NOa-N content decreased from 345 to 210 ug g" of 5011 afterfyp'

"f'three days of 1ncubat10n, and completely d1sappeared,after



10 days of 1ncubat10n. The Noz—N 1ncreased from 33 to 93 ug

-g"yafter three days, and decreased to less than 1 ug g !

yafter 10 days The NH‘-N decreased from 20 to 42 ug g"
after 3 days, and 1ncreased to 21 after 10 days The WSOC ,
content decreased from 578 to 53 ug g" after 3 days og .
:lncubat1on, and 1ncreased to 72 ug g'ﬂ after 10 days (Tablevb
" In thlS study, the calc%lated C/N rat1o was 1.33, whlch
'_”1s very close to the theoret1cal C/N ratlo for complete
bdenltrlflcatlon u51ng glucose as,energy source (we1ght.»r
lba51s 1 07) ThlS relat1onsh1p prov1des add1t1onal ev1dence
i;that the WSOC fract1on is. the pool most part1cu1arly |
'f;suscept1ble to decomp051t10n and 1s haghly related to the

f fdenltrlflcatlon capac1ty of the 5011 " _ |

SRR Cons1der1ng that after three days of 1ncubat10n only

i ,j39% (135 ug g*‘) of the or1glnally applled NOa—N dlsappeared;['
.;?%from the 5011 and the amount of. NOz—N 1ncreased from 33 to cﬁyf

-'f93 ug g~'; suggests:that den1tr1f1cat1on was 1nh1b1ted

: cf”durlng th1s perlod by the 1n1t1ally h1gh concentratlon of'”

"ANO,—N applled to the 5011, even though an addltlonal energy _:

‘b'fsource had been prov1ded However, th1s effect d1d not

"‘tper51st after 10 days, where less than 1 ug g" of Noa-N

l.fremalned in the 5011

Under these experlmental cond1t10ns,7theg-‘“‘”
"#denltr1f1cat1on process was 1nh1b1ted by the h1gh dose of

-Noa-N 1n1t1ally applled to the 5011



L Table,JS, NH3-N, NO3-N, NO3;-N, WSOC' content of the Breton -

. 89

[ J VIR

soil, amended ‘with 345 ug NO3;-N g~' and 600 ug

——glucose-C—g= L—and—incubated~-under——water saturate },
cond1t1ons.-' : : .

' Time NHi-N. - © - NO3-N  ~ .NO3z-N '~ . "%

days.  cug @' - wggtt kg ganA%. g

R

345 £ 16 "33 % 5 W
. #303+.14 40 24 TER

269 1T . 59 % 1E 2
9 210.t19° . 93 %7
0 0. <

0 10
1 15
'3 12
10 o 21

HH B
ERIRENYLYNY

N

"+ indicates standard deviatibn;.gg,rftﬁii

" rable 16. NHi-N, NO3-N, NO;-N, and WSOC cohtent of Bretonf’"'
o oosoil Samples, amended with NO3;-N and glucose-C.~ = =~
;'and 1ncubated unaer water saturated cond1t1ons.‘_;r-'*

.

L iisatment Time . wHER - a«o;-n; T NoiN . wWsoc

]

lﬂ\

'7ug,gff‘,.jupqggff‘,~}u§,

_'[;27] + 25 94 % 15”35645j
;;_279~: 167 .93.+°5 .'613"
L1267 # 170 79°% 97 366
152 % 17;%;31 +.8 ,“_231
‘y.: . - : <1 <1 . .380

. days. . ug

. 1

(U ENRENRY. N

.9:??5]
*2]'?d,."k
33 : e

21
18
15..
SR -3
227

. - ; ‘Y_A.‘_.‘

R
;+Hq+nﬂ+v

T
18
L 012
‘ ,7-13“
.[28

25
130
DL S,
525fhbid”v

1.0 200 & 10.17190wi;a:3,6653
200 .15 159 ¢+ 15670
195 147 1634 1. 562
'“j199ii'16_ . 89. fﬁ8g_.343,

BE o

H1+H¥HJ£

:mumeo'nwweo

fHJ++£&4+j

In treatment A, NO,-N and NO;-NVwere applled at rates of

L 271rand 94 ug g", respectively. -

-"In treatment B, NO3-N and: Noz—N;were;applled at rates of ff['f
200 and 190 ug g~ ', .respectively.. ' . ' . SRR A
=3 1nd1cates standard dev1at1on.»x:d SR
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v

'; For treatment A the NO3—N content decreased from 271

-

o 1bz ug g 'fter—thre‘—days of—lncubat1on_and— to— less

v;decreased from 95 to 31 ug g"‘after 3 days and to less than

u'than 1 ug g‘1 after 14 days(Table 16) The Noz—N content ,ﬁ;-"

v

AT ug g" after 10 days. The WSOC content decreased from 645
"to 380 ug g" after 14 daysr‘The ratlo of WSOC content that
‘d1sappeared to the amount of NO3—N plus Noz-N lost durzng -.

""fhthe 1ncubat10n per1od (C/N) was 0 72 (Table 16)

'“,In treatment B the NO;-N content remalned unchanged

| ‘ffafter 3 days of 1ncubatzon and almost dlsappeared completelyﬁﬁlf
v.'lrafter 14 days of 1ncubat10n (less than 1 ug g" ) The NOZ—N_:dZ
i”tcontent decreased from 16 to 13 ug g"'after 3 days and to S

'ﬁjt“less than 1 ug g“'after 14 days. The NH.-N content : ,dé%i;’u

',fdecreased from 16 to 13 ug g" after 3 days, but 1t E o
'.1ncreased to 28 ug g"'after 14 days. The WSOC content o
'r!~decreased from 665 to 353 ug g" after 14 days._In thls qasegfjf_
j??the rat1o of WSOC content that dlsappeared to the Noa—N plusfﬁcf

A ;NO,-N lost dur1ng the 1ncubat10n perlod (C/N) was 0 80

"”fi,:

In general the C/N rat1os for treatments A and B were [”'”

n'tvery 51m11ar w1th values of 0 72 and 0 80 respectlvely

LA

','These C/N ratlos were smaller than that calculated 1n the
”;'dprev1ous exper1ment wh1ch suggested that a greater amount
;;yfof hydrogen donor, 1n thlS case WSOC was consumed per unlc:f??.
?i'mass of N den1tr1f1ed when the N was 1n the n1trate form .

'-lthan when 1t was ‘in- the n1tr1te form, wh1ch was 1n agreementy§”>‘



91
wlth conceptual con51derat10ns of den1tr1f1cat10n.

In both treatments, the NHA—N content decreased at the

—that—glucose-~—was

'beglnnlng of the

‘supplled some NH.-N 1nmob111zat1on may have occurred After
r

"14 days, howeveq some m1neYallzat1on occurred.an in both

treatments the NHn—N content 1ncreased to the same.le‘el (27 ’
o Results of the present study suggested that the |
.'.perslstance of N03 N and Noz—N durrng the f1rst 3 days of -
'4;1ncubat10n were related to the 1n1t1al concentratlon of the'
"iNoa-N plus Noz—N Stat13t1cal analy51s of these resultsi-
fshowed no effect exerted by. the mlxture w1th h1gher 1n1t1al
‘xcontent of NO; . | B | : | R
36 5. 3 Summary ‘ _ . |
'"~It was concluded that the add1t10n of a hlgh dose of

‘*”NO,-N (1500 ug N g“) to tie Malmo 5011 1nh1b1ted i‘gff'_‘hh}?a_

v,den1tr1f1cat10n and NOz—N a'cumulated In the Breton 5011

ftfrthe appllcat1on of m1xtures of N03—N plus NOz—N (over 300 ug

htamount of WSOC was consumed per un1t mass of N den1tr1f1ed

'T"ffwhen N was 1n the n1trate form than when 1t was in the o

N g") 1nh1b1ted den1tr1f1catlon._i

“fﬁT Values of the C/N ratlos suggeSted that a greater

A B

'if,;nltrlte form. _“._»ﬁ’;ﬂv L fo\’ _5._1 f‘~&,o S



-,_respectlvely L 'f; T

AR

7. Conclusions

The results obtaaned from the exper1ments prevzously

descrrbed—permrt—the following— conclus1ons : .:,}l e
1. Desorptlon of wsoC from the’galmo and’ Breton 501lsA.

can. be descrlbed by a modlfled Freundllch 1sotherm,‘ .
42 Parameters of the desorptlonﬂequatlon obtarned for .

: a1r drled and pre‘lncubated samples of the two 50115 can be‘f_

'used to determlne the port1on of the WSOC pool utlllzed hy .3‘wq

m1crob1al act1v1ty as well as the effect of drylng and other :f

» perturbat1ons of 5011 When a1r dr1ed 5011 samples were f:\;

1ncubated at f1eld capac1ty for seven days, 158" and 45 ug RN

ig"'of WSOC were removed from the Malmo and ‘Breton Sblls, f;ﬁr

3 D1sappearence of ‘5N05-N due to mrcroblal ' f_i;ﬁw;;};!f“
1mmob111zatlon in a waterlogged 5011 accounted only for 5%...¥«:1
f_after 15 days of anubatlon ,.so that den1tr1f1catlon was if.;;‘.
'Efcon51dered the maln-mechanlsm of - “NO;-N 1osses.i;,".h : |

5‘4 The Malmo and Breton soils had dlfferent capaC1ttes
'to denltrlfy and they were closely related to the1r
‘}‘dlfferent WSOC contents,,whlch were 51gn1f1cantly dlfferent
ﬁbetween the two sorls. The 1ower“WSOC content at wh1ch L

‘}denltrlflcatlon occurred 1n the Malmo 5011 was 144 ug g A"j"

-however, in the Breton 5011 the WSOC content at whlch

den1tr1f1catlon’ceased was 34 ug g"' 1nd1cat1ng that the Cf{
‘ )

s

'l1m1t1ng WSOC content was not the same among so1ls.

v

i5.- The addltlon of a hlgh dose of NO;-N 61500’ Lg g") L

w

‘«to the Malmo 5011 1nh1b1ted denltraflcat1on and NOz-N
S92 R
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'aeéumulated In'the Breton soil the appllcatlon of mlxtures
of N03-N and Noz—N (over 300 1g g“) 1nh1b1ted
den1tr1f1catlon as well In these studles, values of ‘the C/N'a
_ratlos suggested that a greater amount rof WSOC was. consumed
f“—"—per_unlt“mass*of "N~ denltrlfred_“when N was_in‘the nltratE“”“—_

form than when 1t was 1n the n1tr1te form.
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Table A.- General characterlst1cs Gf~the Malmo and Breton
S 50115.»~ ) ; : N

- ~

" Soil order | .. ‘" CHernozemic - -". ' Luvisolic

“—Soil-Sertes- ,“_ :j  , ;”=i—Mé1m5'-' e Breton—
| .LJManagement e Alfalfa Sod'vif,f;  sfﬁ5bi¢;14f

. :"' LTotal c (%)fn,i R ,] . 5 30 21_ "1>'f}f 1;29j~-
oM (%) S 2 23 e 28
| : - -.._-Total N (%): e : | o 054 : - 0.1 2 o
Cmetale () . 00 0,06 -
Cmetalsm . e0s Loz
" f N9'f ‘(me9/‘°°95f-»ffifff‘*dféa‘?-?;; T

.  3;pl;;(meg/100g)3f {T‘{Jﬁf,0 7015   5 2[J“? o 44J?}f5 ’
' ” ¢55:}meeg/1oog)‘t ' }1* 3. 11i;é :‘L  i, 15, zsg?ﬁ*x

";:Mngxj(@;g)ﬁoo§}1;s; ;’ 6. 88 ’~ .:g;f*}}[1A7O=*'

g

©*+ Exchangeable Na, K, Ca'and Mg. .. . - - L e
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'd'jfTableidg' Calculatlon of % Abundance and %. Excess “Nhfromffhi
. mass spectrometer determ1nat1ons. T
- B |

B % Abundancejd;100/((272((Rat10‘Ref e Read Ref)/
L i (Ratlo Sam + Read Sam * offset))) + 1)

'“f*xﬁgiéesij’Nl=j%fxbunaancef%fQ)ééSﬁ“‘"

‘ "Where Ratlo 1s the ratlo of "N and ”N

R ¢

’The natural abundance of "N in the atmosphere was taken as Q
0 365% and used in these calculat1ons.v,, e ST

'-fTableCD;f Calculatlon of the labelled "N remalnlng A the
o soid .samples in- the form of NO, -N, Noz N NH.-N
'_ and Total N (NO;+NO= 1nc1uded) ”r~ AT .

Labelled fertlllzer 'ld %Excess Sample ""ﬁAnoﬁnt”ofnf;ﬂﬁ;
(ug N .g” 1) ' —— %x-N" in: :
= %excess of fertlllzerJ {.sample‘

m.‘___j' , .

"f57"Where %Excess of fertlllzer 1s a constant 1 3556




