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The occurrence of denitrification products in the soil
nitmosphere of the Urrbrae fine sandy leoam, s ved-biown earth, has
besn investigeted over the thyee yeay pericd 1B886-68. Sauples ﬁi
the soll aly were obisined from %%a}i,vp@f%@m%ﬁﬁly installed

reservelires {30 2l cepacilty) snd snslyzed by goas chromstosraphy for

%ga 5}%%5&;3 wi.fzgs wg B e

The detection of nltrous oxide in the soil stwmospheve fov
periode of Z-€ months in sseh vesr demonstrated the normal ocourvence
of denitrification in this sgricultursl soll, and confirmed sariier
predictions that serchbie denitrificetion cen result ip the gasetus
less of sitropen frow sgriculiursl solls in the fileld: ithe mesn
OEVEEn concentrations in the large soll pores wers slvays greater
then 10% and usunlly grester than 196 in the B borizeon and 180 in
the 4 hovizon. The mechanism vesponsible for the losses was that
of bicleogicsl dissimilstion at snaserobic mlcro-sites within the

generally well serated soil.

& preliminayy sxperizent indlicsted that the dissolution af
svolved ﬁ@z in the soll wier could cyesie presaure gradients and the
mass flow of soll air; it wes shown thati estimsties of ths losses as
nitrogen ges could not be obielined from nesgurements of the nityogen
gng concentrations al@ﬁ@¢§%h@ use of argon 28 2 refevence gas was

[

investigated, bﬂtvﬁifﬁﬁféﬁéﬁﬁ in the diffuslion rates of %2 and A

s




The nitrous oxide messursasenits indiosted that there ware

two sain sources of evolution in the soll profile: =2 zome in the
ﬁl horigzon 2t about the 10 om depth, snd one in the B horizon at about

the 0 om depth. The oceurrepnce of ﬁgﬁ in the 31 %griz@m‘w&@
sphenaral snd restricied to brief pericds when the soll wmolsture
content was high following vainfall. In contzast, %gﬁ concentra-
tions were zmch lsss varisble in the B horizon: iz esch sesson the
gns was detected ofter the Initial welting of ibhe subsodl in late

sutumn and levels lnoressed $o 2 pesk ln sid-vwinter then dscressed

in late winter and early spring.

Calculations based on transfer sguations were unsatisizsciory
for sceunrately estimating losses, seinly due fo an@@fﬁai#%i&@ in ths
volues for the alr-filled povosity of the soilz. Howevey, such
caloulations indicated that losses wers much greaster from the gz
than from the B horizon, despite ths usually brief occurrence of
%gﬁ in the ﬁz horizon. The greatest losses from both horizons wers

in winter when soll temperatures were lowest (10 + 5 C) and soil

molsture contents highest.

Losges vnder 2 wheal orop were not markedly different om
two arens with contresting siructure and orgeple mattsr status, but
losses undernesth 5 pasturs were much smaller then under the vheat

ST

The spriication of nityste Ffertilizeyr (100 ib/escre) imcresssd

%2@ evolution 3~10 fold in the &E horizoo nod up to 2.5 fold in the B




horizon, but the sstineted meximun dliffusive losses were only
G.UB=0.867 1b N U-H/scve/day from eress scwn to wheat and fertilized
=)

with nitrogen.
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CHAPTER 1 INTRODUCTION

I.%. PERSPECTIVES

The widespresd imporiance of nltrogen in the sgricultursl

utilizaticn of solls is wsll Lnown, snd meny aspects of the nitroge
oyele have besn siudied extensively. Incresses in soil nitregen
levels due to blological Zization are well documented but rather less

iz kunown sbout the losses frvom goll syatens. ﬁi%z@g&n‘haiansss from

lvsimster ﬁxperiﬁaﬁta have conpistently shown deficits of =337 of
added pitrogen fertilizer which could not be accounted for in analyseées
of the soils, leachates and plant products (Allison, 1953, 1866).
Similar low recoveries have besn obialned in experiments uwsing ﬁlﬁ
{Brosdbent and Clark, 15653, It is genevelly agreed thal these

dgeficits represent losszes of nitvopen by denitrifleation.

Denitrification can be defined ms those reactions in which
gsoluble inorpenic nltrogen compounds are reduped to g&seﬁ‘whi@ha by
escape through the soll porss to the aimosphere, result in a loss of
nitrogen freom the soll system. It is well sstablished thai zuch
lopses mey coccur by both blolegical and chesiesl pathways. While 4%
meg been proposed that ﬂéﬁi%fﬁfiﬂﬁtiﬁﬁ should be used to describe
only blologlesl mechanisms (803l Sci. Soo. 4m., 1982}, it e oiten
not posslble to sssign pn observed result to s 9&2@3@@1&9 mechanisn.
For this resson, 1%t iz more convenlent to refer to all such gasesous
losses as denitrificstion (after Broadbent snd Clark, 1863) with the

use of the gualifving adjectives chemicsl or blologiceal {or the




prefizes cheso= OF bio-) where positlive svidencs indicates an operative

mechanian.t This defipition of denitrpifieatiocn fdoes pol spbhraoe

wie volotilizetion.

joasss by a

The microbisl utilizstion of nitzate, OF reduead nitrogen

snds ss terminel hydrogen scceplors during a deficit of oxygen,

is ususlly termed ‘nitrste vespiretion’ (Sato, 1838) or ‘nitzate

dissimilation’ (Fewson and Kicholas, 1961) in contrast to ‘nitrzate

a&&imﬁlatien*. in which nitrate is utilized as a sutrient and the end
products ave nitrogenecus cell constituents. "(Biological) denitvifi-
cation sny be reparded 68 a gpecial cass of nitrate respiration, and
is defined ss the production of anitrogen gas oF the ozxides of nitzrogen
from nitrate, mitrite or eny other sulteble intermediate’ (Fewson and

%i@h@l@ﬁ P 1%%3&} 5

Chemo-dend drification cennot be well defined vntil the basic

reactions are more clearly understood. Clerk's (1962) definition

“gasecus nitrogen losses sssociated with nitrite insisbility representis
{he present siste of knowledge. The temm 'side tracking of nitrification’
(Vine, 19€2) has much merit, but only if nitrite producsd by nitrate

digsimilation does not participste in chemicsl resctions.

+iyen so, such descriptions can he scmewhet srbitrary, singe chemics
losses are generally agreed ioc be dependent upon nitrite in solution
{Brosdbent and Clark, 1863}, which is slmost certainly of biclogical
origin; snd the nitrous oxide in solution has been suggesied as
emanating from a non-ensymic decomposition of hyponitrite {Hicholas,
1983), or imidonitric acid (Kluyver snd Yerhosven, 1854 3.




Denitrification resctions are lmportent azriculturslly from
two aspecits. Fivstly, s substrate for the denitrification resciice
is usuelly that small frectiom of the toial nitrogen in the soll
which ie highly svailebls for plant upilske. additionally, the lomses
are not temporary &aé@ 55 those occorring in fizstion on fmronilization
resciions, and in which the nuirient may be relessed at a later date,

mat sre in the form of complete loss from the soil.

it is widely acknowledged that vepid depltrification will
ocour in waterlogged soils such as rice paddies {2y Patrick and
Hahapstra, 1968)}. Previous lsborsioxy regulte showing the lmportance
of such factors as water content, pH, snd available orgaplc substretes
and temperature will allow some predictions regarding the significance

of such reactlonz in these solls.

The present peed is for s full understanding of the loszes
in spparently well-serated solls. The two satsblished pathways of
denitrification are firstly, that of demitrification at anseroblic
siero~environments snd secondly, the chemicel losses fzom nitrite
veactions - the 'side-tracking of aniirificstion’ (Clark, 1862). The
complete definition of such terms as anserobic nlero-envivonnenia,
micro-sites,; sand micro-aress (Hauck, 1588), rests on further charascteri~
zation of these highly resctive volumes of scils. However, these
expressions are useful in indicating locelized physical and chemical

vonditions

in 2 soll which sllow & particular transfommation to

proceed more rapidly tham in the bulk soil. Anasrobic sicro-sites




are those favoursble for bioe-denityifiention, and micro-zlies mey be
used 28 . wore general lerm, @.z. in discussipg other picro-dnviyon~
ments whieh msy be highly Zswvourasble for chemo-denitrificalticn such s
those vhere high copcentretions of nltrste or nltvlie cocour close to

fertilizer grenules {Hauck, 1388).

Broadbent and Clark {1965) sugeest thet losses sl anaercbis

mlero-sites contribute morve o total W losses from & soil thes the

denitrificetion opcurring vwhen the wihole soil profile becopes fenporsrily

sneerpbiec for n short period after excepticonslly heswy wainisll. Further-

more, they suggest that the generslly predicted order of losses of

spplied fertilizer pitrogen {(10-30%) doss not warrant the mammfacturs
2f specinlly Iowmulated fertilizers which could minimize such losses,
e.g. by the temporary inhibition of nitrificstion (Goring, 1982). It

was stated that such products ney be twlee the cost of sore vommonly

used fertilizers, and that 1t would be economically benelieizl fo allow

for losses of 10-30% by compenssiory larger fertilizer additions.

The sstimated world usege of fertilizer ¥ in 1368 was 20 .
tons, and it was estimated that this congunption rete wonld double
within 10 years (Hauck, 1988). Using the 1868 values for comsumption
and the @%@a&@&% Austraslisn source of nitvogen Tertilizer (A8186 per
ton urea H), such gasecus losses as 10-30% could represent 5 monetary
logs of ARST2-1,118 m. Acourste estimstions of the maenliudes of
ilogges sre thus requived Irom 2n ovonomic viewnoint as well as Tor an

understanding of the mechanlsme and lmportance of lozses.




Previous predictions of the principsl factors responsible for
losses have been laygely based on the resulis of laborstory investi~

wment of losses undey field

gations. The present nesd 18 fov messul
condltions 40 assess the relsitive imporiaspce of these facitors in

different envirenments. A full knoviedge of the pechanisms may enable
lozses to be wmindzized by changes o agronomic iechnigues rather than

changes in fertilizer sanufacture and use.

Prioy ressarch hss sogentuated the isportesnce of logses of
fertilizer nitropen, and 1ittle is koown of the losses in non~feriilized
scosystens. Em,ﬁ&atraﬁia, relatively small asounts of nitvogencus
fertilizer are applied to fisld crops. Land-~use i lsrgely besed ou
the Willd-un of syebiotically fizxed nilrogen under seversl yesiy of
legune~based pasture: the orgeniec nitrogen is subseguently wiperslized

spd wiilized by one or wore vears of cuitivelion snd cropping.

1t 18 known that & larze proportion of the besneflclsl effsct
of organic matier scoyetion undey pastures le due 1o the ipcresses 1o
the amounts of partislly-~decowposed plant residuss in the soll
{Greenland and Pord, 1884). Such vesiduss mnay comprise 200 of the
total soil nitrogen, and supply 50% of the wineral siivogen avallable
to a crop {Ford snd Greenlend, 1988). The intense miecrobisl ectivity
on and around such pieces of crpenic material may well produce parti~
culayly fevourable condliicns for nitrogen losses by <€ither blo-
denitrification st anserchbic micro-sites, or ‘side-tracking’ of

altrification.

hecent Australian work has ipdicated that losses oocour by blo-

denitrification (Bimpson and Freney, 1867) bul not by chemo-denitvrifi-




cation (Simpson and Fremey, 1967; Ross, Martin end Henzell, 1088).

Further, from the work of Yeldendorp {

1983 with gress sods, 1t i

possible thal losses may oven opouy in pestuves soncurrent with H

fizantion.

loZ. BICLOGICAL. DENITRIFICATION

1.8.%. Pathways, producis and intermediates

1.2.1.1. Riochemical snd microblological studies

Bitrate dissinilstion ezp result in the reducilieon of nlizstse

through several successive oxidetion-rvedueition states of ¥ until eliber

nitropen gag, or the lovesi ozidation-veductionm siste (ommominl iz

produced.

The older schewss of disginilatory nitrate reduction of Lluyver

and Terbosven {19954} and Delviche (1958) have found reasonsble scosplance

in describing the reduction seguence:

%%&SAﬁiﬁxim soid

oo >3 §
ﬁgﬁg nitrous acld
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T

Hore recent advances, resulting from an ezperimental emphasis
on the epzymic processes involved,; have indicated two changes in the
sbove generalized scheme: the inclusion of HO as an intermediste and

the nop-engyeic formetiom of %gﬁ (Ffewson and Nicholas, 1861J:

E e &
PO, el WO > BO > LHOH) ek 0 OH =l JE
3 | e N % kS

e BT

e pmopesngyalc

There is good evidence for the existence of nitric oxide as an

sswentizl intewmedisies in the reduotion pathway {(Hicholas, 18863:

hadeliffe and Hicholas, 1968), but iitile is known of the meches

of ﬁgﬁ zond %2 formetion from the postulsted mitroxyl group. The buowm

instability of imido~nitric scid {see Kluyver and Verhoewven, 1834) and
hyponitrite do provide & logical bapls for the mﬁmwéﬂzymic liberaticn of
@%@. and an enzymic resotiom for ﬁﬁﬁ revereion into the pethwey cop expisin
the previcusly observed effect of fnhibviters {(4llen and van Hiel, 183Z;

sacks and Barker, 1952) in preventing ﬁg& dizsimilation.

Yhile Hicholss {19683) doess not consider that ﬁg@ is & ususl

intermediate, his side-resotion scheme is in agreement with previocus

P mlorpbiclogical evidence indiesling thet %ﬁﬁ iz 8 comwon
proguct of denitrification, thaet 1% may be dissimilated to %3. mnd yel

1% is not an obligatory precursor (Allen end ven Hiel, 1952; Soecks and




Barker, 19232; Hliuyver snd Verhosven, 1934; Delwiche, 18288; Zazto,
1856; HoWNall end Atkinson, 1887). Purther research on the reduction

pathway from H30 o %gﬁ and %2 is ohelougly needed.

Bemitrificetion represents the use of reduced N compoy
pliternatives to oxypen as terminal hydrogen scceptors, but ihe level
of oxygen at ebieh denitvification ccourrs has been the csuse of mugh
eontroversy. it has been eclserly indlceted {Shermsn, Leck end Millis,
1951; Skerman and HacRee, 18578, 1857h) that exiremely low oxygen
copcentrations inhibit nitrate reduction: conseguently 4%t is convenlesntly
assuped that ap spproxivetely zere concentryation of omygen is vegulred
T imitiaﬁe microbial dissimilation of nitrate. In contrast, two
reports indleste that the reduction of pitrite is not subjeet o such
extreme iphibition by omygen (Kefauver and Allison, 18967; Skerman,
Carey and Hacliaze, 1958), slthough with the inberent emperimental
diffieulties in such technigues, the overall eiffscts of ocmyzer mwali

further investigzation.

Revertheless, it can be conluded thet disginilation of nityats

substrates wlill require esgentially & oom

slete oxygen deficli, and that
the denitrification produeis will be one or more of the three gases,

3 B_E i M.
HG, gfiﬁ and %32

1.2.2.2. Eoi} incubations

incubstions of solls under lsboratory conditions have clessly

oo

indieceted that the usual denitrification segusnce is %@% s @ﬁ% oS




{9i4ler and Delwichs, 1984; Yomalk, 1888

B0 oy H
2 &

Bartholomew, 1960 Cooper snd Smith, 1863; leskowskl and Moraghau

1987)}. ®hile Sroadbent snd Clark {1068) state that most of the

E
i

&

published evidence is in sgreewsnt with Fommik's {1836) conclusion
", in fect there ssems to be

iittle conclusive published evidensce (imcluding Nommik's originsl

that %§@ ig =n obllyate precursor of B

detrl to confimm thig. The normial oo

urrence of ﬁgﬁ am an intersedists
in microblolopienl and 301l iocubstlions indicates that 1t la s
precursor, ang the 'side~chain' mechanism (Fewson snd Ficholas, 1981),
if operative, would sppear io be a sowmewhat tortuous pathway. Nevar-
thelese, thers 1l no gatisfscitory resson fow gﬁgﬁetigg the latter
hypothesis. Further biochemical studies are necesssry to resolive

these #iflerencen.

N -
Complete reduction to HE

a? the lowest oxlidation stats, foss

mot seen to ccour to sny exient in soils (Hroadbent and Stejanovic,
1252: ¥ijler and Delwiche, 1834; Yomalk, 19585 Hremnsr andd Shaw,

858al), =nd so the o

Fed

m lowert nitrogen oxidation state produped

has been gsseous niirogen. WHitric oxide spd HO, have not besn reported

in large amounts, and the small quantities detected (¥ijler and Dalwiche,
1884 Hemmik, 1956; Cady and Bartholomew, 1980) heve bpsn gonerslly
stivibuted to ths chemlesl self-decompopition of nitrite 1n acld solils

{2 ERO, =—> NO + NO_, + K 0}. In partislly aerated medis, NC would

@

be rapidly oxidized to NO, with subsegusnt disgolution in the s0il

molsturs - 2 HO 4+ O, > 2 HO
2 2

& sﬁ@E ¥ ﬁgﬁw e 3 %;.%@2 + %ﬁg




10,

but in completely saserchlc systems the nett reaction would be
3 ﬁ%g > 2 HD 4 éx%é:% % gg ‘Beuss and Smith, 1963).

Bowsveyr, the présented svidence doss not shoy conglusively the
mechanism of N0 production. The review by Hicholas (1863) indicated

that nitrite reductasss require a cytochrome system (i.e. an irom

Lk {1956 obtained incressed ND pr

component} 3 wmeticon from

nitrite with the sddition »f reduged Llvon elibough with 2 lack of
production from nlivate, the niivite resctions were sapumsad 1o b2 non~
engvaie. Cady end Baviholomew (1983 subseouently indicated other

resctions and products were invoived lm BO metebolism thew the chemicsl

reaction ususlly given (e.g. Reusse and Swmith, 1883}, fvelution of
in slightly sikaline soils has besu obssrved [(¥ijler and Delwlche,
1854; lNeuss and Smith, 19637 slthough this can be ativibulsd o

régicns of lower pH close to clay surfaces (Bremner end Nelson, 1568).

Both Hommik (1856) snd ¥ijler and Delwlche [(1554) poticed that
HO wes dissimilated, but only siowly. This, itogether with the sspll
smounts generslly found, indicstes that it i probebly only of misor

- 8re the two-major

A

importance as 8 loss-product, and thet K O and ¥
gases concerned in losses of ﬁitx@g@m'fraﬁ soils by bdologicel demliiri-

fieation.

+ 5 P
The varisble amcunts of HE , KO, ¥ 0 and ¥ produced during
‘ “ : =

&

microbinl dissimiletion hove often beep dliseussged. ¥Vhils some effscis

are undoubtedly due to the physiclosiosl environment, thews is 1ittle




i1.

doubt that many can be stiributed to genetic differences. Hicwo=
blological and bDlochewmical studlies have ususlly been sccomplisghed
%i%h relatively pure strsizse of begleris or isolated zngd purifisd
gneyines, snd It ls probable thaet the reactions of thess are move
speciflie than those cceurring within the wider spectzum of microliovs
goourring in solls. Verhoeven's (18523 é@@wiiﬁ demopstrate this
gulite cleavly; Hi_ was the predondinant ond product frowm some species

Beeillus licheniforsls and Lsolates from hawl, %2% wag the predominant

end product from others (Jacillus pitrorus end isolatss from peyden

. ; . s - : .
solls), =nd with others %ﬁ% was never produced, sad pltyogen wes the

%

5 were alse prodused

main end product although variable guantities ef N

{ Peoudomonas spp. and Miorooooous S0D. )

1.2.2. Ceourrence in soils

LeB28a1s ﬁiﬁtg%ﬂﬁ&l

The present concests of bicloglesl denitrification scourring in
apricuitursl soils have only been developed in recent yeays. Chenges

in geperal sclentific opivion over the last o

entuxy have been indicated
by Verhosven {1%32), Bremner and thaw (193Ba), Delwiche (1856},
Woldendorp (1983), Skyring and Callow (1982), Broadbent and Clark (1963)

and Heusk (19368).

According to Warimgton (1897), the Rev. Angus Smith of Manchester
in 1BE7 first demonsivated denitrification vhen nitrete sdded fo
goverdge was yeduced to plirogen gas. lovestigetions inte the micro~

biology and chepilsiry of dendtrification (Uavon snd Dupetit, 1886) and




tuto losses in soils (Ysppew, 1883) initially caused much concain
losses could ocour in well-gerated soils. This bypothesis wes wepldly
rejected by subseunent work {e.g. Yorhess, 18028; wan Itersom, 1804),

ared 3t wes gepernlly considsred for pany vesrs thet denitzifization

was "of no sconomic spimaificence in well-aervated, pot oo molst solils

in the presence of moderats amounts of organic metter and nitrate

{Wakanen, 1927). Ths gensrally high ozyvgen contents of the seoll sisos~
phere {(Hussell apd adppleverd, 1835 cald bhave supported

this conclusion.

denitrification’ ip bscierisl culiures

fdeiklejohn, 1840} zpd solls (Corbett snd Yooldridge, 1940; Sroadbenis

39510 revived interest in depniitvification lesses in spriesliuzal solls.

Additional stimluve was glven by the sstsblisbhoent of nitrous ouid

an intersediste in the nitropen oyole (Adel, 1946, 1851

Evogh, 18507 Arnold, 1984; Goody and Yelshaw, 189841 followl
ef its presence in the stmoaphere {Adel, 1939, 1941} snd soil siv

(Eriegel, 1944).

After Broadbent’s labovatory demonstration of depitrificeiion

in & weli-sersted soll (Broadbent, 1901), Jansson snd Claxk (1
poatulated that the soll opuid comsisnt of o micro-moselc of snsercbic
and sercbic spots and thet, in Buch 2 systenm, denltrification and

pitritication could occuy in the one soil in the reducsd snd oxidized

locations respectivelys Thet denitrificetion regulred 2 Bluost =

oxygen level was shown by Skerman, Leck and Hillis (1831) snd Sherwsn




is.

g of depitpifi-

s 18572) and the simulisnecus ooourrenc

Lontion was 4

rated by Loswensteln, zelbert,

Greemliang {1562},

It iz now scocepled thel denlirificetion cap coour im a wellw

serated soll. The previous bies in opinion resulted in defininz the

Es

sonditions necossayry cgenitrification rates with

regpect o large vo

importent fsciors zre

amounts

Howeesyr, 11ttle 48 koown of the setusl naturs of the

mlero~environments {n solls, snd of the velstive ilamportunce of
e

factore to such situstions.

1.2.2-2. Jnssroble pmlero-sliies

At present there 18 only one simple charscierisiic which can

be veed o define & micro-site sulisble for blo-denltrification. This

W




5
o

Oxygen demand is determined by the respiration valte of the micye

e

"‘%’5,3

popiiation. Uxyeen supply ls deterained by the 4dffusivity of

in the soll - and in this mspect the such lower diffusion rate of

oxygen in water tham im air is of prime imporisace.

2, ) w a 5
The sxpression multitude of mloro-snviron

aplizes the heteropenelty vhich casn exist in & s0dl

the large possible range of aveilabilities of organic

variaus gizes snd chemicsal and positionsl svellsbdiitiss, of

aod of microfliore distributions. Grespwood (1

mmerson’s {1950) model of an sgsyvesste in terms of teuporal
varisbility of respiratics ss inflvenced by vearious pretresiments;
however, he has ilpnored the spatisl verisbility in his predictions of

1GB3).

sony with the sarlier supgestions thet contiouocus slov de

wiion of nitrate and nitrite in 3n sershd

may gooar by the fo

zrepate; with subseguent diffusion into, aud blo-denlt

in oo anserxoble spot (Jansson and Clavk, 1952; Brosdbent and Claxk,

The Ifactors considered loportant in eresling anserobilc poohats

were the restriction of @ fgiffusion by shielding due to inorgenic

particles, » long capiliary water path, and the mass flow of ZQ from

{1068} bas esloulatesd

the plte of vigoioua microblel asctivity. UOrsenwoo
thet in 2 2oil of ‘novsel’ vesplration rate, B 2 mm depth of water is
sufficient to create such 2 mlovo-slits. ¥ith localized greostery micyobisl

activity, such as around a piece of fresh plant material {(iauck, 1868)




thin o

be the
DRy Een

g Goodmsn, 1887). The besic zssumpltion for such models T

tiop retes snd sicroflors

i

(Currie,
golusms of a
and Goodmen, 19€7), such irregular packings must slso occur in fisld

situstions.

@ micro-sites @ pravious woy

Wat i is eppavent that ihisg

stendipne of the sature of losses by blo~denlitrification.

1:3.3. Proposed mechanlsgs

it i generelly sgresd that losses by chomlos
and that these sre assuolisted wlth the niivite ion. The trasasiormation

pioviding the source of nitrite is most likely to be nlitrilication, but

the earviier suggesileon of Jensson and Clark {1552 of chemleal lozzes

The mschanlews propused fov The geseous loss of aitrogen from

nitrite in soils heve bespn discussed in recent reviews (Broadbsrt snd




Clark, 1865: Allison, 1888; lsuek, 1988). These comprise the

resotion of nitrite with g-anine solds = the Van 8lyks gesctlion,

gn Du and gng

i.8.2. QCeceurrence ip %@i%g

Am yet there ie 1ittie weli-sstablished avi Lt

jeuliurel loportance of these pecheanlsss in the soll.

argusd thst the first three resctions pi

graieh lowver then thoss nowmally cesursing in solls, sod ourvent

)

has lasrgely rejected the importance of the Van 8lyke resction

A

smaoniug nitrits decomposition {Allison, 1088

Ll
Tt
.

the earlier evidence of Gervelsen and de Hoop (1857

issowposition hag pot besp consldersd o

1887

2%t the clay surfaces (Molayen an

wa

ullzgtelin

There i 1ittle confirastion of the vesults of

Gilmour (1984, 18667 ipndiceting the catalvtic effecis of sone

X

Byt
&

Fa i

glements on nlirite decomposition: althoush Homelk (18553

reported an iocrsased HO relesse in acid soilis (by o chemical sechanisa)




due to the sdditiopn of feyrous Lron.

has only besn reg

melid To peulzal sg

Bwaby, 1964 we

The schens oropoged by Brummer snd coworhkers

firet tlms, to prowvide 3 satisfsctory chenicel mechanisn which ean

were related to the degres of soll soldity (Clark and

Leuss snd Smith, 19

A
b
[
s
&

losses ocourred mainly & %gg with only seell ssounis of ¥

b magd Clerks 15680: Tyler and Brosdbent, 1880: Heuss

1865; Greenland and Gasser, unpublished dete). It has besu sb

re Logses ol

Bk

that lossse by this sechenisn can resuli in la

that spplied) vhers witrogen fertiliser is addsd fo

moderately scid lowa solls (Bremney, personal commnlcation’ Howaver;
further eveluation on 2 wideyr renge of seils will be necessary (o

satablish the full =& &ifig asnes of this mechanisn.




18

B
.

hile the ipportence of losses zz HO and

further izvestigstion, 11 seens thet losses as WO

srtaat dn very aeid sulls, sad that the

g8 H_ and B, 0 {Broadbent and Clark, 1986: 4llison, 1886).

= 2

. gt ,3&&%@

besn proposed by

&

cantly influssss eoll denityificstion in

the sxndates froe

bivlegleal demsnd for o

her sugpestion was thet the dand

L by amipo soide in ths exuds

en gemend and lesser oxvegen supply could provi

posgibilities for denltvification.

the rslatlive inmport

> wlorofilors, and the sifevts

iosges. Ldving plant roots resulied lp much greater losses than in

25

rrasalsnd soils where the rools been kiiled ~ losses of

nitreate were 17 and 95 respoctively, and those of added sowenium 8 and




18.

& obtained by deficits o

cre positive svidence in the fors of ddenitification ol

g was desiysble to provide fivetly. infcrmstion about

nd secondly, 28 final conclusive proot that

involved,

curred

¥

Baler

now 1ittle doubi that the presence of planis in a

ste deniteifiestion. However, whlles plant roois nsy

snserobis mlero-eonvizonsent for denitrificaiion,

wellweptallished plapits could result

ible amounts of nitrete avalleble for mierobial

and Drehiston, 195385, Thos the sffect

nrocesess Iow

dgisoovery of apprecisble ano

Deaplite cyriticisms which oon bs

¢

levelled at the techaligues uwsed; this wes the fizet oocesion on




&

s

nitrogen contents of

ivEnes, sod the spplicebillt

be nusgtlioned.

Hauck (1888) has reoently o

et the pes

i

ss vugey fisld o

%“@’

WBETLanesy BhE the

forms of

/wﬁ

The determination of

stmcephere has presentsd forglidsb

Q»

is88). Fitrogen and nitrous oxid

bivlogical snd cheplosl deni

diffusiop gredients will be et

BOUR

evolved and there may be 1lttls opportusniiy for
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IMENT I (1286

1.3, INTRODUCTION

The redebrown easrths are o dominent soll group ian the
sustralisn lendscape, and &arye the mainstay of wheat growing in
southern Australia... (Stece st sl., 1868). They are well draiped,
the B horizon being charscterissd by & prismatic to blocky strmuctars,
and with peds which separate esally and h&%@ well developsd olay
skins. Az these solls heve been well charscterized by previous
r@%&&x&h, and are mown o supoort an ﬁﬁti?$‘§ﬁp§1&tiﬁﬁ of depnitri~
fving orzenisms (¥ebGerity, 1981}, they are & particulsrly suitable
srovp on which to commeuce Btudies of denitrifieation in well-serated

zoilses

11.8. BAPEAIVINTAL

Smell ges sampling devices, of the reservolr type {(Tackett,
1088} were placed 2t 6 depths in the 4, B, and © hovizons of the soll
profile of the Urrbrse fine sandy losm. The ges reserveirs (10
fﬁﬁliﬁa$%ﬁ>&§ each depth) werse installied immediately sfter the
emergence of the wheat crop, which hed been fertilized with nitrate

of sode and superplosvhaie.

wnts of soll gas composition were sade during the

smovel of samples from the reservolrs,

growing sesson 0f the ecrop by o

#lth subseguent snelvels by ges chromstography.




Ii.38. MATERIALE AW

1Z7.83.1s Ezxperlmental siie

The site chosen was on en aves of the Urrbrse fine sandy
loam, & red-brown earth, which previously had besn under pasturse
for several y=ars. Some chsrecteristics of the soll and elinstes are
ghoen in Table 1: details of the sxperizental site ond sgrononic
practices, sod o fail‘ﬁ@%@riyﬁiu@ of the poil sre provided in

Appendices I and I11.

11.8.2. OCne reservolirs

11.3.2.1. Description

The zps reservolirse wers menufsctured in the dgronomy Rork-
ghop at the %@ité Institute to the deslien of Uy. #.J4. Hillington.
They coppisted of & smell finned-irvon can 4.1 om dismeter z 3.5 cm
height, with & cone of stalnless steel mesh for s base, snd with &
copper capillary tube (1 me 1.d.) lesading from the top (Fig. la,bl.
The internsl cspacity of & reservolr was sbout 30 ml. The copper
tube was sesled above the groond surfece with 8 sllicone rubbsr
septun, and sxcept while saupliling, this saupling seal waes protected

fyrom the weather with 8 smell hood of black polythene tublng crimped

at one end (Fig. 2).

11:3‘21‘%' iﬁ%t&igatim

The gas rescrvelirs wers installed on the 14th July, oobe day

after the copmencensst of seedling energsnce.
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PLING

{(a) Diagram of en installed {b) HReservolr (units of
reservol v. zeale: ocm).

{e) Sampling with 5 @l syringes
{from Emxperiment I1).
Hote the rubber sheet user forp
transport of ayringes.




10 cm




The reservoirs were placed on & thin {1 on) bed of fine
washed bullding send 2t the botton of 8 6.1 on dissster hols, mde
with a Stace~Palm modified Veilmeyer tube (Stace and Palm, 1882).
Sand was used fo peck the gap belveen the walls of the can and those
of the hole. The soil was repiasced with freguent tamping. Fig. ls
iz a disgramsatic representation of these operstions, and Fig. 2 is &

photograph of ocne of the installed rveservolrs.

11.5.2.3. g@%éh ang 1%@%3@%

Ten groups or replicstes of reservolrs webe placed over the
experimental site. fach group consisted of 1 ocan 2t sach of the
 depths - 5, 10, 15 cm in the & borizon, 30 snd 60 on in the B
horizon, and 80 cm in the € horizon. A different randomization was
used for the position of the cans at the various depths within each

EToUp.

11.3.3.

"TUTA" brend dispossble penicillin syringes of 2 ml and 5 ml
capacity and with 25 gauge needles, were used for all gas samplings.
The syringes and connections wepe flushed opnce by withdrawing a
sample, of sbout the capecity of the syringe, fyom the reservolrz.

Then two samples, one esch of 2.3 and 3.% ml wvolume, were withdrawn.
After removal from the septum, the syringe needle was thrust into e
80lld rubber shest for transport io the laborstory. Bampling and

transport techniques are demomstrated in Fig. le.




Figure 2.

Hoil ges reservolr at the 15 ca depth, peritlally

excavated aiter the copclusion of BExperiment I.




E8.

11.32.4. Qes snelvels

4 "Shimedey GO-1C Gas Chropeatogreph, sguipped with 2
thermel conductivity detector 2nd enploving hellum ss cerrler gas,
wes used for 21l determinstions. The columms were fllled with
Linde Holeeular Sileve (H.8.) B4, snd operated sl temperatures of

220 C and 60 ¢ for separstions of (M40 +N, ) - %2@ - i&ﬁ and {&%ﬁgﬁ -
E A

o

%g respectively. 4t the lower tempersturs, %gﬁ gnd 0D, were not
eluted Irom the golum. Further gdetalls of the gas chvopaltopraph

ég%faﬁiﬁg conditiong are tabulated in Jdvpendlzy VI.

The contents of the syringes, sdijusted to 2 and 3 3l voluuss
Just prior to injection, weve ipjected into the gas chromsiograph

gsing the noraal injection port.

All ppslyses were compuited fyom & basie callbretion of peal
halgnt versus smount (Ul) of ges present. From the 2 ml saples
injected onto the columns at 80 O, the ratio of %%fiéﬁﬁﬁé wag calouls~
ted. The concentration of Eg@ and ﬁﬁﬁ was caloulsted Zros the smounis

of gas in the lzrge syringe, assuming thet szactly 5.00 ml of sanple

.3 the

was injected. From thls sstinsted concentrmiion of {ﬁgﬁ & @@2

concentration of (argon + oxygen) and nitrogen were calculatied by
summation te 100%. The gas coupositions were celoulated oaly from
the average peak helghis for the 10 replicales st each depth, and

compogitions of samples From individus]l reservoivs were pot deternined.

A porrection for the losza of %%ﬁ angd ﬁﬁg in the interval between

sampling snd injection (fopendiz VII) wes appliied, but the time used




wis en spproximete mesn for sll ssmples within a2 sampling.

i18.5. Apciliazy duis

Apil sarples were obislned, uslng the Stsce-Falm podiiled
Veihmeyer tube (5 cm 1.4.) from the 0-80, 30-60 snd 80-80 cm depths.
Subsemples were oven dried at 105 € for grevimeiric mmisture contents,

snd at 45 € for minsral nitrogen determinations {(ippemdiz I11).

Additional sptimates of soll wolsture content were obialned
by the neutron moisture meter method (Appendix IV) and volumetric
yalues were converted o gravimetric basis, using spproxizete bulk
gensity values based on p previcss experiment conducted by

By. B.J. ¥illinghten sdjacent to the sresent side.

The recovds of ths meteorologiesl sialiop at the Faile
Institute have boen wsed for all olimstic dete guoted in the text

{ses Appendlz Vi

114, RESBULTS AND DISCUEEI0ON

I7.4.3. Uom i%i@%‘@fbtk@ s@il atmosphare

1i.4.1.3. Uitrous omide

IT.4.1.1.1. OUccurrence
The total of 20 zos samplings were made gver the %&fﬁ@% July
1986 to Jazmary, 1987. This peviod spproximetely coinclded with that
of crop crowvih, irom swergesce of the vhest grop in wianter to saturily

in sariy suwmer.




Hitroms oxlde wes detected in the soll prefils on every
sampling occasion, providing vnsguivoosl evidence of the existence
of denitrification i this soil. The very small ssount of nltrous
gxide, which could be detected by the gre chromeitographlie methoo
(% ppa in 2 3 wul sample), sllowsd & great sensiiivity for the

detection of denitrificeticn in the seil profile.

11.4.1.1.2. QUistzibution in the soll rofile

Hitrous oxide was present at 21l except the shallowest depths

8%t the first 8=

mpling (15%h July), which was made within 24 hr of

instelistion of the ressivolrs. ¥et field conditions preveiled boih
pefore this ssmpling, and for 14 days afterwards Guring which 3 i
additionel semplings were made. The 5th sawpling {lst jugust) was

ohtalned sfter the aoil hed starited to dry out following 2 days of

fine weather.

The distribvution petierne of nitrous oxids in the soll profile

during this period are showe in Fig. 3. Thers were major ascoumnlaetions

of pitrous oxide et 2 depthe in the zoil profile; one st sbout 10 ¢
in the 4 howvison, and snother between 30 and 60 om in the § horlzon.
The concentration in the B horizon rose from sbout 20 ppa {v/v) for
the first ssepling to sbout 120 pop o the second ssmpling, then
zteadily declined to 20 pom at the $47th senpliing. In conirsst, the
levels in the 4 horizon weve more variable - incresses cegurred with
the incressing o1l molsturs 2l sasmpling unitil the 38th July, then

rapidly subsided, presumsbly dve to dryving of the soll beivesn the
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28th July snd the lat suzust.

The pattern of pltirous oxlde concentraitieons ip the poofile
for the whols vesr and the sncillary date of soil solsture coptent;

g4l nitrete levels, and vainfell, syve shown in Filg. 4 snd 5.

The contents of nitrous oxwlide in the stmosphere of the sub-
soll penerslily decressed over the r@%é of the yvear. The levels in
the surface soil were meoh wors variable, %gﬁ tply balng dstected for
prisf periods of high molsture content sflter heavy f21l8 of rails and
the irvigetion on Augeet 3lst to Baptesber Srd. A fresh burst of
gemitrificetion occurred in Decswber after o viclent thunderstomm oo
Zrd Decenber, whlch had boen preceded by B week of yelny wenther
guring which an %ﬁ@ﬁ%ﬁﬁgﬁi 1 ip. of zeip fell. Unce again: nitrous
cride wes only present for s short perled in the surface soll (3=4
devs ot the 10 em depthl, bui persisted for sbout 30 deys in the aub-

s0%L,

Thare was & promounced tendency for nitrous oxide congenizmtions
iﬁ,%ﬁﬁ subsoll to sxhlblt meximue levels soms days Ilnter than those in
the surfsce. Thiz is best shown during the flughes of denliviiieetion
aeccurring in the peried July 15th-28%th and during December. This lsg
in %@xﬁmﬁm,%gﬁ levels in the subsoll may be &tﬁrﬁhﬂt%@ to the tiee
taken for the gﬁii water o move down the profiles, snd to ornmaic
meterials dissclved in the water. The maximum weater content st ths

80 op Jdepth may not occur until several deys after a beawy fall of

rain (Eijne, pers. come ).
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MeGarity {1981) hes shown thet the low amounts of svailabie

orgenic substrates limdii the rete of potential deniirificatios in
spmples from the Urrbrse B horizen; snd thet the addition of very

wmnts of soluble carbohydrates produces 2 rapid inorease in
deniteification raltes. Boluble vrzenic compounds can be za&aﬁﬁébfﬂaéiiy
from plent smesterisls snd throuzh & colusm of soil (dyers, 192886): and
the very bhigh, but trensient, potentinl deniizifyisg sctivity in
sclodized solenels subsolls ey be dus to the downwend povement of

small ssounts of organic substrstes (McGerity and Myers (1988},

gﬁ comecentrations with

depth in the profile mey be paritly due o the slower response of the

Additionnlly, the cheervsd Ilng in meywivowm ¥

subsoil fo iscressed sopunts of orpanlc substrsltes znd regpizicted
oxygen supply. HoGarity (1981) has shown that the length of the lag-
pasge ie much longer and the syenitusl rate of deplivification is mueh

slower for B horizon samples than for &4 hovizon samples.

Oweyr the period from mid-July to mid-Angust, about & ppm
of the original 44 ppm of HO_-N in the surface 30 cm was leached
into the 30-80 om depth, cousiog 8 similsy incwvesse in soll ﬁi%r&%@
contant over the ilnitial level of § pps ipn this laver. Thers wes
thuag only sbout & 2300 decrease in the nltrate content of the surface
30 smoapd 2 1002 dnceresse in 1het of the 3-80 cm depth. Frevious
work hes indicated that sitrate concentrstieons do not influence greatly
the rate of denitrifiecstion (Vifler and Delwiche, 1834; Hommlk, 18586
HeGarity, 1961) slthough, of course, 1f the concentrations of nitrate

negligible in the B horizen, the influy of nltrate by leaching would




be important.

The ancillazy dats (Fig. 3) provide informstion on the
decressing smounts of witrous oxide detected over the groving 30B0h.
Sell swisture levels remsined nesy {leld camelly during the wintay
{July=~fugust) and, spert from the effect of the Z in. ivvigeticsn io
early September, woreased stesdily during the rest of the growing
seagon. Lesasy ancunis of zeinfasll were received in the sprisg, and

the growth of the crop and incressed evapdir voration sBsociated

with rwizing eir and soll temperstures in spring resultsd in 2 continual
decyease in the soll water coptents. It vesulred 8 wery larges spount
of rain {3 in.) in Degember 4o yvewet the soll profile and allow

gepiltrification o onour.

zzténia%sgﬁ :zﬁ%‘t%%%;@ﬁ M@i%@@ ﬂf 3%%%

in 2 preliminesy report of this experiment (Burford and
Hillington, 19683, »n estizete was mode of the losses a2 nitrovs

oxide by eguating the change in mese of ges in the soil with the

flux frem the soll and the inlteprated souree strenglh:

T ™ 57t Y157 %8

vhere 48 wes the sstimeted change in totel mass of ges iln an scre~BU om,
4 vas the zstimeted fliux of zas to the atmosphers,
snd Sy the integrated souzce strenglh, wee caloulmted from AN and J.
This estinate vss made for the periocd July 151h to Aungest lst,

when 1t sppesrved thet the grestest losses wers oocurring, nd the sub-




soripts refer to this time intervel. It wes sssumsd thet the flux to
depihs below 90 om wes peplicible,: and I, the gas dillusivity wea

copsteant with depth and time. U was caloulsted fx

e LB 475
AT s > = -
/D iaéfa?} . @Q

whare Qg is the diffusivity in air, £ is the totsl poresity of the

"%

soil end €, s the alr filled porosity of the soll {(Billington, 1958h;

ik

arver, Hillington and Quirk, 18686). Values of € =nd g, were net

mensured, but from orevious dsts values Tor soll 2t field cspacity

would be within the range of € = C.08 = §.10 ml/el, and €y = L4
EeY

ml A (Millington, unpublished datal.

The estimates obtsined for these ftwo limiis of £
e

2 totel lose of .34 =~ 1.2 1b of pitzogen per scre as nitrous ouide.
Thens reported values were erropooss due to use of an incorresi valus

f@r‘éﬁ ¢ the corrsct sstizstes should heve bess 0.08 - G.17 1b ¥/scre.

However, this doss pot affect the zain polst of the celeulstions
wes 0 sssess the probeble megnitude of the losses and o show thet
these were snall when cvompared with the 100 1b per scre of nitrogesn
appliied 228 sodiuvm nitrste al secding.

The observed changes in soil nitrats levels (I

indicated that only small losses ooourred. 4 tesporayy dscrssse ln

e

g”a
o

ggﬁmﬁ, presumably dus to slerchblal sseipilsitlion rather than dissinll
tion, ocourred during the wet pericd ia lste July., Hinerslizatlon of

nitrogen vestorsd levels at the 15%h jugust to only 10 ppn pitrate~i




less than the indtial level op 16th July, and this dsficit ces be

sgcounted for Ly an ipcrsese of 9 pow in the 80-80 on depth. The
gecreagse and subsequent incresse in the O=-30 om depth is not
gtatisticeally signdficant {0.10 > 7 > 0.08, Appendix I51).

The nethod of celenlating geseous losses can be severely
criticised since there were obviocusly two major sources of Eéw evolu-
tion 1 the soll profile = gune in the 4 horizon, and the second 2
difiuvee band in the B hovizon ol sbout 30-80 cems. The laltter could

be regarded sg belopg in 2 guassi ~ stesdy state over the period July

Foth~bugnat lat, a8 levels only ranged frow 85115 ppm of B % the
oo depth snd 84-118 ppm st the 60 on depth. 14 this wes the only

soupne, 1t would be possible to sstimete 2 diffusive loss T3

subsoil. However, the ephemersl mture of “é@ soourrencs in the

surfsce vith concentrations

renging from B~B2 powm f@r theps Iour
srmplings indicates that thers wes 2 verisble coptribution from the
é% horigon, and nitrous oxide 8t one sampling (Juoly 28th) would have

di ffveed towards the B horlizon.

It is difficult ito account for the spparent zone of minimun

conoentration at the 15 com depth, 88 scoretion of %ﬁ” from the two
sourcss 1o the 4 sud B horisons should have resulisd in ite dis-
LPpeAYantE. Theg nost illkely explssstiong is that the production in

A borizon wes so verisble that steady stete conditions for the

‘attainment of this pattern were not achleved, and that the ges ssmplings

were not suificiently fveguent to detect this. Altermstively, thers

could have been 2 'eink’ for ﬁgﬁ 2t sbout the 19 con depth. The sost




iikely mechenisnm io scoount foy soeh } O wiilizstion would be further
gissind iatliv Biologlical fixstion of nitryous oxide is known to

sous nitrogen is & stromg competitive inhibitor (Burris,

eopuy, but gas

18563,

Despite such difficuliies, it is desirable thal some
estimate be made of the relative contribution to losses by the &
and © horlzons. From the shope of the curves im Fig. 3, it oan be

sesumed that the levels in the B horizop were in s guasi - steady

gtate, and thet thove was & deovessing concentrntion of nitrous
with decremsing distance from the suriace as this ges diffused o the

stmosrhere. Additionally, éi conn be aszumed that the snhens svoln=—

tion in the surface 10 cm ceused s distribution pattern which beco

supsrimposed on that due to the B horizon evolution, and thus for a2

short perieod of time thers was 2 bl-m digtribution of ﬁmﬁ in the
scil profile (e.g. 28th July, 1888). Im this sanner, an approximate

satimate of the relative losses {by 4iffupion only) 2t = payticulay

3

instent in time can be wade, sssusins indepandence of each source:

Hovizon A B
Ej@
Assumed H, m ievel (pom) 83 113
Apsumed depth of source (ca) 10 45
Caloulated diftfusive loss of
- =G
% as ¥ 0 (1b ¥/ecre/day) {0.87=3.7mi0 (0.11~1.1)x10

2

The calculated saximum rete of loss is thres times a2s gyeat in the 4

horizon 28 in the B horizon. However, thess coloulstions ays besed on




{happendicss X1 and ¥IV) indicated that such values are sstisfsctory
for subsoil horisons below the 10-13 eom depths. But for the surface

10 cm depth of solls g, and g values were much grester thas U. 20

T

W0 omi/ml respectively.

A%t & gimlleyr time of the year and sessun, valuss fov the

spparent density ( ﬁ of the U=10 em s0ll depth of sown croplsnd,

e

which had previcusly besn under long ters pesturs and coptinuous

eroppling, were 1.26-1.45 z/u} mssvectively {(Ewveriment 171

field cepacity the molsture gontents of solils were 24% andd 2315

g) respectively. These values for O, #nd moisture content from old

£

eropisnd and old pasturslisnd provide satisfisctory limits for the
surisce 301l in this experisent, baped on o compaviscn of scil

nltrogen contents (Taeble 1 snd Fig. 19), paddock histories (ippendizm

£

2

1) and previous fidld messurewentis by Hillingten {1888a) for a poil

under erop in 2 & year pasture - 1 year whest rotetion. wid, valuss
of B g E and the estimated valuve for losser frvom the A horlzon

can be cnlculsted:

btepumed valusse fTor

Max. ¥ 0 2t 10 en {ppal 83
Apparent density fo/ml) 1.8 ~ 1.45
Holsturs centent (g/i00 g} 4.0 -~ 2.0




Caiculsted values

£, (ml/ml) 0.81 = 0.30
£, {md/mi} D.38 = 045

EA
N {mlfml} D83 = 0.15
?{4 -% b i;ﬁg‘:%

Diffusive loss =s 8,0 (1b H/a/day)

sysicore, for similer mitrovs oxide levels, osiculeted maxlmun
diffusive lesses will be much gz%&tﬁa from the surfzce soll Than
those fZyow the subsoll, as & pesult of steeper diffusiom gradianis

Ja

and gz

ster sle-filled pore space aveilable for diffumion {Toble

T

b

Caleulsted mazims losses from 4 snd B bhovleonz

{July, 1986)

ot mon By € 7 epth [N, 0 diffusive loss

TOELESR | (ml/ml) ~ (mlsml) ppm) f(em) | “(1b N/acre/day)
A 192 - 0.15 {0.53 = 0,46 83 10 Cell = 0.30
B 510 = 0.03 .40 113 45 0.001~ 0.011

The mich higher caleulated rates of logses of niitvous oxide from the

from this horizeon then Ifrom the U horlzonsdespile the mors franslient
socurrenee of nityous oxide in the & howvizon. Uncertzinties in the
porosity terss slone bave indicsted the difficulities lnvolvsd in
making an scourste ssiimete of the sctual losses but the scaloulations

indicate their order of namdtuds.




87

ming the losses, major atitentio

the sid-winter pevied July 15%h o August 1zt a8 i1 wes sesumned that

this tipe.

skape of the distribution at

{Figs 4 indicates thel 2

 of pitrous ozide produetlion oocurred in late July asw that the

o slowly declining svolution.

Previous lsboratory stodies beve indiested that

s

it

are the major products of denitvifieation:

(}M

Sute to discuss losses 25 niltrogen ges. Buch g discuselon w11

in the

s

e glsarer 1f copsldered jolntly with the levels of %@2 and O,

soil alwosphere.

i3.4.1.2. Umygen, © carbon dipzide and nitrogen

Pl

Miie digtributions of iﬁ + Hks CQE and %E for the first &

3

showa in Pig. & and tepoorsl distributions sre shown in

11e4.2:220ls %zg%ﬁﬁ

expscied. Orestest departures frem sitmospheric

in the B hovizon, where thers

diffusion path tv the ataocephe

the small sir-filled pore spece. Delicltis
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were greatest when the soll molsture contents weve highest. The shape
of the distributieon patierns sre indicstive of soills with zorve

restricted difusion ip aubeolls then in the surfsce aoils {(Turpie,

Oxygen concentrations in the 4 horizop wevre nobt, in pensral,
greater than 1% belovw almoepberie levels in the winter perivd. The
greatest owygen deficit in the 4 borlzon ocouzrsd following the heavy
rein in Decembeys This would sesn to he ithe result of the stiswiation

of the mlcyobisl populetion by ths high soll tsupersiuress with

e

{i‘!

wands I0r OXYZEn.

less thao

MR Cxide WEre ooourTing.

poourred at veyy smell ansepoblis o

aad s0Ld

The close agsoclstlion between nitrous oxide leve!

5

watey content is indicstive of blo-depitriflcstion Pother then Chono-

%f

demitrification. Sm2ll lnocresses in soll water content when this is

‘agroblie denitrificstion’ is well

established, there ia wvery littles evidencs gvailebls to indlcaite the




gorrect methods of ssupliing the soll abmosphere in denitrification

studies. It iz possible thet the detectlion of niitrous axide under
conditions of zppsrently small owvygen deficits may have been due o
a fault in experimentsl techmigus: the reservoly may not comteln an
atnogpheric conposition representative of that in the zoll. The

colyen of dizturbed goil sbhove the resereolr iz 2 possibls source of

> the reppching of

& more rapid

the reservoly snd

the shove ground atwosphere. Alterpatively, resiricited diffueion dus

bing may bave crested apserobic

aye i thus a2 nesd for sp exasdvetion of

11.4.2.2.2. Onrybon dloxide

Cnrbon dloxide levels (Fig. 8 and B)

variable distributions in the profile or durisng the year,

n the & hovi

Yoo

poticed with nitvons oxlde or oxypen. Leovels
ragsonably sonstent during the winter peviod but highsr lsvels,

asgocisted with pevicds of high scil molsturs contenit, ooeurrsd

towmards the end of the seseon. In the B horizen slso, this 2

oL ipcrensed response to soll water wontent with time of senson o

noticed;

This behaviesyr of Sﬁg

increase in soil tenmperature over the sxpevinentald
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znd the larveps eolublilidly of €O, in water. The relative saounts of

2
E

in the 2ly and waler vhege contsined in 1 oo of goil sve shown

in Table 4.

Relstive amounts of U, contaiped in the sir and water vhase of Erﬁi

&
spil 5t desimnated temperatures and sie-Tfilled povosities £

mi/mi)i A1l velumes of gases given as ul et §.T.P.

Forosity
(mi/ml)

£ L
Y N
ar 2.7 |
[
;éa;f??i %:Elgﬁw Wtw’% gv% Eogﬁé
«w_'f%w izwi@ E'?% wﬁ.%ﬁ i % Qo%? |
i .35 1.4 a8 E e TO

for 0 content of 0141 alr of 0.5%, snd the sbeoration

cosfficient of U for ¢istilled weter {(Fartington,

atio of OO, comtained in the soll watw
B

- $.303) varied from betwesn 8.7:1 to 3.7:2

= 30 D) ko B5.7:1 to 2.8:1 for sunmsr

sheorption of T0, in the soll water provides 8 oop

ng capacity for the ecil atmospheric C

b 5

o for the saall effect of incressed 501l moisturs oont

in the wisnter maths.

After heavy relnfell CO_ diffusion would be restricted: i

]

only spall incresses in concentrstion 1n the soll eiyr wuld res




THean momthly soil femperatures,

TADLES

1086 (°F)

depth :

June July suag. Tt Hor -
{air) 54.8 50.2 58.1 50.4 87.1
2:3 om 559 B8.7 B6.9 £3.8 B83.5
is om B4.1 51.5 84.4 85.4 2.8
5 em B2.2 487 BT 8.1 88.7
5 on 5%.4 B3.1 45.9 56.8 83.4
TEource: mersury-in-steel recording thermometer, ¥.4.R.X.

Heteorcleglical Station.




from 2 large incresse in = totel wedt volume of soll dus to the

buffering capscity of the soll water for £§@. Additionalily, the
infiuz of wvalter of lLower ﬁﬁﬁ sontent snd lower tevpersture would
increagse the sbhsorptive cepaciily of the soll for Q@g. Caybon ﬁi@xi&@
production wonld be senslibly copsiant with these varving watey
contents: the moxious oxygen deficit of 4% indlcatss that only &
very small proportien of the soil volume was &u&@r@%ﬁeQ and Greemyond

(1265, 1968) has indicated that respiration only decressses when

almost complets amaérm@i&i%y CeCuTrE.

However, large increases in gg@ concentration can oceur &t
this stege of incipient snesrobicity. The Bunsen's sbsorntion co-
sificient of Eg@ in water is sinlliar t¢ that fovr ﬁﬁﬁ {1.305 snd 1.713
regpectively at 8.7.7. = ?aztingzmﬂ. 1831, p. 847, 574) 2nd the aclu-
Bility in soll weter must have some deuping effect on levels in the
geseous phase. This mey be s resson for the "t8il’ of nitrous oxide
st subsoll depths in ths spring zonths of Septevber and Uctobew, and
20 the ﬁﬁﬁﬁ&i?@@ %g@ ghould be buken into zocount il transnovd
epuations for celeulsting losses of nitrosen fyom the soll. Bat
dissolved ﬁgﬁ may not be estimsted readily from the messured gaseous
concentrations and absorption coefficlents. Verhosven (1582 hes
shown that ﬁgﬁ can be extracted from culture solutioms iﬁv%ﬁﬁﬁﬁﬁﬁ

greater than those predicied Zrom solubllity tables.

The bigh solublliity of ﬁ@ﬁ in thes soll waier compsred wiith

that of oxyegen, nitrvogen znd argon can explsin an outetanding spparent
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relessed as CO_, the 'lost' CO_ being dissolved in the soil water.
N = i

e

This sffect is most cronounced in the B bovison, and such s difdfesrsn-
tinl would orests 2 volume decreuse snd 2 subsenuent pressure 4rop,
apd so gradients favouring mass flow of soll air from the 4 and C

horizons to the B horizon.

Thus, the distribution patierss of the componenis of the
soil pimosphere are not the result of oply transient-state diffuvsion.
Uwicusly zsss flow @f'g%%%ﬁ soourred and this favoured oxyoen ang
%ﬁ%%@gﬁﬁ transport to the B hovizon and hindered the outward giffusion
of %agg ﬁga 0, and ﬁﬁg. The obesrved incressed H, levels may be
sttributable solely to mess flov.

Furthesr gvidence of smuch zn effect iz provided by the %i@il@f
trepds of luoreapen iﬁ”%g over atmspheric levels znd the deficiis of
@%y%@ﬁ from atmospheric levels. Howeveyr, 1t ils more corvect o cumpsrs
the nitrogen incresses with the differences belwemn %ﬁg Q@g ievels and

the deficits of oxygen from atmospheric levels.

Buch deviations in nitropen content from ezpecisd stwospherie
ilgvels have been reporied neny times previocusly and ususlly without
comsent. It is thevefore very surprising to find statemenis that, in
%%&@@%1& the concentyation of {%2 + &) in a =0il atmosphere iz mowe or

lees constant, or that of ({G._ + ﬁ%}‘i% slemost constant 2t 210 of totsl

ey

| &

gas pressure {van Bavel, 1965; iclaren and Skujins, 1868).

apheric gases

The difficulties coused by the zess flovw of aitme

in the soil profile lndiente the nesd for sllowing for this shenobenon




A
4% .

ae sedl atmosphers, whether the latter is the

normal ‘background’ 78% or the additionsl increment due sas Llow.

I1nbellised

Two wmpibods sesw salisfactory:  the ugse of

levels with an inert compwment of

The conduct of an ¥ balsnce would allow securste estimation

of deficits, and s0 toital losses of nitrogen from the soil. However,

this would not 2llow ascourpbe messuresents of sesll losses over shord

o
£33

voriods of time. The oot of Fertiliger ¥ asnd the lavge experizsentsl

ereas reguired would preclude messurement of evolwved labelled ¥ in

&

[
g

regervolirs such 22 those used in thils sxveviment. The sessurenent of
the %gf; ratio of the soll stmosphere should be 2 sstisfsctory
alternative, as L1 is koown thet the gos chromsiosvephie sepsreiion

of oxygen sod arvgeon 18 posaible (Laxd sod Horn, 1BEOI.

” e SEERASEE PR WIS
1.5, (S Wl i

The detection of nitrous nxide in the atmosphere of the
Urrbrae fine sandy lomm hos provided good evidence o support orevious

hypothesis that

by deniteificetion, fTrom 2o

apparently walleserated soil.

nitrous oxlide comcentrations

oceurred 1n the A horizon osnly at times of high soll moisture contents,




but detectable conventratlons wers present in the B hovizos for a
total peried of 2 sonths. The losseos zs .U were small, although
accurate estinstes of lossss were not possible due to uneosrisinties

in the values for sir-filled and total porosity of the soil.

Further studies are needed to investipate fhe offocts of =
range of soll envircoments on denitrificetion losses from field soils.

Howaver, this initisl experivent has sise indiested the need for more

vigorous testing of the methed of ssoplisg the soil stoosphers, znd 2

method for detecting the nitrogen gas evolved by denitrification.




CHAPTER I11. INVESTICATIONS OF METHODE POR DETERMINATION OF THE

CORPOBITION OF THE BOLL ATHDSPHERE

Iii.1. INTRODUCTION

In the initis]l experiment., the entire superimsntal zite
had received ths sawe cultural trestment. In further studies, 1t was

intended to szapine the effscts of severgl trestwents on the couposi-

tion of the soll stmosphers. 4 glmple sad convenlent pes handling
syaten was sn loporiant prerveguisite for the incrsssed mumber of

sempling points.

The reservolys were very satisfsciory for rapld sampling,
but further work wes veguived to test thet the samples obitslined wers
repregantative of the soil atmosphere. inslvees of the soll zss
samples bad besn schieved in Zxpeviment I within an asverage total
time of snslysis of sbout 3 minutes gei reservolirm it wee considered

thet this totsl time of analysis {(including that of %Efﬁ meaguressnt

was the mesisur sllcowable where large nusbers of seuples were to be

analysed.

i11.2. G485 ANALYSIS

I3 .2.1. Eﬁirﬁﬁucti@n

A possgible scheme of gas anslysis wes to use the existing

gae chromatogrepbic method for (4 + ﬁg} - W and ﬁzﬁ = 00, spalyses

2 Z

and to measurs the Ngjﬁ ratio by o separste measuvement of 4 and @2,




é?e
using a third semple and & gas chromstogrepblce colusn packed with
molecular sieves and opersted st -78 C (Lard snd Hown, 1360).
Howewvaer, ithe most efficient scheme sppesved to be one which would
sliow single-sample analyeis, such ss = multiple-column systesn of

3 ecolumne in ssries, with z detection zlene

nt after each (Jeflfary
and Kipping, 18684): end o use columms packed with molecular slsves

at elevated, swblent, snd subswmblent fesperatures.

i11.2.2. Experimental

Varicus combinations of column lengih, tespersture, flow
rate and colusm length were investigeted for meries arrangemenis of

B columns packed with various sizes and types of solecuiay sieves.

111.2.3. Meterisls and methods

ldode 44, B4 angd 13% Voleoulsy Sleves were ground and sleved
into 16-3%, 33-60, 80-100 mnd <270 mesh sizes. After dyying in aly,
initially at 106 C (18 hr) and subseguently st 350 C (16 hr), columms
were packed with the coarse frections. The flpe material fvom some
of these had been removed by washing with water (Fdrre-fius and Gulochen,

1984} and removing excess water by sn overpight drying st 70 4.

The finest Trection (L8270 mesh) wes rollied with nop acld-
washed 80=-80 mash Chrowmosorb {Bosbeugh, 1983); and the excess fine

meteriel removed by gentle dyy sieving with 2 0 mesh sieve.




The packed columns were activated initislly by heating in

the carrier gas steam {dry helium) overnight st 350 C, but subse-
guently & pericd of sbout 40 hours was oiten necessayy oy somplete

activation.

111.2.3.2. Gss chromstopyenh modifications

The 'G0~10 Shimadzu’ pas shromtogragh, 2 dual columm
instrument, was used. The operating conditions are described in

Appendiz YI.

The inlet %o the refersnce column was bloecked. Uther
plumbing chenges were mede such that sfter the effluent from ool
1 {inside the chromatograph oven) had pasged through the sensing
slement of the detector, it was directsd through the third column
and/or the sscond sclumn before passing through the old refsrencs
element of the detector. Thers were pnly fwo sensing elements in
the detector. and & G-way stopeock was used to change the indlow of

gas to the detector 'reference' element fyom column 2 or columa 3.

The siution patterns from esch coluwm weve senipulated
such that when s component wes eluting from one column, thers was
not any eluting from the other column connected to the detsctor:
this effluent acted ag 8 veference. Such manipulations were achleved

by verying the column lengths, packings, temperature and flow rate.

Column temperatures were contrellsd by the chromstogyaph

oven at elevated tesmperaiures {(HT-column 1}, = welerbath at Just




i
i
&

12

shove swblent temperaturss (¥l-sclump 2) and 5 freszing miziure o

solid=1iguid methanol {(LT-polumn 4.

I(1.8.4. Hesulis end dlascussion

¥13.2.4.1. Chromstographic sepsration
Some resolution of (4 + @% - %?ﬁ -0, (A +0,) = B

and 4 - @2; could be obisined with most of the provered moleculsr
sleve peckings, but the optioum performance foy ¢sch ssparetlion wae
obtalned with M8 34 {4370 mesh/Chromonorb) (U7 eclumm, ¥5 B84 (3280

megh) (U7 column) and ¥8 13% {32=80 pesh. washed) (L7 eoluss)

respoctively.

snd the gas chiyommtograph flovw diagrae in Flg. 10,

The compound peak of (4 + @2 + %g

mn and iz resclved inte {4 + ﬁg} and H

Bgis?

is szluied fvom the HT

cody

. by the BT colusn before

&
¥

&

ﬁg@ and ﬁﬁg glute from the HT colmmn. Ipmediately after the
witrogen pesk paxioum has besn cbaerved, the d-way colusn switching
cock iz operated 8o thet eifluent fron the LT coluwwm flows through
the detector. Argon and oxygen #ilutsz Irom thls eolum after 3.8 anﬁ‘
4.8 miontes, and the next sanple is injected 5 minutes sfter the

previous one. The polarity of the detector is reversed for the

effluent Ironm the ¥T 2nd LT columns.

This errangesent seemed guite setisfectory for use on a
routine basis, and initisl analyses indicsied that the coefficient

of variations were satisfectory {Table 8). These were determined
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on & peak ares basis {(welghingl), and for this the &~way column

switching cock wag 2ot operated until 211 nitroger hed sluted

irom the ¥T colusn.

TablE &

Messured composition of slr, and cosificients of varistion’

& % N, %ﬁ
Composition, % , G.DaY 21.00 e M 81.8
Cosfiicient of varistion % 1.7 1.7 el Zod

T 7 detervsinsticns, pesk ares besis.

o column pecking is yet svallable which allows the nessure-
ment, Irvem o single column, of the five gases reguired for this study.
It 42 well koown that moleculay sleves are most sstisfactory for
-enalyses of permanent geses, particulariy of 4, @2 angd ﬁg {Jeffer

and Kipping, 1864): in addition it has been found that the very

finely ground materisl is ouite suiteble fovr H. G and ﬁﬁg separstions.

2
Freliminary investigations indicated that DWBC (4dlaxd and Hill, 1260;
Trowell, 1963, porous-polymer beads {(Hollis, 1888; VWilbkite and Hellils.

1268) silica gel, sctiveted charcosl slumins were not satisfactory,

eyen for %gﬁ f=v ety Q@g.

111.2.4.%. Eources of sryYoer

Peak sres mesasurssents wers not o convenlent basiz of

mensurenent for lerge numbers of psuwples. Sowever, several sources




5.

of eryor were imporitant when analyses were made on the basls of pesk
aglght messurenents.
imylvry snslvees of lavge pnunbers of sawples, slight

deteriormtios of the HT and ¥T7 colu oocurred, presunably due

o the adsorpition of H_O, . and walter vapour. All columns were
ot

ated by heating overnisht in the carrier gas

n,

height of ve to 5%

[
S

N

E

wut incressss in the wg nea

3

I
“

for the seme amount of gss injecled goouirsd during & ges sampling.

Hitrogen sccusulated on the LT column and producsd s

gecresse in resclution, snd an lscresse in o izbt i oxygen

and avgon of sbout 1% per injection of & 2l sir. The coluws was

renctlvaied by versing the column in 2 besker of methasnol 2t roosm

tenperature for 1 minute. The changes in the two peak heighis were

very similar: the error in the ratio of U, 14, determined from

Z
volumes of gas caleoulated from pesn calibeetion curves, wes less

than 1% foxr © consecutive samples.

These detericorestionsz in colump perforwnoe vers minisized
by smslyeling ssmples in groups of 8 or 18 soil sitsosphere samples,
plus two alr sssples which weye injected before snd after the seil
atmesphere samplies. Nitrogen was removed from the LT column when
one-half of the ssmples bad besn injected, and again afier the 10ih

or 14th injection.

compositions were caleulated by f£iwvstly determining

the nitroges calibrstion curve, foy each group of ssaples, from the




we of 4 and O, could be determined fron the total

volume of ﬁ,%v%g; obisined fyom the (A + O_) peak helght calibretion.

The sevcentage compositions of 211 ssuoples wers caloulated
by summation. Fuller detsils of the procedure ave provided in

x,»}%’f

a«s»a
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Adgitione]l problems arvose from the use of syringss in soll
gons sampling: these are nolt normslly recommendsd for use vhere accuraia
resulis are veguired (Jeffery and Kipping, 1884). Failure of ihz sesl
between the plungey and walls of the gyringe often ccourzed as the
gyringe nesdle wes inserted into the corrier ges stress which was at
s pressure of 1.7=-3.0 %gi@@g. Such fellures wers zlmost sntlrely
silminanted by fititing @ by-pass ipjector (Jeffery and Eippling, 10647
in which the carrier sas @?@5%&%@ conld be reduced to atamospheric

ilevel by briefly opening through & one-way valve.

Hitrous oxide znd cavbon dioxids are lost foow

of the syringes duripe the interval belvesy sampling
This was malnly dus to the adsorption of N 0 and ﬁﬁg by the walls
{polystyrene) of the syvinges, and ithe proporiicn lost could be

astimated from the recoydes imtervel of time (Appendices VII and VIII).

A copputer progran was developsd to facilitate caloulations

of the soll gess composition by this method (Appendix VIIL).
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111.2.1. Introduction

The positive ldentifleation of pe attyibutes to §$9 @g

atmosphere in large smounts, end other cowponents which are iikely to

heave zimilar relention times are Isw. The most likely iz methane,
which hes hesn observed im small smounts in the atmosphere of flooded
%m&m@Lﬁmﬁwmei'Wﬁmm%,g@%.fmmdg&m§Wﬁﬁ; sgiutes slitey

nitrogen from the ¥MT colwm asd so iz nol detected.

However, %27 zngd { WMg can cecur in very small ﬁ&ﬂ&ﬁ%% gl
comtributions from other components mipght be seriocus. There are two
possible geses which would cause interferencea: HNO and 0. Carbon

monoxide would slute with CO_. HNitrie oxide,
L)

with molecular sieves (Jeffery and Eipping, 1264)
a small costribution to the ﬁﬁ peak. In larzer mmounts, 1% should
be lmsediately svident. sisee ite unususl %Pﬁk ghape {Jeffiery and

Kippings 1984) prevenis confusion with ¥, w? which haz & sympeirice
jo— &

The retention time of ¥ _0 wss reproducible (1.45 minutes)
and was used as an identificetion check for amell peaks in soll

stmosphers smwnles. However, veriflcation was regulived that the

&

poasnk observed at this retention time, for soll alr sooples, was

anitrove oxide.




4 sawmple of a9l ziy was oblzined fvon 2 gas reservolr at

the 80 cm depth on 8th August, 1967, by comnecting an svasuated
flask 10 & ssmpling point. The flagk wes of 1360 ml toisl zapscily,

7

and contained 2 2p & desicoant. The resulisnt ssuple contalning

2 5
0 pom H O was connected to the svacusted gzas cell (volume 1 litwe,
path lengih 1 metre) of a Peruls-Elmer 257 lofrersd specizogregh,

znd the specirun exsmined over the rangs of 5.3-161.

I11.%.3. Hesulis sand discussion

The smell chavscterisztic doublet-sbeorption band 2% 4.0

¥

{Cheng snd Bremner, 1865) wes obsevved {Fig. 113. This was fowund

to oopur 2t the same wsavelength, and ic be of simdilaer shape to those
of 8 standayd nltvous oxide sample, apnd of samples of zune in which
B, 0 had been identifled by gas chrometography fzom 8 ges lysinetzy
sxperiment (Etefsnson snd Gresnland, 1l968). JFeor the latier samples,

the levels of niltrows oxlde were higher than that present in the sample

from the soll stucsphere; and ths other msjor basd st T.81 snd the

subsidiary bands a8t 2.9, 3.8, and 8.3 microns wers also cbservad.

¥

w3

hese speclirs are shown in Fig. 12.

“

¥hile the smounts of ﬁgﬁ present werse too swell to sllow 2

guantitative corveboration of the nitvous oxide levels, the infrarsd

identificetion has positively confirnsd the preseosce of @%@ in the

E

20il atnosphers.
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mepphere [ Yomaguobl, Bowerd, Hughes, snd Flieocker, 1882;

& mein sdvances

Tackett,

stion in size of sueh veservolys

of gas chromatogryaphy and 2 greastly laeow

methods for the sessuresent of cases

op gamples s smell ag 1 wl (Yemessuohi et al., 1862;
shevens with «

{Fussell and

veguired as therve is 1itile doubt that pumping methods

erronecns results {Teylor snd Abrehems,

be small enough pot to exert a2 copslders
introduce o time log in reaction o changes in the soll stsosphere.
This lz a function of ths volume snd shape of the chasbey in respect

to the ares avelldble for ezchange with the scil. In brief, the

reservoly should heve dinensions which mininize such buffering sffects

%

{iow wvolumeicontant ares with s0ill, sud be iarge enough to f

small reservolr which reduces pumping effects et ssmpling

of course, an ideal situastion may not be completsly reslised, but it




s zatlisfectory compronise. The sifective~

nose of such reservolirs can be tssled by coserving the soll gas

composition of somples obtained by successive extrazctiona.

o
i

semples of the goll stmospbere due to successive zamplis

rTee

111i:4.3.

b3

it was possible that ssmples obislned isn Bxperiment 1 were
o the disturbed column

estion

ga8 conposition,

ned o epitablish w

Tedeo SLumperimental

An examipation wves made of the veristion in composition of

from 8

ervolr, trpe of saspling device, and diurpal changes in tempersture

daterials and wethods

pling

111.4.3:1.3. Successive sspnling

tuccsssive § ml sliguole wers withdrewn from 2 zas vessyvoly,

2 vere rotained for analveis. Heasurenents were

ie during both Zzxperiment I {1986) snd Exveriment 11 (1988).




11704813, Sompling devices

]

Three types of ssapling devicen w:

standapd reseryolrs vesd in Sxperiment I, probes {Teckelt. 1868 and

&

2z horizontsl reservoly, & sodificstics of that used by dyers

The prizonial r erpolre wer

the

trench, making = horizontal cove bhole of diameter ths

ragervoir (2.2 ca) and driving the rese

s

gection £3.2 on o.d. ) formed & sesl with the sell.

lised with &8 plastic sheet (0.004 in. thickpems) and the
zoil from the ftrench rveplaced. These ressrvolirs were instslled con-
currently with the replscessnt of the reservoirs In the ﬁi horvizon of

a2res in 1888, and were placed at 2 depth of 10 em on

the exzperinen

the +¥ plots of the

Fansursmenis vwere nede during June and early July, 18588.

There were & veplicates of sesch sampling devica.

114308, Diurnsl fluctuaitions

uring é%@%?ﬁm@ﬁ% 1 {i988) sepnles vere withdrawn from the
normal gas vesexrvoirs at ounly 2 cccasions, during a day when thers was
2 large dlurnal fluctuation in soil temperatures. Hamples were taken
gt 10.00 a.m. snd 2.45 p.n. on the 8th Decesmber, 1968, and were with-
drawn from 5 reseyvolyrs st esch of the 5, 10, and 15 ¢n depths.
Tempersturss at the 2.5 om and m cm depths 1o bere sell at the ¥Walte

Institute Meteorvlogical Station were 20 C {both depths) at 10.00 a.m.




WLEr em),

ey Standard reservoiy (b} Probe

(e Hovizontel Passryoirs,
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131:4.8.2. Toas apalvels

#1311 semples of the soll stoospheve were analysed by zas
i

.

nainy sither the initisl method (1260) or the impyoved

111.4.4. FHegulies and dliszcussion

i1ii.4.4.1. Sugeessive samplins

The initial zesulis obisined in 15868 (lopendix 2111} indlested

that the sampling rvessrveolirs 4id provide a ressopably representative

%Eﬁ
5
&
Pt
1]
o
Bl
b
Y
@
b
o

eil stuwosphere. However, the results were rather

s

ieble a8 no correntios was apnlisd for the losses and OO0

i

2
in the

syringes.

remelnsd ressonsbly constant with the volume sutyscted, snd ¥

wore 2lso senpibly oo

yolume hed been extysetsd. Thus both nltrous oxide spd Co_ ilevels in
-
the reservoly wers representstive of the slmosphers iz the close

vicin

reseyvolr - the decline obeerved in 2 €0 5l zanpls

P
2
o
B
£

8% be atiributed to 8 @@%@ﬁag effect. The soll was drying
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a

Successive sampline from &

£

W0 snd

concentrations snd deviations of

goil zas ressrvolr at the 10 cm depth,

25th June, 1888

W, 0., and 4 concentrstions from stmospheric levelsi®

~ Bemols
yolume for
rencved enalyais
{mi3 from
tml)

Devistions fyom

atuosghoric concentyeations

10 5=10

20 15-20

45 40-45
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-0.014

=} B2

48

<8

i

¥ HC snd ﬁ@g values corrected for syringe

v Intersal volume of reservolr = 80 ml;

iosses.
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8.

Tockett's {1968) equation predicta that the time

nyobe 2ng Byrings, withdrswing 1 ml

Mu
L
]
o
S
[l
b
L
hes

FEROTAD

o
b
|
o
fos
e
ol
&y
&

into the syringe at 1-2 hr intervals

)
b
w

irewn to the 5 gl merk plae 8). 435 the ssopliog

time wes protrscted, wsessurssents were msds during norssl

and only 5 arizons were obiained. However, the results indicate =

great lnprovement over the more rapid sempling, snd that thare ia

beiwesn the probe and conventlonsl gas reservolirs

erroy would have bDesen puch

arez of comtact with the soll; but thls effect oould only be showm fov

the nilrous oxide levels

ii

o
m

sheBee Sdnrmal Fivotuntioy

The resulite frowm the 1964 sempling are shown in Table B.

After allowance for the loss of %yﬁ and @ﬁg in the syringes bebtwesn

sampling snd injection, the difference in T0, levels due to time of
E
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The variances of the transfon

santly diflezant (P < 0.08).

B0 levels were signifi-




Hitrous oxide pod carbon dlozide contentz of the soll stmosphors at

2 eoll cenihs ot 10,00 aAclie 204 2.45 tallls o Gth iﬁ%@%ﬁ}%f& z%%ﬁa

Depth {em)
5 15 is

Hesn

CARBUN DIOH

[+

Time 10,00 z.me  U.80 1.15 .18 1.0
Eo%% @o,@‘l gﬁv%@ 1.@% 1-2? 10?}

sl

Mean L3 B0 1.54 i.21
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CHAPTER IV. HITHOUS CXIDE CONCENTRATIONS AND NITROGEN: ARGON RATIOE

IN THE 80IL ATHOSCHIRE OF A RED BROWN ZARTH

V.1 INTRODUCTION

The iplitisl euperiment indicated that z study of the lossss
of nitrogen in gasecus Torms over 2 range of soil environwents was
nesded to esteblish relative values for the losses ocourving In o
agricultural soil, snd to indicate the mechanisve responsible fop
these losses. The Urrbrae fine sandy loen iz well hnown for its
repid decline in struoturs]l slebillity snd orgenic matter contents
when cultivated {(Clarke and Marshell, 1847%)h and imgxﬂ@émﬁﬁt in these

propertiss by seversl vears of pasture {(Greenisnd, Lindetrom asnd Gulrk,

1962): thes this soll provides o range of goll conditions suitable For

the preseni shudy.

FPrevious work hes shown that chenges in organic maitier contents
of the Urrbree series sye accompsnled by grester changes in the contents
of partislly decomposed plent residues {(Groenland znd Ford, 1988).

Thege make an imporiant aﬁﬁtyihﬁiiﬁn to the toital rate of mlnerslizstion
of the soil nltrogen: the repid minerslization of such meterials during
the opening of an old pasture should provide conditions sultsble for the
‘side~tracking’ of nitrification, or might provide centres of rapid
respiration at which blo-denitrification could ccecur. Altermatively,
the poor stwelture and thus severe consollidation of seed beds on old
cultivated land (Millington, 1958a) may be more effective in creating

annercvbic mlero-suvivonments, desplite the lower ovganic matter lewels




8.

in soch soils.

Thus, in addition to imcluding meassurements of the %gfﬁ
vatio in further experisentation, 1t ﬁaﬁ decised to compare the
compraitions of the soll stmospheres undernesth wvhest crops grovn
on old cropland and old pasture land, and from undermeath whest orep
snd pasturs grown on old psstureland; and additionally %o measure

the effects of irrigstion and spplications of nitrogen fertilizer.

1v.2. PART 1, 1967 SEASON

IV.Z.1.

Gas reservoirs were sstablished within the soil profile im
three persllel, rectangular, adjscent aress each 1.1 sgquare chalns in

area. The three arsas were lLocated on adiscent paddocks, which bad

long histories of predominantly pssture and Crop manages nt (Fig. 163.
Two aress were sown to "HARC' whest, a varisty recommended by
Dr. A.J. Bathien for its response to environmental variables such as
water and nitrogen. The third sres, from the pasture paddock, was
maintained s5 a permanent pasture. Theses three rotational treatments
have been subseguenitly densted:

PP ~ former pasture sves, under pasture {annusl)

o0 = Pormer pasture ares, under wheal cyop

00 = former cropped ayes, under vheal crop

Trestments of irrigation and fertilizer nitrogen were spplied

to each ares in & 232 factorisl with four replicates. Fach plot 8o
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formed conteined one gas reservoir at each of the three depthe: =at
T 5=10 o in the £1 in ths ég horizon ond @0 om ia the

B horizon. 7This soil hsd a desper A4 horizon them that in tmperiment 1,

and these locations were chosen ss representing the two depihs of
maximum ¥, 0 concentration and the one of spparent minimem copoentyation
&l

previously observed.

The compoailion of the zoll ateosphere was estimated by g8
chromatography,; and some anclllary messuremenis of soll molsture content,

and plirate levels were alsoe obialned.

IVe2e2s %@%&fﬁ&lﬁ snd methods

IV.2.2.1» @K?ﬁfﬁﬁ@ﬁt&i zite

The basic unit in the experiment was a 15 £t sauave plot,
containing 3 gas reservolirs, one at esch of the desipgnated Jdopths, and
& neutron moisture meter (M) zccess tubs. The WM sccess tube and
ges reservoirs were sll situated on a circle of 4°6" radius from the

cantre of the plot.

Treatments were spplied on =z ploi besis, and comsisted of =
2%2 factorisl of plus nltrogen fertiliser (+¥) and iryigation {53
treatments arranged in s randomized block design, with four replicates.
Hitrogen wes applied as nitrate of Boda (100 1b §&3~%/@ﬁrﬁ3g ang Lryi-
gation was achieved by imstallisg = sprimkler in the centyre of euch

{44} plot.

Figures 16, 17 end 18 illustrate the field and plot layout.
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Details of the locstion and past history of the site and
sgronodic practices are supplied in &@pﬁn&iﬁ e Some characteristics

of the Urrbrae fine sandy loss 2t this site ave sbhown in Fip. 18.

I¥.8.2.3. UYessurement of oo

sition of the zoll simcavhers

IVeZe%e2e4 instsllation, locstiem and depth of
Ekas TEBETYOLYE

The ges veservolrs snd instellisiion technigues wers siziler
to those used previously, sxcept that much longer copper cepillarpy
tubding (200 cm totsl) was employed to allow sampling from pathways

without trampling the plots.

The reservoirs were placed on & circle of 4’8" radius from
the cuntre of each plot, snd on the splees of ap eguilsteral triangle
with one sxis rwwing esst-west (Fig. 17). The position of the cans
within each plot was rendomised separstely for ssch block of esch
rotational treatment. The cans were locsted at the 30 o= {ﬁg horizon)
snd 80 om {%g‘hwri@@n} gepths for all tresitments, and st 7.5 om {(PP) and
10 em (PC and CO0). Provious work has shown that o lsyge comsolidation

of the seedbed ocvours alfter sowlng s creop {(Millington, 1988a). 48 The

& for this

reservoles were installed lmmedistely aftesr seeding, sllowanc

wag made by o desper placepent on the cropped srens.,

iVeZe2.2.2. Uzz sampling and pas snalysis

The zampling t@@ﬁmiqué was similar to that used in Experiment

1 except that sifter flushing the capillary and the syringe, ouly one




zample {of 3 8l capeeity) was withdrewn from esch reservoiv. Ilumedistely
prior to lnjection sxcess meuplie was discavded and & ml injscted inio ths
gns chromatograph- Using the wodified sveten of 8 colusss ip serles

B D end

{Hection 111.3; Appendlx Vi) the gas conpos gt Mg

ition (4, %?ﬁ k)

QQE sopcentrations and the ﬁgfﬁ ratio) ocould be determined. Coryrections

ware mede fory the lime lepse betwesn sempling and injection snd the

]

change in %2 calibration curves doving 2 szempling {Appendiz VII and I%).

IV.2.2.2. focillayy dails

IVeReB.801 5@11 water content

Soil molsture contents of the U=10 cwm depth were obizined at
zach geg saspling (except for the first three)., The use of & smell core
gampler (4 ¢n i.d.) allowed caleulation of bulk or apparent densityv.
Ugually the cores fyom individusl ploits were bulked to provide a poolad

vaiue for each treetment.

For grester desths, messurenents were made by the neutron
moisture meter method (Appendix IV). The neuitron moisture meter sccess
tubes were instslled on s nmorth-south line running through the ceantre
of esch plot, and additionally wers gll situsted on the south side of
the plot at the seme distence (4'8") as the gas reservoirs from the
plot centys {Fig. 17). The tubes, of 2 in. FVC tubing with a collar

of polyethylene tubing at the upper end to fecilitate 2 good seal with

the soil surface, were 90 cm deep on Heps 2, 3 and 4 snd 180 cm deep on

Hep 1.




87

IVe28e2.3.8- 2ol ﬁmﬁ%ﬁg

Derdipg the instellation of 1A scosss tubes uwslng the corve
smmpling tube, soll sseples were obizlined vver depth intervals of
D=lil, 10=80, =30, B0=45, 45-80, GU=T5, Ti=-80, 9120, 120-150 and
150=-180 om interyals. The corss Iron csah zreplicate weys bulked, ths
totsl welghed, snd one subssmple taken for molsture content determination,
send another (100 + 1 z) immediately placed in normal %%g§§% for soil
mineral nitrogen determimation (moist soll:solution ratio = 1:8.3).

The soll from sach Trestsent was then bulked to provide sn average

sempled profile for esch of the rotations (PP, PC and ¢C). B
characteristics of the soll profile, based op snslyses of these samples,

are shown in Fig. 18.

b
s
f o

2.2.5.3. Soil snd plant snalyses

Spil inorganie nitrogen contents (HO

= W and %ﬁj - ¥} wers

determined by semi-mlcro distillation {Appendix II1I).

Total sitvogen contents om plant ssterials vare deterpined
on 100 my subssaples by & podified-Uumas method, with & Colenen Hitrogen
snalyser, Yodel 294 (Stewnyt, Porter and Beayd, 1064).

Total nitrogen contents of zolls were detevmiosd on 10 g sub~
gamples by Kjeldshl digestion, using the sslicylic acld modification

described by Bremner (1963a).

Soll pi was messured in an egulilibrium suspension of soll:

8/100 caCl, (1:2.5).




Bulk densiity was calculated from the field welght of soil
from the core sssmpler, the moisture content of the scil (oven dried
@t 1053 C) and the cross-sectional ares of the Stace~Pslm modifled
Yeihmeyer tube. Allowence was made for guartz and slate stones,

sssuming o density of 2.83 g/ml.

411 meteorclogical data was obtained from the ¥Walte Imstitute

meteorologicsl station (see Appendix V).

IVv.2.2.4. Agronomic trestmenis

The whole experimental ares wes irrigated, using = portable
irrigation system, iz Jume. The reinfsll prior to thie date had Desa
imsufficient to bring the soll to 5 molsture content suliable for the

initisl euliivstion of the arsss o be groppeds

Hitrate of sods (615 lbh/escre = 100 ibh H/scre) was hendspread

onte the #i plois ilmwediestely befors sseding on the 86-7th July.

The irrigation treatment {+%) was schieved by placing 2
sprinkler, of the clroular throw type, in the cenitre of esch plot.

¥eteoy from the Adelside melns supply was uged.

Further details of the agronomic practises sye provided in

Appendizn 1.

IV.2.38- Hesults and discusslion

IV¥.2.3.1. Zeasongl conditions

In 1867, the total rainfall for the year (12.82 in.) was the




{}

lowest since recovdings were commenced at the ¥aite Institute im 1825,
ang was omly & 1litle &gér one half of the toitel sverage reinfall of
24.33 in. In only two months, February snd July, did the monthly rain~
fall excesd the long teim average (Appendiz X). Even when due allowance
is made for the 1.05 in. of irrigatlon spplied ip Jupe fo facilitate
seedbed preparation, the total precipitation still remains the drisst

On Tecord.

1% would sesm thet such o vear would provide & good ccoaslon
for ssteblishing the @@ﬁﬁg& relationshin between scll molstors content
and depitrificstion vig the irvigation tzestments. Howvever, it was
found that only slight winds stropegly blssed ihe spray from the sprinklers
towards sdiscent vleis. ¥hile a large droplel size minimized wind-drilt,
the large rate of delivery (1 in./hr) csused sxceseive rup-olf on the CC
rotation. It was not possible to veduce the rate of watering by uvsing a
finer sprav. The late lrvigation applied during wars wesiher could not

adeguately almulste reinfall due to & high copourrent eveporation zate.

iv.2.3.2. Composition of the seoil atmosphere

IV.2.8.2.1. Hitzous oxide

The pattern of occcurrvence of nitrous oxide in the soll atmosphere
was similer to that cbserved in the previous vear (Zxperiment 1), swoept
that it did not persist as long and the concentrations were smeller (Fig.

20J. This can be attributed to the generslly dry soil comdlitions (see

Appendlix 21V for moisture conmtentsl.
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The ephegpersl vroducticn Iz %%%‘ﬁg borizon was copfined to

the 3 periods following the 2 mejor f2llis of zain for the winter
period. The chenges in concentrstion wiih respect fo tises in the @3
-and B horizoms weres in genervsl much less pronounced than im the
Zxperinent I, and exhiblted only g diffuse peak in the lsie July-iugust
period. The sharp peaks a3t the 680 cw denth on the O zotetion wers
meinly das to very high %2% concentrations {up %o 500 pom) in one Lhols
%t each of the ~¥ zzd + treatements. Iz contrest to the 19668 resulis,
there was no evidence that levels at the 30 om depth vere considerably
lese then those 2% the €0 oy 7.5-10 ow depth. Howsver, there was on
sheeryved tendesncoy f@# the lapg in mexlioum levels wilth depth down the

profile follovwing ths hesviest reinfell on the 25th July-ist August.

The freguency dlstribution of the Egﬁ ﬁ@ﬁﬁﬁﬂtfﬁﬁi@ﬁQ'WﬁE 5O
skewed that suslyzes of variance wvere not possible. The variability
in the dats is @ﬁﬁﬁﬁ wy the large differsmess in the ~¥ snd +9 trest-
ments in July and August: irrigation was not comuenced until sarly

Zeptamber. It was therefore necessasyy 10 use nop-pervameiyic sitatisties,

and the date wos exanmined using the Mann-Yhitpey U test (Siegel, 1838).

The only significant diffsvences detected were higher copcentre-
tionz of %2% in the ﬁl borizon of the 0C ares compared with those in the
#¥ and PC aress; OC > PP, PC (P < 0.01). The effects of the hesvy irri-
gation in serly Ociteber on Eﬁﬁ levels sporosched significsnce vwhen the
dgata for the PC and OC yotatlions at the 80 oo depth on the 6%th Ocioher

o,

was pooled (U.06 < P <€ G.30J).




Tho

411 values for the nitrogen trestments have been pooled.
Thers were po cbservable differences, slthough the levels of altraste

in the subgoll a2t the £0 depih were lesz than 2 ppm Jﬁgw% 2% the

The irrigstion of the 20th September~lst Uctober produced

b iewvels, sithough the solsture content of the

PC plots rose temporarily to very high values.
The relatively lower valus for the moisture cuntant of the UC plots

reflects the poor shysleal condition of thies soil and lte ebility to

wpg
B

ghed water. The soll on this area formed s strong surfsce crust (¥Fig.
Zlz, bl following the rsip in mid July and subseqguent drying. This

ricted the satyy of water, such that even alter very

1=0.02 in.) pools of water were evident on the surisce

{Fig. Zle, d3. The poor structure slsc resulied in 2 considersble

it is of imtervest to note that the irvigetion spplied o
Bxperizent 1 in 1866 also produped only smaell sffects on the ﬁgﬁ Ievals.
Both drrigations were copducted during spells of weather which was

yelatively frves fzpa wind, buit wars: the aporecisble evepoizsnsporation

during thiz pericd {(potential tank svaporstion spprozisately = .

in./dey) would heve vesulted in much move yapld drving of the zoll than

those after the winter winds (g 508 ine/day} {Appesndin %), Another
factor This

does not seen venlly likely, =s the pasture wes harvested on the 10th




E_SOTL BURPS
LUGUST (8

{a) ©C rotetion, Zlst August, {by ¥PC rotation, 21st August.
(e} CC rotation, Sth September, (d) PC rotation, 5th September,

{¥ote the pools of water in the
centre and centre foreground),
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nd the N uptake on the (+#) plots was only 19-31 lb/acre

&
£y
&
&
o
B

(=1 plots {Appendiz XIl1). Finally, tks

frvow the Adelalide meins wamier supply. The

chlorination’ of this probably bed s lmpoviset effect on the soll

mlero~organisms.

Ag the asitrous axide levels were a3ll lovw it would seen that
the extremely dry sesson made effects due 1o the trestmenis dlfflenlt

to detects

Bityopeniorpon ratios and nitrogen

Hitropgen concentrations inm the soll atmosphers 4id not

fTrosw atwospheric P@ﬁﬂ%ﬂtxaglﬁﬁﬁ gv woye than 0.5, 1 and 2.5%
i B hovizdns respectively, and theve were po significant incresses

H /4 ratio (Fig. 22). Coefficients of variation of 0.3~
E

gnd I-¥h {%$EQB wers Ifrsguently obialaed in the 4 %@?ﬁ%@ﬁi these
)

indicate thet the methods of gas sampling snd asnalyeiz srve sufl i ciently

accurate to allow measurement of moderate losses us nitrogen gas.

The largest incresses in the ﬁg concentrations ococurred in the

B horizon.

Bd
k\-«(

2o values were very varieble, and 11 is suspecisd that
thia was the vesult of localized arsas of blgh soil molsture content

resulting from an unsven distribution of water during the genersl pre—

Tisual chlorine content at the ¥Waite Inmstitute is 0.1-C.3 ppm C1

inglpesring and ¥Yater Bupply lepariment; aAdelaide).




FIGURE 22. N

ATIOE

5,
I
a2
e

STHOSIHERE, TLOTT

| 3E]

LUES, 1967.

lesat sigeificant

By I.

differences at P = D.U3

are indicsted




- o
< < (s3]
? &|ch e lpan
Brox gt < e U4 ¢
shoe <« Or—— Gt @ —
qm oCw« W’A
od} B¢ 8 pom—ea— Y —
< |@x &80 Fmo
o HXNe 0P« ! Je ]
<Ef< e @ <« a< @ B
@ e ol
« Oly e
= sol I
p) m An'_u %Ao « clmi eu_lo
< [ e | B DM el
< & 4 & e m e =
| NS, S— | SN SOS— S— | S TS NI W ]
- [+] - - [»] - ~ - [+] - o~ ]
)
°% ‘(V/°N) V

Legend

PC cc

PP

O eee0

O—-o

- W e

+ W

@0

I

TIrz:

SEPT

AUG

JuLy

I

r JUNE



pesiing tperation.

Although significent increases in the ¥ /4 ratic did not
Sceurs slgpillicant decressss were cbeeyved on 2 nusmber of cccasions,
prinelipally after the drrizstion iz eariy Cctober. This could

indicete an vtilization of gase

g nitrogen by fization, but such

aeffects > apparent a2t all three depiths iz the soil. It is morve

iiBely to have resulted from a greater diffusion coefficient for N,

41 1f mass flow of geses occurred then the grester rate of
diffusion of nitrogen agelnst the pressure pradient would have
rezulted in ap earichment of argon in the atmosphers close o the
source of bloleglcal activity. The diffusivity of argon in air is

not tsbulsted in Internstionsl CUritical Tebles, but on the hagis of

rahem's Law, the ratio of the diffusion coefiicients @@aié‘%$ 1.2:%

for H_th.
i

The depesrtures of the nitropen concentrstions from atmogpharic

levels can be generally accounted for by the differences between the

deficit end the ﬂ@? levels (Fig. 23)., The oxygen deficit was usually

grester than the ﬁﬁﬁ concentration in winiter and viee-verse in soring

&

This agrees with the predicted behaviour from the solubllity

TGrshem's law states that the rates of dgiffusion of two gases is
inversely proportional to the sguare rootes of thelr densities

{Partington, 19351).




IV.2,3.2.3. Oxypen and carbon dicxide

ghioxide copmcentrations

Omyzen snd 053

son~irrigated plots exhiblited sinilar tyends to those pyeviously

chaerved: the Iszvels of OO0 in the by and B borizons
z =

slowly durling the wintsr wilth 2 di8%use peak in luts winter, whersas
he ozygen concenitrations were more warliable with gzrester deficita
seeurring st bigber soil moisture contents.

Greanter responess to 2011 solstuvre contente cocurred in

u the winter. After the livigation in early Uotobsy

wdiate decresse in ouyvgen concentraiions

the profile: bul ihe ﬁﬁg iswels i the ﬂg

reech pexises concentretions untlil asbout 4

reapectively. This cen bhe ativibutsd to ¢

gxralsion of @ag from the soll waier due to drying and imcresses in

tempBarature.

The sifect of nitrogen fertilizer on the composition of the

#8011 alr was very slight and yegsults from all H fresiments bhave been

pogled. There wes a lendency ito lower Qk@ concentrationg sad ., deficits

2

on the +9 plois, presumably due o slightly lower sell molsluye content

and Bo higher diffuslion noeflicientis.




Least significant differences at F e (.08 aps
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The diffevences in the 0, and Sﬁg ievels of the soil air

- the different rotations can be mainly atiributsd to the
restriction on diffusion in the soll. Grester departures from
atzcspheric lesvels in the surface soils cecurred under the PP and

1

o0 votations: these surfsce soils had bigher apoarent densitise s

80 lesser slr spaces svallable for diffusion than the PO =zoil. In
the spring. the higher so0il water contents would have had s two-fold

effect in incressing the biologlesl activity as well as reducing the

W

volume of air spsces svallable for diffusion.

iIV.2.3.3. HMegoitudes of losses

L

losses a5 nitrogen gas could not be dememstrated, bt the
concentrations of anitrous oxide in the soil were lower them in the
initisl experiment, indiceting that losses in thiz form wers agaln

small. Due to the differences in ﬁhﬁvﬁﬁgafﬁﬂ% denslty {(Fig. 20) ang

porosity values for the surface soil of the three rotations, estimates

ef the rates of losses for the messured %gﬁ concentratlons ave necessary

to provide a sensible companion between the rotationsl asresas. The
celeulated rates of losses from the surface soil on the 3lst July

become:

Py I [
ﬁﬁﬁ copncentration {(vpm) i3 & i

Witiusive loss, 1b gaﬁ“ffﬁafﬁfﬁﬁy $3.0323 0. 068
<]
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o%

Ho veafidence Lispit

[

the sppa

the congentrationg of B

of caloulsted losses resul

terne (Section IV.2.3.2.3; 1t is doubiful whether the differsnces

loated losses betvesn the two oropnped trsatmenis zye gigndifi-

0T
Losges from the subscll would heve been smaller than in
the previcus yeoar: the concenirstions of nltvous oxide were lower

snd the dursition of ooourvesnce shorter.

Zwon with the initiesl irvigeiion sppiied belfors the crop
waE S0wWn, the total "reinfsll’ for the unwatersd treatumenis was the

The spall but detectable

iowmest on rPeporxd at the
lossss of %@% demonstrate the normel oocurresce of denitrificetion

in the Urrhrae fine &&ﬁﬂ? lonme

IV.3.

IVeBal. z:ﬁ@l”?g erimental

The sxperiment wes continued in = ginller manner o the
pravious yveayr. The reservolzrs in the ﬁz horizon of the cropped aress
ware fﬁmﬂvﬁﬁ tuzing the cultivetion necessary £o7 seeding, and

replaced i new poglitions but 2t the seme depth alter the crop was




b
s
43

: soll profile

sowne. A% the same tilse, thermlstors were placed in

e allow mesgursment of soll taperstures.

IVe3.2. Heterisie and nethods

The tecimicues and fisld opernticns wers geserally similsy
to those ussd in 1947, and are @@%ﬁ?ﬁb@ﬁ in Appendiz I. Ths saln
changss involved & "split’ a@g&iﬁaﬁi@@ of the nltrate of sode sod ths
zepding by hand of the crop and pasture fto minlsmize damaze $o the gﬁ%
sampling polnts. The same arrangement of treatwents was used, aad
irrigstics was not applied: this sffectively luncressed the nusber

of veplisstes to elzht.

IVe3.2.1. Ops sempiing and analysis

Over-heating of the ges chvomatosraph, and the subseguent
repaire, prevented measurements over & 14 week periocd from February
to April. During the repalrs, the instrunent was sodifisd to allow
8 bridge current of 170 mi4 to be used instesd of 100 mi. 4 threg

fpld increasse in the semsitivity to gzﬁ was achieved, even though the

volune of sample injected wes reduced to 8 2.

iV.3.4.%. Holl molasture content, asppareni denslty and
nitrate levels

Spmples were collected from the 0-10 on depth of SYELY
relevent plot lmmediately before, or after, & ges sampling. These
were usually collected with = tube ssmpler, and either bulked and
subsampled, or occaslonully kept as individusl cores. The sampled

801l was immediately placed in & tin with a tight fittisg 1id, and




gried in sun oven (105 ©) within 1-8 by of collection for molsture

sontent and tulk density determinations. These samples were also

used for determinations of seoll nitrete conitent (fopendiz I11).

IV.3:2.3. Spll temperaiture

On the 17%h July, thermistors were insisiled et depths of
%, 10, 13, 30 and 80 om oo sll treaiments of Aep. 1 of the t9 eropped
aress, ond st 5, 10, 15 and 20 en on the 1 and ¥ trveatmenits on RHep.

1 of the pasture sres.

HBead-type themmistors with 2 noninel veslstance of 50,000
obme ot 25 C and s negative coefficient of resistsnce of 4% per degres

C were used. They were smbsdded in spoxy wvesin: %he resultent block

{approximstely 4 om by 1 on dismeter) provided protection from physical
shock and breskdown of the insulstion of the sleciricel commections

with the F.V.(. twin-core bellwire leading to the surfsce.

The values for 211 trestmenlts and rotations werse pooled for
snch depth, 28 in almost all cases the maximun renge of values was

PR |
Del e

IVe3.3. Results end discussion

V.3.83.1. fessopnasl conditions

The extremely wel season of 1868 provided the grestest
contrast between successive sessons gince records began in 1825, ss

the totel rsinfalls of 12.82 im. and 32,28 in. in 1087 and 1068 were




T8

lowest and highest vespectively recorded st the %alite Institute

fappendiz %l. In onlyv 2 months {(Jone and Septsamber) in 1062 was the

1

bove

w

yeinfsll less thar average, vheress in 1987 the rainfall vas

%

&
g
]
|

and Julyle

Such 2 wet vear produced meny sffecis - %ﬁ%'ﬁg hoerizon w2
econtimeelly solat frop fpril to Hovesber, desp dralnase Oscuryed
below 1850 on in the profile, crops sxblbliied asigoe of nitrogen

deiloiency, and yet crop yislds weres the highest for nany vears.

Wed.3.2., Lomposition of the scll simosvhere

IVa3.8:8.1. Hitrpous oxide

The detection of nityous oxide in the soil profiles over &
period of & wonths and the highest averaps values vet recorded of
180 ppm {(Fig. 24) reflect the long periocd during which the soil was
sxceptionaliy moist in the sutume, winter snd spring of 1868 (Fig.
Z3, Appeodizx ZIVi. The general pattern of %gﬁ coeurrentse wee in
agrespent with thet cobserved ip previous yesrs,; and messursment of
goll tsupereture indicsted that evoluiion ccourrsd when the soll wes
at its lowest sessonal tesmpernture (Fig. 25). Once sgain the maximum
concentrations in the B horizon were observed later than those i the
A horizon, which wers fluctuating raiber then epbeserel. Levels in
the &Z borizon were usually lower then those in sither the ﬁz or B
Dorizon.

The cultural trestments and the applisstiosn of nitrats

fertilizer greatly influenced nitrous oxide levels, but the evolution
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of nitrous oxide under 211 rolations sng sll tresiments indicated
that some losses of H U cen be expected under nost systeus of

= B
agriculiural amsnsgenent on the Urrbrse fins sandy loss, sves oo land

upnder 2 permenent zesture Folstion.

The irsetment effscts wers mopt propounced in the éi

horiszon: this was most obviocus on the 41h and §th July, wien concan-
traticns were lncrsssed 5-=10 fadd by the verious tyesteents. Thsese

effects wore slgnificent: the nitropz oxdde levels hove been ranied

using the Ymnn-¥hitney U test as:

+H plots oo > B e fo
and for all rmitations 3 > w3
E -+

5

&2 horizon, ﬁﬁﬂ connentratis

in th

% were slao such grester
L

where ¥ fartilizer had been spplied to the soll suvisce but differences

due to rotaiion wers not sppasrent.

in the B horizon, the trestsents rvesulisd in velatively sumall
cifferences; H_U concentrations in this horizon were significantly
grester under the PP +H plots then under the PP - plots op undeyr

those of any other rotation - with or without sdded nitrogen fertiliger

inoresses due to the nitrogesn tresinent weres smaller for

the ¢ aves then under the PP ares, ang sbsent for the FC motaticn.

Zgtimaltes of the velstlive votes of losses from ths roleltions

regulre calenlations from porosity deta. However, the relative ¥ 0
ol

levels on the +N and =N trestments of each votetional ares provide a




{1
sl

comparison of the losses due to incressed nityais levsls. The molisiturs
contents snd sir fillsd poresiiy of the soil were mot influenced by the

H0_ levels during the winter perleods,; and 80 the calculated diffusion
5 :

ron fertillzer

coafficients are similsr for both fresimenta. Thua, nlt

incressed losges of H U > fold in the A horizon and up te 2.5 fold

in the B hovizon.

Bunh & poarked effect of soll nitrets levels oo ths iste of

denditrification hes not been noiiced in incubation experiments (Wijler

and Delwiche, 1984 Hommll, 1936 Seritye, 1961). HNitrate lsvels

4id have spsll effects on the shape of demitrification curves pressnied

by Nommik Melarity. Schwartzbeck, dsciregor and Schmidt (1881}

bave ohserved z tendency for higher denitrification vates at higher

nitrate levels.

The discrepancy cannot be attributed to & complete lack of
nitrate in the soil (Fig. 23) but may be due to diiferences in the
experimental conditions: the previcus laboratorxy experiments were

copducted with extyemely wet sodils (D.80-1.0 turstion level) and at

high soil nitrste contents (40-200 ppm). The leveles of nitraie observed

in the field (1~50 ppm NO_~N) and the soil moisture contentis {approsi-

P

mately fisld cepscity or half ssturstion) were mich lower than those

]

of ths previous workers: both effects would tend to reduce the mte
of nitrete movenent to mloro~sites withis 2 gemerally well serated
medium, perticulsyly ss dendtrification generslly oceurs for short

pevisds following ralnfall.




BZ.

The affesct of soil nitrate levels on %2& levels way alav
he a refleetion of the effect of nitrogepous fertilizers on the plsnta.
1%t hes been showe that the presence of whest plants on the ﬁ%f%f&%.ﬁiﬂﬁ

sandy loam incresses the denitrification rete: Woldendorp {1863) bss

suggested that the addition of nitroges fertilizers will increasc
fenitrification by the stimulation of denitrifiers s 8 resuit of the
excretion of amino acids by the plant roots. However, 1t has been

shown that the preo

ortion of %2;%3@ in denitrifiestion products 1=
greater at lower nitrste contents {Homaik, 18567, it is possible
that the overall demitrification rate wes similar op the +H and -¥

plots, end thet the differences in N0 lost sre dus te differences in

the composition of the gases evolved by denitrification.

iVe3.3.2.2. HRitrogen sud %éf% ratioc

Hitrogen contents of the soil alr wers almost alwavs within
1% of that in sivr (Fig. 26 @1@5@%@% iarge positive devistlopne ccourred
during sugust, when fhe s0il was meintsined st = veyy high molsturs
content by exceptionally wet weather. Subseguently, the concentraiicong
were lsss than that in the stwmosphers in late sugust.

7

The manipum increases in the nitrogen contents of up to 7o
wore scoospanied by decrvenses in the %%fﬁ ratio. Boith thsse changes

in concentratlion were %ig%ifiﬁﬁﬁ%i There was po indication that

T 211 statistical anslyses of H,os fs &2 and QQE conpeantrations wers
= ‘
made on untransformed deta, as trizl analyses using sngulsy trans-

formations indicated that such transformations wers not necessary.
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Least significant differences 2t P = 0.03 are

indicated by I.




A (Na/A), %

A Ny, %

Legend
PP (3 cc
-N Gt Qe QG
+N d— G @

+4r ,

+2F

P apr "may "gune P sury ' aue Tsept Toct T nov Toec !




Tasie

niirozen was evolved by de only extropaly

smdltrificntion,; ailhough
iarge lossss ocould heve been detected. The devisiions of nitropss
coneentrationg from stocspheric levels czn be stiribuled fo the nsss

fiow resulting Jrom changes in the owrsen snd ourbun dloxnide conlant

of the soill 20r, and dunresses ﬁﬁA%gj% retio con be stiributed o the

gifisrences of @g

IV.3.3.2.8. Oxyzen and carbon dloxids

The tenporal trends for O, end 00 {(Plg. B7) wers zimilar

7.4 A

e

B

. Levels and @ﬁ
)

the magnitudes of the OO0 deficite were o

in the enrlier measursaenis.

Umygen deficits occourred mainly at times of high soil

molsture content. Carbon diozide levels were ususlly small in winter

when tempsratures were low, moisture contents high and the plant srowih
raie sxall: incresses coourrved at the same fime as incresses in modl

temperature fros mid-Tuly onwavds,

%

rapidly in the surface soil during the dry period in Septamber (which
was one of the two months in which the rainfall was less than the long

tere aversgel. The pesks in the %g and & bovizon exhibited 23 proncunced

lsg behind those in the ﬁz horizon.

This pattern iz attvributed to the ipcreasss in soil tenperatures
with zubseguent sxpulsion of gﬁg Zrom the pleant roots under the fovoursble
growing conditions. It is not possible to determine whether the voot

plus microbial respizstion rstes or the solubllity affects are nove
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important in producing these pesks 1o spring. Soil rssplirstion must

%1I1) wers slso posocisted with incremses of 10-4

TG, in the ﬁg and B hovizons of the soll.

Om no onceslion 434 the so0ll stmosrheres conteln zern ouwmosntys~

t

e

one of oEvgen. 1D one reservolr updérnesth o larvge phslazis plant

4

on the psslure sres, levels zs low as 1.3% ﬁ weyse yecovded in sayly

August. In all otheyr reservoirs, the ouygen content wee slways

2y Bnd mean velues for the ﬁzy %g pnd B horlpons warse

always greater than 14, 11, snd 0% sven under the weltest soll

congitions (respectively).

The goneral conclusions concesroing O0_ and O, levels are
E

)

thersfore also slmiisr to those made provieusly: the obhserved apll

denitrification securred in 2 soil in which the s0ll iy was not

aneercblic, and the non-equality of O deficlits and Qﬁg concentrations
] 2

regulted in = sess flow of il alr in the 201l profile.

IVe2i8e3 Ea@ﬁi@ﬁ@% [ 1@%@%&

43 significant incresses im the W, /% ratic could not be

it is not possible to make estimates of the magmitude of

%2. However, the nltrous oxide concentrations of up to
80 pewm indiecsted thal the losses ss this ges vere much largey than

in previous vears.




Vessurenents of soil molsture contenis in the O-10 em depth
were made a2t all gas samplings, and messurements of spparent densities
{Fig. 23) snd porvosities obitasined 5t seven sa@@limg%; The values for
the 4th July provided estimates for the maximum rate of %Eﬁ loss fyon

the 4 hovizeon, snd these bave been compared with caleulsted meximun

iosses for the B horizon in Taeble 10.

For the cropped soils, these estimates indicate that losses
were Duch grester ip the A horizon then im the B horizon, sven when
dus sliowence is made for the less transient situstion in the B hﬂfi;
gon. Uifferences in the losses from the 4 and ¥ horizons were less

marked under pesture.

The iosses in the 4 horizop were much grsater under the

wheat crop than under ths pasture, spd under the vhest cyop the m

tudes of the losses wewe similar for the FU smd OO0 sreab.

1t iz not cleayr from the fleld date whether the greater lossg
of ¥ frowm the cropped ares comparsd with thet under pesture was dus {0
the effect of the wheat planl op denlivification,; or to the oultivation
spaocinted with the eropping. Rovirs spd Grescen (1937) have indicated
that easch cultivation willl heve an effect op stimulating microblsl
sotivity by incressing the avallabilily of previcusly insceessiblse
orzenic matter, and thus there would be crested frssh potentisl
mhoro-sites for deniirificetion. But the offscts of each disturbance
shoulé have subsided within 34 days. Altermatively, ¥Yoldendorp (1983}

hes proposed ithat specific differences mey ooccur between plants in thair
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stimelstion of dendtrification, and in this cise the whest plant may

have 3 grester sffect than the pasture plents {wimsers ryegrass and

subterrsnesn clover!.

The sbeence of lsrge diffsyvences in losgss as %gﬁ batwesn
the two cropped areas is of interest. i% ia known thsat slter seversl
years of pasture, the levels of easily decomposable organic matter are
incressed, =nd that this r&yﬁ@iy minerslizes on opening the pasture;
and a0 the levels of esslly decompossble substapoes {ﬁiigét fraction’)
are much lower under continuous whest than under = newly opened pasture
seil {Ford and Gresnlend, 1568). 1t was expected that the sbundsnce of
guch orgenic substrates on the FC sres would heve provided the coporiu~
nlty for grester gaszeous losses. However, the old cropland soll is
noted for its poor structure (e.g. Fig. 21). This was shown by the
differences in epparent demsliy values for the O and PO srses (1.43
and 1.25 g/ec respectivelyl, and it was notlceable that oxygen levels
were much lowaer on the U0 ares {(Fig. 27). In oractice, 4T seems that
these tevo fsctors compensate for ssch other, i.2. %ﬁ% better structure
mnd seration of the PO top soll offsets ite higher content of labile
light fvaction. Current results of Stefanson and Greenland (unpublished
data) slso indleste that the losses as nlirous oxide fr@m‘ﬁhe PC ompd OC
solls are pimilar when whest planits are grown in these soils inside gas

iveimeteys.

While it wes not possible to make zn estimate of the smounts
of %g gas evolved, the method of estimsting the §? A ratic would have

been sufiiciently sccursie for detecting losses as nitryogen in ths B




e
w3
®

norizon. 4 1% increase in the nitrogen content of the aimosphere due
to evolved nitrogen could have been ststistieslly significsnt: this

would heve covresponded to losses of C.1-1.3 1B ?gnﬁfﬁcyﬁﬁéﬁy. Howavey,

the corresponding caleulsted loss for the &1 horizen iz 6~58 1ib ?gﬁﬁf

acre/day. 4 very sccurate method is reguired fo detect losses in this

horizon.
IVede. CORCLUB TS

The important findings from this second Tleld sxperiment have
neen the effscts of the trestments op losses an nltrous oxide, and the

demonstration of the effects of mass flow on the composition of the

Boil 2i00BDHEYS.

4fter application of fertilizer nitrate losses as %2@ wers
3-10 fold greater than where no fertilizer was applied. This eifect
was such lasrger in the A horlzon then in the B borizon. The resseon is

not known but may have been due {o higher soll nitrate levels _se,

to the incressed smounis of ssino acld exudstes fyom plant roots, or

to increases in the proportion of N *ﬁﬁ% in the gsses evolved whers

. gq
soll nitrate contents were lower.
&mﬁg@% a3 pitrous oxide weve mueh grester on the cropped
rotations then under the pazture, but losses under the wvheat crop were
of similar magnitude and wers not greatly influenced by the large
differences in the stmoture snd orgenie metier ststus of the two aress.

Such affecis ecould indlcate the importsuce of the plant species oo




denitrificetion rather then the renge of soil properties within s

#soll type.

The losses =z nitrous oxlde were recorded under 21l rotatioans,
all trestmenits znd during the wellest and dyiest sessons on record ai
the ¥alte Institute. Thus denlirification mey oocur in Urrhrase fine

of land utilization

sandy loam in every winter and under all systems
when the oxygen content of the large soil pores is only pertly lowered
by the slight restriction of seration resultisg from high soll moisture

contents.

The rates of lossss 28 ﬁgﬁ were smell, and there is = need

for an assessuent of the losses as ﬁg- Hessuresents of the gg:é ratie
demonstrated that this method was sufficienily accurate to destect
1@%&%@\1@ the B borlson, but the spprosch wes not satisfactory as
decrenses in the %zfﬁ vatio indicated that the diffusion coefficient
for argon is lower than ithat for pitrogen. Thus the basic assumption
for using asrgon as o refevence ga2s wee not tenable, wiz. that the
physiecal behavicur of the two gases in the soll waes similar. Heverthe-
less, =n im@ﬁfﬁaﬂf glide~lgsue arising from this study h@ﬁ‘%@@ﬁ the

establishment of the lmporisnce of wess flow of soll gases duriag

measurenente of the composlition of the poll atwosphere.




CHAPTER ¥, DEAITRIVICATION UBCHANIEEE 1IN THE Unne

Velo ITHCDUCTION

Throughout the previocus discussions, it has been assumed thet
the denitrification obssrved was blologicael in origin ss the concentra=—
tiong of nitrous oxlide showed s grest dependence on the molsture content
of the scil. Howsver, there is very little evidence indicating the
optisum moisture content for chemical mechanisss, although large lossss
have ooourred at about fleld capmeocity, or half satursiion capaolity
{feuss and Bmith, 1965; Bremner and Nelson, 19688). 7o establish the

mechaniam ilnvelved, it was decided to conduct an incubation experiment.

V2. CERPERINENTAL

Puplicate samples (150 g of sterilized snd unsterilized soil
from the A (0~10 em) and B (43-60 cm) horizons of the Urrbrae fine sandy
loam were luncubsted with B0 ppm of added Nﬁéq% o %@émﬁ. The solnture
content was about 0.9 saturation level snd argon wes used to provide an

inert, soserchblc atmosvhers.

3y comparing $t@rili%%é and uvnsterilized scils 1t wep hoped to
establish the relative laportspes of chemical or bicloglesl loszses.
Chemical losses are associated with the mnitrite ion, snd if 2 chemical
mechanism is operating, then there should be az stromg intersction
between the effect of sterilizetion and the form of nitrogen (niirite

versus pitrate).
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Veodele Troatument of solls

Semples of 130 g of air dry so0il vwere placed in 1 in. dismeter
pulyethylene tublng and the ends knotised. Pelvs of semples wers placed
inside larger tublng snd the ends sesled. Swemples for sterilizstion
ware placed loside 2 1 gallon paint tinm, the 1id sesled, and & plastic
envelope themelly sealed sround the whole tin. The tin as sush wss
sterilized with 2 5 megsred dose of v lrradistlion et the Australian

Atomic Epnevgy Hesearch Hstablisbment, Luces Helghis, N¥ew South 98les.

Y 2.28. Incubation flasks

The ipcubation flasks consisted of 1 litre Evlenmerer flasks
equipped with a B2% "Culekfit' socket at the neck and & removable
connector consisting of =2 529 cone, high vacuun stopoock and 2 "Oulckfit’

' capilliary ball joint.

V.8.8. Bteriiizsstion of Fflssks =nd enulpment

Digtilled water snd 30 mg ¥ am Kﬁﬁﬁ oy Ha %@g wers added to the
fleske to meke up the regulred moleiure content {41 and 35 gii%é g for
Urrbrae 2 and B vespectively). The flasks, connectors, vacuulm grease;
and secessories weys aa@@éigV%ﬁ'@mﬁ transferred to n sterile room
egulpped with U.V. lospe. The tins of sterils soll were transferrsd

to this roon before cpening, and sterilized soils were handied before

those which were not sterilized.




YoBoda Commencenment of incubatiop

Sterile distilled water added to conpensate for thet lost during
autocisving: the amcunt regulred %@@'@@t@r@ia%é by welghlng the flasks
nefore and after the sterilizetion. The solls were added, conpestors
gressed, and the flasks filled with argom (C.1.G., A.R.) after 3 flushings.
The levels of nitrogen (280-81C ppm, v/v) end oxygen {< 100 ppm’ in the
stmosphere of the flasks were determined at "zero’ time (< 4 hr after
the addition of water and %@é or NO_), snd the flasks placed in a constant

temperature room (22 ).

Y.3.5. {ag anelyvsis

The stmosphers in the flssk wes spalysed by the usual gas
chromatographic technique (Appendix VI), at intervals varying from

4 hr to 10 dayvs. The ges ssampling valve on the gas chro

wged with & 1.7 8l ssopling loop. The stainless-steesl inlet of thes
valve was comented {with spozy resin) to 2 ssall femele ball Juint Ior
@@myling the flasks. Ths dead volume inside the sampling systesm wes
2.3 ml, and in the copnections 0.8 ml. Az the totel wolume reuoved
from the flask during ssmpling wes 4.6 ml, and up to 25 semplings wers
made, corrections were applled for the propoviion of the satmosphers

gbove the soll removed Guring ssamplings.

The argon peaks enabled covreciions te be made, 1l necesaary.
for any veriation lv the volume ssmpled by the gas sampling wvalve: &
varisbie lesk in a P¥TE ( "Teflen') wagher allowed amall asmounts of lhe

heliuvm carvier gas to lsak into the evscuated sasmple loop just prior to

sampling.




V.B.6. HNineral nitrogen

+ - .
4t the conclusion of the experiment soil ﬁﬁémﬁ, %@Eﬁﬁ and
%@%mﬁ levels were determined on one of the itwe duplicaies (appendiz

I13).

Veds RESULTS AMD DIBCUBSICH

Y.4.1l. Casecus evolutions

The

smounts of nitrogen snd cavbon dlowide evolwed as ¥, I,

w &

£§§ + H,0), and €0 are shown in Fig. 28 and 26. Marked differences

b
cocurred between most tresiments, both in the pstiern of evelution,
the amounits of %gﬁ ang ﬁg. and in the toial smounts of nitrogen and
carbon dioxnide evolved at the and of the experiment. The sterilissd
g0lle had alweyes lost less nltrogen than those uvnsterlliized, pltrite
trestnents caused o pronounced lag pevied in the unsterilized samples,
end losses were puch greater for the A horvizon ssmples than Jor those

from the B horizomn. Apprecisble smounts of €O, wers produced in all

gterilized flasks.

Ved.1l.1. Urrbrse 4 nlus oliznte

in the unsterilized soll, the zeguencs of producits was in

agresnsnt with the saguence:

HO. (> HO.} == N O =3 N
Z 2 2

3

oheerved by meny other workers {(Verhoeven, 19523 Wijler and Delwiche,
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1984: Hommik, 1838; Cedy and Martholomew, 1680 Cooper sod Bmlth,
1968: Laskowskl snd dioraghen, 1987). The shepe of the curve for
total ¥ loss a5 gas from the upsterilized soll is similar to that

ohtsined by HoGarity (1981) for A, horizon smmples of the Urrbrae

i
fine sandy losm. 4 short laz vheee wes followsd by 2 short perliod
of very rapid depitrification which then continusd 2t 2 decreasing
rate. Ho linesr portion was detected zlihough the date of beoth
HoGarity (18961) snd Nommik (18358) indicste thal this occurs only st
low nitrate ¥ contents. The initizl nitrate comtent in this ezperi-

ment was 258 ppwm, there being 58 pow in the soll belore nitraite was

added.

The sghape of the curves for total N loss aa gases i%gﬁ %23

from the unsterilized soil iz in sgressent with thet for C0_, which

g@
may be used a3 ap indew of vespiration rats. ﬁft@r‘an initial lag,
%@2 production rapidly ipcreased for s short %ﬁm@; then greduslly
decreased uvuatil an spproxisetely linear reste coocurred after about 300
hy. However, at 500 hr, most (75%) of the imitial nitrate had been

evolved a6 goses, and there was thus 1ittle opporiunity for the rate

of nitrogen evolution to bscome linsap.

A continuous, very small evolution of N U occurred im the

2
sterilized solls but the tetal loss wes oply 0.7 pom solil sitrogen at
the end of the 33 dgy incubstion pericd. Thus, there iz 1ititle doubt

thet loszes from nitrate are blologleal in origis.

It is umlikely that the activity in the sterile soils was dus

to & very szall microbisl populstion ss growith of this would have




resulted in a sigmold pattern of svolution: the rete of evolution of

G was nearly linesr. It is generslly sgreed that while

z;%f

CO_ smd H
2

doges of 5 megarvads srs sufficient to kill most, if not all, micro-

organisme, such doses are not sufficient fto denature all emgymes.

¥hile new enzymes cannot be formed, those surviving ars cepabls of

considerable sctivity (¥claren, Luse and Skujins, 1868; Fatsrson.

1982).

The low rate of nitrcus oxide evolution %ﬁﬁ‘ﬁ§§$ﬁﬁiﬁﬁﬁﬁiy
linear with time indicating 2 chemical resction, although nityite was
not detected in the inltisl soll. The predustion of ﬁﬁﬁ by an enzyns
system seems very unlikely, as from sn initisl nitsrate scurce at
lesst 4 different enzymes would be required to survive the irradiation

traatment.

YeholoeBe Urybrse 4 vlus nitrite

There wes & large gassous loss of nitrogen in ell soils but

the totzl losses, =8 N, and ¥_0, from the semples with nitrite sdded,

2
were less from sterilizsd socils than those unsterilized (Fig. 28).

The chemical loss {sterilized soils) exhibited a large rate
of less shortly after commencement of the incubation, with a decreased
rate after sbout 100 hr, and an approximately linesr rate over 5300 to
1000 hr.e The totsl ascunt lost after 52 days was 450 of the imitial
200 pom of %ﬁgmﬁ atded. Carbon dioxide production fellowed z sindler

pattern. The losses occurred both ms N O snd §2 with %2@ belnz about




2o of totsl produoction of the two geses. Other workers has

that much more nitrogern than plirous ozide ls svelved by o

ification (Hsess and Smith, 1268; Bremwer and ¥slson, 1588
Gresnlsnd, uppnblished datal.
in the unsterillsed zoils the pattem of gssecus svolution

indicates g initisl lose by 2 chemdcal mechanissm to shouvt 300 ax,

then the weset of 8 very vigovous bioleglesl logs at 300 hy. The

sints of fg@ evolved wers wuch smaller than with %&% saded, and the

maxism vate of @@g produetion and denitrifiestion (st about &
hr) weve much greanter than in the unsterdlized + nitrate flasks.

fiologiesl denitrification (even of the 38 pem %&;~ﬁ also present in
the soll) wns inhiblited for the first 300 hr by nitrite, and the ﬁﬁg
vaives show & ginllar leg in ?@%%i?@%i@ﬁ rates. Bimilar, but not so

propounced temporary inbibltlon sffscts, have besn previcusly noted

by Nommik (1856). Jansson and Clark (1952) snd Bremner and Shew (1958b)

hgve alse nobticed 5 propounced inhibition in scid golls, g = crsaler
tolerance to %G: 8% slkaline vesctions. This iz ln sgreement with

&
sarlisr nicvebiclogleal work (Mellklejohn, 1840). The resson for the

lag in thiz experinment would geen %o liz izn the reduction of mitriis

levels by 2 chendoal sechanism wntll the stage wes resched whers the

threshbold toxicity level is passed.

VedoleB. Urghras U nlus nitrate

The svelution curves for Urrbres B (Fig. 20) show zome simd~

lavities with those for the Urybrae A soil plus nitrate snd sone
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importent deviastliona. The oversli paittazn of denlirification is
gimlilay except that no deniirification conld be detestsd in the
etsrilized szmples, slthough opce szain 5@2 was produced, bul
svolution of this beceme almost pesligible aftey 300 hr. The zaie

of loss was lowsr than for the A hovizon, snd the veduction of %§m

to %g wee not complete. The resson for this cssestion in %%ﬁ dizaipi-
imtion, when 53Uk of the original nitrate was still present in the

#0il; iz not nown.

The lesser overall vate of denitrificstion can be atiributed
T the lower amounts of available ovpganic substreiss in the B horison.
HoGarity (19681) showed that the sddition of glucose could both decrease

the lay period and warkedly incresse the mazximum rate of denitrification.

e

Vodeled. Urrprae & plus nitrite

& glow svolutlon of nitrous oxide snd pltrogen wes evident.
The rale of evolution wes wuch less than ip the A horizon. Ho obvious
dgifference ccourred between the steyiliszed and unsterilized scils,
although there was 2 tendency for ewvoslution in the uvpmsterilized solls
to incresse towards the end of the @xp@éimﬁnt. The slmost complets
inhibition of bidloglcal depltrification wes not expected, in view of
the known greater tolexzsnce of denitrifiers to nitrite st an slksline

H.
The relstive proportions of H.O and %% of about lid and 1: 32
from the sterilised Urrbrae A and Urrbree B samples respectively arve

of conslderable interest, se previous poeounits of losses by nitvlite




e

reactlicns have ghown the watio

gested nitrogation weschenisn (Bremser sng

Halaon, 1888; Stevenson snd Sweby, 19543, in that losses were

in the A the latter being of

and lowsy ergenic satier lsvels. The szhape of the curves

alsy indiested 8 reaction dependent oo nlitrite concentration.
Stevenson eand Swaby (1864) observed large differences in the ssounts
and proportions of %Q. N0, 90, end ﬁﬁgﬁﬁﬁ oroduced in the resciiss

of plitrous ozlde and vevrious phesclic compounds. The different ralice

ported by the various workers ney therefore reflect

diiferent cowpositions of the soll crgenic maiter. The higher €O

3

5

production from nlitrite trested than fvom niiseie treated solls,

could aiso be ativibuted o 2 nitrosatieon resction.

g
o
o
@
&
&

Linersl nitregen st the conclusion of incubation

The values of amineral N and gsseous ¥ 2t the conclusion of

the experviment (33 days incubation) ave shown in Teble 11. Complets

dlgappearmnce of the nitrite snd sitrate initislly added seourred in

ouly the unsterilized Urrbrae tresiments. This 18 in agresment with

the spounts of @2 ang %2% lost by ithese solils.

& balance of the leblile nitrogenocus producis measursd {(gaseous
+ inorganic forms) has besn attespted, and in all except two treatments

an incresse has ocourred in the smounis of such pitrogen pressni.




nityoren ip Urrhree 2

and Urrbrase B solls, and total losses as

H 4 KO from the soils after 32 days ipcubstion period.

411 values ex Pes8e0 AS

Tagiln E “HL Bil Lid 5% -§= w?’a%:}uwé"

THitrozen B8
T ) N, A
21 o 33 74 - 74 -
erilized + NO, 4 81 3% 180 97  25Y -7
Sterilized + ﬁﬁ; a7 o 248 283 2 887  +13
Mot sterilized + %@; 88 o G 88 278 962
¥ot sterilized + Wﬁ; 78 o o 7% 286

Wriginal soll

Stmrilined + %ﬁ

sterilized + %@3

o]

w

ice
208

Not sterilized + HO_ 4 181 ¢ 185 34 219 +17
Not sterilized + %@; 2 2 101 103 128 335 431
THy, = total mineral N
Ny, = total gassous ¥ iizgﬁ + Hy) = ®]
A = Chenge in balance of lsbile N compounds {initial + 200 ppm ¥ ~ ﬁﬁ
:% x":{z

i - Hot stevilized.




L
&

the HE, values indicstes that ansercbic mimeraiizsiion
=%

tter has ogourred in all solls. Frevious

the lacresses in the zterilized zolls can be att

irredietion effects as they were of 2 similsyr masnituds to the incresses

cheerved by Rovira and Bowen (1988} for a red-brown sarth soll from

eid, South Augirslla.

§@>1
&

two selils for which decreasss in

1
R

soourted, weres the sterilized + niirite trastpents Ffor both Urrbree

egm that some of the nitrogen was present

0 in the stoosphsre of the incubsation Flask:
atiltionally nitrite fixmtion mey have ocourved. The formaticon of
W0 By the decowposition of plitrous oxide in sclidic medis is well hpown
{Brosdbent and Clark, 1963), and it has been recently sugsested thst
fixation of nitrite 18 possible {Bremner and Nelson, 19688). Beoth
miltrite flwation snd decomposition eve favoured by an acld pH and

high soll organie matier levels. These resctlons provide 3 satis~

factory explspation for the small deficit in the Urrbrae A sample,

but not Ior the larze one in the Urrbrse B where the pH was tending

to alksline and the orgaalc matisr levels were low (Flg. 18).
The data in Table 11 suggeste the fommation of HO

the Uribrae 4. For the sterils Urrbrese 4 + nitvite tresine
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B

sammts of nitrate and nlirite (80 ppm) were prosent. nitrate
eoiild have resulied only from the oxnidation of iﬁ%g whieh is uniikely

iz an anserobic situatlon, or ires the decompositlion of nitrous acid.

This has been szhown 1o ooour by Revss and Bmith (13

and Helson (1868). The proposed seguence of events is:

F %
or the %%t 2 B > {fhepss and

Smith, 1865).

Dremmer and Helson {1988) copsider this resction to hs of

tance in closed incubation vessels, such as those used in this

guperinemt,; Wt not in open systozms.

“ mass spectrus of the simospheres above the solls was obtelned

at 88 days for the Urrbrae A trestments {(Table 12). Appreciable amounts

of NOU were present in the steriliged + nitrite flesks. If very szall

apounts weare produced in the othe §£%$ﬁ$3 these could not be detecled
tue o other contributions to the m/e peak 30 of the spectrum, in

particuler that from nitrous oxide. The values for the pesks st m/e

g €1 indicated thal spprecisbls apcunts of m@%%yl nitrite were

The svolution of HO and formation of %@% provide additional
inforsation regerding the observed lsg, due to nitrite inhibiition,
shserved in the slevebial dissimilation of nitrites treated 5&@@1@@.

Ths amounts of plitrlte lost by MO and NO_, with copversion of the HO_




feme

gpectrel petierne of incubal

on flszak atmos

heres for the

5

X e

R T RN

L

B3, 1 Fdel 22.%

b

2y
Bt
&

&R
ad
©
O
%o
s
' ]

&
e
L]
“}
]
]

3
o
£
[
by
e

231 U2 ek = -
e 2.4 2.3 1.1 1.0

Tt
®
8

l.2 led 1.2

e

P
L
g

S=2 masg spectyonetsr was vsed.

relative to wle = 44; p = parent pesk.




te nitrate, and that lost by the cbserved chemical veaction, would

: Jevel ip the lvoubation flassk

e
S
e
o
et
e
a
(%9
Lxd
&
M

both have saterizlly reduced

below the threshhold eriticsl value.

The incubsiion resulis elsarly lodicete that lesses of nltrogen

can oecuy by elther blologlicsl or chesdesl mechanis

B3 @iéﬁa gzmples of the Urzbres fine sandy loawn.

regults 4o those obiained in ¢

of the conditions lsoosed

A Tiopded soil, high nitrate levels of about 2300 pomy 2nd 2o

ere of an inert gas ave the ususl conditions sslected to give

m
»

imal rates of diszsimilation. Yhile biologicel lesses from the 4
horizon samples sttalned 2 meximum of sbout 1 pom N/hry the 2stims

of the prestest losses under field conditions was 0.3 1@;mg?%!§ ¥y

or 1% this is considevred over an acre 10 om of soll, U.2 ppm of ¥/day,
or about 1/120 the vale of loss under the conditioms of the incubation.

Little ig yet known of the factors affecting losses by chemical

yeattions, slthough the rete of lossz is dependent upon the nitrits

coacentrations in the seoll (Bremner and Helson, 19683 Yvers | 1DE4)
has shown thet levels in = solodized zolonetz were slmost alway & wmath
iess than 1 ppm, and 11 bse generally been ohserved thet nitrite levels

in acld saud neutral soils arse very low zithough thers ls very 1ittle




well date avalilable.

i

Hitrification rates in the lUrrbrae series sre low (<1 powm

=K/day), Cole {unpublished data) has not been able to demonstrate

‘side-tracking’ of nitrification in an incubstion experiment usi

FP ares, and lossss ag ¥, { in the fisld exmeripent weve

"T‘

goil from the
dependent on scll slirete lavel: thers zewss to be 1ittle doubt that
the losses under field conditions resulted from biological denitrifi-

cation rather than 2 cheslsonl rescition.

The incubstlon dete provided seidence ainst both mechanisneg

concurrently, i.e. chemlical losses of nitrite scowmlating

lmdlation of nitrate. Chemlical loszes ooourred

an initially rapid, but thersafter decreasing

n conformsd with the nowslly

rate. No such pattern of ¥, loss of nit;

expected zeguence of %@% { > ﬁﬁgé ol H (G e— %2. Comparing

{+ NO,) Urrbrase 4 this must have been 8t a very low level

by the time nltrogen was produced, as at this stage ovar 70% of the

final {ﬁg + %EG} had asppesred ag ﬁgﬁ. Pregusably some pitrite was
present bt no evidence of %2 eyolution typlcal of the chesmicel mechanisn
was showny 1t ean be concluded thst there wea no é@ﬁﬁf@ﬁﬁﬁ@ of bio-
chemo-dendityification. It would sppesr that micro~organises compete
strongly for such nitrate, and additionally the pH rise occurring during

biclogiesl denltrification (Bremner snd Shaw, 1958a; Leskowski and

Horaghen, 1967) would render the site of activity less favoursble for




S
i
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chemical ioesses. Howaver, 1t might be szpected that the niivite

conild have diffused to sites inscosssible o mloro-organlsss

The sheps of the blologlcal denitrification curves indigutes
the importsnce of environmentsl oconditions on the lossss in fisld
zituations. I%1 might be szpected that desitrificatlion could ooouy
repldly in solls which were suddenly wel by besvy raln alter & lang

dry period: the combipation of s flush of micreblel sotiviity, bigh

s0il temperstures and high eoll moisture content should provide ap T
condi tions for biclogical aitrification. However, st hish % raiuves

the a20ll would dyy guickly din the surface, znd the pressnce o

seriod in the miero-organisms could mesn the dissppearanes of
epvircanmental conditions before microbial activity could reach the

maniaes rate.
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The czperimental Tindlungs heve confirvmed pyrevicus prediciions
fron E&ﬁ@?&%%%y end lysimeter studies that @iﬁi@%ﬁ@@i denitrificstion
may ogour st snserobic micro-sites im a soil nozmelly vegavded ag
asrobic; whore this relerence to serstlon applies to the cosnves soll
vores. Proavicss predictions zlso have been conflimed that denlivifi-
cation mey occur in the B horizons of some soils due to restricted

18610, but that such

asration for considersble perviods

loeses are much less than those from the surfsce horlzone {Broadbent

gnd Clark, 1865).
Greenvwood (1963, 1968) hes discussed the imporitunce of both

io

gt

orgeunic mlter and moisture content in the formation of anaeral
mlero~-gites. The temporsl distribution paiterns of nltrous oxide in
the soll stmosphere at g particulsy é%ptﬁVW@r@ of similar shape for
all treatments, lndicsting thet & single cownon factor musit heve heen
f@@@@m&ib}@ for the initiastion of denilivificstion in the Urrbrae Tine
gandy losm: thils presusmably was the azpll weter content. The lack of
evidence indiecaiing the blmporience of tumpersiure roflsete the inpor-
tance of the relstionships between temperature, soil moisture and
evapoiranapiration in this climate: inm regions wiith humld sumsers;

it might be expecied that the previocusly ohserved effects of tempers~
turs (Mommik, 1856; Breaner and Shew, 1958b) would increase the rates

of losses.




However, sone trestunents hed lavgs sifects oo the rates of

logses as H Zw when the slero-snvivonmentsl conditions allowed denityl-~

ficstion to procesd. The cccurrence of the grestest losses in the &

horizon shortly after sowing the wheal crop o posture csn be attribuisd
te the colnclidence of high s0dl molsture and nitrste contents, the

presence of living plant roois, and ocultivation of the sodl. It is
not possible to define the relative importance of these factiors, bu
it wisght be sxpectsd that the soll eultivation effects would lsst only

P

3~4 days =as Rovira and Orsacen (1837) showed that these wers only

ey

important for 2¢ hye st hizher temperatures. t iz now kosown that
both the soll nitrate content and the presence of plents ave importsnt

factors.

There was 2 lsg in the time maximum sccumulation of nitrous
ozide with depth in ths soll profile, an effect of nitvogencus
fsrtilizer on %ﬁﬁ copcentrations in the 2 horizom, and saly slovw

incresses in the anounts of %2@ in the B horizon. Good svidence

exists for the importance of the downward leaching of organic meterials
horizons of some sclodized solonetz soils {Myers, 1968; HeSGarity and
Hyers, 1868). The observed pattern in the B horizon of 2 pulldup to

& proncunced psak and subseguesnt decilne is in asreswment with the
lesching of a diffuse "slug’ of altrste and/or orgsnic matier subsirates

dosmwards, with the peak level cccourring ai the time when the soil profile

is subject to the most restricted aerstion of the winter due ic the

highest soll solsiure contents.
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Yi.z. #

4 under 21l rotational ayeas snd irsat-

ments. ie the thrse year pevlod 1B08-88 Ilpcluded the weltsat and
dziest yvenys vecovded in the previous 40 vears st the Valte Institute,

it czn be concluded {hat denitrification normally oocoure in the Urrbrae

2% all

fine pandy loan durinz the winter of every vesr spd under slw

systems of mansgenent.

.

However, ostimates of the lossges have indlested that sven in

1988, thes maxinum rates of loss wers guite small - 0.23 1b Nfecre/day

on the cropped soil (C0) vwhich had been fertilized

a8 vielded an estlimete of

F

B

with mlirogen. Approzimste integraition

3 1b ¥/scre for the total sessonal lossss using the mesn veluss fop

porosity, and from the previous flducisl interval based on the porosity

date the upper limit for losses would be less than 10 1b ¥/ scre. This

o

iz smsiluer then the generally guoted walue for gssecus logses of LU-3070

of the added nitrogen fertilizer (Broadbent snd Clexk, 18852, Ho

ilosses aB % gags, or other gaseous forme of nitrozen,
was possible. Losses wers puch sueller where pltrste fertilizer had

ot been spplied,; but these coocureed during the cold winlter monthe when

ye young, the growth of plants slow, snd a shortags of nltrogen
most criticsl. en the pasturéss opn the modevetely hizh ¥ status {for
the Urrbree saries) PP rotation exhiblited large respomses to added

pitrogen in & drought vesr {(Fig. 30} as well as in wet yesrs {ippendiz




Figure 30. Southern portion of the experimentsl area, photegraphed
foeing west on 6th October, 1967.

The nearer stvip of pasture is PP Heplicate 3, and the

treatments applied to esch plot -

+ +{Ha) (pil) e

The nearer strip of whest crop is PP Replicete 3, and
the trestments spplizd to sach plot =

+  {pil) +iH+¥)  <H




an estinste can bhe made azsup
peyr sound of fertiiizer nit
i sm%«% fertilizerfecre obiained in Dep

this Siste over the

Hatheson snd Clark, 1888) snd the g

paim loss of

ezperizent wez 130 busbhsledecre in 1888

. Y.

2 womld e

o
£
D 1b B O-H/acre during the sxivemely wei

ver ascre from the 44 treastmenits.

et crop avrens would have Lo

an iess

V?

witdespresd, although thile is gzenerslly atiributed to soonosde sessons
rather than a lack of eipscted responses. A3 the losses sre caused by
e biological mechanism, continuation of the present practice of using

emmonlum forme yetber than nilrate forss of fertilizer should kesp the

lopses snsll.

vation lospes ag !

it has been indicsted that the denitys

are small. Dut pitrate levels in the 4~10 on soll depth decroased

raplidly durdng the wel winter months in 1568, snd the difference in

%

totel ¥ uptske by the sbove ground portions of the ﬁgﬁﬁﬁﬁ‘éﬁﬁ to

fertilizetion was only &5 1b ¥/acre {Table 133, Then in 1968, sven

iT the losses ag ¥ 0 were 28 bigh #8 10 1b N/seve, there wan atill 75

e

ﬁmﬁf@ar@ unsceounted for. The depressing effects of hesvy rain




TABLE 13

TSome yields of grain and nitrogen contents from the cropped aress,
Experiment 11, 1267-G0.

F o5
Liwin v:&?n

=3 5 .05 .0k (ARLE 31

aIl YIELDE, bushels/escrse

1967 B 5.0 38.4
o0 Ze4 27.8

is88 = 4263 B8 1 5.5 8.9 9.4

&3

oo 2.4 7

HITROGEY CONTENT {drain + Straw), 1b Hlscye

1847 . OB F o6
A0 35 83

10 e 1%

1268 G

T Sse Appendiz X11.2 for full detalls.




b

b

alling sbortly before and after seedinz on

grown on the Urrbree series (

i

P < B 7
i whest

o

de Yvies, 18647 has been ativibuted to the desp lsaching of nitrsle

into the subsoll (Plpey and de Vrles, 19640 sltbough surfsce gseslling

b

and compaction of the sesdbed, w
wnown to be lwporiant vhen the golls are medntained under closse

rotaticons (Hillington, 1960, 1281). It is usually cossidered thai

u denitrificstion oldendorp,

and 2t present this moet be ponsidered 58 the

urgent nesd for

ToOgen ROTE

Iv.3.
The initial objectives in this study have besn Tulfilled:
dendtrificestion products heave been detected snd messured in th

atncephere of oo appavently well aewvated soil, there is good evidence

that & blologlcal wmecheniss iz lovelysd and the sagnitudes

of losses have been estissted.

The system of permepently installed sampling puints in the
il profile was very sstisfactory for deponstrating the pressacs of

denitrification snd for lnvestiss

ey

ting the neture of the lossss. But

the mean nltrous owlde levels had 2 very hipgh varlence, snd estimetes




of the magnitudes of losses 58 %ZQ snoonpasssd & raange of at least

gn order of segniitude vesulilng from random ervors in the poroslity
messurements. Thers arve meny other sources of error. A small amount

of coppeetion during bulk density messuressnis could introduce layge

B

ygtemntic ervors, dus 40 undsrestizetes of the sie-filled porosity.

o

-]

B

e effsct of mess flow was shown fo influsnmce H, levels: this would
k1
gleso heve gn effect on the diffusive lows fron the sedl. Finelly, the

paleulated difdfusion cosificients mey not be satisfectory a2l low sir

£iiled poresities {Zhesrer, Hillington and Guirk, 1888).

@
&
&
-
et
[

Additionally, the messursment of losses ss H_ i

by the use of ﬁﬁfﬁ ratiocs, and an siternate pethod is reguired.
the present work indlested that the meior losses emsnate Trom %ﬁ@‘
surface soll, the laborious appects of deep plecesent of reservolrs
van be sllndpeted: 2 systen of trapplng ovoducts smerglng from the
#oil surface snd the use of %Zﬁ labeliled Ffertlilizeye has much serit,
degpite the coat of the latter. Eplarsing the crome-sesctionsl sres

0f meil seupled should reduce the spetisl hetevogepelity shsevved in
the nitrous oxide date. Concurrent work iz also reguirved in situsntlions

wpere the environment can be controiled. The present use of gas lysi-

weters has shown the adventeges of this syesten.

o

; £
Howewar, some caution muy be necesssry in utilising ¥ in
field measurenents of small losses of nitrogen. The diffusivity of
A5 . o , . . - s
H in the goll alr will be smaller than thst of ¥, and the woasure-
ments of ﬁﬁjé‘za%é@% bave shown that such sffents can be ikporiant.
£

The sull used in this study was well-drsined and well—-serstsd

in the mecropores: oven 80 small demlizification lossss covurred.
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110.

matter disposition, plant roots and typse of planits 211 sppesr to be

importsnt. Hauck (1568) hes drawn attention to

comnlets chavecterization of mloro~gitss,

{@eg. Dresnwood, 1963, 1968) have shown some of the difficulties

spie & fuller understanding

of the sgriculitursl importsnee of denitrificatios.
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wooatlon

The wpeviasatsl site »8 losated oo the novthers boundery

of pa

Gdumation Block., Yulte fpriceitursl Ressarnh

ingtitute [F.4.8.0.). The ddoensions vere approxisstely 2 chelos

By 1% chalips: the total ares web it L8 ol s Bere. The site

]

was oply very zenily zloping {1-20)io sounib-went, and the sliitude

250 fest shove penn Bes lovel.

Past bhist

The enperizentael a2llte bod boer used ip the past op 8 orop~

peature rotation, 2nd orior to the selablist t of e smpevinent

it had been upder pasture for the past 7 yeaws. The last erop {10382

WHE B 08 this

shination of pess apnd ouls. Pertilizers spulisd gu

viod were 80112 1b pupsiaboarhsls per sore DOT 2T

June @ t Izlitisl plowing and cultivatios.

&
L
%

Hars

3 Iwmptellstioe
Tubes.

of peutron weisturs neter { 3 moceszs
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June 30 : Botary hoed (10 cm depthl.
Zodivm pnitrate hendspread: rate = 823 lb/scre
{ = 100 ib Hlscrel.
‘Seswari’ whest sown at €0 1b/acre with superphosphate

{112 1bfecrel, using & conventionel rigld-time seed-

driil.
July 13 :  EZmergence of wheat crop.
14 : Soil gas reservolrs installed.
is s Comwenced messurenenis of soll gas composition.

Aug. 20-25 : Pormsnent irrigation system of 24 'Pope Rotoframe’

sprinklers installied.

31 : Irrigation (0.50 in.)
Sept. 1 : Irrigation (.50 in.}
2 1 Irrigation (0.50 in.)
3 : Irrigetion (0.30 in.)}




APPENDIX I (gont.)

E'ga

Locetion

The expevimental glte wes lovated oo the @@ﬁtﬁ%ﬁﬁ boundary

of paddochk W10 of the ¥.54.8.1. and straddlsd the boundasyy beiwesn 90
former %ﬁ%&@éﬁi@ﬂ& of this paddeosck: Section 2 ~ the sastern {(pasivre
section of ares 0.80 acres, and Sectlion 4 - the western {culiiveted)
gection of U.58 scres. The cvosplete srea used in the superinent wes
130 It = 130 £t oy about 0.38 acre. The site wes genilly sloplng
{sleve ﬁ@?@@%ﬁ&a@ﬁiy 4%}, smpect west, snd the sliiitude 235 £t above

gop level.

Fagt bhistozy

The two arseps bad been completsly under psstuve snd exop for
the previous seven yesrs. Uver the previous 20 vesrs the cropped
ares had been cropped or fzllowsd sontinuously, and the pesture sres
had bhesn cropped or fallowed in 6 veurs. The cultivation of the
pesture avse wes sn attempt to reduce the wesd populstion, which
bezones 2 problem in the sonusl pastuyss {(Subterrsnssn clover -
Fismers ryegrass), which uvsually degenerste within 2-3 years of re-
establishment. Further details of previcus histories ave suppled

in Table 4.




TABLE

14

Previous history of paddock W-10

Seetion A

Section B

Yeax {old cultivated land) {old pasture land)
1948 C 96 pasture experiment
1949 Cultivation
1850 Fallow
1851 Safflower
1852 | Flax
1983 C 85 rotation Pasture
1934 wheat-bariey~fallow Pasture
18568 Pasture
- 1g58 Pagture
1959 Pasture
1958 Fallow
1859 Fallow
Eh=lc) Sown pasture WRG=-5C
i9s1 Fallow Pasture
1962 Yhesat Pasture {weedy)
1963 Oats Floughed, pzsture resown
1864 @até Poature
1s65 Fallow Pasture
1968 Oats Pasture {(weedy)

+ WRG: Wimmem ryegrass (Lolium vigidum, Geud.)

8C: Subterranean clover (Trifolium subterraneum, L.)




brronomic oractioes

In genersl, ell iniiisl eultiveilons were made in 2 novih-

south direction to svold srosion and traffic over the pasture plots.

Fizret pesson (1987)

June

June
to
Suly

2

23

£

o

o

¢ FF oand PO initislly cultiveted with wigld tine culti-

3 o) o

: Irwigstion (0.80 in.) over whole area .
to fecilitate further ssedbed preparstions on PO and
o,

¢ Cultivation (P and CC}.

: Irvigation (0.45 in.) over whole area.

: Cultiwetlion (9D and O0)-

: imsisllation of ¥ scoess fubes, soil gzmpling.

$ PP sprayed with "Diguat’ and "Parsquat’ (20 oz sach/
screl, with agral 1¥ ss wetting agent.

3 Culdivetion (FC and €0,
Hemdspreed application nitrate of goda (815 ib/acre =
100 Ib N/aere) te all +N plots, and basal dressing of
superphbosphate {224 1b/acre)l.
'HAFO' whest sown (50 lb/scre) with Flgld time drill:
centre tine of drill removed 4o avold & %m%@@,thig
Tow sown by hand. PC apd CC sreas lightly harvowed.

P F¥ sown with sublerranesn olover (Tyifelium sublterranenn,

L} and Wimmera ryegrass (Lolivm rigidum, Gsud.) at 30

and 15 1b/acre using conventionsl seed drill. GSeed was
depoaited in a small furvow 1/4 in. wide, 1/2 in. deap
and coversd by vsking with sst of inverted harrows.




July 7=11 ¢

33

is

. £l ey
SGug. 1-310 2

b
(&
o
@

“J

fad
L
LYY

.

i
o
a®

Get. 1 z
i g
2 H

Swoond sesson

iy By

e reservolrs installed {(tw

Fizvet gps ssupling.

Irrigation eguipment installed. ‘Pope Rotoframe’
sprivklers werse used,; twvo spriuvklers comnecied to

sach wnter meter.

BC and OO spyayed with "Buetril’® (1 pt/acre) to control
wi revend.

Irrigation to =11 4% plots (0.30 in. in 33 mind.

Runoff from CC plots. |

Irvigation (0.42 in.l.

Irvigation (0.23 in. )

Irrigstion (.20 in.

AL plots Lrrigeted at rate

Irvigaticn {1.00 e
= - - of G.20 in. each hour

fute
o
L)
S Yo Sl hysd

o,
fd
w

@

Ierigation {(1.00

Pagture harvesisd. ¥Yhole

k.

1ot sres eut with sutoscyihe,
graen hersage welghed snd twe 300 z subsamples welpghed

in foresd drsught ovens

wilting of wheat evop, even on (+%) plots.

Izvigated {0.30 in.) %o PP, PO and OO0},

%¥hest harvested Pour aress, 950h 4 zows vwide apd 2 7%.

long, cut Zrom each plot- Total shove ground hevbage
woighed, wheat thrashed in staticpary thresher, and

wheat and stray samples kept for snalysis.

{iges)

May 11 g

PP spraved with 'Digust’ end *Parsguat' (1 pt esch/eere):

subterrsnean clovey {(Beaochus YMareh, Clare, Gersldiss var.)

and wlimmers ryegrass handspresd over plots at 70 and 18




i3

Jung 1€

7

ae

ww

o

(1]

LS

@y

W

so

TS

od

in/acre resvectively and soll surfece lighitly raked.

Superphosphate (224 lb/acre) plus Mol (2 oz/sexe)
sprend over sil plots.
Hitrate of soda (50 1b N/scve) spresd over all (41

piots.

¥ end OC rotary hosd, uncultivated aress close o gas

reservolr leads spraved with '"Digust’ and "Paraguat®.

Pazture geed oaten by plzeons.

"Faraquat’ and

PP plots respraved with "Diguat’® and
pagture resown. SHeed burisd in 3/8 in. desp fursowg.

7 im. aspart.

fes pegervoivs removed from 10 op depth, PO and OC.

I oepnd OO0 volary hosd, first is -0 dizeciicn, sscoend
time in B-¥ direction. Between first and second eulii-
yations, the second spuliceition of nlirste of sods

(30 1b H/scre} was handspresd over zll pleis, and zyess

close to the permanent installastions (¥ and CC only)

L

were cultivated by hand. ‘HAPQ' whest sown by hand &

14 im. spacings (normal spsecing = 7 ia.).

Gas ressyvolrs replaced on PO and OU at 10 om depth {im

new positionl.
Thevaistors installed.

"Diguat’ and 'Parequat’ spraved betwsen vows of crop

{PC and ©C) %o klll ryegrass.
Zopture hawvested: technioue simllar to 1947,

¥hent harvested: techmiogue simileyr to 1067, except thet

only 2 guadrats {esch 2 vows x & £t) were cut per plot.
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PENDEN 17

A

BOIL, DEBCRIFTIONS

Hoth fzpeviment I mﬂé,%xgézim@ﬁﬁ il were situsted oo the
Urrbrae fine ssndy lomwm (Litchfiseld, 1831), =2 red-brown earth
{Fiper, 1933; Stephens, 1853; Stsce st al., 1568) developed on
alluvive fron slstes and ﬁh&iéﬁ of ths pesrby ¥Mount Lofty Hanges.
The soil st Bxperiment I hed boen mapped as Type &1 of the Urrbras
aeries and thet el Experiment 11 =s Type i~1 aud Type &0 %ﬁ@'

iaztter is e gravelly phase {(Litchfisid, 18351).

ITele TEPERIVIGTT 1 (1%88)

The A horizon consisted of sbout 15-20 cm of & reddish browm

fine sandy loam. The A, horvizon was elther very wmeskly developed

a2
or sbesent; =more probably, the vhole 4 horizon can b2 considered an

A_ layer, ss the top of the B horizon is not prismatic, ss is ususl

oy’

with the Urrbrae series, but is of grenuley structure, It would gesm
that a8 very deep cultivaitios nay bhave tsken place st some time in the

past. The %i horizen {13-20 cm to sbout 30 om) is of a ved-brown

grasuler clasy losm. The E? horizon, vhich copmencss with =
sbrupt boundary at about 30 em, iz 8 red-brown hesvy clay, with pris-
matie structure in the upper portion, graduslly becoming a reddisi~brown

maseive clay below 60 cme. At asbout 75 em flecks of linze sppear, and

graduslly increase with depth so that at 90 omy, the scil consists of




2 brown elzmy coutalning numercus flne pariicies as wsll n8 porous
clunpe and occasionsl modules of lims. Sope charvecteristics of

the soil bave besn preseptsd in Table 1.

.2, {iga7/883

¢ main difference betwesn this soll snd that of Izperiaemt
I lzy in ths deeper 4 hovizon (11-14 in.), the presence of & definits

although & weskly developed 4

2 hovizon, the pove gradusl boundary

with the B horison, end the presence of a2 prizsetic structure iz the
upper portion of the § bovizon. Flecks of lime begen to appesr st
0 in. with » definits lime spriched horvizon ogcurring a% 38 in.

Zome characteristics of the soll have been shown in Fig. 18.




Boil inprgasiec nitrogen measurements
e i R

Samnles were snalyzed for inorganic nitrogen by & 1 hr shaking
with water or normal ﬁag&& :  apd elther semi-micro distiliaztion with
neverda's slloy snd sulfamic seid for the determination of %%2,
HO . (Bresmer, 1508b) oy using tﬁé 'Orion nitrate electirode’ for

ers sné Paul, 19688; Bremmer, Bundy snd Argsrwal,

Variations

Extrecting 8ol

Experineamt i
pe solution ¢ mi

Brperiment 1 e Distn. | £

7 Y Fudd e

{1968)

Buperiment I1 ¥ ﬁagﬁﬁ Distn.,

(19873

Experiment 11 2.0
{1nEs;

Inmcubetion ® Ha 20
sxperinent )




REUTRON BGE

‘etinntion of zoll moisture content wie sede uslivg s neultron
moisture neter (Hodel Wumber B4R @ Muoliear interprises Lid.,
Edinburgh, Unlted Kingdom), cosmprising s poritsble sealer (KE 3011)

end moisture probe (NE 35382) with s 45 me

riciun/Beryilium source.

Avessz tubes were made of polypropylens (Field Experisept I
and the "mommslization' water drum), or of polyvinylchloride {Field

Emperiment IIJ.

Counts were ususlly sessured 2t the 15, 45, and 75 cm depths
below the zoil surface with less freguent nessurements {Fisld

s L5, and 180 om depth. Duplicate 80

Zmperiment I and Pleld Buverisment 11 -~ 18671 ov

H seecond counts {Field Zzperiment 11 - 1888} were vede, and the
individusl counits bulked. 4t lesst 3 repllicatss were used for

speh aormalizaticn.

Count ratios were caloulated for all soll reedings, where:

0

= cte/min in scil

¥ = ots/min in water
B = obs/min ip aiy

Count ratio = % e

Volumetrie woter contents weve deterwined fros 2 calibrsiieon curve,
obtained Irvonm field calibretion on 4 individual holes to a depth of

& fte




&
e
p

~0.1860 + 0.9084 In (3

7 = 3,07

shezre TR

= emmt mtis

moisture content {(v/¥)




Fre dahe

COMERETE ON CLIMATIOC Da7Ts

%ii climatic dats hove been extrected from the vecords of
the wmoteorologieal station % the valite Institute., The metsoro-
logical station is lveated on the gently rising feothills of the
searp of the Mt. lLofty Ranges and 1= at an sltitude of sbout 573

feet sbove m.2.1.

adopted to ensble comparisons with previous records.

1th experinmental sites were locsted further sway from the

and were at lower sliitudes on the gently sloping land of

the Adelsids Plains than the meteorolozieal siation, Sxperiments 131
and I were situsted sbout 0,25 and 0,80 niles raspectively, from ihe

meteorelogical ststion, sad 2t altitudes of 138 mnd 50 £%. lower,

Conparisons of the tolsl reisnfell in
slte close to Experiment I with that st the meteorglogicesl station
inddcates fhat the aversge spnual Pelnfall 2t The sitesn of Experi-

ment I and 11 is sbout 2.5 and 0.5 in, lower then that st ihe

peteorclogical siation.

Honthly reinfsll snd evaporation dats ave provided in

Appendin X,
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P e ¥ gwaoam e
o=t oan ohng

Ilncubstion
srperipent

1885 ieav

Helium gayvier spas 8t

Inlet pressure (Eg/cm®) 1.7 3.0 2.7 2.7
Exit flow rate (wlfudn} 160 . 78 85 e

Smmpie
= aize {mi)y & & 2 1.7
= introduction Injeetion povt Byepuns injector . Byepuse injector ' nie loop

Thermal Tonductivity Deteotor:
100 100 100
125 izs 125

Brides. Yollsge
Temperaturs {0)

Columny Parlking

{270 soslh) Chroecsorh
{30~00 posh)

S

Composl tel

[

3 {32-80 mesh), washed
Colusm length (om) % 3 B8 4.4,
- HY 3
Ll ? 130 285 150 150
LT 3 38 55 53
75 75 75
Solusn Tesperaturs (0
ey ¥y : 144 144 144
1 % 80-220 24 36.5 36.8
=0 =38 =58

T 1966 snslysss were made on 5 composits colums packed with B8 54 meterisls sizmiler to those uzed in IBBT/8 U snd BT polumms:
Cx + G, + ’%) - %;igf - &4&; ssparatione ware made st B30 C with brldce current of M0 mb,8nd {4 4 ifgﬁ = fﬁg separstions were
mede nt 60 € with bridge current of 835 ma. ‘
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CALOULATION OF COamns

1. Calibration curves
Calibretion curves relating volumes of gas at 12 C and T8O
Hg pressure to pesk helght were obiained for {4 + @%3, %2 @ @@m,

A and ﬁém Those Top 4%@ and Q@ vere determined by introducing 1.7
sad 4.7 w1 sllguots of prepared gas mintures loto the gzs chronato-
graph using 2 gss sempling valve:; and those for (4 + m .y ﬁg, A apd
%ﬁ were obtained by injections of 1, 2, 3, 4, 5 and € ml ailr before

and after several ges semplings, s=nd mean celibration curves obisined,

Por 21l components zood linesr selst ilonships were obtaines

when the deits was plotied on n log-los sosle [rw = 0,808 ¥ o= § for

; A Bnd ﬁzJ and ¥ _U ealibration curves were slso linesy
& &

=

{& + @33, H

2 .
{r = 0.990 ¥ = 48) on & linsar scsle (O-2.1 O in ¥ wly., Tas

values of slopes and constants used ower all spmplinge sre shown in

Table 18.

2. Varisble nitrogen calibretion curves

Hitrogen calibration curves of Ireahly sotlvated columns
differsd from those obtained sfter snalysing spopiing, snd this wes
dus to differences im intercepts rether then gilopes (Table 18). ¥o

such eifscts were obeerved with {4 + ﬁg {Table 18}, 5 ov Qﬁ. Fron




TABLE 15

‘Elopes =nd intercepts for gas calibration curves: In (pesk helght) = In a + b in (ul %ﬁﬁ?i

1867 ' 1968
I | i1 11X

b in a b In a ] in = b in s
(& + ) 1,083 2. 8668 1.008 2. 8782 . 863 =1.9802 0.817 ~1.8585

THO 1000 | 1.3755 1.000 2.868 1.000 2.888 i.@@@ 2.888

o, 1.101 G, 5002 1.11% 1.804 1,118 1.904 1.118 1.504
A 1.007 0.1233 © 0,994 1.1252 1.02 1.1158 1.013 C.5015
0, 0.8339 -1.58086 . 8824 =1.3665 0.8744 ~1.4082 . 8510 ~1.2325

X, 0. 7835 ++ | 0. 7848 ' o 0.7338 KE 0.6500 B ¢

’ T Actual cslibration curve used was the linear relationship ¥ o= b

t Yolume gas at 760 = Hg oressure and 35 O.

4 Value calculated from the two siv semples Lefors and after & group of soll stmosphere ssoples,




Slones, intercents, and standard errors of a@ié%%@ﬁiﬁm vegrassions for

{46 + 0 _J and N .

Conations were of the forym:

imyv e lne+ b lls %),

eak helght end X%

ml of ze2 at 760

¥ and 295

o

Calibration
Humbeyr

Josd
w
&

iBed

1987
1068
1988

iges

o

st
w

]

W o

Ga.00R
G.0L3

008
2,008

0. 07
. 0035

0.414
.0l

%?

o

& W

w
g

|
y D
g8

W &
3
w2

| ]
8
@

£

e

D, T80

0.004

$. 005
0. 004

T 128
@010

+ Before (b) or after (a) analysis of a field gue sampling.




this dats, & nitrogen calibration curve wes calculated for each group

of B or 12 ssmples. For the tes alr pasples the volums of (4 + ﬁz}

was determined from the peak helghi, Tthen the volume of ﬂg celoulated

from:
e s .~y . 78.08
ul N, = ul {4+ Yg) X STTERa

The value of 1n 8 was calculated by substituting the sctusl velues of

11 %g; & and pesk helght in the eguation:
in (peak height) = In 2 + b In {ul %g}

snd this value was uveed for this group of sauples and the ten ale

samples.
]

3. Calculation of ul, A, U s {4 % GQE

(1) Correction of (4 + 0_)} ul for different relaitive respouse

factors for A, O im (A + O ) peak height.

.. 4n the {4 + O

p i puak

The relative vesponse factors for 4 snd O 2

height were 83.2 and 68.2. To correct for this thes apparent volume of
(a + ﬁgé read from the calibration curve wes multiplied by the correce

A
®

‘n%im pe &b £ .
tion factor (C.¥.) to give ul (4 + ézgirue

{a+ @23 x 6B.B4
“8B.2 (G,) + 88.2 (&)

P

leoll »

where iﬁz}, {ake (4 # ﬁg} are the aspproximste ul of these gases
geternined fyom the ﬁg. & calibration curves snd pesks {(next sub=

section).




{p} Determination of pl,ie U, -

Although the pesk helghits of A, ﬁ% comzonly exhibited up 1o &
107, veriation due to column conditions, both pesks beheved similarly

and the ratio of é;%g {121} could be regarded ss independent of column
conditions so long a8 the resclution wss sailsiasctory.

From the calibration curves of 4 and O_, the 'spproximate’
i

apounts of 5, O were detersiped. The trus amounts were caleculaisd

2 |
Eyxoms ‘
{4 @3}
4 & true ® A
- - 3 i ; R
true €A + 53, — ADRTOR
\
4o L.oeg of %3@ and G@ﬁ,in BY Tinges

The loss of Ng@ and S@E from the alr space of the pulystyrens
syringes was detersined by sampling = stendsvd mizture with syringes,
and anslysing such samples after olapsed times of 1-7D hours. The
loss of component zeses has been adeguately described by an eguation
{Fig. 31) in which it is assumed that all losses are due to adsorption

by the polystyrene syrings:

_ékl + kgﬁt

~E . %g ] kﬁﬁ
xm Ki £ kg

; K. o= H, 0, CO y ¢
where 1 %g%. QQE after t hours

I = ﬁgﬁ, @&z at ssepling




Ll b @
bt e @
hd
=

where &

ena - 4

K, _ ©:.0226 + 0.0235
- 7 0.5431

i -

volume of
after ¢ bow

U

TO,., in spece in
&

syrings.
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A.17.

and k, = rate loss ﬁgﬁ, ﬁﬁg fvom aly space (sorption)

k, = vate gain N0, {0, by air space {desorptionm)

The following velues for k, snd k, were used for gll soil atmosphers
3

3
ganples, Wt not for the aly sanpless

5 ¥y
B0 @a}«zg 0.029
co, 0.0235  0.0216
3. Varisble volume of injected samples

The variable volume was compensated for by the usual tschnioue
of summation, vhereby all celibration curves were bamsed op volumes of
gas {at 15 O, 780 mm prossurs) éﬁé the percenizge composition caloue
lated from the volumes of the individuel components and the total

voluse of components.

. Dalevliation of rasults

411 field ges gamplings were snslysed by a computer program
degiguad for this purpose. Hitstisticel trestment involved t%é
stages: firstly the caloulstion {(and ?ﬁﬁﬁ%ing cato computer cawds)
of the percent composition of the aly and seil simosphere ﬁ%ﬁ@i@@
vaing a CLC 8400 computer {(program - Appendix VIII) snd then celoula~

tion of meang end copnfidence limits op & CO0 3300

computer using the

Haite-Wellesbourne Oenersl Statisticel Progrem ( "GEHSTAT').




APPENDIX _VIII.1

SIYPLIFPIED PLOW DIACGRAY OF COMPUTER PHOGRAM FOR S0IL OAD AHALYSES

" READ BROGRAM

Calculate ul (4 + U,) FROM (A + O,) PEAK HEIGHT

Calculate pl N, {from pul 4 + ©
i

Caleulate {(in a) for group 5-12 soll air saoples

{(for aitrogen)

57

CALCULATE eompesition of two aly senples using similar
process to thet for soll siy sasplen

but without Hg0 caleulations or _
correction for loss OO, from syriage.

w7
CALCULATE CUMPOSITION OF B0IL AIR SAMPLES and $wo sir

ffff’ - samples
47

Resd peak height 4 + O_, N_, ¥, 0, CC_, A, O

gv Nge Hg 2 o? time since szmpled.

ﬁ@gcul&t@ approzinste volumes from calibrstion curves

Correet (A *»ﬁgﬁ for A:0, ratio
L= 3

i (& + @g} EPPTOH
o £ 4l ; A , 7 -
sleulate corrent volumes 4, @g from s ﬂgﬁ True

Correct ﬁg@. ﬁ&» volumes for time lapee

&

Summetion and punching eslculsted percentsagss onto cards
!
]

Head imto CDC 3200 computer

|

leﬁﬁlat@ meang, confidence limits
i

Y
iy

Bodide




[Jade
000003

000017
006n25
03¢nz2s
000047

000na7

000051
00652
000061
000g61
000062
000070
0oon7o
000072
000075

08075
00117
000121
00G124
40131
00U135
003137
000141
00C1 45
000153
00C156
0G0160
00C163
00N16A
000171
0cor77
600201
0Cer03
a007206
0corl1l
Gourly
060222
chor2a
aocr2e
000231
000234
0007306
000237
000740
QO0pa?
g00o4y
006250
vouvrge
004253

o]

DY O

PRAGRAM RURGAS (LHPUT ¢OUTRPUT s PURNAKH)
DEAERSTON FITLE(R) sB(6) aC{6) 98] (5) A2 (5) «CAL (8) 2 K (6)
“EAL 1n1.PlaRsS
REAL MUMHES OF SAMPLINGS AND CALTRRATIOM VALUES
7 READ l1nobaens
109 FORMAT ([6210F6e9)
READ JOLaRI1YsC{Ly (B (I)sC(I)alzab)eH ()
el FURmAT (L1F6,0)
Ar02=] 3 NP2=R29MN20=3,C0P=444=5,0226
IF(hSelEan) GO TO 9
REAL SAMPLING TLENTIFICATIONs NO OF RUNS
DO # L=lanNS
REA[ 102« MOAS e tlP
142 FORMAT (ARWT6)
1x=}
PRIST 10340GAS
143 FCRuET (1HL210%X%*0AS SAMPLING LUMRER%AR)
DO 1 J=lane
PRINT 104
1o4 FORMAT(TOX#PERCENTAGE CUMPOSITIONS:/1SX#REPHAX¥PLOT#IXFNECTHIGX#NT T
SRF¥SAFWATERSGXHT [MERG X NZ /ARHXENZ ST XENR2O#T ARCO2%Y Crp#R X024 /)
FOR EACH SAMPLING REAU NUMBER OF SAMPLES AND VALUES FOR AIR
SAMPIES )
READ 105ana (A1 (L) L= 93) a (A2(1)9T=145)
DO 2 Is=les
A1 CIY=ALNG (AT (1)
AZLEY=alnbG (A2(1))
CALC))Y=AT (1) +a2 (1)
SCAL Y =CaLtI} /2.0
2 COMTIMOE
APLUSO=(CAL (1)=C (1)) /B(1)
GASHM=APLUSO+ALOG(78.08) =AL0G(21.884)
S CU2)=CAl (2) = (2) ¥GASH
DO 12 T=1.¢
ALCDY=(AY (1) =C (1)) /B (T)
B2 1) =(a2(1)=C(11)/B(I)
ALCIY=EXP (1))
AZ (L) =FEXP(42(1))
12 COHTINYE
DO 13 1=3e%
AU =(AI{T)=C(T+1))/8(1+1)
AZ () = (A2 (1) ~C(I+)))/B(I+1)
ALY =FXR ALY
A2 0 =EARP (42 (1))
13 CONTINIF
APPROX=AT () +A1 (&)
RATLO=AB G 2%AT () +53,2%4] (&)
RATIO=ZAH, 8 APPROX/RATIU
Al{l)y=al (1)#RATIO
G L(4)=Al (4)%AT (1) ZAPPROX
AL(SY=AL(R)%AL (1) /APPROX
APPHOX=A2 (R) #A2 {4) X
PaTLOZAt, 2#A2(5) +15342%A2 (4)
FATTO=AR B0 *APPROX/RATLO
G201)=AZ2 (1) #RAT O
NELa) =AZ2 (41 %A2 (1) /aPPRUX
AZ (D) =a2 (5)#A2 (1) /APPROX




Ganrsa

00061
000704
guores
000270
0060272
000273
000276
000277
0co31)
0G0211
0C0R13
000340

000340
0003a7
000346
000351
000351
000360
000365
0003n7
000371
000374
o377
000401
Goda02
000403

00Gaus
Q0407
000417
00062l
000431
000432
000434
000436
000440
000adb
000444
000446
0Cu477
G06533
004533
004533
Q0ua38
0Nus37
00nk4p
044
000545
Gonnray

1

I

3]

Lol

ALY = (AL (1) +A2(L)) /2.0

TOT=0 ’

DO Jla 1=Pe5

ALUDY=(AY (T +A2(1) )Y /P.0

TOT=70T+A1 (1)

COHTIMIE

Bl =allg) /A1 (&)

DO 15 12245

AL (LY=106G0.0%A (1) /TOT

CONTInuE

PRIMT 130 (A1 (1) sI=1.5)

FORMAT (47X%ATR SAMPLES#2F10e49 10%a3F10.4)
DO 3 K=leit

READ 106aTHeIPale lNolWaTTe (X(T)aT=lah)
FORMAT (Al3e0F6.0)

COLCUHLATE MICROLITRES OF GAS FROM PEAK HETGHTS X (I
DO 4 I=1.6

TF{l.FEne3) 10a11L

X(I)=RX (1) /R (D)

GO TO 4 ’

X1y =(al0G(X(ID) ) ~-C (D)) /B (1)

XL)=ExP (X))

CORTIMNIE

ARPPROX=X () +X(6)

RATIO=AB.2%X(A) +33,.24X(5)
RATTIO=48,84%APPROX/RATIO
XCLr=X(1)Y#RATIO

X (0} =X (5)Y4x (1) /APPROX
2(R)=X(6Y#X (1) JAPPROX

RKATIO=Xx(2) /X(5)

CORRECT X {3) AN X{4)s (N20 AnD c02) FOR TIME Hiarsky
Pr=F+Q

X)) =PRFEXAR) /{Q+PHEXP («PK*]IT))

PR=R+S .
XK{4)=mPREX(4) /7 (SHR¥EXP (=PK*IT) )

TOT=0ag)

DO R I=2a6

TOT=TOT+X(1)

CORTINUE

DO 6 I=2.6

AT =X (1) #1100 0/70T

COUT IME

PRINT 107« (RaIPsUsINe Iwa[ToRATING(X([)ai=2eb) Tk
PUICH 1409 1RaIPs Lo INeIwalTeRATIN (X{T) o[ =Peb) s TXarIGAS
FORIATIOTFabFB 401 09%M #,A0)

Ix=] L+

FORMAT (10XAT8abF10abe1R)

COMTINUE

COMT ENHIE

COLITTROE

G Fn o7

STOUP

i




SIOHIFICARCYE LBy

=

ATIONS (in x) OF 3011 HO ~H

S
AHD WP = CONTENTS {(ppm),

1868 .

réuzy

sampling date

Zist

i%th

Septenber

Ot

i
¥ 3

iat

Z8th

Hlat

e )

é;. L3 % 1

0=30 3.77
Ho=80 2.17
000 0.58

Soil depth
{cm}

030 2.24
I =1 o135

Soil depth
{ e

B85
EQ%
1.38

1.58
=381
”@‘e ?1

1.41
=] .08
“:@.- 1%

[LI
L] L3
mo
.

Bied
&
fe

= T8

~0.80

.36
wih o 03

ﬁ:@
&

o e
et

1.B8

1.13
m%},ég
m‘g}ﬁ 3&3

281
1.85

[T
& s
U

b
ot
ol

.38
.28

D54

.48
i‘;ﬁ.%
0.858

0.33
0.36
0.73

.87
1.20
e 8L

.70
.47

[ %]
L]
3

1.82
1.08

T Heasurements for December Bth were mot included,

tue to zeyo wvelues fop WO, in surisce samples.
Ha




FTRAINPALL AND EVAPORATION DATA

#Honthly sverages (1966/67/68) and mean monthly sverages (1825-868)

of dally eveporation (0.01 in./dey)

Yenr

igge 1987 igas

&
J
L,
a%
22}
i
=
Z
s

25
[aw
®
Yot
[
f o)
(2]
8
]
&
b
[

J Bnuary
?%@%ﬁ aﬁ? g*’% @ % g? w {; 3{%. f} iﬁw & v?é‘
Hayeh .2 .8 8.8 25. 8

July 5.1 5.9 4.5 5.5
August T2 Fod .86 -
Leptember 10,7 21.8 11.1 0.9
Detober 13.8 i8.7 14.2 5.1

Hovembey 224 24.8 17.8 .4

a3
§

i
8
&

[
o
b
ﬁ
Lol

Devewhey

TOTAL

Job
Lo 1
&

L]
ok
]
o
ot
b
L]
sl
L
ke

THource of date: ¥alte dgvicultursl Resssrch Institute

Metesprlogical Station records.




APPENDIY % {eont.)

sctual monthly rainfell (18687 °'7/88) and mesn monthly rainfall

(1925-68) (C.01 im.J.

Year

o 1966 1887 1968 .
o ADVATY i3 &3 188 a2
February @7 150 183 03
Hareh 138 7 188 81
April 48 a5 262 z08
Hay BES 150 585 822
June 381 B0 283 287
SJuly 430 285 ace 220
August 212 2285 443 288
September 254 158 117 252
Detobey 188 59 248 22
Hovember 18 B 228 i56
Decenber 258 35 188 iiz
TOTAL 2533 1282 3288 24.38
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APPENDIZ X1

TPOTAL POROBITY (g ) VALU :
EXPERIMENT 11, 1987 (ml/mij-

Depth Rotation

{em) PE ¥ .

Lo 10 D448 + 0.021 0.587 + 0.020 0,553 <+ 0,087
10= 20 0.428 + 0.008 0,423 ¥+ 0.0 0.408 + 0.082

20— 30 &oa60 » 0,001 ' .383 + 0.013 0,379 + 0.048

0.474 + 0.033 0.427 + 0.038
45- 60 0.439 + 0.034 0.458 + 0.080 0.424 + 0.021
60~ 75 0.456 + 0.032 | 0.472 x 0.016 ©0.479 + 0.023
75~ 80 0.435 + 0.035 0.448 + 0.008 0.440 + 0.031
850-120 ©.835 + 0.011 ©.362 + 0.053 0.362 + 0.033

130180 0.410 + 0.015 U582 + 0.044 G.421 + 0.088

1BC=-380 $.418 + 0.080 ©.388 + G D30 D.438 + G 0%

% Date obitained during soll sampling, 28th June-3rd July, 1967.

% Standavd grror = aﬁ@,ﬁw«%
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Hein Hifects

gt

-H =i +¥

<&

Herbage Yield (11 UD meterisl/screl

i=a67 1850 2042 2547 2241 S35 g8 pE2 2148 i 2844w
1968 1 a7 6151 4662 8476 475  ©82 1000 4702 5436 5369
Nitropen Content (%, OD basis)

1847 Dt 2.88 Ze 33 280 Te G 0. 3% L.33 %38 Do BTSHE 2.84 2.58
1865 La85 1.83 1.8%7 L. 83 el DelD G, 23 188 1.78 1.78
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4,27,

Botation

TOTHL, YIELD {8raln + Stray 1b/scre)
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&
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#£I11

SHESIVE SAMPLING F

EvoIneT 2nd OCTOBER

18,0 snd €O, CONTENTS (

OF et Z2pd, €th snd 9Th &

&

Gample origls

Tepth

Zeplicate (em)

Yolume renoved irom ressryoly

inelnding & ml zsmple for soplvels

%

15

20 4

NITROUS OXIDE (opm)

2
17

[+

&

& ]

0 A 17

i3 &
1.48 1.58
E P 0,28
.85 0. 832
0,52 o, B
.54 0,30
.04 1,08

oda

V' Internsl volume of reservoir = 30 ml.

T B0 and €O, values pot corvected for syringe losses,
= o

Bi.d. = not determined.




LIBUTION OF SOIL MOJS

MT I, le@v/an,

Least significant differences at P = 0.08 and 0.01 are shown by j

Ley

Ewya T %
[ 2 i
g, L e

[ s [
-ﬂbﬁﬂﬂp .

Deeeld
'aoa@

{Values for nltrogen treotments
bawve Doen pooled),

i) oG

Loy

e £
£ \

b~k Heeel 8...9

{(Values for nitrogen sad water
trestments have beon pooled) .
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ADDENDDY

DENITRIFICATION MECHANISMS

Chemo-denitrification In neutral to alkaline soils

Tmphasiz has been placed on the losses from acidic soils, zs it
iz well established that there 1s a relationship between the wvate of
loss of nitrogen by chemo-denitrification and the degree of soil
aeidity. The mechaniswe of losses from neutral snd alksline soils are
not well understoed, although measurements of losses (by gzas analysis)
have indieated that the rstes of losses are small (Reuss and Swmith,

E?%ﬁ; HMeelk snd HacKenzie, 1963).

8low losses by the nitrosation and nitrous acid self-decomposition
reactions are possible in neutral soils, as small but significsnt
concentrations of nitrous aeid can occur in neutral solutions: the

proportion of nitrite existing as undissociated HNO, is ca. 0,062, 0.2,

Z
1.7 and 14% at pH 7, 6, 5, and 4 respectively (using the value for the
dizsonlation constant of 6 = 18%4 from Feuss and Smith, 19863).
Additionally, the soll solutiom is usually at a lower pil than that
indicated by pl measurements made on a 1:5 or 1:2% soil:water system
{spe Jackson, 1958: ¥hite, 1989). The concentration of E%@Q will
depend en the nitrite concentration, snd so incresses in the concentra-
tion of the salte in the soll solution during dryving must ba 2

contributing factor to the increased rates of losses during dessication

of the soil (Helson and Brammer, 1963).




monivwm/nitrite

ﬂﬂ
Coud
[
ja N
b
=}
o
pest
e/
i
Lo
o)

Bresmer and Felson, 1968).

stradiction with the resction in solutions

whare the losses ave varhedly depsndent on aeid

znd Clark, 1960): the snowmaly can be attributed to

the faster rates of the van Slvke, alf-~

5 B opition, and

1

pitrosation vepotions Iv open dnevbation systeme in acid to neutral

f

golls . and

2

i that these reactions do not compets with the very slow

srmonivn nitrite resction at hig

Blo-depitrification: the ‘snsercbic micro-site’ hypothesis

The ‘ansercbic milero-site’ hypothesis, originally proposed by
Jansson and Clark {1252}, provides a satiefactory nechanism for the
sccurrence of dendtrification im sp "aevebic’ sgeoll. OUne aspect of the
theory is that, for continucus denitrification in a well zerated soil,

the formation of nitrate {or nitrite) in sn aserchic portion of the

z20ll is sssumed {e.g., the outer portion of an aggregate}: the nitrate

f 2

then diffuses te another portion of the sell {(e.g., the inner portiom
of an agegregate), which is anaerobic due to the much slower rate of
diffusion of oxyzen In water tham in slyr. The feasibilitey of this

mechanism depends on the relative diffusion rates of oxypen and nitrate,

vet little eritical analysis of this nature has been made previcusly.
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Using the simple model of a water-filled pore, the mazimus content

of ©, in the water in eguilibrium with the air is eca. 10 ppm {(w/v), and

3
it iz not unreazonasble to assuvee s value of 10 @?m,%égm% elose to the
gly-water interface. Thus, the concentration gradient would be similax
for both species, and as the diffusion coefficients in pure sslutien

8 wf‘% 2 Fd %
are similar {ea. 2 2 10 7 e [sec, from Gresmwood and Coodman, 1967,
and Romkens and Bruce, 1964), then the rates of diffusion would be
similar. The biclezical reductlieon of nitrale would oseocur only when
the reculresent for opxygen was greater than the supply by dlfifusion.

In a situation where the depand was very larze and gresily exceeded

the supply, the maxivur vates of utilization of nitrate snd oxyzen

would be limitsd by thelr diffusivities.

Tn a2 soll ssgrepate In which 211 the pores were filled with water,
nitrate and oxvgen would have coppavable diffusivities alse, But the
presence of some aly-filled vores would result in s incresse In the
diffusivity of oxyvgen snd a decyesse in that of nitrate. As the smount
of alr-filled pore space incresses, theve must be pradicted a decrease
in the maximm vate of nitrate reductlon due splely to 3 reduced rate
of transport of nitrate {(all other factors assumed to be constant),
although of course the nusber of znasroble sites should decresse with

the incrsased oxvzen supnly.

Howevey, as indlcated on ». 14, the basle difflculty in stiempting
treatmenis of this pature is that of describinmg the heterogenelty of

the soll sveten. The presence of discrsie pleces of decomposing
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orgenle materiale, or of abnormally long water-fille

aliowed for in ths mathematical treatments for which ‘average’

diffuaivities and requirements for the =201l mass are assumed,
Only & very thia filnm of water way be necessary for the depletion of
oxyzen cless to a wvery rapldly decomposing organic substrate, and it

iz iwportant that Tord sud Creenlend {1968} have sstimated that
mineralization of the ¥ in their ‘lizht fraction' ecomtributes

gignificantly to the nitrate formation i solls from eropland.

Yo
[

el

ot
situation of intense microbisl activity around plsces of "light
fraction® would seem a very suitable ome for the occurrence of

nitrification and denltrification in close proximity te sach other.

LOBEES OF HITROCEN TROM THE 2071,

EZstimation of total and diffusive losses

For the 1966 data, the tetal loss of nitrous oxide from the seil
was estimated {p. 31) from the equation:
Y = =J -

The diffusive flum, J, was caleulated From the sinple diffusion

equation:
- de s , A s
g s D= where ¢ = the sverage concentration of 5.0 in the
e ) z
soil air at the source {(g/ml)
% = distance of the scurce from the soil
surface {cm)
and D = the diffusivity of N,0 in the soil (p. 3
#71 v@lu% uged for @ . the diffusion coefficient of %zﬁ in alr, was

3,18 gﬁziﬁgﬁ»




vrford and M4

diffusive losses wave calculated from the steepest gradient. TFor

B

this 1€ was convenient Lo sssupe thet the sourece was a2t the 30 on

E
o

£

distribution in the soll wvas

k=

depth, and the apparent bi-modal ¥,
e

ignored as the concsntrations in the &2 horizon could not be ghown

to be statistiecally ssaller then thoss in the %i and B horizons

{at P = 0,058). However, the profile distributions of

exparinent clesrlv demonstrated that there wers Lvo najor sources of

¥.0: one in the A, horizon snd one 4n the B horizon. The
z i

ke

ik

caleulation of source strengths fs very diffienlt 4o this situastion,
znd go te provide estimates of the order of mapnitude of losses,
caleulations of the diffusive losses only were used for the majority

of the eativates.

The atmosphere as the main 'sink’

In eslenlating the losses, 1t has been assused that the
atmosphere is the main "sink’ for %z@g The main basis for this was
the small smount of air~filled pore space in the ® horizon at field

capacity:




d gir-£illed

aity
{em) 13
15 - .28
0.40 0. 20%% .10
0.45 0. 52%% 0.13
45 - 6.33 -
45-60 .44 §,36%% g.08
60-75 0.47 0. 40% 0.07
75 - 0,43 -
7550 0.44 0.438% 6.01

*Souree of data: total poresity, Aopendizn ¥I.
water-£filled povesity, Appendix XTIV ezcepl assumed
values (%%},

When the soil is at field ecapescity, thers iz an increasing gradient of
air-filled pore space from the 90 cm depth to the surface, and so an
increaszing voluse of vore space svallable for J4iffusive loss. As the
80il was at fileld capacity to a depth of 90 em by July 29, 1966

{Fiz. 3}, spprecisble amounts of ?zﬂ ghould not have besn diffusing

downwards as there was only 2 neglipible pore space available for

o

diffusion at the 7520 cm depth at this etage. The temporal distvibu-
4} are in accord with this: the rate of decresse of the

%

T coneentrations in £he soll stwosphere Trom July 28 oowards was
&'z ks i
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fastest in the surface horizons and slover with incressing soil depth,
indicating major diffusive loss upwards {freom 60 cm). The lowsy
"tail' {6090 cn) of the profils distribution curves (Fig. 3} should
have inersased substantially after July 28 if there had been
apprecishle dowpward diffusion. Only & alight ipcresse in the %2%
concentration was obviocus 2t the 20 em depth, indlcating that the
extent of such wmevemen? wes velatively smell. It seems sbvious that,
in the soil between the 60~30 cm depths, the denitrifving sctivity

was decrsasing rapldly with depth and thet this was the maln reason

for the large deecline inm N,0 concentrations between 60 and 50 om.

1t must be stated that the totsl verosity valuss in the sbovs
table were obtalned when the subsoll was rvelatively dry in June-July,
1967. UYetting of the aubzoil is known to cause swelling and so result
in different porosity values. but it seems reasonsble to assume that
the poreosity gradient to the asurface will be present under most
conditions. 4z it ie difficult to obtalin accurvate alr-filled porosity
values in the range 0.05-0.10 nl/wl and to smsple these golls when
wet, the only course available for the diffusion ecalculations was to
adont the limits of 0,05-0.10 ml/ml for the B horizon as suggsated by

¥Millington (pers. comm.).

It was also possible that 2 "sink’ for N, 0 existe at the 90 en
depth due to further denitrification {ﬁzﬁ s %E}ﬁ especially as the
small air-filled pore space would be sultable for the occurrvence of

very anasroblc conditions. Hovever, the ozxvgen content was zlwavs




higher than at the 60 cm depth (Fig. 7) indicating that the microbial
activity was lower, Additionally, such denitrifieation should result
in 2 deevesse in the soil nitvate soncentrations as it has been
indicated that %@; iz a preferrved substrate to %2@ {e.z. Hommik,
1956) , but nitrate concentrations did not decrease.

As there iz werv little evidence to indicate a "sink’ at the

90 om depth in the soil, 1t has Leen sssumed in 21l caleuviatiens that

the atmosphere is the main 'sink’.

Losses as nitrogen gas

Az the %Kjé technigue was not successful ;ﬁ the attempt to sssess
the leosses {if sny) as Ezé the total gaseocus losses from the seoil
conld not be estimsted. This ralses Important lmplications for fururs
regearch. The need {or peasurenments of denitrrifiestion preducts in
field situationz has been realized for some fime, and in this thesls

it has been shown that H, U een be measured using technigues whieh ave

2
reasonably convenient and inexpensive. However, measurement of the
losees as %2 have alwaye presented the forsldsble difficulty of

detecting small increases sbove the 'background® of 787 in the soll

atmosphers., It would sesm that raseavrch using %15 would be needed to

provide the highly memsitive techmigque necessary to detect losses in

the &1 horizon. Yet., there are difficulties involwed in the analvals
of gas sawples containing several nitrogenocus gases 1f these are

i35

» - . s
13 {Cheng and Bremmer, 1965: Hauck, 1968), ¥~ is

eprilched in ¥
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gxpeneive to use on & fleld seale, and the rasults from this thesls

indicate that there may be difficulties in interpretation due to

%ié i3

differing diffusion rates of and W7,

Although other spprosches have been attempted on the Urrbras fine

sandy loam (Millington, unpublished data; Stefsnson and Greemland,
1978}, the estimstion of losses as QZ {or £otal leosszes) im the fleld
is still not possible, and so the losses as H, in this thesis are aot

hnows.

Hillington exami

ned the leaching of C1 and %ﬁg dowr
profile, and concluded thst a sudden large loss of ﬁﬁg@ not accounted
for by changes in €1 , was good evidence of massive demitrification.
The estisated magnitudes of losses as %ﬁﬁ in this theels ars vet in
agreement with Millington'’s conclusion, vet because of the difficulty

in messuring the evolution of gaseous nitvogen, ne definite counclusion

ean be drawvn. However, a tendeney for ¥ immobilization in the 0-30cm
depth and the leaching from the 0-30 ca depth to the 30-60 c¢um depth

during the wet July in 1266 could be taken as indications that massive
losses due to denitrification did not oeccur, It iz possibls that the

losses observed by Millington were due to lmmobilizstion rather tham

to conversion to gasecus forme.

In the gas lysimeter experiments of Stefanson and Greealand (1570},
in which the soil samples of the Urrbrae fine sandy losm were obtained
from the site of Ezperiment II, the watio of ﬁzfﬁzﬁ in the evelved
gases was about 1:2, that 1s, there wss more EE@ than %2 evolved,

Yndle their svidence indicetes that lavrgs losses as %E‘%ﬁxa nek

oceurring, the natural field strueture of the soll was not preserved
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in Stefanson and Greenmland’s ezperiments, and it is known that this

is important {Greenwood and Coodman, 1967).

4z the %zﬁ concentryations cam be relatively easily measured in
field soils, it has been sugzested that a knovledge of the expected

ey

wgi%zﬁ ratio of the evelved gases from incubated soil might be useful

in estimating the losses In the fisld as %g. But, it is sven more
difficult te infer satisfactorily the ﬁgfﬁgﬁ ratio of the evolved

zases under field conditions by extrapolation from previous laboratory
experiments than by extrapolation from gas lysimeter experiments. The
laboratory incubstions have usually imvolved highly artificial com-
ditions, often those which are optimal for demitzificatiom. Hany
experiments have started with a certain amount of ﬁ@§§ and the
denitrification products measured after warious periods of eclapsed time.
Hityogen will usually be the saly produet, 1f the imcubation tise ls
sufficiently large {e.g. Fig. 28), But from the rates of avolution eof

H, and H,0, it can be coneluded that a low ratie of gziﬁzﬁ is favored by:

Varigble Value for variable
low ¥ /2.0 vareus high ¥, /4.0
A2 &2
- low soil wolsture content field cepacity versus above saturation
- low tewpersture 5«10 © versus up to 650
= kigh p0, ca. 207 versus often nil

A

g

low levels of eagily gvelilable =nll versus + glusose or strsy
organie substrates

pH & versus ca. pid &

ca, 600 ppm versus ca. 40 pom
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vas often not lavge, some effeets would have been obvious 1

gignificant trensport in szolution had securved.

The possibllity that appreciable movement dovowards occurred but
was masked by an increased absorption of N, 0 in the soil water due to
lower temperatures in the deeper soll lavers doss not seem probable

as the temperature gradients in the profile were small (zee Fig. 25

and Addendum p. 14}.

Zztimates have indicated that the vate of loss of %gﬁ is mueh
larger from the éi horizen than from lower in the srofile. It must be
concluded that after sach evolution of H,0 in the ﬁl horizon (following

a rain}, that the N 0 is much more rapidly lest by diffusion to the

2

atmosphers than by downward leaching.

Solubilities of W, and 4 in water and the ¥ _/A ratio of the soil

o

atmosphere

It has been shown that the much greaster sbeorption of ﬁ@z in the

goil water than that for 0,s A, and ¥, has an dmportant effect on the

Z
composition of the seil atwesphere. It is appropriats that the

relative solubilities of %Z and A in water be dizcussed in terms of
the possible effects on the concentrations of %2 and A in the seil

atmospherea,

If a sample of atwmospheric gas 1s equilibrated with water, in a

closed system and the water is initislly free of dissolved gases, then




a greater amount of A and &Z will bhe disseclved in the water at

equilibrium, i.e., the water will be enriched im A and 0, and the

2
atmosphere will contain s relatively higher concentration of ﬁz {zee
Table 3 for solubility coefficients). Thus, the atmosphere could
exhibit higher §zfé ratios if s mechanism of thils nature was important.
However, the (ﬂ?il} water is in equilibrium even before it (as rain)
hits the goil. Thu5; movenent of water down the profile should not
result in any changes, except if there were any larse temperature
gradients, wvhen on warming the gas evolved from the water would be

enriched in A compared to ¥ But this mechanism requires tempersture

o
changes: a decrease in the gzlé ratic could be caused by an increase
in the temperxature of the B horizon, with an expulsion of 2 low ﬁgl&
gas from the soil water into the soil air., Assuming thet g, = 8.10
al/ml and €= 0.30 ml/ml and a temperature increase of 10 ¢, then it
can be shown that an immediate decrease of ca. 1.5% in the %ziﬁ ratio
would be expected. However, this is not only much smaller than the
decreases in the %glﬁ ratic im August, 1968, but the temperature at the
60 cm depth was less than 1 C greater than that at the 10 cm depth

{Fig. 25).

Other effects of a similar nature can be postulated, but it i=
diffieult to conceive that they could have produced the large decrease
in the ﬁg!a ratio az the temperature gradients down the profile were
small and variable. For example, if there was a uniform gradient of

increasing temperature with depth and air moving down the profile due




o mass tranzfey wes anriched in A znd 0, and devleted in E23 the

o

mazimun effect could only be as in the above exampls {change in
ﬁzi& = 1,87 for a 10 © gradient), as the alr and water phases are im
equilibrium, The gradient was usually less than 3 C/30 on.

It must be concluded that, from the data gvallsble, a solubility

mechanism iz vnlikely to have been respopsible for the sheserved

decreases in the ﬁzlé ratio.

EXPERIMENTAL DETAILS

Gas data for sll field experiments

A1l gas messurements heve beep reportad on the basis of concentra-

tions (v/v) in the gas phase, unless specifically stated otherwise.

Spatisl erramgement of the soll gas reservoirs, Expeviment T (1966)

The siz sampling positions In each group were arranged in 2 files
of 3 positions with 2 5 £t distance separating the files snd the
positions in each file. The groups were regularly spaced over the

experizental avrea.

Caleulation of the composition of soll zas samples, Ixperiment T (1966)

The ratio of Ezf(é + @2) was determined by first estimatimg the

valunes of ﬁz and (A + Qz} from the Individusl calibration graphs for

Hz and (A + @239 and then caleulating the ratio %z[(& + @2}' This
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ratls was then uvsed te ecaloulate the ﬁg and {4 4 ﬁg) concentrations
in the samples, on the assumption that [100 ~ (2 co, + 2 ﬁgﬁbi was the

velume occupied by éﬁz @~@§ + A).

The iﬁz + ﬁg 4+ 4) pesk was not a relishble measure of the total
volume of these gases, as the colum was 'overloaded’ by the 5 ml

volume of sample injected for the %2@ and Qﬁg determinations.,

Soll sempling, Experiment I (1966)

At each sawpling for inmorganic nitrosen content, 10 random cores
were gbtalned over the esperimental ares (with the ares cloger than
about 5 ft from the gas sempling wmits being exeluded). The sampling

dates ave shown in Appendix IX (p. A.21).

Discussion of N, /A ratio results, Experiment II (1967)

The main peint in the discussion of the %zlﬁ,ﬁ&ﬂxaasﬁg in 1967
was that during the winter of 1967, woderate but non-signiflcant
inecreases of 2% in the nitrogen content of the atmosphere in the B
horlzon were accompanied by decreases, alsc non-signifiecant, in the
ﬁgjg ratio. The significant changes iz the §2 content of the atmpsphere
in ths &2 horizon were not accompanied by any noticesble change in the
ﬁgfﬁ ratio. However, immediately following the irrigation om Sept. 29
- Ogt, 2, incresses in the ﬁz concentration and decresses in the ﬁzlﬁ
ratic (significant st P = 0.05) for both the ﬁg znd B horizon were

cbservad. As the decreases in the latter ware not empected, s

mechanisn was proposed.
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