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ABSTRACT
"In view of the rather constant N:S ratio in many soils
the mineralization of S;is often considered to follow
directly that of'N. The purpose of this study was’to examine
the relationship~between N and S dynamics 1n suffacg
horizons- of sévéral“Soils in Alberta.

Two péirs of surfacé virgin and cultivated soils were
sampled froﬁ each of the three soil zones (i.e Brown, Dark
Brown and Black) of @hé Chernoéemic Order. Two other pairs
of surface soils represgnting graih—fallow and continuous
cropping rotations from thé Breton plots(Gray Luvisol) were
also sampled. These sbil“samples were used (i) to compare °
the mineralization of N and'g during continuous incubation
with that mineralized auring intermittent incubation; and
(ii) to assess-changes in total N, poientiallylmineralizable
N,(No)('total S, t-bonded 'S (C-S) and HI-reducible S due to
long-term.natural mineralization processes.

Mineralization of both N and 5 by the continuous
incubation method was found to be.irreguiar with time.
Results using the leaching and incubation teﬁhnique showed

; ,
that minetralization of N followed first order kinetics while’
that of § folloyed zero order kinetics.,

In the Chernozemic §pils, No values wére’higher in the
virgin soils(?7.7 to 286 ug N/g soil) than in the cultivated'
soils (51.3 to 147 ug N/g'soil) with No of soils from

Brown<Dark Brown<Black soil zones.. Values for mineralization

rate constant,k,i.e. fractional loss of No per week were

1 -~



‘higher in the cultivated soils(0.061 to 0.097 week™ ') than
the virgin soils(0.041 to 0.093 week™ ') and decreased with

soil zone in the following order: Brown>Dark Brown>Black
soil zones. In thé'Bretoanlots, mean No value(102 ug N/g
soi%) in thé cbntinuous cropping plots was higher than the
.mean No vaiue(68'ug N/g soil’) in the grain-fallow rotation
plots. The méan k velue(0.072 week™ ') in the latter plots
was higher tHan the mean k‘value(0.067 week™') in the former
‘plots.

Mean losses of No with cultivation(32.6 to 37.9%) were
higher than those of total N(17.0 to '9.5%) in the
Chernozemic soils. In the Breton plots, mean differe%ce in
total N(36.1%) between»céntinuous cropping and grain-fallow
rotation plots was Slightly higher than the mean difference
in No(33.5%). |

Results using the incubation and leaching techniqgue
showed that a labile fraction exists for N but not S. In
contrast, long-term natural mineralization processes
indicated that (i) C-bonded S was depleted faster than
HI—reducible S; (ii)Mean‘difference in HI-reducible S.
between continuous Eropping and wheat-fallow rotation plots
was higher than mean differénce in C-bonded S and; (iii) thé
behaviour of C-bonded S but ég; that of HI-redﬁcible S was

,similar to that of No. Therefore HI-reducible S is not

necessarily the more active component of organic S.

vi
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" I. IN’I;RODUCTION
Mineralization of nitrgggn and sulphur from soil
,orgbnic\métter is impgrtant.for maihtaining nutrient-
supplies to cfopsl From,the‘standpoint of fertilizer

mahégemeﬁt in agfiéulturé it.would be helpful to know in
advénce the quantity of these nutrients a crop will derive
from mineraliiation of organic forms during a growing
season. Optimal use of fértilizer.Can be achieved only if
the nutrient.supplying power is considered in making
Afertilizer recommendétions.v |

Crop yieids Uhder,extensive agriculture’are often
.directly propgrtional to the N released from oréanic matter.
The other nutrientsiafe equally important but N is reguired
in larger amounts and is more likely {5 be deficient |
(Campbell, 1978). Howe;er, in soils where-N is not the
nuiryent'limiting plant g?owfﬁ, a limitation of sulfur as
well as'of other elements could be expected if plant growth
is intensified(Postgate, 1974). ThUs mdch more effort appears
to have been directed towards devising é sQitable laboratory
method for.assessing the—N supplying power of soils than S

Vs

c any other element. Attempts to devise a method for

pre - ng mineralizable N have been of two'types:?(i)

cham: "xtractions designed to remer organic fractions of
N hic ‘relate well with that fraction which becomes-‘
availa~. . 7 (ii' inc:bation procedures that simulate the

relear> . -5 soils. The latter, which consider the

biologicz. : o env:. o»nme 2l variables have been more

.~



successful,

There are many problems associated with estimating the
_N supplying power of soils in the laboratory(Bremner, 1965;
Robinson, 1975). Not the least is the empirical nature of the
‘various methods, which provide relative rather than absolute
values for nitrogen supplying power(Stanford, 1977). Through
the work of Stanford and co-workers, however, a less
empirical expression has been provided(Campbeli,1978).
Stanford and Smith(1972) defined the potentially ’
mineralizable N, (No) as the total qﬁantity of soil organic
N tbat is susceptible to mineralization aF-time zero
according to first order kinetics. Another value, k is®
defined as the mineraliza&ion rate constant. The approach 1is
prémising because it conforms to some of our basic tenets,
for example, that nitrogen mineralizétion is relateé to an
'active' nitrogen fraction and not to total soil nitrogen
(Campbell et al.,1981).Tabatabai and Al-Khafaji(1980) also
consider that the basic procedure involved,:i.e. leaching
and incubation - seems to simulate the removal of mineral N
énd's by‘plénts and leaching.processes under field
conditions. |

With the exéeption of a recegt report by Tabatabai and
Al—Khéfaji(1980) however, thére appeérs to be no other
reports on the uée of this approach to assess the §
supplying power of soils. )

It has been assumed that the relative rates of

mineralization of these two elements would be similar,i.e. N

=k



end S are mineralized in apprdximately the same ratio as
they occur in soil organic matter(Walker, 1957; White,
1959), Data summarised by Biederbeck(1972) and Tabatabai and
Al-Khafaji(1980) however failed to show any consistency in
the:relationship between mineralizarion of the two elements.
@
Most of the data were obtained mainly using continuous
incubation procedures. The reliability of results derived
from extended incubationsfin such static, closed systems is
questiohable(@tanfordﬂ 1982).

Amounts of organic forms of C,N and S are highly
correlated in most soils. Results from comparisonvof pa°red
virgin and cultivated soils however showed C and tho_have
accumulated and mineralized at similar'rstes, whereas S
- accumulated aod mineralized at slower rates(SWift, 1976). An
explanation for this divergent behaviour between C and N on -
one hand and S on the other has .recently been proposed in a
concept by McGill and Cole(1981). Briefly, the concept'
proposed that hechaniSms stabilizino C, N, S and P are not
ne;essarily.common to all four elements, and parhways of
mobilization are specific to the organic molecule being
U‘hydrolysed or oxidized. A dichotomous system exists in which’
N and part of the S are con51dered to be stabilized as a
result of direct association with C(N and C-bonded S) and to
be mineralized as a result of C oxidation to provide
energy(classical biological mineralization). Oréanic.P
exists mostly as esters and is stabilized by adsorptioo and

precipitation with'soil components. Organic P and ester



forms of S are considered to be mineralized in response to

the need for the element. Tﬂey termed this process

biochemicél mineralization, because it operates largely
outside the cell and is controlled by the need for the
elemgnt released. | | |

The objectives of this study therefore are:

1. to defermine the relationship between N and §
mineralization rates using two methods of incubation,

i.e confinuous incubation in pots, and the incubation
and leaching technigque of Stanford and Smith(1972).

2. to determine the potentially mineralizable N and S for a
broad range bf central and southern Albefta soils using
tﬁé techniqué of Stanford and Smith(1972) as modified by
Smith et al.(1980).

3. to study the changes in the distribution of soil.organi;
N and séil organic S fractions brought about by |
léﬂg—term natural mineralization processes. T - achieve
this,‘virgin and adjacent cultivated soils of the
Chernozemiclorder and fallow ana non-fallow soils of the
Luvisolic order will be compared.~An attempt will be

. made to assess the effectiveness of McGill and Cole's

concept in predicting some of these changes.



11. LITERATURE REVIEW

Although N and S mineraliq@tion have similarities, they
are not parellel metabolic procesées(Kowalenko and
Lowe, 1975). Biederbéck(1978), after reviewihg results from
experiments comparing N and S.hineralization, concluaed that
it would appear that, in contrast to the behaviour of N, the
rate and extent of release of plant évaiiable S.is not
closely‘governed by major-soii characteristics such as
organic C,N and S content. To explain these behavioural
differences McGill ana Cole(1981), proposed a duaI\EEEhanism
for S but not N mineralization from soil Qrganic matter.
Finally, among the important plant~nutriénfs reieased from
soil organic matter, the behaviour of S is thought to be
intermediate‘between thoée of ﬁ and P(McGill and Cole,
1981) . | »

Therefore, this literature review will be discussed in
three parﬁs: -~ ' ' .
1. 'N availab;lity, its estimation and factors affectiﬁg;its

estimation
2. S availability, its estimation and associéted factdgs.‘

foid :

3. Relationship between N and S mineralization.

A. NITROGEN AVAILABILITY AND ITS ESTIMATION

" There does not éppéar to be anyAuniversally éccepted
- method for testing soils for available\N. This is a
reflection in part, on the fact that 97*99%:of the N in

soils is present in very complex organic compounds that are

a



not available to plants(Dahan-and Vasey, 1973). Generally,

only about 25-50% of the total N in hydrolysates of surface

soils has been identified,i.e. 20 to 40% as amino acid—N and

5 to fO% as amino sugar-N. A large proportion of N (usually

20 to 30%) has also been recovered aé‘NH3. Some of the NH;

is of inorganic 5rigin?\part comes from amino sugafs and

émino acid amides, asﬂgragine and glutamine(Stevenson,

1982) . |
WQrganic N slowly becomes available to plants through

microbial decomposition of the organic matter. There 1s some

difference of opinién'as_to how many components (from a

stability view poin;)‘tﬁere are; however the general

consensus is that theremére at ieast Ehree and probably four
components; In order of decreésing ease of decombosition
these are fresh residugs, biomass material, microbial
metaboiitej\%na cell wall constituénts adsorbed to coiloids,
and the old very stable humus. It is pfimarily the fresh

residues and the biomass which give rise to most of the N

released to plants(Campbell, 1978). ' |

The problem of de;eloping a test for available soil N
is further  complicated by the following facfors:

1. the rate at which microorgahisms decompose s0il organic
‘matter is deéendent on temperature, ﬁoisture, aeratici,
type of organic matter, pH and other factors

2. the main form of available N, NO; -M is subject to

leaching, denitrification and immobilization by soil

microorganisms.



Biological N Availability Indexes

| The following procedures have been used by vardous
workers to assess N availability indexes biologically.
1. Aerobic Incubation
2. Anaerobic Incubétion
3. Microbiological‘ﬁssay
4. Measurement of CO, production

la. Aerobic Trcubation Procedures.

Numerous aerobic incubation procedures have been used.
The main differences among them are length of incubation
period, teﬁperature, moisture content and use of amendments.
Attempts to égree on optimum coﬁditions have been largely
unsuccessful because, as pointed by yahgndrappa et
al.(1966), nitrifying bactefia found in a particular soil
are the result of natural selection and adjustment to the
climate. Similar observations were made by Russell et
al.{1925) with respect to tem@erature and moisture.

"In the simplest type of incubation e?periﬁentrthe
anaiysis for mineral N is performed only twice; at the
‘beginning and at the er? of the incubatgbn period. The
'diffefeﬁce between these two determinations aivided by ghe
length of the incubation period givesbthe average rate of
the mineralization during the experiment. The assumption
here is that the raée of mineralization remains qohstant
more or less throughout the inchbation.vThis.aséumpfioncjs
however not valid(Harmsen and Van Schreven, 1955).‘Apart

from the well knowQ“depression of nitrogen'mineralization'

’
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auring the first weeks of incubation 1in all soils rich in
undecomposed organic matter with a high C:N rétio, the rate
of mineralization of N in soils has been found to be
dependent ‘of timwy.

By repeated analysis during incubétion, the rate of
nitrqgen mineralization has been shown to decrease with
time. Various reasons gave been proposed to explain this
gradual decrease in mineralization. Allison and
Sterling(1949) proposed that it might be due primarily to
increasing acidity caused by nitric acid pfoduced during
incubation, and Acharya and Jain(1954) supposed that water
soluble toxins may be formed during incubation which
ultimately'suppressed the mineralization. Contrary to the
view of Allison and Sterling, Acharya and Jain found np'
perceptible drop in pH during nitrification in the soil
samples Ehey_worked with.

In pracfically all cases, this slowing down and
ultimate cessation of mineralization has been overcome by
‘leaching the samples with water -and allowing them to
incubate again. Mineralization under such conditions seemed
to ,go on indefinitely(Harmsen and Van Shreven, 1955). The
leaching and incubation technigue has been subjected to many
modifications. Some changes made to the original procedure
developed by Stanford and Hanway(1953) by later workers
notably Stanford and Smith(1972), are the use of 0.01M CaCl,
solution instead of water and the réplacement of vermiculite

with sand for mixing the soil samples. The use of CaC?, for



leaching removes both NO; -N and NH, -N especially under
conditions where ammonium produced during incubation does
not nitrify completely. It also preserves pHysical stability
by preventing dispersion. Vermiculite was originally used to
facilitate moisture control due -to -its high-water holding
zcapacity and to minimize compactiSn of soils when suction 1is
applied to remove excess>liquid(Stanford and Hanway, 1953).
Vermiculite however, is known to fix NH,®-N(Bremner, 1965);
thus its replacement with sand will rectify this drawback.
Synghal(1958) in this department had however observed that
the leaching and incubation technique gave large va;iations
in replicates as éompared to nitrate accumuiatibn dglermined
by incubation§ in jars. He attributed these variations to
different degrees of compaction caﬁsed by‘strong suction’
used while‘leaching the sofls prior to incubatién;’4ie
leaching and incubation technigue. has the advantage of

providing automatically an integration of the effects of

B Pl

substrate amount and composition that affect the natural
process in the field(Campbell,1978). It séems\to simulaté
the removal of mineral N and S by plants and leaching’
processes in soils under field conditions (Tabatabai and
Al-Khafaji,1980). It has been used in recent times by many
workers to find that portion of soil organic N which 1is
suscébtible to mineralization. The éppfoaﬁh is promising
since it seems to conform to some of our basic tenets, fof
ﬂexahpie, that nitrogen mineralization is related to an ’

active fraction and not to total soil N (Campbell et

-~
LN



10

al.,1981).

Stanford and Smith(i972) first defined the N
mineralization potthial (No) of a soil to be the guantity
of soil organic N susceptible to mineralization according to
first order kinetics, i.e. ~-dN/dt=kN. To estimate No, the
integral of the above expression ln(No-Nt)=1nNo-kt was used
by Stanford and Smith(1972). (Nt denotes cumulative N
mineraliié§rover time t; and k is the rate constant per tihe
e.g. one week). The value of No reéulting i che best fit
ffom the regression of In(No-Nt) on t was taken as an
estimate of N mineralization potential. The slope of the
regression is g(Stanford and Smith, 1972). )

Stanford and Smith's procedure has been tested in situ
(Smith et al.,1977; Herlihy,1979), for short periods in the
greenhouse(Stanford et al.,1973), and for cfop growth under
field conditipns(Stanford et al.,1977; Oyanedel and
Rodriguez, 1977). Although these tests were carried out in
different countries with differing climates; the
relationship between the N mineralization rate constant (k)
and absolute temperature(T) developed in t. U.S.A by
Stanford et al.(1973) has been shown to have wide
applicability(Campbell et al.,1981).

Bremner (1965a) in a review of N'avéilability indexes
listed a number of criticisms and defects of the leaching
and incubation technique,bmost of which were corrected in

later work. The suggestion, however, by Bremner(1965a) that

leaching will remove soluble organic-N compounds which are
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readily mineralizable, was later confirmed by Legg ét
al.(1971), Broadbent and Nakaéhima,(j971) and Sﬁithwet
al.(1980)..Leaching of readilyvmineralizable éubétrate
should lower subsequent values of N ﬁineralisation.
\Fprthermofe the amount of mineral N measured becomesvhighly‘
dependent on the nﬁmber of leachings carried out during an
'dverali mineralization study(Smith et ai.,1980). Smith et
al.(1980) further showed that !eaching of potentially
miqeralizable substrate influenced values of both No and k.
"There were signifiéant differences in predicted values of No
and k Qsing values of total N leached rather than using
values of mineral N which has been the usual approach. They
further recommended the use of a non liﬁear regression
technigue for determining the 'best fit' of experimental
data to a ffrst order kinetic equation,i.e.-dN/dt=kN. It 1is
more precise, less ambiguous and in many respects simpler
than the ;raditional linear ;egressibn approach proposéd by
Stanford and Smith(1972). This assertion is substantiated by
the findiﬁgs of Talpaz et al.(1981). Analysis of Stanford '
and Smith's(1972) data by Talpaz et al.(1981) uSing‘non
linear regression techniques gave lower estimates for No and

lower standard errors than those obtained by Stanford and

Smith(1972).

tb.Limitations of the Aerobic Incubation Method.

Incubated soil samples are kept under entirely

artificial conditions in efforts to approach as much as
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possible the conditions ideal for mineralization of organic
substances. Such incubation experiments do not simulate
field conditions. Still it is not .advisable intentionally to
make the incubation conditions less favourablé for
mineralization, because only by creating optimal conditions
can the method be standardised (harmsen and Van

Schreven, 1955).

Bremner ( 1965a) stated that results obtain&d by
incubation methods for comparisons of mineralizaﬁle—N in
soils are pointless unless metﬁods of sampling, drying,
grinding, sieving, storing and incubating the soils are
rigourously standardised. He proposed that samples for
estimation of mineralizable N should be taken in the winter
or during the spring.

Most Qorkers have apparently taken surface samples in
the spring, then‘air dried and stored the samples for some
time pefore analysis. Though this pr0cedure.is convenient,
it has been found that air drying of soil samples increases

‘the values obtained for mineral-N. Therefore, the present
trend is toward storage of field moist soil samples at cool
temperatures e.g. 4°C, whilst waiting for analysis.

Soil samples have often been mixed with sand before
incubatinb(Keeney‘and Bremner, 1966; Stanford and Smith,
1972). ‘According to Robinson(1975), this convenience will be
generally acceptable provided it is not used to convert a

»

soil sample that is naturally waterlogg#d in the field for

o~

all or part of a crop season into a well aerated soil for

\
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incubation. Even this may be juétified however, where such a
soil is pot tested under greenhouse conditions, provided it
is aﬁended in exactly the same manner for this purpose.
Harmsen and Van Schreven(1955), had earlier guestioned this
treatment on the grounds that the soils will be completely
;hanged, so that observed results will no longer correspond
with the characteristics of the original sampleﬁ.

In addition to physical amendment of soil samples with
sand, chemical and biological amendments have often been
ﬁsed. Nutrient status of laborétory or>greenhduse samples
should not be fufther removed from the natural state than-
can be avoided. If however, deficiéncy or imbalance of
nutrients is }ikely to limit the test crop growth under
greehhouse conditions, e.g. a severe P deficiency, this
should be eliminated in pot soils by chemical addition and
thé s me treatmeht, shculd be applied to the laboratory test
"soil(Robinson,1975). J

The amendment of soils for incubation with, e.g.
addition of minus-N nutrient solution - a practice normally
used in the leaching and incubation technigue - may \
substahtially improve mineralization.bf’N (Robinson,1975).
Base exchange status has been shown to be associated with
nitrogen supbly fo thé crop(Conforth and Walmsley, 1971;
Walmsley et al;,1971;_Walmsle‘ and Baynes, 1974; h
Cornforth,1974). If soil pH lgmits nitrogen mineralization

under natural conditions and this is not corrected for the

test crop, there should be no modification of the soil
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sample for laboratory incubation. Introduced differences
such as these between the chemical fertility of the index

sample and the cropped soil may substantiallj distort data.

(Robinson, 1975). 0

7
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2.Anaerobic Incubation Procedure.

Incubation of soils under anaerobic(waterlogged)
conditigns and measurement of NH,'-N released has attracted
attention '~cause of its simplicity. A close relat&onship
between the amount of NH,*'-N produced by anaerobic
incubation and the amount of NH,*-N , NO; -N and NO, -N
produced on incubation of a soil under aerobic incubation
was reported by Waring and Bremner(1964). Close cérrelations
between the two methods are not universal, howéver, and in
reviewing the subject Stanford(1982) concluded that soil N
availabilty provided by anaerobic incubation procedure% may
be uniquely suited to estimating the N supplyihg abilities
of Qlooded rice soils. |

The anaerobic incubation bfocedure has the advantages
that (i) no amendments, such as sand need to be added as is
done in some aerobic incubation experiments; and, (ii) it is
not necessary to aerate. It would have the.disadvantage that
any NO; -N initially present in the soil may be lost by
dehitrification(Dahnke and Vasey, 1973).

N

3.Microb§ological Assay Methods.

These methods generally involve measurement of
microbial activities such as‘growth or pigment production
following incubation with a nitrogen-free nutrient meaium
‘and a ﬁicrobial culture. |
Tchan(1859), criticised these procedures as

unsétisfactory for the following reasons:
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1. Unsuitable reaction (pH) of the a:say system

2. Addition of organic matter other tr.aan that of the soil
sample. .
3. Side effects resulting from sterilizationwéf £he soil
sample
4. The unsuitability of the test organisms used.
Though Tchan et al.(1961), proposed an algal techfiigue
to rectify the above criticisms, in.general the microbio-
logical methods havé received little attention

(Bremner, 1965a) .

4 .Methods of CO, Production.
\
These methods have been described as indirect

incubation procedures(Harmsen and Van Schreven,f955). They
are based on the assumption that if‘a éoil sample.is mixed
with an excess of free readily decomposable organic'
haterial, the amount of CO, produced will depend upon the
amount. of mineral;N originaily in the sample‘gnq the amount
bf N mineralized during the incubation. The validity of this
assumption is questionable, because N may not be the only
cnutrient which limits mineralization of\organic carbon when
soils are incubated with nitrogen-free energy-rich
materials, and treatment of soils with such materials
promotes fixation of atmospheric N; by goil organ%?ms
(Bremner, 1965). In spite of these limitations J

Cornfdeiq(ﬁ961), found that thé amount of CO, produced when

soil samples treated with 1% cellulose were incubated for



'&7
three weeks, was highly cofrelated'with thgytotal amount of
mineral-N present in unamemded soil sampleé in;ubated for
the same period and he oStained evidence that N was ﬁhe.ohly
nutrient limiting microbial mineralization of organic C in
the soilé testéd. Earlier work by Synghal(1958) in this
department showed a close relationship between CO, evolution
and NO; accumulation in some soils but not in others.

Robinson(1975), criticised biological methods which
measure CO, evolved; microbial growth or soluble J
carbohydrates. Such.hephods are one step removed from the
trye end point—of the system which 1s mineral-N, and may
permit the inadve;taht’introduction of uncontrolled factors.
Whether the sppply of energy does; or does not exert a
dominant or controlling effect within the natural system and
;is well corrélated with mineral-N or crop parameters, it 1is
the mineral-N which is directly involved in crop production.
Furfhermore'the quantity of the mineral-N after standard
incubationAis the result of the balance between
mineralization and immobilzation in a soil; This balance may
be altered by a one siaed chemical ameﬁdment of laboratory

1

or crop- test soil samples(Robinson,1975).

Chemical N Availability Indexes

Incubation methods of determining the nitrogen
mineralization capacity'of soils are time consuming and
laborious. Chemical methods for obtaining a nitrogen

‘availability index for a given soil are attractive because

-
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tﬁey are usually répid, precise, and more convenient.than‘
incubation or %ield methods. Thé principal critiéism of
these mefhods is that no extractioﬁ agent is likely to
simulate the action of soil microorgnisms in releasing N

ovér a period of several months (Bremner, 1965a;

“\
Broadbent., 1981).

Of the various chemical indices proposed, few have been

shown ‘to correlate well -with N releaséd by biological
methods for a broad range of sofls, and none has been put to
general, practical use in assessing the nitrogen $upplying
capacities of soils (Stanford and Smith,1§78). The possible
utility of ény chemical index for a bréad range of soils
depends on thé degree to which it.corre}ates with reliable
biological measurements of soil N availability, e.g. N
uptake, crop yield, or mineralization of N(Robinson,1975j
Stanford, 1982). Most of the proposed methods have involved
meaéuring NH,*-N, total organic N, total organic matter, and
total'organic carbon extracted by acid, alkaline reagents
and oxidants.(Bremper, 1965; Stanford,1982). Milder‘extréc~
tion mgthods afe boiling in water(Keeney and Bremner,i966),
boiling‘in_0.01M CaCl,(Stanford, 1968) and autoclaving in
0.01M CaCl,(Stanford and DeMar, 13970%. ‘

Methods - involving determination of total N, organic
~matter énd organic éarbon appear‘to have limited

value{Harmsen and Van Schreven, 1955; Alliéon,1956). Thouéh

there is a genefal relationship between total soil N and the

?

amount of available N released during a growing season



A(Campbell,1978), there is some controversy regarding the
usefulness Qf this method because ofvthe many factors that
affect the release of available N from soil organic matter
(viassak, 1970; Alllson 1973). 1t has been demdnstrated
repeatedly that total soil N does not constitute a reliable
index of soil N avallabllty for a broad range of
soils(Stanford and Smith, 1978 Stanford 1982)

» One method which appears to have aroused much interest
is the alkaline permanganate method‘prdpdeed originélly by
Truog(1954). Results with this method are howe;er not
satisfactory. Syngnal(1958) found no 51gn1f1cant
co;relatlons between avaxlable n1trogen and crop ylelds in
the field with this method. Bajaj et al.(1967), cqmparedh
eight methods for estimatdnglavailable N;‘using_rice and o
wheat as test crops on different soils, and found the
'alkallne permanganate ‘method to give the Dbest- correlatlon
w1th yleld Stanford(1978) evaluated ammonium release'by
alkallne permanganate as an 1ndex of soil sN availabilty, and
concluded that 1t was less rellable and prec1se than the
ac1d permanganate extraction method. More recently, Sarawat
and Burford(1982), also observed that nltrate and n1tr1te
nould not be included in the alkaline permanganate method.
It has an oxidising action and thetefére‘wduld not reduce
n1trate N to ammonldm N. A 51mple modlflcatlon 1nvolv1ng the

use of Devarda S alloy allows the inclusion of n1trate and

nitrite(Sarawat and Burford, 1982).
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Fox and Piekieleck(1978), compared eight methods for
obtaining a nitrogen availability index on soils in
Pennsylvania. Of the methods tésted, amounts of N éxtracted‘
with boiling 0.01M CaCl, and with 0.01M NaHCO, were the only
two which correlated at the 1% level of significance with
the N supplying capacity of eight soils in. two seasons,
Autoclave extractable-NHq‘—N; i.e. the amount of‘NHu‘—N
réleased in 0.01M CaCl. and total soil N were correlated at
the 5% level., Soil NO,; -N, H,;S0, and KCl extractable- N were
not significantly correlated with N availability in the

-

field.

While calibrated for a particular climatic region ana'a
reasonably narrow range of soilé,.chemical extraction-
procedures can be useful in assessing potential N
availability, but it is importani to consider past history
of the soil and rainfall pattefns when interpreting results

<

of such tests(Broadben£,1981). !

Initial Inorganic N Tests.

The potential of a soil to mineralizé N as measured by
N availability indexes is fairly constant from year to year,
" making it unnecessarf to make that type of determination.
each year. It is still necessary, however, to take into
consideration the initial amount of available N in the
rooting zone at planting time. Both biological and chemical
tests have been used to‘aéséss initial inorganic N(Dahnke

“and Vasey, 1973), but the latter tests have received more
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attention than the former.

The biologifal methods diffg; from the éhemical"methods
in the following ays: -(i)the amount of biological growth
is measured rather than directly meésuring inorganic N (i)
it is not normally possible to determine if NO; -N or NH,'-N
is present using biological methods. |

Nitrate-N ié readily used by higher plants and also is
‘the form that usually accumulates in normal agricultural
soils. NO; =N at seeding time is the method used in the
Cénadian prairies to predict crop response to added.
fertilizer N. Generally, initial NO; -N values are useful.in
predicting crop growth only in arid areas where the NO; " -N
is not leached out of the soil profile by precipitation(Fox
and Piekiélek,1§§8). In the Canadiaﬂ prairies,losses of

-mineral N by leachiﬁg.and denitrification are considered
minimal(Campbell,1978). Thus most of the‘mineralxN féund in
soil at planting éime will be available to the crop
throughout its érowth. Soper et al.(1971) showed that a very
close correlation existed between’barley upﬁake of N and the
amount of NO?‘—N to a depth of 61 cm in a soil sampled at
time of seeding.

Sampling to éppropriate depths to obtain most of the-
NO3‘fN in'éoil profiles is one of the several factors which
affect the usefulnesé of the NO;~ test and thié may not be -
the same on all soils(Campbell, 1978). This test is suitable
for annual cropping as practised in western Canada; however;
with continuous cndpping(eg. forage crop), it i; of littl

v
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use because there is little mineral N in the soil at any
time of the year(Campbell, 1978). |
Where Fainfall is high, one or more of the o!her
methoqs used to assess N availability has been used singly
or injcombination with initial mineral N. The use of N
availability indexes in addition to initial NO3':N usually
improves correlation with N uptake by crops(Dahnke and
Vasey,1973). Poor correlations of initial mineral N with N
uptake by crops have been reported by Ryan et al.(1971) and
—>fox and Piekielek(1978b) in Kentucky and Pennsylvania

respectively. This was attributed to the high amounts of

rainfall in those areas.

Factors Affecting N Mineralization

Oxidation of organié substrates in soils and subsequent
mineralization of nitrogen is catalysed by a wide variety of
heterotrophic microorganisms whose activity is governed by
the chemical composition of the substrate and the physical -
and chemical chatacteristics of their environment.
Temperature, oxygen tension, moisture, pH, inorganic
nutrients, some cofactors and the C:N ratio of the substrate

RSy

"“are the main enQiron ntai influences (Alexander, 1977;
Campbell, 1978) The effect of temégizture‘on soil
microorganisms varies in response eidher to moistufé change
or_initial moisture content or both (Campbell and |
Biederbeck,1976). Significant interactions have been

observed between moisture and tempqyature effects on net N

Vo
e

o
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mineralization (Cassman and Munns, 1980; Sarathchandra and
Upsdell, 1981).

During a particular season there is a @arked,variation
in temperature and rate of N mineraliza ion)(Robinson,
1975).‘There are differences between successive seasons in
the quantities of mineralized N made available to a crop on
the same soil in response to total rainfall and its
dist;ibution, and to length and intensity of dry and wet
.périéds in the pre crop season. When a soil is kept under
fairly constant conditions its biological activity and net
mineralization declines to a low level. If however, the
current state is interrupted by unfavouraole conditiéns;
e.g. drought or frost, and thereafter re-established, a
stimulation of biological activity is.often found.
Consequently, such faétors as drying and, wetting, freezing
and thawing,-ploughing, partial sterilization(e.g. by
chemical sprays), often cause a subseqguent flush; the
magnitude of which is a function of the amount of disruption
".(Campbell, 1978).

The heterogeneity of the microflora responsible for
nE T
nitrogen mineralization is a critical factor in determining
the ihfiuence of environmental factors on N transformations.
Because aerobic and anaerobic, agid sensitve and acid
rgsistant, and .spore forming and non-spore forming
microorganisms function in the degradation of nitrogenous

materials, at least some segment of the population is active

regardiess of the peculiarities of the habitat as long as -

wy

B
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microbial proliferatioh is possible. Consequently,
mine - 'ization is never eliminated in arable'land, but the
rate is markedly affected by environment(Alexander, 1977).
The role of mic}ofauna in organic matter
transformations has received some attention in recent years. '
Johannes(1968), reported that mineralization of N and P from
organic matter in aquatic systems 1s strongly dependent on
"grazing' of the bacterial populations by microfauna. Woods
et al.(1982), investigated this phenomenon in microcosms,
and found as the microbial biomass increased, ‘it assimilated
N from the soil. Later, only if this bacterial biomass
decreased was N remineralised. 'Gfazing' by amoebae always
reduced bacterial "biomass, increased respiration, and
increased.nitrogen_mineralization. Death or feductionAgn
. microbial biomass has been found to lead to increages in N
mineralization(Monreal and McGillR1981).and potentié}ly
mineralizable N ‘estimates(Carter and Rennie, 1982). 'Grazing'
by nematodes reduced the bacterial popdlation and only
increased respiration when nematode populafions themselves
declined from peak values. Thus soil N mineralization should
not be viewed as strictly bacterial or fungal. Microfauna |
may play an important role in soil N mineralization and the
mechanism for this role is more likely to be through}direct
excretion by thé 'grazers' than through_indifect

physiological effects on the bacterié(Woods et al.,1982).
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Previous'Cropping History.

The effects of previous crops on correlations between
mineraliiablerN, and N uptake by a test crop are reported
for grass, legume and cofn(Smith,1966); for a crop followihg
cotton, rice, lespedeza, or soybéan crops (Sims and
Blackman,1967), for crops following grass/clover and grass
leys(Gasser and Mitghell, 1968;Gasser, 1969b; Clement and
Biack,1969), and for corn following corn or.alfalfa(Spehcer

et al.,1966).

In any quantitative evaluation of a soil N availability

index, previous cropping history or the different stages of.
a crop rotation have to be considered when grouping units

(Robinson, 1975).

Effect gﬁ Cultivation.

Cultivation enhances net mineralization of nitrogen 1in
soil. In spring, soil that had been direct drilled to winter
cereals, contained roughly 30kg ha"' less mineral N thén
soil that had received conventional tillage (Powlson,1980),
and during a growing season at Swift“Current, net N
mineralized under fallow on a Brown Che;nozem was 103 kg
ha-' while under crop it was 52 kg ha"(Campbgll et
al.,1980). Incorporation of dead roots and plant residues
coupled with better*ﬁg?ggion of the»soil\and breakdown of

complex substrates into lower molecular weight compounds,
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creates favourable conditions fof microbial activity when
fields are cultivétéd. While this could explain Powlson's
ébservation in England, a more appropriate explanation for
the observation at Swift Current would be the reduction in
quantity dr death of micrdbial biomass. Voroney et
al.(1981), showéd_thatvthe level of microbial biomass C and
N in the Ap horizon of a soil in a;crop—sﬁmmer fallow
rotation was approximately 30% lower than in the Ah horizon
of a native prairie gréssland in Saskatchewan.

It has been sﬁggested by Jenkinson(1981) that the
greater the initial nitrogen content, the greater the fall
when cultivated. Powlson(1980), héwever found a higher
difference in mineralized N between a cultivated soil and
uncultivated soil at a site with less. total organic matter
- than at a site with a higher organic matter content. He
attributed this observation to the higher content of mofe
recently added material from plant roots ak the site with
less organic matter content. This more marked effect of
cultivation may indicate that cultivation accelerate; the
dgcomposition of fresh organic matter more than those of the
older, more stable parts of the soil organic matter
(PoWlson,1980). This is consistent with the view that fresh
residues are the most easily decomposable components of soil
organic matter (Campbell,1978) and results of laboratory
experiments on grinding as reported by Craswell and

wéring(1972). Craswell and Waring(1972), found that despite

a large decrease in total organic matter content, the

4



cultivéted soils still showed large proportional inﬁreasés
in decomposition rates due to_gfihding. These large
increases suggest that field tillage exposes organic matter
for decomposition.

Increases in mineralization caused by cultivation 1in
the old arable soils useg\oy Powlson were. however much less
than those found by Dowdell and Connell(1975), who used
soils of higher organic matter content. Thus Powlson(1980),
concluded that the effect of cultivation on mineralization
of soil N varies considerabiy between soils, probabl?
dependént on the organic matter of the soil, particularly-
the fresh organic matter content.

Paired virgin and cultivated soils have often béen'used
in attempts to characterise the readily decomposable
fraction of soil organic matter, since chemical
fractionation has not been highly successful for this
purpose. Incubation studies by various workers have however
shown that cultivation causes not only a decline in the
éota; Qrgénic matter but also in the propbrtiaﬁthich

mineralizes during incubation(Craswell and Waring,1972).

B. SULPHﬁR AVAILABILITY AND ITS ESTIMATION

L1ke phosphorus, sulphur is a maﬁor‘nutrient for plants
and animals, and a relatively minor constituent of
soils(Allaway and ?hompson,]966). It also egysts in
unavailable states, so that reéponses to~S-containing

fertilizers are not uncommon(Alexander,1977). The major

a2
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reserve of the element in soil is the organic fraction.

It is generally accepted that plant-available sulphur
in the soil includeé soluble inorganic sulphate, the
adsorbed suiphate and part of the organic S which 1is
mineralized over the growing season. wpile it 1s generally
agreed that so}uble and adsorbed sulphate in the soil
comprise the main source of sulphur for plant uptake; there
is less agreement on the methods of extraction(Metson,1979).
These two sulphate fraélions arg;similgr in size to the
available S pool determihed'by.iéatopic dilution technigues
and can be considered to be the soil's instantaneous supply
of available S (Probert and Jones, 1877). The adsorbed
sulphate fraction may however comprise sulpﬁate retained
with a range of ggquies so that it is not all equally
a?ailable‘(Metson:1979).-

 As a géneral principle, for ény given nutrient in any
particular crop, two approaches are available for assgessing
the adequacy of plant nutrition, namely soil‘analysis and
plant analysis. For some eleﬁents one method or the other 1is
to be.preferrgd, but this does not apply to sulphur
(Metson,1979). Assessmenf of available sulphur status of
soils is complicated by tHe multiciplicity.of sources of S
and the varying proportions from each source. These include
soil S, S in precipitation and irrigation water and S in
fertilizers and pesticides(Reisenauer et al,1973).

Numer ous procedures have been proposed for evaluating

the S status of soils. These have included extraction with



water, extraction with various salts and acids, S release
ﬁpon incubation, microbial érowth( and plant growth and
composition including."A" value (isotopically exchangeable
S) determinations. The S removed by‘these extractants‘fends
to fall into the following groups:(i) readily soluble
.sulphate (ii) readily soluble and portions of adsorbed
sulphate (iii) readily soluble and portions of adsorbed
sulphate and portions of organic matter(Reisenauer et
al.,1973). | '

"Endeavours to relate plant gfowth to total or orgaﬁ?é
soil sulphur have been largely unsuccessful, but some useful
relationships with the extractable soil—S~fraction§ have
been found. It would appear that the‘choice of extractants
selected may be ‘influenced by the the amount aﬁd kind of
available sulphate present'in the sdils concerned
. (Metson,1979). Thus fhe use of e;tractaﬁts incorporating the-
weakly adsorbed.cl- anion Seems'to have.been favoured in
areas of low raiﬁfall where the soils contain predominantly
2:1 (micaceous) clays and have low levels of largely water
soluble available sulphate;s (Wiiliéms and Steinberbs,
1959;1964; Chao, 1964; Roberts and Kochler ,1968; Carsén et
~al.,1972; Tabatabai and Bremner, 1972; Walker and
) Doornenbal,1972; westerman,1974; Bettany et al., 1973;1979).
Water—-soluble éulphate has also been used bf some workers,
although not always successfully(Williams and Sﬁeinbergs,
1959; Fox et al., 1964; Westerman,1974). The fact that

water-soluble sulphate often closely approximates

\
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chloride-extractable sulphate in'many low rainfall areaé
with soils éontaining predominantly 2:1 clays, suggests that
little, if any adsorbed sulphéte is present(Metson,1979).

In regions of high rainfali where soils are more
~weathered, and particularly.where they contain sesquioxideé
or alléphanic or kaolinitic clays, the éQailabie'or adsorbed
sulphate is not only present in greater amounts but 1s
strongly held by the soil colloids(Metson,1879).
Consequently, methods of extraction generally employ the
more strongly (specifically) adsorbed phosphate anion
(Ensmingér,1954; Bardsley %nd Lancaster, 1960; Fox et
al.,1964; Barrow,1967; Bromfield, 1972; Hoeft et al.,1973;
Probert,1976;}Blakemore et al.,1977; Probert and J0§E5,1977;
Tsuji and Goh,1979). In Alberta, results from work of
Sorensoﬁ(1965) showed that sulphate amounts extracted with
 KH,P0, (500 p.p.m P) were ;énerally higher than amounts
extracted with water. Sulphate amounts extracted with 0.001N
HCl were however of the same magnitude as those extracted
with KH,PO,. Higher amounts of sulphate extractable by
Ca(H,PO,). than LiCl were ascribed to’the presence of
adsorbed sulphate in Brazilian soils(Neptune et al.,1975),
while identical amounts of extractable sﬁlphate found in
extracts of Ca(H,PO,), and LiCl in Iowa soilg‘were
attributed to the absence of aasorbed sulphéte in these
"soils(Tabatabai and Bremne;, 1972).

The basic weakness of the methods used to.meaéure

extractable S, is that they are correlated with S uptake
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only on S deficient -soils and fail to provide an estimate of
the reserve forms of sulphur which is‘rgduired for an
assessment of the long-term S supply in non-déficient so-
ils(Freﬁey et al.,1962; Rehm and Caldwell, 1968). Another

important source of S for plant nutrition is extractable S

_in the subsoil. Probert and Jones(1977), therefore proposed

that, in predicting the available.S status of soils, it 1s’
necessary to consider the whole soil profile. This is yet to

receive due attention.

Availability of Organic S

A large~proportion of. soil éulphur may be organicaliy
bbund (Anderson,1975),gespeéially in non-calcareous soils of
the humid regions(Scott and Anderson,1976); It is however.
possible that unlike phosphorus, it‘may exist - ~minantly

as an integral part of the soil organic matter, and

consequently be resistant to extraction and degradation

(Scott and Anderson, 1976). .Although soil organic phosphorus‘_
is ‘thought to be exclusively in the form of phosphate, not
all organic sulphur is sulphate (Anderson,13875).

There are two fractions .not extractable as such from
soils) that together account for most of .the soil organic
sulphuf; tﬁe HI-reducible fraCtion(the reductant is actually
a mixture of hydriodic, formic and hypophqphorous acids) and
the 'Raney—nickel reducible' fraction. The former is
generally considered to.be mainly sulfate esters which is

predominantly O-bonded sulphur(C-0-S), with possibly some
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sulfamates(C-N-S), and the latter group includes the
sulfur-containing amino acids and the sulfonates in which S
is directly bonded to cafbon. These-“are referred to as
C-bonded S(Fitzgerald, 1978). »

It is generally acéepted that plants take up their
sulphur as inorganic sulphate and the availability of.soil
organic sulphur thus dependslupon its mineralization
(Williams, 1967). Freney et al.(1975), found that plants were
able to obtain their sulphate from both ester-sulphate and
C-bonded S in soils, with the latter fraction contributing
the greater proportiop.

The quantity and nature of the labile S in soils is
variable 5h6 frequently the inorganic sulphate pool>isilarge
enough that contributions from mindralization of organic
sulphur can be neglected. In situations where soils contain
low amounts of inorganid‘sulpha;e, mineralizable S may. be
critical in preventing sﬁlphur deficienc§ in planﬁs(Bettany
et al.,1974; Lee and Speir]1979).ALee and Speir(1979), found
that more S was taken up by plants than could be accounted
for by the fall in adsorbed sulphate levels during a
greenhouse trial. This S is believed to have been
mineralized during plant growth (Cowling and Jones,1970;.
Fitzgerald,1976). ’

Recent results from studies on the availability of soil
organic S tend to‘suggest that it is extremely difficult to
devise a satisfactory method for predicting the S

requirements of plants. To be useful, a soil test for S
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availability must provide a reasonable estimate of that part

of the soil organic S which is mineralized during a growing

season. Under field conditdons, complications may arise from
uptake of § from‘different subsoil horiaons(Goh'et al.,1977;
Gregg et al 1977; Probert and Jones, 1977), its’movement as
affected by adsorption and/or leaching 1in the 5011 profile,
and the unpredlctable rates Of‘mlnerallzatlon and

1mmob1112atlon of soﬁi organic § whlch are, determlned
.

‘largely by . env1ronmental cond1tlons.(Tsu31 and Goh, 1979)

The development of dlagnostlc methods for estlmatlng
the S snpplying power of soils has generally rollowed the
approaches used.for elements sUCh,as N and P. These have
inVolved attemptsito extract the labile fraction of organic
Slby variOUS‘chemicals"soil incubation and microbiological
assays. Defects, llmltatlons of and cr1t1c1sms levelled
agalnst these’ methods when used to estlmate N avallablllty
1ndexes would apply if they are used to estlmate -8 |
avallablllty indexes. - ' ", : . (
Chemical S Availabiity Indexes

Total S.content_of soil is not related to'the
mineralizabie or plant'aVailable S(Ensminger and

Freney, 1966). Thus spec1al methods have been devised in an

‘attempt to extract the lablle fractlon of 5011 organlc S.

Although methods proposed for extraction and estimation of
labile 5011 S are generally based on arbltrary assumptions,

some of these attempts have provtn rather useful
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(Biederbeck, 1978).
Two of the methods proposed for extracting available S
are of special interest, because they measure also a portion

of the more labile S, and hence possibly more available S,

in the soil organic mattér. Whese are the methods of

Williams and Steinbergs(1954), for heat-soluble S(S
extracted with NaCl and drying in an oven at 100°C), and .the
bicarbonate method of Kilmer and Nearpass(1960), using
NaHCO; at pH 8.5. As would be expected, these methods,?@ore
especially the bicarbonate one, extract more S::than the
phosphate; aéetate(Ensminger,1954; Fox et al.,1964), or
chloride extractants(Bardsley and Kilmer,1963). They have
however nof’come into general use perhaps because of

difficulties in interpreting the results (Metson,1979).

BiologiCal\S Availability Indexes

Incubation;procedures of the type commonly used for
assessing the availability of N in soils'appear to offer
littlé promise for estimating the S évailability status of.

soils, because little sulphate is formed especially in the

absence of plants(Nicoléon,1970), and its precise measu-

rement is difficult(Reisenauer et al.,1973; McLaren and
Swift, 1977). Thus understanding of S distribution in soil
and its role in plant nutrition has been impeded in the past

by lack of sensitive analytical methods(Metson,1979). In

spite of the above statements most of the information on the

role of mineralizable S§ in plant nutrition and relationship
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between N and S mineralization have been obtained throﬁgh

aerobic incubation procedures. Recently, Tabatabai and
‘ . 1

Al-Khafaji(1980), used the leaching and incubation technique

to assess mineralization rates of S in Iowa soils. Contrary

to what mosﬁﬂworkers have feported from other incubation
stddies, mineralization rates were higher for organie S than
organic N in their study. i
Microbiological assay using Aspergillus niger have been
examined (Ensminger and Freney, 1966). This fungus can\obtain
amounts of S from soils similar to those extracted with
phosphate solutions. It has however not received much
éttention in recent years probably because of the perceived
unsuitability of microbes as test organisms as pointed out
‘by Tchan(1959).
| .

Cc-bonded S, Ester Sulphate and S mineralization

| Reports on the relative c@ntribUtion‘of the two
recognised forms of organic S to S mineraﬂiiation ére
conflicting. The hydrolytic cleavage of the ester'bond may
.ot be the rate limiting stfp in the mineralization
procéss(Speir and Ross,1978). This is consistent with the
suéggstion by Somiento(1972), that the rate of
mineralization of C-bonded S might be the rate limiting
factor in the supply of S to plants from soils that have low
levels of available sulphur. Furthermore, Freney et |

al.(1975), found that plants were able‘tg obtain théir’

sulphate from both ester sulphate and C-bonded S in soils,

&



36

but greater contribution came from the latter fr-~ction. In
an incubation study however, Freney et al.(197§ , Observed
that °°S labelled fertilizer was incorporated into both
HI-réducible and C-bonded S fractions pbut the former
fraétioh was more highly labelled and it was from this
fraction that plants later derived all of the labelléd-S
taken up. Somiento (1972), on the contrary, had reported
that though added sulphate was incorporated into both forms
of organic S, mineralization came from the C-bonded S
fraction, while the ester-sulphate fraction remained
constant. The. rate of mineralization,éppeared to be
indépendent of the rate of incorporation(Somiento,1972).
Comparison of S distribution in pasture and arable
soils showed that the greater prdportion.of mineral&ze%is
was due to the C-bonded S fraction(McLarén aﬁd Swift,1977).
Despite this observation, these workers suggester” that
ester-S 1s more important in‘the short term mineralization,
whereas C-bonded S is more important in the long run and
passes through an "HI-reducible form‘prior to the release of
iinorganic sulphate. Freney et él.(1975), observed marked
increases in the HIfréducible fraction of unlabélled S which
they suggested indicated the conversion of C-bonded S to
Hi~-reducible S>dhring incubation. HI-reducible S fraction
has been observed to,decfease during plant growth( but no
close correlation has been observed between this fraction
and plant S uﬁtake(Freney’et al.;1975; Tsuji and Goh, 13979).

'In contrast, Lee and Speir(1979), found that uptake of S
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from organic sources was significantly correlated with
ester-S and organic’' S, but not with C-bonded S. In addition,
their results indicated that C—bondedﬁs s less important in
short term mineralization in consonance with the suggestfba
made by McLaren and Swift(1977). Bettany et al.(1979),
howevér felt that in view of the‘observatibns showing that -
both fractions contribute significantly to S mineralization,
separation of organic S into sulphate ester and’Cfbonded S
is neither selective nor sensitive enough for any meaningful
interpretation. . | O

,

Role of Sulfohydrolases in S mineralfzation

leeratlon of rnorganlc sulphate from sulphate ‘esters
is achieved by hydrolytlc enzymes that have been called
"sulfatases" or "sulfohydrolases". They are present in
soil(Tabatabai and Bremner, 1970; Houghton and ﬁose,1976).
Bacteria and fungi appear: to be the major sources-of these
enzymes in the soil(Fitzgerald,1978). If a particular
sulfohydrolase is found external to the microbial cell, its
actién on a sulfate ester will be more likely to yield SO~
forxplant growth than for microbial growth. Reéent studies
suggest that several sulfohydrolases are located on
microbial cell surfaces(Fitzgerald and Scott,1974;
Fitzgerald and George, 1977; Murooka et al.,1977; Matcham et
al.,1977; Dodgson et al.,1978; Fitzgerald, 1978; Maca and

Fitzgerald, 1979).
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Arylsulfohydrolases are widely distributed (Dddgson and
Rose, 1975). Althcugh arylsulfohydrolase activity has been
correlated with ester-S in soils (Cooper,1972); evidence
from mineralization studies in the past with soils incubated
in the absence of plants suggested little or no correlation
between its activity and inorganic sulphate released through
mineralization(Tabatabai and Bremner, 1972; Freney and
Swaby, 1975; Kowaleﬁko and Lowe, 1975). Though Lee and
Speir(1979) later found that arylsulfohydrolase activity w;s
significantly correlated with plant uptake of S from organic

o B
sources, they indicated that the evidence was inconclusive.

"Tabatabai and Al-Khafaji(1979), showed that

arylsulfohydrolase activity is inhibited by a variety of

trace elements and orthophosphate. Besides itsvaddition as

fertilizer, orthophosphate is the end product of P v
- ¢

mineralization in soils. Thys the inhibition of this enzyme

by ortﬁophosphate may partly ekplain decreases of

~arylsulfohydrolase activity‘observed by Kowalenko and

Lowe(.1975), the general lack of relationship between
arylsulfohydrolase activity and S mineralization, and the
slow release of inorganic sulphate during incubation of

soils(Tabatabai and Al-Khafaji,1979). Lee and Speir(1979),

‘however felt that since arylsulfohydrolase is presumably.-

onlv one of the many enzymes involved in the very complex
\,

. of orgq/'c/g mineralization, a direct relationship .
ve o its_dkgivity and organic S mineralization is perhaps®
unlikely. Neve\theless, the lack of a consistent
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‘relationship between accumulation of available S and

sulfohydrolase activity éannot be interpreted as a lack of
role for these enzymes, because they are controlled by end
product inhibition-and represéion by sulphate (McGill and
Cole, 1981).

Another possible role is that by the hydrolysis of
ester sulphates, microbes are protected from the potential
toxicity of alkyl sulfates of detergents. Cloves et
al.(1980), suégest that the production by a .
detergent-degrading pseudomonads of an alkylsulfohydrolase
which was not affected by either sulphate or cystgine is
indicative of this role. |

4
{

" Factors Affecting S mineralization

It has been shown that temperature, moisture,
pH(Chaudhry and’Cornfield,1967a and b; Williams, 1967;
Tabatabai and_Al—Khafaji,1980)j and availability of
substrate(Bgrrow,1960), all affect net S minerali-
zation(Blair,1971; Biederbeck,1978). ‘ e

Mineralization rate of sulfur was found to incgease
wiFh temperature from 20 to 35 and 40°C(Williams, 1967;
Tébatabai and Al-Khafaji, 1980) and to decrease at
temperatures less than 10°C énd above 405C(WiiiiamS;T9€7).
The effect of pH on mineralization of S is not as consistentmw:
as‘the_effect of teﬁperature. Williams(1967) reported that

below pH 7.5, the amount of additional S mineralized was

proportional to the pH attained following addition of CaCO,,



40

whéreas Tabatabai and Al-Khafaji(1980) found that it was
negatively correlated with soil pH in unamended soils.
Sulphur mineralization was considerably retarded at -
moisture contents appreciably below or above field |
capacity(ﬁilliams,1967), and the optimum for mineralization
seemed to be at 60% of;the maxihum water holding capacity
(Chaudhry and Cornfield, 1967a).

Cycles of wett%ng and arying are known to accelerate
the decomposition of soil organic‘mattef(Birch,1960); and
Barrow(1961), suggests that this is a major factor involyed
in the increased availability of sulfur under field
conditions. A cumulativé effect of wetting and drying on S
mineralization was found by Williams(1967) in laboratory
sﬁudies, but cycles of wetting and dfying of planted soils
in the greenhouse did not stimulate mineralization of
sulphur (Freney et al.,1975). |

The amount of sulphur mineralized in untreated soils

2,

B A
does not appear to be related to carbon, nitrogen or sulphur

contents, to C:S, N:S or C:N Eétios, or to mineralizable‘
N(wWilliams, 1967; Simon-Sylvestre i.79; Haque and Walmsley,’
1972; Jones et al.,1872; Tabataba: anZ Bremner, 1972). The
battern of release of sulphur from 0il organic matter does
no£ appear to be related to any parficular soil property,
but is probably due to the nature of the decomposing
fractions-of soil organic matter'(Freney and Williams, 1980).

Nevertheless, results of most incubation stddies seem to

'suggest that larger amounts of S are generally ﬁinéJalized



from soils with low C/N/S ratios (Harward et al.,1962;
Nelson, 1964; Hague and Walmsley, 1972; Bettany et al.,1974;
kowalenko and Lowe, 1975).

S

Effect of cultivation.

In addition to the>factors cited above, cultivation,.
presence of plants and fertilizer additions have also been
reported to affect mineralization of sulphur.

Breaking and culfivation of virgin soil has led
invariably to large losses of organic matter(Allison, 1973;
Campbell et al.,1976)l Any change in the organic matter
content is likely to be reflected in a change in S status
because greater thap 90% of the S in noncalcareous soils is
present in o;ganic form(Biederbeck;1§78). Narrowing of C/N/S
rafios upon cultivation has been observed for various soils
with some reporﬁed changes in S availability(BiederbeEk,
1978). This coﬁld result in accelerated transformation of
the more resistant C-bonded S into the HI-reducible |
fraction(Biederbeck,1978). The proportibns of total S
present as HI-reducible S has been found to increase with
cultivation(McLaren énd Swift,1977; Bettany et al., 1980).
'These observations would appear to be supported by the work-
of Freney et al.(1971), who  found in an incubation
experiment that C-bonded S could be converted to the
Hl-reducible form. Evidence. for this conversion is however

indirect and therefore inconclusive.

7

(
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. N
Effect of Plants and Fertlizer Adg)tions.

Miﬂeralization of*s from soil organic matter is
influenﬁed by the presence of growing plants. Increases in
amounts of S mineralized in the presence of plants than in
their absence has been }eported in Australia by Freney and
Spéncer(1960) and Freney et al.(1975), and in New Zealand by
Tsuji and Goh(1979). Nicolson(1970), observed not only
increased net S mineralization but also a decrease in S loss
in the pregence of plants. | _

In the absence of plants immobilization rate of S
increased following addition cof fertilizer(Freney and
Sbencen4f960; Saggar et él.,1981). In the pfesence of
‘plants, however, net mineralization occurred at‘lbw levels
while net immobilization was observed at very high level of
fertilizer addition (Freney and Spencer,1960)..At‘é low
level of sulphate fertilizer addition Bettany et al. (1974)
noted that m;l\~ ralization of native soil salphur was ndt
suppressed un:§> alfalfa cropping.

The stimulating effect of growing plants is obviously
of great §ignificance to the cycling of S in the soil-plant
.system. Tﬁese increases may be due to greater microbial .
acﬁiviﬁy in the rhizosphere of giants an/or to the
excretion of enzymes which cétalyse thevdecomﬁosition of
soil oﬁganic matter (Freney, 1967). Removal of end products by -
plantsOéould stimulate activity of sulfohydrolases; |

enhancing further release of inorganic S. (McGill and Cole,

1981).
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C. COMPARISON OF N AND S MINERALIZA’i‘ION

In many ways the cycling of S in the soil-plant system
resembles that of N. Both cycles héve an important
atmospheric component and have most of their soil component
associated with organic matter, while the very small but
active inorganic fraction is subject to a variety of
oxidation and reduction reactions. The S cycle differs,
however from the N cycle in that the basic natural source .of
plant available S Qnder natural conditions is the weathering
of sulfides of the parent material(Biederbeck, 1978). The
nature of the parent maferial has very littlé\influence on
the organic S in surfage‘Soils(Scott and Anderson, 1976) but
it can markedly affect the amounts and forms of inorganic
S(Williams and Steinbergs; 1962; Neptune et al.; 1975).

Analogous to the role of nitrate in the N cycle,
sulphate holds a key position in the natural cycling of §
because under aerobic conditions sulfate is the usual
inorgahic end product of S metabolism in soils
(Anderson, 1975). |

In view of the close resemblance between microbial
convérsioh of N and S it has been assumed that their
proportional rates of mineralization from soil organic
métter would belsimilar (Alexander,1961) and therefore, that
N and S would be mineralized in approximately the saﬁé ratio
as they occur in soil organic matter{(Walker,1957;

White, 1959). This assumption however, fails to explain

results of several studies in- which the ratio of N/S
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mineralized was much greater than that of the soil organic
matter(Williams, 1967; Tabétabai and Bremner, 1972; Haque and
Walmsley, 1972). 'There have been reports where the ratio of
mineralized N/S was considerably smaller than that of the
soil organic matter (Nelson,1964; Simon-Sylvestre,1965), and
others in which N was mineralized without any release of S
during incubation (Hesse,1957; Barrow,1961). The difference
between N and S mineralization in soils is emphazised by the
fact that, although the amounts of N and S are highly
correlated in soils, most published reports have concluded
that thé amounts of S miﬁeralized during incubation were not
significantly correlated with total N or mineraliéable
N(Harward ét al.,1962; Williams, 1967; Hagque and
Walmsley, 1972; Tabatabai and Bremne:,1972). Under field
conditions Simon-Sylvestre(1965) found a véry different
mineralization pattern for S than for N X}th sulphate levels
in an uncropped soil undergoing much greater seasonal
variations than levels of mineral N. This is in contrast to
a recent report of Haynes and Goh(1980), that the seasonal
pattern invlevels of NO, -N and SO, 2-S showed similar
‘trends in both tui: surface soil and.down the profile. In
some incubation studies, a close relationsbip has been
observed between N and S mineralization(Nelson, 1964;
Kowalenko and wae,1975),

Most of the above obserﬁations were made‘With
continuous in¢ubation in pots. The only results from the

leaching and incubation technigue reported by Tabatabai and

~-
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Al-Khafaji(1980) support the existence of a close
relationship between N and S mineralization as observed by
some earlier workefs. The N/S ratios of the soils they
incuﬁated weré however, not significantly correlated with
the N/S mineralised. These results in their view, support
the'suggestion made by Kowalenko and Lowe(1975) and
Smith(1976) that although N and S have similarities, they
are not parallel metabolic processes. Smith(1976), also
reached a similar conclusion.

With the exception of results from Tabatabai and
Althafaji‘s (1980) laboratory experiment and the field &
‘results of Simon-Sylvestre(1965) showipg faster depletion of
organic S than organic N, most results have shown the
converse to be true. Another difference in the behaviour of
N ana S is in their relationship witﬁ>major soil- properties
such as C and N contgﬁ%%. While thé rate and extent of
release of N has beeé found to be closely governed by these
.propertiés, those of § behaved differently<
(Biederbeck, 1978). |

It is also possiﬁle that N and S mineralization
processes maf differ due tq}iype and efficiency of
microorganisms involved as well as the stability of
extracellular enzymes. Williams(1967) ‘observed considerable
differences/between the degree of suppfession of S and N
mineralization in response to soil treatment with toluene

and formaldehyde. Initial enha%cement of S mineralization

relatively greater than that of N was also observed after
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re—ﬁétting dried soils in the same study. Recently Saggar et
al.(1981) reported a net immébilization of S with and
without the addition of cellulose or sulfa;e. In cont:ast? a
concurrent net mineralization of N was observed.

In an attempt to explain the different behaviours of

]

organic N and S during mineralization, Freney et al.(1962)

suggested |

1. that the N and § mineralized could originate from

different fractions of soil organic matter which

decompose at different rates. |

2. that the ratio of N/S mineralized depends on the N/S -
ratio of re;ently added Srganic matter more than on the‘

ratio in the bulk of the soil organic matter.
14

.

McGill and Cole(1981), however,~have.proposed that
mechanisms stébiiizing C, N, S and P are not.neccessarily
common to all four elements. From such a model it was
dgdu;ed thaf any element stabilized by mechanisms different
from those of other gléments may accumulate at a rate
independent of other elements. Sulphur is found in organic

matter in two main forms, as ester linkages and as dir S

ect
, [
to C bonds, whereas N is directly bonded to C. A dual
mechanism for S mineralization but not for N mineralization
will therefore go a long way to explain the lack of
consistent relationship and stoichiometry between N and S
mineralization. Thus they proposed that C and N are

stabilized together and mineralized through biological

mineralization, whereas organic P and sulphate esters are

&
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~stabilized independently of the organic moiety.and are
mineralized through biochemical mineralization. C-bonded S
appears to be controlled by meéhaniéms similar to tho;e for
N.

The salient features of the above proposal are that
mineralization of N and C-bonded S occur only when soil

organisms are required'to use N or S rich materials as an

sulfohydrolases, is controlled by the need for S

prdpﬂ;tlonal to ratios of HI-reducible S C-bonded S becaus~

of closer link between,N and C-bonded S than HI—reducible

3
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I11. MATERIALS AND METHODS

A. SOILS

The soils used in this sfudy were surface soils(0 to
15cm) selected from Chernozemic and Luvisolic soil orders
and were.sampled in the fall of 1981. |

Samples were taken from cultivated and virgin soils of
three Great Groups within the Chernozemic order; and two
plots each §rom the east side of series E and series F of
the Breton plots to represent the Luvisolic order.
Descriptions of these soils and relevant analytical data are
shown in Tablé 1.

.Samples of these field—moisé séils were passeé through

a 2 mm screen, and divided into two portiqns. One portion
was placed in aLpOIYthene bag and stored in a cold room at
5°C for use lat;l to qonduct incuBation éﬁperiments. The
second porfion was air dried at roga temperatufe énd then
stored in plastic containers. A sub-sample of this air-dried
portion was lafer ground té pass'a 100 mesh sieve for : |

analysis. | «

§. INCUBATION ExPERIMENTS

Two methods of incubation were cbnducted to study the
mineralization of N and S. These were the methods of
continuous incubation and incubation and leaching, i.e.

intermittent incubation.

48 E -
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. s50il., This permitted :che dlspdsal of containers from-whicn

- incubation period.

'Incubat1on and Leachlng

51

Continudga Incubation o
Samples of®100 g (oven-dry basis) of moist soils were

weighed into plastic containers(11.0 cm in diameter and 7.5

cm high). Deionised water was added to bring eacn soil

-

sample to its respective field capacity moisture contenz and
{

mixed‘thorougnfy. A piastic lid with a-small ho}e(6 mm in tg

diameter) in the centre for aeration was used to cover the
contaigers. Containers were weighed once every week and
deionised water added to restore initial weight. -

The number of containers used correspondéd to the

L)

number of sampling times "th -three replicates for each

samples were taken at eachlsampling time. Samples of 2qg§¥¢;“

were taken from three pots for each soﬁ% at intervalsﬁof two

~weeks for twenty weeks and transferred into 125 ml. plastlc

"/ A oS

-bottles. The samples were extracted by shaking fow ‘1 hour 1in

50 ml of 0 1M KC1l. The. suspen51on was then flltered through‘
a. Whatman no. 42 fllter paper and aliquots taken for

determlnatlon of NH,*-N and NO; -N and SOa‘?~S. Temperature

~varied between 22 and 25°C in the incubation room during the

7

N e

Trlpllcate m01st samplés(zo g oven- dry b351s) brought
to their respectlve fleld capacities WIth delonlzed water |
were mixed thorohghly w1th an equal welght -of--washed Ottawa

sdand, 8011 and sand mixtures were’ then transferred into

N



ad

52

~Buchner funnels (5.7 rm in diameter and 3.0 cm in height)

1\ /

lined with fibre glass filter.
Buchner funnels were placed on 125 ml suction flasks
using no. 3 filter adapters. A (ilter paper was placed over

. . . - LD .
the mixture of soil and sand te =014 dispersing the mixture

when extrattlng solution was added. A pre-incubation

/1 < ,\ .
leaohlng w1th 0.01M KC1- was then used to remove mineral-N

-

'éhand s byﬁthe following procedure:

~§I15 to 20 ml of 0.01M KCl was poured onto the mixture.

2. solution was allowed to soak into the mixture.

3. suction was then turned on and as much solutlon as

'

possible was removed
The above- steps were repeated three times. Leachates'
volumes ranged from 46 to 48 ml. Suction wag used to remove

excess: m01sture to restore samples to field capac;ty and
F : »

funn'1a were covered w1th Parafllm which had a small hole in

the centre for aeration. Funnels were then 1ncubated at a

~

temperature range of 22 to 25°C for a period of 22 weeks.
The leaching and 1ncubatlon procedure was repeated following

2,4,6,8,10,' ;18 and 22 weeks_AFunnels vere welghed once

every week and‘delonlsed.water added to restore initial

weight.
’ﬁ“Alfauots from the initi%l and subsequent leachings were

taken for determination of total mineral-N(NH4*-N, NO,~ -

and NO; -N ), SOu”—é and organic N. Tk
- _

3
N ) ' ) S
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C. ANALYTICAL PROCEDURES
Total mineral N{NH,*-N, NO; -N and NO, -N) was
determined on so’l extracts and leachates usinc the steam

distillztion -ethod of Bremner(1965b), and. S0, *-S was
"‘”d
determin: the method of Johnson and leqk a(1952) as
o » N ’@’ f‘a :
modified by Dean(1966). - N

Total C was determined on soil samples using the LECO

' )
(Laboratory Equipment Corporation) total C analyser
: '(13?1» .

(CR-12,Model 781~ 800). S RS

Total N was estimated by Kjeldahl digestion of soil T*W”

samples on a block digestion apparatus to convert N to

ammonium and the ammonium was analysed witi. a Techn:ton
s¢ .
Auto-Analyser 11 system(Schuman et al.,1973). N

Organic N plus NH,;*-N 1in the leachates ‘were estimated

[N

by the method of Schuman et al. (1973) for total N in soil
samples with modlflcatlon. %ﬁn ml of leachate was taken and
preheated to 200°C_fogg§emovél of excess water before

digestion and subsequent determination of NH,*-N. Organic N
. : . Coe h 3 _ : .
leached was then estimatedlas the difference between NH,'-N

¢ -

determined on digested leachates with the Technicon

.Auto-Analyser and NH,*-N determined on aliquots of

il

undigested leachates by steam distillation. Nitrates in the

leachates would not be reduced to ammonium since there was

" no pretreatment with Fe or any other suitable reducing

wagent(Bremner,1965; Kowalenko,1975). Prelimina;y inves-

tigation using known amounts of amino acids and nitrates

showed that while recovery of amino acids ranged from

- i
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94-102%, recovery of the added nitrates without pretreatmeot
with Fe was negligible or nil. '

Total S and total P were determined by fusion with
alkali metal nitrates (a mixture of NaNO,; and KNO,), and
later extracted with acid to bring sulfate into solution and
hydrolyse phosphate to orthophosphate(McQuaker and
Fung, 1975). The extracts were then analysed for sulphur and
phosphorus using an Inductively Coupled Plasma with a vacuum
Spectrometer. |

ﬁl reducible § was %éasured as dESCleed by
freney(1969) with measurement of the H;S evolved by the
method of Dean(1966) and C- ﬁonded S was estlmated as “the
difference between total S and HI reduc1ble S. e

Amount of exchangeable cations in the various soil
samples were de;ermfned'by uslng'}ﬁ NaCl as the
extractant(MCKeague,1978). Initialgggtempts to detegﬁine the
concentrations of Ca, Mg and K in the extracts by Atomic
Absorphion spectrometry were fotlle. This might be due to
the high salt concetration of the extrachant (1N NaCl) which
may have caused spechral interferehces. Hence, extracts were
analysed using an Inductlvely Coupled Plasma Atomic Emlss1o:
S?Eectrometer ThlS instrument has been shown to have m1n1
spectral 1nterferences and an’ exten51ve linear dynamlg |
-rahge(Dahlquist and Kholl} j978). yi
Soil pH was measured with a pH meter using a glass

—~

electrode in a“1:2 soil to 0.01M CaClz suspen51on(McKeague,

1978). | .

S
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The moisture content at 33kpa soil moisture tension was

determined by the porous plate method(McKeague, 1978).

[

s
N
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IV. RESULTS AND DISCUSSION
Results from incubation studies showed different’

mineralization dynamics for organic N and S in &ll soils.

'Mingralization kinetics will be discussed separately. for

\

each Element, and then a comparfson will be made of these
observations for the two elements.'éultivationy falloying,
and fertilizer applicatiohs were observed to havé had
significant effects on organic matter fraction distri;

butions. The significance of these trends in relation to

organic matter transformations will be assessed.

A. NITROGEN

Trend of Mineralizat?on

Different tredggbof mineralization were obseérved for N

o
4 .

using the two methods of incubation(?igsiff.01‘fo 1.16). The

N migeraiization time curves obtained with continuous

incuabtion weré inconsistent. Net amounts of N

o

mineralized(i.e. N mineralized during time 't'- initial N.in:

soil at time 't'=0) were not_constaht after each interval of

sampling. Subsequent amounts of net N mineralized either

"
e
LR

decreased or  increased in relation to previous amounts. The

-

rate of N mineralization in soils is not constant(Harmsen

' and Van Schreven,1955). In the incubation and leaching

technrqqe also amounts of mineral N leached were not

constant after each interval of incubation. Unlike amounts

56
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I‘:’

of net N mihe?al{zed with the continuous incubation,
however, these amounts found in leachates generally
decreased with each in%efval of iﬁcubation._These decreases
would however appear to be enhanced to varying degrees 1n
each soil sample by the\&eaching of labile orgae&c N
coneurrently with inorganic N mineralized. Smith et
al.(1980) suggested that leeching of labile organic N would
lower subsequent-values for N mineralization, Totaliing the
amounts of mineralized N found in successive leachings
(referred to as cumulative amounts of N mineralized) after
eaeh interval of incubation, curvilineer relatic :hips
between cumulative N minerelized and time were found(Figs

. of N mineralized

1.10 to-1.25). Plots o camuletive’amc.

against the square root of time were #7er found to.be

A
“linear in most of the -soils(Figs 2.01 to 2.p4). Similar
observatidns haye been‘reporfed~by Staﬁford‘and Smith
(1972), Cessman and Munns(1980)féné Campbell et al.(k981{:
There 15 no fundamental 51gn1f1cance ascribed to the
observed llnear relatlonshlps, although it may - ‘be noted that
diffusjon-controlled reactions display similar
cﬁaraQEeristics(Stanférd'and)Smith 1972). In contrast,
Tabatabai and Al- Khafaji(1980) observed a llnear
relationship between cumulatlve N mineralized and time,
Observations from this study w1th the continuous

1pcubatlon method are consistent with earlier cr1t1c1sms

‘levelled against its use in N mlnerallzatlon studles. The N

—

mineralization time curves_and data obtained cannot prov1de

e
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a rational or consistent basis for estimating long-term

N-supplying capacities of soils(Stenford and Sm%th:1972) and
they do notfconform to the characteristics of first order
kinetics. During earliet studies of N miner ization
capabilities of soils using this approach, ..lative
inhibitory effects on N mineralizatioﬁ sometimes arose
‘during incubation.- For example, Allison and Sterling(1949)
observed appreciable drops in pH during 23 week'continuous
v&ncubation. In some cases, accumulation of toxins has been
suspected (Acharya and Jain,1955). Similar inhibitory QQ
eﬁfects would, seem to have occurred resuitingtin decreases
in amounts of N mlnerallzed observed sometlmes during the
period of incubation in thlS study Rate of mlnerallzatlon
is affected by ‘supply of oxygen. Manlpulatloq of Eoll ’ .
samples ptior to ‘incubation mayAeoﬁdeiJabiy alter porosity,
espeeially in seils posSessihg reretively unstable
structure. Moreover the addltlon of water and stlrrlng to
accomplish uniformity in moisture dlstrlbutlon, ‘as practlsed
under condltlons of continuous 1ncdbat10n, adds to the -
uncertainty of aeration car o1l (Stanford and Hanway 1953).
Fluctuations in aﬁountsﬁdftﬁxygen-supplled hlght thusAalsou”

contribute to the inconsistenéies in the N'minéralization
: .. ..

t'ime curves observed w1th“the contlnuous 1ncubatlon method

e

Removal by suctlon of excess solutlon might cause M

o

compaction of soils hav1ng a, high pgoportlon»oﬁ'
water-unstable aggregates. In the incubation and leaching

uy

%

technigue, compaction has been‘minimized by mixing sangp with
. . ) 17}
' ' ééﬂ

Fl
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'4the“soil samole..in the original procedure used by Stanford:
‘and Hanway(1953) vermioulite was. used instead of Sand.;

In view of the abobe shortcomlngs of contlnuous e

el
o R
. .;""

1ncubatlon which” led Stanford and Sm1th(1972) toapropose the
A

equse of the leachlng and 1ncubatlon for studles of ;”;

N- mlnerallzatlon capabllltles ot 50115 further discussion - 7 f'ﬁﬁ
7 ‘

®"of results will be limited to observatrons from'this methodf‘
Cumulative amounts of N mineralized ranged from 25.6. in

a Breton plor.(Gréy Luvisol)'to'166.5‘bg N/g éofii;n a Black
. R T ‘\;“ Lo

.Chernozemie goil at the end of the 22 weeks incubation

period;'ExpresSedtas'perceh L€ of~total'N,‘these ra
x . el

“from~];6 to 8 9%(Table 2) sTin agreement With

o

v
v

a

tifor 12;50115 in ona 1ncubaﬁed at J,for 26 weeks“,At

vhigher tedperatureéio}»35°c Smith et\al (1980) ﬁpuﬁd.toe el
Arange Qs bewpetween 5 and 1% for a perlod of 11'weeks;eod 5
Tabatabalae:d\AQ’Koafaj1(1980) reported_a$rengeeof‘8f3 £$”é¢' 7“;
26.8%. & 0 DJ S S )
The oumdla;ive_amounts'or N:minerelized.after 22 weegs.
of~incd;a£ion in tdis efudy were signif}cantiy correlated at - ’
19 level of probabvi‘l;i’“cy" gﬁh total c'(r'=o'.75'). and total '
N(r=0'77) bur not with C/N3r=é 15)(Table 3). Elementai‘ '
- ratios are of llttle value in predlctlng rates of ‘
’;dinerabnzatlon Sw1ft L\\G) ‘In contrast Tabatabal and ’
AL Khafajl(1980) reported that cumulatlve‘amounts of N
mlnerallzed werg not correlated with organic C or total N. ‘ v ‘Q .

B

= -
. hd

DRSNN B . v . Ve

ESS
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" Nitrogen-leached after 22 weeks as a percent of

Table 2:
total N present in soils.

& Soil

N
SR

o

=

Type
N -

Mineral N
Leached

Organic N
Leached

Tptal N ‘\;4, .
Leached -

% of total

N Present—

—

, Ellerslie . s
L Virgin 2wk 0.5 2.6
‘:zaé Ellerslie : n, v
-Cultivated EA 1.6 0.6 VAR
kaoHoKa‘Virgﬁn T 1.7 a8 -
& i
_Ponoka * - ) oW o .
W Cultlvatedw Lo Q.7 w3 g?t“»’
Lethbrldgaf,' - A ERRE
V‘r91” T 1.2. 7.2 .
" Lethbrldge “ 5 s i;" Q L _.". A B +
Cultivated " ' dse e 5.4
~Standard Vingingﬁ'”j . 2.6 A  ‘;““’jf3 5.9
_ Standard- "{5’v® v SRR Z;“ N o '
s Cu]tlvated LA ik K 4.6 -
i ;cp1n,v1rg,n §f$? 2227 - 1.6 ,3.8 .
Chin CUI%ivated 1.9 ., ¢ tggf'I.Oj 2.9 N
-y [N
‘Vauxhall Virgin 2.6, ' 1.6 4.2 7
< — = = - e
» Vauxhall ° o 2. ) . .
. Cultivated o 2 O % . 1.4 -.3.4
Breton: T S ; o :
) Series 'E'. 3 . '€©3.9 7 - 178 .5.7. _
| Breton * . oy T
. Series ‘£’ 5 2.6 1.8 4.4 ’ L
Breton - A . ;
Series ‘F' .3 ) 3.6 7 1.2 4.8
Breton . e e )
Series ‘F' 5 2.9 1.7 4.6
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~NfMinefalization Potentials, No S ;'ﬁ‘

Uy 68

Cumulative amounts of N mineralized have been used by
various workétswto‘estimate the ‘N mineralization

potentials(No) of soils for'examp;e,'Stanford and Smith

1972' Oyanedel angﬁlfﬁﬂiguez,1977;Vcaﬁﬁhelﬁ et al.,1901;
382). The basic concept is that the
. . B : s .
amount_of N.mineralized is proportional to Noji.e.

_Campbell and Souster 1
dN/dt=-kN.

JOrganic N in Leachates N

SOlUthﬂ leached through 1ncubated 5011 samples‘n
S o
contalns organlc N compounds which may be readlly

~ Ft‘fd ! .
mlnerallzabie(Legg 8t al., 971 Broadbent andﬂ S

v w
w i

Nakashlma 1971) .J' ' i; Y o

o S J
» E Sy LY

Total organlc N leached at the end of the 22 week

- peflod,rn this stpdy ranged from 16.9 to 43.2° ug N/g 5011

: Thlsuwas 271 to 75% of total cumulative. N m1nerallzed 19 to

*oa
o, )

43% of total N ifi leachatés(Table 4)'and 0.5 to 1.8% of
total N present 1n 50115 used for thlS study(Table 2). Smith
et al.(1980) from an 1ncubatloh period of 11 weeks reported

for three soils leached with 30 ml of 0.01M CaCl, and 25 ml

of minus N nutrihent solution, a range of 13.8 to 42.0% as

) -

~mugh leached organic.N as leached minegal N. e

‘- a

. V- . L .
~ s . . - . .
3 ~ K . . . : £ .

natural phenomena by modet;//gg;éqgophlstlcated models

depend on mathematlcal statements and, consequently allow. us

7
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not oniY"to ekplain observable facts. but alse to predict
P’ossibl_y :uno'bser‘(ed‘,.eventsr Figs. 1.01 to 1.16 show that N 6"&) '
'mineraliéation timedcurves obtained with the incubation and '%'\
‘leachlng technlque bend down in a -way that suggests a

constant percentage loss. ThlS means that the amount of

1norgan1c N released through mlnerallzatlon is proport1onal
. ‘;;, Y X - iy
to- the amoumt presentwat the beglnnlng of the perlod These

observatlons are con51stent w1th data in the literature

EN

suggestlng ‘that N mlnerallzatiomireactions follow first

¥ #
'

order klnetlcs(Jenny, 1941 -Stanford and Smlth T972; Smith

‘ [

',fet al., $980 Campbell et al 1981)

F1fst order klnetlcs can be descrlbed by the equatlon

.o e
il

:'. ‘:3'_ ’j‘S! ¢ N , e 2 5
Slenin o dN/dt——kN ————— (1 G
e R rvs Cel : a,‘ S ‘
whefe P PO - ']“"'.oﬁ~r ' Lo o°
. )~,‘ i .'L...'J NIV - - ’ B C 0 ‘
,N cGncentratuon of mlnerallzable substrate I _ i

k=rate constanm»for mlnerallzat;on

v

t= txme ' ol e

a0 o . @'t. BRI RIS . _r,.\, -

Upon 1ntegrat1on ﬁ%om time 't0' tc ‘time 't' this yields .

Nt=Noexp(—kt) ————— (2)
- 'ﬂ'j ’ .- ’ o
where '
No=beginning substrate concentration ' -

Nt=substrate concentration at time 't'"

) Thetbeginning substrate concentration No and Nt are-

- .

both unknown, therefore it is convenient to et;E}pafE‘ane-—_e .
‘I' . ’ . . v ’ -
~unknown using the relation \ o

Nt=(No-Nm)----(3)

- where o . B : | .



<My . R

LN o
Nm=N mineralized in time period 't' .
Rl

¥y Using the substitution in Eq.”2 we obtain

'

No-Nm= Noexp( kt)-—-=—=-- (4)

v.J

In statistics, a common model describing the makeup’of
an observation states«ghat it consists of a mean plus an

error. This is the linear additive model A minimum

o

assumption is that the errors are random, that is, the

population of ¥s is sampled at random(Steel and Torie,1977).

The simplest linear additive model is given by

mean u plus an error ei, The errors.are, assuméd to be from a

.J‘-

e

-

" Torrie, 1977).

inferences to be ‘made ‘about a population and is assured by

’

draWingnthe=sample in a.random manner(Steel‘and"

_The exponential model Eq(4) describing N mineralization

has been commonly transformed (Stanford and Smith., 1872;

“‘u

Oyanedel a_d Rod??éuez, 1977; Herlihy, T979)-to.the form

"”"1og(N5;.Nm) logNo k/2.303(t)-=-~(6)

Thig\%as done to linearize the model make the error

}

term. additive and make 1t normally distributed in conformity

‘w1th the properties of errors stated earlier. Stanford and .

Smith(1972) by this transformation assumed that the errors

in theirnmiheralizatiOnrstudies were multiplicative i.e. .

- large errors were associated w1th large values of .

S

This.stateS'that.the ith observation,Yi, consists of a

S

~\
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mineralized N. Their model according to Talpaz et al(1981)

~where + .

. e=the error term.

73

is

No-Nm=Noexp(-kt).e——===—-== (7)

In N minen&??zation studies this assumption is
because errors are not correlated with time of samplin&~

e . . . ’ . v -
mean values of N mineralized(Smith et als;]980; Talpaz et
al.,1981). This is similar to observations made earlier
SN o

about errors in a linear model. The appropriate model is.

&

therefore )

‘ %' No;Nm=Noexp(—kt)+<-—¥;———;——(8)

Thia'model gives more reliable estimates of ‘No and k - -
and smaller deviations of data fromka best fit curve(Talpaz =

et al.. 1981# Sm1th et al. h980) The use of Stanford and

-

3’

'Smlth s technlque leads to an overestlmatlon of No and

subsequently an underestlmatlon of. k. Thus using this

| J .
approach i.e. Eq(8) to analyze Stanford and Smith's data,
Talpaz et al (1981) found lower and higher values for No and

k respectrvelY'than~those reportéd . Stanford and

-Sm1th(1972) w1th equatlon (7). . - "

te

Equatrpn (8) cannot be llnearlzed WIth respect to k,

>~—

hence.regre551on by ondlnary least squares method cannot be’

3

applled No/and k have therefore been estimated by

non 11near regre551oA (Smith et al. , 19803 Talpazret'

‘a l.,1981). This requires the use of computerlzed curve

fitting technlques. In thlS study, No and k estlmates were
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obtalned using the BMDR computer program PAR. BMDP programs
1usuafly analyse data h}San iterative 'examine and modify<§
series of steps. PARggdﬁa nonlinear regression program which
estimates the parameters of a nonlinear function by least
squares and can be used to compute maximum likelihood
estimates.olt is appropriate for a w1de variety of problems
that are not well represented by equatlons w1th linear
parameters(Ralston, 1977; 1981)., '

As shown 1in Table 5, values for No and k wégé'estimated
with both cumulative.N mineralized‘alone,‘ind-cumulative NTo ] :
mineralized plus organic N leached at various times of
leachlng as stated in the Materlals and Methods section.
values of No calculated w1th cumulatlve‘mlnerallzed N alone

'“m

.ranged fr@m 53.% toigi' 2% ofiNo estimated with total ‘N

LY

Aﬁ%gS)u-Because the. leached organlc N is

leached Cm*
con51derednmlnerallzable, the most approprlate estimates of

No &and k are given by cqmulatlve N mrnerallzed.plus organic Ty

o

N leached.
Estlmates of. No- therefore ranged from 50.5 to 286 ug

N/g 5011(Table 5) Talpaz et al.(1981) u51ng'the n@n—llnear
. o O‘\,f Co .
regression approach to analyzg Staﬁ?ord and Sm1th E (1972) A

3 i

data for 39 50115 found a range of 15 to ?53 ug"N/g soil,

while Campbell et’ al.(1981) reported a range of.67- 256 ug

-

‘N/é soil. in Queensland Inla recent study, Campbell.and
;:

Souster(1982) estimated a range \@ 66 to 401 ug N/g soil ﬁor f;_;

T i

some Saskatchewan 501ls u51ng only: cumulatlve N m1nerallzed"

- ———— — — - —— —— —— , .
. e,
. »

. 'Copy of the program can be obtalned from’ Ray Welngardt
Progfammer) Animal Science Dept Unlver51ty of Alberta. .
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In hoth Saskatchewan and Queensland studies,ﬁo and k were
also estimated“bw non-linear regression techniques.

Among the virgin 50115 of the Chernozemlc order ﬁg
generally 1ncrea:ed from Brown to Dark Brown to Black 501ls
in this study. A 51m1lar trend was also 'observed for the
cultivated soilsr These obseyvations are illustrated~in Figia
3 and Table 6. Losses due to cult1vatlon were generally
o lower for the less humld Brown than-for the more humid Dark

Brown ar!d'lack Chernozemlcs. ThlS is probably a- reflectlon '
of the observatlon that -the greater the 1n1t1al nitrogen
content the" greater the fall when cult;vated | .
(Jenklnsonw1981) Slmllar\observatlons have been reportedggg
. ey

Campbell and Souster (1982) 1@*Saskatchewan. In the_'.;

g'- ) -

Saskatchewan study however, No was 51malar among 5011 zon€s
< : O :
T;n the cultlvated 50115. ' h 'r:@‘ ‘Ofw
Wrthln the Breton’ plots, - wasvhigher'in the - :
- +non- fallow glots .i;e. serles F. than in the. fallow plots i, e
v o, R
series” E. fhese observatlons are 1llustrated 1n F1g 3 andu
»

.

Q) Table 7. Thekeffect of fallow 1s thus s1m11ar to the effect

of cultlvatlon on v1rg1n soils in the Chernozemlc ‘Order. No’

$

llngreased from 5011 no. 14 to 5011 no.f13 to soil ‘no. 16 and

L "

was hlghest in 5011 noM§15 Two reasons could ‘be a551gned to

thls trend Flrstly, the effect of cultlvatxon on 5011

, organLc matterTvarles con51derably,.probably dependlng on
'the organlc content of the 5011 partlcularly the amount of

fthe f{esh organlc matter(Powlfon 1980) Fresh re51dues are

B
jthought to be more ‘easily - decomposable than the other

.

REa

‘t(':‘ N ) ‘a

- s



78

E )

'uolaJdg je sjo|d mO||ej-UOU pue MQ| B4 WOUJ S|LOS
pue ‘JspJg Owazouday) ay) ‘uy S| }os %3@.3330 pue
ulBufA uyr sjejjuajod uotjezyjedauiu, NJ0 uos|Jedwo)

SINOZ 110§ .

e - . ' .ﬂ W
josiang wezoulayyy. wezouIeyd) - wezouieyd

. koio |V ¢ ~ umoug > < umoig yiog™?® — yopg—*

'$10|d uojaig
§4 €4 63 £3 -

1oy xnoA Yoy .?o.vco..m, oBpliqyiey. ojouoq  etysiay3 .

&

DN\

|

d

+
7

¢ s -

¥ ’ S
] - R - -
/o . sl

MO||D4 10 PBIDAL|ND § o . -

mo||D4-uoN 1o uwiBaA ]
. . ’ ... g 2ea e,
e B

oy

R

<. 110s,5 N 87) AviINILOd,

i

Ll NOVZNVEINIW N



79

"S110S pajeA}l|nd pue uiBuyA UBEM1IBQ % PueR N |BIOL/ON 'ON ‘N |R10} U} SBOUBJB} S|P
ueew 8Yl 30 sebBelusduad se PassSBJAxXd BJe SBN|BA "UOIIEBAL}(ND O} 8NP 8Sedaudu} JO 3seBJIaQ

.0
1105 PBIGALIIND = D
P2l

{1os uiBujp = A

G G+ 6 €T~ ) VT Le- o Ly- (%)abueud
5600 © TOBO'0 S € 9 v 9°2§ . 9°¢cs8 Z 906! v Gi8l . . - uesw
v60° 0 6980 0 6°¢C . BV €15 v 68 S GOEL v 6B} : 1 teyxnea
LEO O -7 vEBO O VE €'y 6 €S L LL 8°90L} v IBLYL uyd

" - . umoag

9 LE+ € €zT- . 6 LE- S 6V - « (%)8Bueyr
+L0°0 © 09%50°0 6°S LL 5T 9° 661 1 vLOT G LLGT _ ueap
990 0 1160°0 8°S LS5 o evt L 0S4 z18v2 S 1692 T pdepuels
L80° 0 60800 09 9°6 6 66 v ove 6°9991 6 €0ST abp. yqyi e

: : umoJg Wueq
\ .

b 9°8E- : ‘9°zE- . 6L}~ «(%)abueyn
z90'0 " 66V0°0 st LS v Gpi v 9ig ) LTEY : 5 TLLS ueaw
£€90°0 PIv0 0 v “LL 5 Zvi 9°10¢ 9°98EE £ 2192 exouod
190°0 ¥850°0 8°C 9°¢ boLYl LS8BT 51925 ) 8Z6L ®115492113

' EELIE:
o) A o) A 2 A ) 2 A dnoun jeeun
G pue

, .>o0m ) (%) 11os B/6n 11os B/Bn edAl 110§

\ % N Leiot/ON . ON N 12301 .

"S|10S D4WAZOUJBYD U} ()IUBISUOD 83BJ UO}IEZ}|BJIBUIW PUR (N [BIO]1/ON)UO|IDLUY
anj3oe " (ON)lPj3IuUBIOd UOIRZY|BJBUIW N ‘N |BIO] UO UOJ3IBA}IIND PUB BUOZ (105 3JO 3108433 :9 B|qe)



.80

pp.r\ .
a o . .
. SIS} - :
&= - .
Z3 - , \
. 9}
<9 5 '
20
= o
Z c
L Q
= E .
2 3D
. O v
o 0 .
[ e
5 h Y
M..vm.waam Jd8Zy) | 13483 ON-3IuBjUN
‘payj|dde JBZy(131u94 - yudgy
‘PBZY(13u84 Uou Jo mofleyd jo sefBeyusdouad se Passaudxa. secuauaj1p uesw a4r san|ep .
.. . - 48z} 131493 03 enp wwmwgumv Jo esesJdu] (8) aBuey)
) ‘Buymoy-ey 0} ‘enp 8Se8Jdap Jo eseaudu] (v) 8abuerysy
T p- ’ 6 LI+ T 6E+ - A . ’ (%)« (8) 8b6ueyn
9°8+ 8 b+ S EE- " 9¢€~ . o : oo (%)« (V) 8bueiyn
890°0 6°'G N..wm . 6EG} . Ydejupn .zo:m.*-coz. . 94 G 4
850°0 §'9 v'cii tzey . 3484 ‘moyej-uopN . : Si € 4
€EBO°0O T°G 'S°0S GL6 1d3j4un, ‘Mmoo ey ) vi S 3
1900 L' L 6°v8 801} ) 3484 ‘moy(ey [} £ 3
S T-1-7. 0 (%) _qum 8/6n L1os B/6n ) : juswieau) . ‘ON . "ON 1014
A ON N/ON N tejoj} 10id 110s ) pue sajJusesg

. 'S310ld uoleug B8Ul U} (X%) IULISUOD Bjeu uojlezyyedsujw pur (N/ON)
'uoy3dRUy BALIDE ‘(ON) (O} 3jueiod UOj3eZj(BUBUIN N (N)'N L®10) UO 49Z}1 14149} pue Mol|es 4O 31283343 1L 8|qe)



81

components of organié_matter (Campbell,1978). Secondly, much
of the N that is being mineralized each year is derived from
recycling of old crop residues and from fertilizer N taken
up by microbes during the year of application(Campbell et
al.,1980). Of the 36 to 60% fertilizer N remaining in soil
after one crop of wheat, Juma and Paul(1980) found 30% to Se
in the biouass which was mineralized with a half life of 2.4
years iﬁ the field. The other 70% was . .in the mineralizable
organic N pool with a half life of 7.7 years. Soil no. 15
~ has the highest total N content and the highést No value
because 5f tﬁe nature ofuthe rotation ana fe;tilizer

" “tions. Consequently, it would probably contain more
fr=sh énd old residues than the other Breton plots.
SummerfalloWiﬁg~a§ practised on series E contributed
‘,signifiéantly toﬂghe lower values of total N and No found
there than series F. Simulations of crop sequences have
shown that gteadyrstgﬁé soil organéc matter is affected by

the nature of the rotation(Russell, 1981). In Australia,

steady state organic matter level was lowest for a =

wheat-fallow rotation than other cropping practices(Russell

and Williams, 1982).

Active Fracfion Content

‘The ratio of mineralization potential,No, to total N
present, i.e. No/N is referred to here as the active
fraction of soil organic N. The actiye fraction was first

proposed by Janssoh(1958) and is frequently used to
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designate the portion that gives rise to the greatest
broportion of mineralized nutrients in the soil
(Allison, 1973; Greenland, 1971; Khan,1971; Campbell, 1978).

In the present study No/N raﬁged grom 2.7 to
g.6%(Tables g and 7). This is lower than 7.6 to 28.0%
calculated from data of Stanford and Smith(1972), 8.0 to
21.0% reported by Campbell et al.(1981) and 3.8 to 20.5%
found by Campbeil and Souster(1982). In their studies No was
estimated at incubation temperaturés of 35°C(Stanford and
SmiﬁH,197é; Campbell and Souster, 1982) and QO?C(Campbell et
al.(1982) whereas 22 to 25°C was used in the present study.
It hés been assumed that No is unaffected by
temperafure(Stanfo;d et al.,1973; Campbell et al.,1981).
This assumption has not however been tested to éscertain its
validity. Microbial biomasszis an important source of labile
N(Jenkinson, 1981). Accumulation of mineral N(Monreal and
M;Gill,1981) and estimates of N mineralization
potentials(Carter and Rennie, 1982) have been found to be
clzsely related fo both the initial microbial biomass N and
the decrease in size of the latter during mineralization.
Jehkinson(1981)) quoting results from earlier work by ‘
Jens;n(1936), showed that the amount of straw C mineralized
increased witﬂ temperatﬁre, although the amount of bacterial
biomaés tissue remaining in the.soil decreaséd. These
reports indicate that higher temperatures used for
incubation may tend to ovefestiméte No,vdue to decreases in

microbial tissue during the period of incubation. The
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effects will be more.significant in soils from areas where
microbes gre adaptéd tc lower ﬁemberatufes in the field.than
those used for incubation. This might explain'fhe‘lower‘No/N
ratio of the soils used in the present.study compa?ed'to
those from other areas especially Saskatchewan with similar
climatic conditions to Alberta, but where incubation
expe;iments were c&nducted at higher témperatures.

The fraction of total N that was active was.generally
higher in the virgin soils ,than the cultivatéd soflé within
the CHe;noéemic Order (Table 6). This is congiétent with the
view that cultivation causes a"decline not oply iﬁ the‘total
organic matter but also in the proportion.which.decomposes
_during incubation(Craswell and Waring, 1972). Simiiar
findings have been reported in,Saskatéhewan(CampbeiI and
Souster,1982). Within both the viréin and cultiQated soiis,
active fraction was highest in the bark Brown sdils(fable'

6). By contrast Campbell and Souster(1982)‘observéd that

—

active fraction was highest }Q\the Brown'soils‘frém-
€askatchewan, and attfibuteéﬂéais to probably the more
"pfeserved{ organic matter in the Brown soils due to the
more droughty .growing seasons thaL are customary ih
southwestern Saskatchewan.~S;ils of similar texture within
the three soil zonés were uSed in the Saskatchewan s;udy. In
this study, where there were textural differences among %he
‘three soil z~nes, the effect of this factor woul+ appear to
be more significant than the efféct of climatic changes on

[N

active fraction contents. A positive, significant
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correlation was'observed betweeo clay content>and~§o(Table
8).-Percentage clay content was highest in the Dark Brown /"“/Zp
soils (Table‘1). Jenkinson(1977) showed that on incubation, A
more labelled added C was retained_by a soil.with a cla;A
content of 18% than one with a clay content of B%r CraSwell
and Waring(1972), have also.ehown that clay sodls,
particlUlarly those with expanding lattice clays, release
some‘decompoaable»orgenic‘matter when groundu The effect of
clay in stabilfziog organié’matter and protecting it from
decoﬁposition is 'well documented.

In contrast to the effect of cultivation which[
decreased No/N ratios 1in éhernozemic soil soil samples,
:tallow tended to inorease.No/N ratio in the-soil sampies
from the Breton plots on LUVlSOllC soils(Table 7)

These apparently contradictory observations from the
two groups of soils could be related to dlfferences in
‘prox1m1ty of the cultlvated soils to thelr respectlve steady
rstates(McGlll 1983). An accurate assessment cannot be made
of the: -exact perlod of cultlvatlon of, all ‘the soils used.

The Breton plots have_however been under controlled
cultivation for‘aboUt'SO yearé;'

Cultivation causes degradation of soils leadiog to more
rapid initial rehoval of the potentially mineralizable N,
No,fthan total N Therefore No approaches steady state'
‘conditions faster than total N. The rate of this approach

will .be increased by summerfallow practlces. As steady state

- conditions are approached, declines in rate of No loss will
R . LN
RN
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Table 8: Cbrrelation coefficients between No or No/Total N
and particle sige fractions in soils. :

No | No/Total N
Clay o 0.36%x o | 0.04
silt o -0.13 - -0.08

Sand E ~0.23%* -0.01

**--Indicates significance at the 1% level of probability.
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' .be greater than déclines in rate of total N loss. Once No
reaches steady state it forms an increasing proportion of
the total N in a degrading system and a decreasing
proportion of .the total in'a system acéumulating organic
matter (McGill, 1983)waeries E of the Breton plots probably
depicts the formerosituatign wgile the latter situation is-
exemplified by series F(Table 7).

‘¢hernozemievsoils are generally degraded at slower
rates than Luvisolic sbii§. The Chernozemic soils used in
tgié stuay here are therefore probébly in a degrading phase
with No not close to steady‘state conditions. Thus the,
cultivated soils”hayé lower No/N ra;ios than their
eorresponding virgin soilé,and the soil s;hples from the
Breton plots(Tables 6 and 7). Fufgher examples of above
trends are found in data of Campbell and Soustef(1982). They
reported higher No/N ratios in cultivated than virgin soil
samples.from the Luvisolic order. The.coqverse was true in
soil sémples from the Chernozemic Order. Their data also
showed mean No/N ratios in cultivated samples from three
soil zones of the Chernozemic order were all lower thanf
those found in the cultivated Luvisolic soil samples.

The active fraction was larger in the fertilizea blots
than the non-fertilized plots in this study. Mineraliéable N
accumulated at a faster réte than total N in the fdrmér
plots than in the IAtter plots(fable 7). These observations
are consistent with the finding by Juma and Paul(1980) that

30 and 70% of the fertilizer N remaining in the soil after
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one érqp of wheat, was in the microbial bioﬁass.and the
ﬁineralizable non—biomaés pools qéspectively. The . effect of
ferﬁilizer on the activekfraction was moré marked in the '
fallow plots than in the non fallow plotsy This ‘could be
attributed to reléti&ely greater increas?@ in total N in'the
non-fallow plots than the failow plots. In addition,soil
samples from fallow plots are closer to steady state

conditions and w1ll lose No at. slower rates than 5011

samples from the non-fallow plots.

Relation of No ana Active Fraction to Sbil propertiés
Significant- and close correlations were observed qmong
No; .total N and total C. A significant but less close
‘ g T~/
correlation was also observed between No and C/N ratio(Table
.9)Q?Tﬁese are to be expected'beéause a close cékrespondence
had been shown between C and N cycliqg thﬁbugh soil organic
matter (McGill et al.,1975), and Swift(1976) observed that
elemental ratips were of little value inipfedicting rates of .
mineralization. Other'observations_in the_iiterature-are
consistent with Ehesé findings (Stanford and Smith,197é;
Mario et %l.,i980; Cémpbgil et al.,1981). Negative
correlations were observed between No/N ratios arfd total N
and totﬁl C but these were poor. Cation exchange was also
n€gatively and poorly correlated with&£he éctive‘
ﬁraétion(Table 9). Similar observations were also noted with

data of Stanford and Smith (1972). These are shown- in Table

10. In contrast Campbell et-al.(1981) found that the No/N -
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Table 9: Correlation coefficients between No, K or No/Total
N and total C, total N, C/N ratio or CEC. =
No No/Total N K
C. 0.77x ©-0.34x%x L -0.44%x
N . 0.705*x% R ~0.35%x ~0.4 1% M‘/\,,M_;:—f
C/N 0.33xx ‘ -0.27%x, g
CEC 0.61== =0.19% -0.044x%=
No L 0.29x= : : ~:1’0..<§;8,*’!"
| _ ) : » N
* Indicates significance at 5% level of probabiPiﬁi.
* x [hndicates significance at 1% level of probability:
Table 10: Correlation coefficients between No, k-at 40°C
No/Total N versus and C, total N or CEC calculated
from data of Stanford and Smith(1972). No was
estimated by Talpaz et wml1(1981).
No No/Total N ' K
C 0.76%* -0.35*« . -0.20%
N 0.84%* , -0.36%x © . -0.18%
CEC 0.59x= , ~0.26%x* -0, 23
No 0.07 ~0.22%x*
*x Indicates significance at 1% level.of probability..

Indicates’significance at'S%Alevel.of probability.
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ratio was not correlated with orqanlc matter content but was
p051t1vely correlated with cation exchange capacity and they

attributed this to adsorption and protection by expanding

La

lattice clays offaliphatic nitrogen and nitrogen of
microbial origip. Craswell and Waring(1972) also observed
that considerabls amounts of organic matter, resistant to
decomposition'until soils are physically disrupted, exist in
soils. It may be expected\therefore that’a higher proportion
of organic matter in coarser textured soils would be more
exposed to decomposition than that occurring in finer
textured soils.

Further,statistical analyses, however, failed to sth
any correlation between any particle size fraction and the
active fraction. In contrast, a positive significant
correlatioﬁAhas~been observed between the clay fraction and

(Tacle 8). These observatlons 1nd1cate that correlations
between No and- texture may provide a better assessment of
the theory that expandlng lattice clays adsorb and»protect
aliphatic nitrogen and nitrogen of microbial origin against
rapidvdecomposition than the correlation between active
fraction and cation exchange capacity as proposed by
Campbell et al.(1961).'Further substantiation is provided by
the positive correlations found between No and cation
exchange Capacitj in this study(Table 9) and data of
'Staﬁford and Smith(Table 10). Correlations between No/N

ratios and CEC were poor in both studles,
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Nitrogen Mineralization Rate Constant

Rate of mineralizaﬁion may be defined as ahount of the
mineralizable pool of N being decomposed per unit time(eg. f
week),that is(Nov—Nt)/t.-Anopher method is to express it as
fraction being removed per unit gime. Sﬁch a fractional loss
1s known as aﬁrate constant and is represented by 'k' in the
‘literature,i.e. a constant fraction digappears in
consecutive intervals of time, Thus, thé amount lost in a
given time is proportional to the amount of mineralizable N
at- the béginnihg of the time span. A general expression for
estimation of such fractional loss Qas given by Shipley and
Clark(1972) |

i.e. estimate of k=[(No-Nt)/Nol/t

The symbol No is the amount of mineralizable N at the
beginning of the timé span and Nt is the amount observed
later at time t. From the above equation therefore® |
No.k=Nd?N/£,i;e; the product of No ahd k is the amount of
potentially mineralizable N in a time‘span'(e.g. 1'week).
Values of k in this-study were however obtained using the
integrated form of the above equation,i.e. Nt=Noexp(-kt).

Nitrogen mineralization rate constants estimated in
this study rangéd from 0.041 to 0.097 week"' with an avgrage
of 0.069 week™'(Table 5). This denotes that at 22°C the
_potentially mineralizable N(No) is released at an average
rate of 6.9% perlweek, based on the quéntity of
mineralizable N remaining after each succeeding week of

-

incubation(No - Nt). Within the Chernozemic soils k values
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were highest in the Brown soils and least -in the Black
soils. This was true for both "irgin and ~ultivated
soils(Table 6). The k values }or the latter scils were,
however higher than those for the former soils. Fractional
losses of No per week were therefore highest in the Brown
soils and least in 'the Black soils, and higher-in‘the

cultivated soils than in the virgin soils. The differences

between the cultivated soils and virgin soils Treflect either

a change in the suite of materials within the No pool or a
change in mode of stabilization of the No due to
cﬁltivation. |
Differences in k values of the Chernozemic soils might
be due to differences in the nature of organic matter .
occurring in the three soil zones. In an aggrading séquence
of soils, the Brown soils are thought-to be less mature than

the Dark Brown and Black s80ils(McGill and Colé,1984). Less

stable organic matter *will thus appear to exist in the Brown

soils than in the soils from the other zones. Conseguently
its potentially mineralizable N, No, will be more labile
resulting in greater ffactionaL losses than in the Dark

Brown and Black soils when incubated under similar

conditions. * These observations seem to support findings by

.

Cassman and Munns (1980) and Campbell et al.(1981) that Kk
values for subsoils were higher than those for surface .

soils.

*McGill W. B., personal communication

’ o B

~

}
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In the soil samplés from the Breton plots, mean k value
was higher in those from the fallow plots(0.072 week“)ithan
those from the non—féllow plots(0.067 week ') (Table 7). This
may be attributed éo faster decomposition rates due to
betﬁer aerafion conditions and the release of locked up
- labile organié matter following frequent tillage practices
duriné summgrfallowing..

There were no consistent relationéhips be:ween k values
found in the cultivated soil éamples from the Chérnézemic
Order and those from“thé Breton plots. Overall mean k
value(0.076 week™') for the Chernozemic cultivated-soil
samples was Eigher than the mean k value(0.070 week™ ') for

4

the Breton plots.

B. SULPHUR

S Mineralization Time Curve$

Figs. 4.01 to 4.16 illustrate the S mi ... ization time
curves obtained using the two methods of i-cubat:on. é-
mineralization curves with method 1,i.e.con- 1uous
incubation, were irreqular with time. A similar trend was
observed with nitrogen. Minéréiizatidn curves of other
workers(eg. Kowalenko and Lowe, 1975) have been observed to
display irregplarity with time auring continuous ihcubation.

This might be due to cumulative {nhibitory effects on

e

mineralization arising during continuous incubation in
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flasks as was suggested by Stanford and Smith(1972), Another
factos might be fluctuations in rates of oxygen supplied due
éo the method of mixing used to achieve uniformify in
moisture distribution. Though these observations were made
in respect of N, similar explanations would be applicéble to
S. This may be more gelevant in situations such as S -
deficient soils where arylsulfohydrolases may have a major
role in S mineralization. Arylsulfohydrolases are subject to
end product inhibition (Fitzgerald,1978) and Kowalenko and
Lowe(1975) observed that arylsufolhydrolase aétivity
declined sharply in all four soils they studied throughout a
14 week igsubation. Kowalenko and Lowe's study “was done in
the absence of plants, therefore the extracted-Sulphate may
not have. been the same as :the mineralized S tha£ could taken
up by plants(Speir, 1977).

Limited information is available on S mineralization
using metﬁod 2, 1.e.incubation and leaching. Cumulative S
mineralized w;s almost linear with time ;n all soils (Figs.
4,10 to 4.25). Tgbatabai and Al-Khafaji(1980) also observed
that cumulative-S mineralized was linear with time in the 12
soils they worked with iﬁ Iowa.

The equation describing N mineralization rate Qith time
cannot be applied to S'miperalizatioﬁ because cumulative § M
mineralized was more linéar than curvilinear to time of
incubation, i.e. amount of S mineralizéd aﬁpears not to be :
dependent on substrate concentration. A maximum vélue( i.e:

S mineralization potential, cannot therefore be estimated.
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Data were subjected to analysis by linear regression. Table
11 showéLthe intercepts, slopés(rates) and the correlation
coefficients of the equations describ)ng the linear
relatibnship between cumulative S mineralized and time of-
incubat&on. |
Cumulative S Mineralized and Rate of S Mineralizétion.

With the exception of the soils from the Standard site,
cumulative S mineralized was higher in the virgin soils "than
the cultivated soils within the Chernozemic Order(Table 12).
The lowest amount of cumulative S mineralized were féund in
the Brown soils, at‘both the virgin-and cultivated site.
Expre&sed as percentages of total S, cumulative amouats of §
mineralized ranged from 1.2 to 3.0% in the virgin soils and
1.1. to 1.8% in the cultivated soils excluding soil no.
8.,1.e. étandard cultivated. The percentage of total S
‘ mineralized was also lowest in the Brown soils.

The lower percentages of total S mineralized upon
cultivation is consistent with earlier observations that
cultivation causes a decline not only in the total 6rganip

matter but also in the proportion ¢  »rganic matter which

decomposes during.iﬁbubation (Craswel._ " Yaring,1972).
Differences in rate of mineralizatic- & cultivataion
were however lowest in the Brown soils. © s a reflection
of differences in cumulative S miner lizc~ ~_=n v r§in
and cultivated soils in the three soils. Tz:. g 10WS

that this difference was lowest in the Browr 7. 1s. T- .

3
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Table 11: Parameters and correlation coefficients of linear
relationships between cumulative S mineralized and
time.

Correlation

Soil Type Slope Intercept - Coefficient

Ellerslie ‘ ‘ - '

Virgin 0.82 0.14 0.9987

Ellerslie

Cultivated - 0.35 -0.02 0.9934

Poroka Virgin 0.40 ~ ° -0.29 ©0.9953
~ Ponoka _

Cultivated 0.39 -0.01 0.9964

Lethbridge :

Virgin . 0.80 -0.89 0.9983

Lethbridge

Cultivated 0-.34 -0.35 0.9976

Standard Virgin 0.42 -0.29 0.8987

Standard | _ ‘

Cultivated . 1.07 : 15.89 o 0.9724

Chin Virgin 0.20 0.31 0.9973

Chin Cultivated 0.20 0.12 0.9960

Vauxhall Virgin 0.30  /0.35 0.9997

Vauxhail'

Cuitivated N 0.22 . 0.54 0.9943

Breton : ‘

Series 'E’' 3 _ 0.32 0.13 0.9964

Breton ' '

Series 'E' 5 ’ 0.22 0.22 - 0.9953

Breton \

Series 'F' 3 0.45 0.30 0.9982

Breton

Series 'F' 5 0.40 -0.039 . 0.9993
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Brown soils as shown 1in Table 1, contain the lowest amounts
of organic matter. Total S in both cultivated and virgin
solls were sihilar, while clear marked differences were
Observed in soil samples from the other SOil zones. The
least difference in cumulative S mineral&zed between virgin
and cultivated Brown soils is probably a reflection of this
trend( Tabatabai and Al—Khaféji(1980)-reported higher rates
of S minéralization(O.S to 1.2 ug S g°' so0il week™') and
higherlpercentages of total § mineralized (3.5.to 13.3%) at
20°C during a 26 week incubation study in Iowa. The
differences in the two studies could probably be due to
differences in mineralizable pool of‘organic S in the soils
from the two areas éf study.

In the soils fromm;he Breton plots, cumulative amounts
of S mineralized were higher both in the non-fallow and
fertilized plots than the fallow and non-fertilized
plots(Téble 13 ). Thgse arehréflectipns of decfeases,in
total S contents in the latter plots coﬁpared to the former
pléts. |

Within thé individual plots however, percentage of
total S mineralized was higher in soil sample from Breton
plot no.'E' 3 than those from the other plots. A simiiar
finding was observed with‘active fractions of nitrogen. This
is due to:a'hagher proportional decrease ir total S content

, _ g
than cumulative S mineralized under fallow.
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Relationship between Cumulative”S‘Mineralized and Soil
Properties

Cumulative S mineralized was signiﬁicantly“but ﬁoorly
‘correlated with total C and total N. Correlations between
cumuiétive S mineralized,apd total S, C-bonded S or ester
sulphates were about 0.5 and'highly significant(Table 3).
There was a slight negative correlation with C’S. Tabatabai
and Al—Khaféji (1980) did not fiﬁd any correlation between
cumulative amounts‘of S minerélized_and total S. In this
study, similar degreé of correlation between the two forms
of organié S and cumulative S mineralized is of
significance. Freney et ai. (1975) observed that both
fractions contributed available sulphur fqr‘plant ubtake,
and neither of them is likely to be of any value for

predicting the sulphur supply of plants.

Relative Kinetics of N énd SfMineraliz;tion

The rate of mineralization of N decreased with time in
all soils, whereas that of S was geﬁerally constant from
results using ﬁhe inéqbation and leaching technique(FigS.
5.01 to 5.16)% In conﬁrast, Tabatabai and Al-Khafaji (1980)
found that cumulative amounts of both N and S mineralized
were linear with time. The decline in N mineralization rate
with time would be enhanced by'fhe léaching of potentially
minéralizable N during the period of incubation. Leaching of
readily mineralizable N shodld lower subsequent values for N

mineralization (Smith et al., 1980){ It is however doubtful
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C1f leéching of organie S reduced the measured amountwof S
mineralized. The-Johnson and Nishita method used for SO,"*?
analysis does not differentiate between inorganic SO, * and
ester sulphates(Freney, 1958), and therefore if any of the
1a£ter form of S had been leached out, higher values of S
wopld have been found in the leachatés. Though no attempts
wére made to determine if any amount of C-bonded S was
leached out, on the basis of its greater stability than
ester sulphate (Bettany et al., 1978; Lowe and DeLong, 1963;
écott”énd Anderson, 1976), it m?éht be speculated that it
will be more resistant to leaching than the sulfate esters.
l_Furthermore, S contents of leachates analysed by
ibn—chromatography were similar to those obtained by the’
Johnson and Nishita method in Saskétchewan:J. Tests have
shown that two kinds of sulfate esters did not interfere in
the determination of SO, *-S by an ion chromatographic
method(Dick and Tabatabéi, 1979). Based on the data in the
literature, (Jenny 1941, Stanford and Smith, 1972),it has
been commonly assumed that N mineralization reactions .follow
approximate first order kinetics. First -order kinetics >
described N mineralization in this study. The near constant
.amount of S mineralized in each time interval suggests that
S mineralization rates are independent of amount or
concentratioﬁ of mineralizable organic S. Thus S

mineralization rate reaction could-be assumed to be 'a zero

order reaction which can be represented as

*McGill, W.B. personal communication



-dS/dt=k
where S is the.concentration of sulphur which is
disappearing.

The different order reactions observed with nitrogen
and sulphur in respect of their mineralizafion mechanisms
are consistent with many Qbservatiéns in the literature.
Biéderbeck(1978), after reviewing much.of the literature on
N and S mineralization concluded, that in contrast to the
behaviour of N, the rate and extent of release of plant
available S from soil oréanic matter is not closely governed
by major soil charac;éristics such as organic, C, N and §
content. Furthermore, Swift and Posner(1971) found that
fractionation of humic acid extfacted from widely different
soils showed that highest amounts of N were in the high
molecular weight humic acid fractions, and these decreased
considerably with decreaéing molecular weight. This change
in nitrogen content was due mainly to loss of.amino acia
nitrogen. By contrast, S contents remained constant
throughout the holeculér weight range. In their view this
indicated that unlike N,'the S content of humic acid is not
dependent on hydrolysable, S containing amino acids. Swift

et al.(1970) earlier postulatéd that within a given extract,

‘physical and chemical changes occur as a function of

decreasing humic acid molecular weights. These changes are

the results of long-term humification which can be'regardedA

as a slow oxidative process. Recently, Han and Yoshida(1982)

~ v

observed a linear relationship between time and amount of
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p-nitrophenol released by arylsulfohydrolase. p-nitrophenol
is the organie end product formed when p-nitrophenyl sulfate
is used as a substrate during assay of arylsulfohydrolase
ractivity(Tabatabai and Bremner, 1970) .

Statistical analysis of the present data show that
cumulative amounts of S and N mineralized were significantly
correlated at the 1% level of probability(r=0.525)(Table 3).
Tabatabai and‘Al;Rhaféji(1980) also, found that these two
variables were kjgnificantly correlated. Since total N and §
were closely correlated (r=0.899), the lower correlation
found between'their cumulative amounts mineralized is a
reflection of the differences in their mineralization rates

reflecting different stabilization and/or mineralization

mechanisms, ‘

In agreement with Tabatabai and Al-Khafaji(1980),
:ratios of total N and S contents of soilc wereapoorly but
significantly correlated at the 1% level of probability with
the ratios of cumulative émounts of N:S mineralized
(r=0.299) (Table 3). This is to be expectéd because the rates’
of S mineralization observed were not dependent on the
amount of total S, or the two forms of'érganic S. In
"contrast N mineralization rate was dependent on No which was
highly corréiated with total N in the soils used for_this
study. : . ‘

The different kinetics observed for N and S
mineralization suppdrt earlier conclusions made by Lowe and

Kowalenko(1975) that although N and S mineralization have
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similarities, they are not parallel metabolic processes,
l1.e. they do not proceed in similar ‘fashion by releasing
amounts of these elements in the proportions that would be

]

pregicted by the N:S ratios (Swift,1976).

C. EFFECT OF.CLIMATE AND MANAGEMENT ON SOIL ORGANIC MATTER

Changes in ﬁanagement affect soil 6rganic matter iﬁ fwo
wéys: by altering 'the annual input of organ%c mattef into
the soil and by altering the rate at thch organic matter
decompbses or is lost. It is usually impossible to separate
the two effects in analysing the results of a given change
in management(Jenkinson,1981). For example, the decline in
organic matter that follows the cultivation and cropping of
.0ld grassland is paFtly caused by the decrease in the annual
input of organic matter and partly by'aﬁ acceleré;ion of the
decomposition process caused by mechanical disturbance
(Craswell and Waring,1972).

The effect of climate on organic matter is depicted by
the sequence of Canadian soils from Brown to Black
Chernoéems. This sequence cén be considered as an aggrading
sequencé defined by McGill and Cole(1981) as a sequence of
soils develdped‘along climatiic or topographical gradients in
which at steady state, e;zh successive member of the | |
sequence has more organic matter, organic-P, -S, or N than
the preceeding member usually due to greater additions than
removals. Figs. 6.1 and 6.2 and Table 14 illustrate the

effect of both climate and cultivation on virgin soils in an
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aggrading sequence of the Chernozemic Order. Total N, total
C and total S.contents generally increased from Brown to
Black soils in both_cuitivated and viréin soils. Mean values
for total N and total C were generally lower in the
cultivated soils than the virgin s?ils. The decline due to
cultivation in mean total C and total N followed each other
closely in the three soil zones(Table 14). Further proof ié
offered by examinatioq of elemental ratios(Table 15). Mean
C/N ratios of cultivated soiis within each soil zone were
vefy similar ‘to C/N ratios of correéponding virgin soils.
The effect of cultivation on totél S was rather
inconsistent. As~the graphs in Figs. 6.1 and 6.2 and values
in Tab;e 14 show, mean~totél S increased in both the Brown.:"
~and Dark Brown soil zoﬁés but decreased in the Black soil
zone with cultivatidni This might, not however beﬂsurprising.
In Oklahoma and Kansas states it has been observéd that some
cultivated soils containeé.as much total S as adjacent
virgin soils; and in some few cases the total S content.wés
higher in the sample from the cultivated site. In the latter
}state, this was mainly'on soils éhat produced alfalfa for
several years in the subhumid and sgmiarid areas(Harper,
1959;. Cultivation did not ;hange meaq C:N ratios of virgin
soils,_but narrbwed(C:S ratios in work done by Swift(1976).
Swift(1976), fhe:efore postulateg that on average, in the
soils he examihed C and N accumulated at the same rate in
the virgin soils and mineralized at almost equal rates upon

cultivation. The lower C:S ratios observed upon cultivation
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?

indicated that S agcumulated at léwer rates than in thé
virgin soils and/ br mineralized less rapidly upon
cultivation. Simila¥ conclusions can be Eeached regarding C
and N cycling in this study. The generalization made by
Swift(1?76) regatding'c and S cycling relationship will not
bé’extended to results from the Chernozemic soils in this
studyf.bécause the narrowing of C/S :étios was‘due as much
td a gain of S as a to loss of C. Generally, the |
observations tend to support the notion of 'a dichotomy
between byéling of C and N on oﬁe hand and of S on the
othér(McGiil and Cole,1981). Effeéts of m?nagemenf practices
are éxplicitly il;ustrated in the soil samples from the
.Bretonlélots (Tables 14 and 16). Organic matter conténts
‘were generally higher in the non—faliowed and fertilized
plots than the fallowed and non-fertilized plots
respectively, The net rate of turnover of organic matter is
faster in'fallowed;land tﬂan in land being cropped(Shields
and Paul,1973;.Fehf and Sauerback, 1968; Martel and‘\
Paul,1974;'Campbell and Paul,1978).- \
Relationsﬂips between C,N and S in these plots bear
“further testimony to the idea of Aichotomy betwéen cycliné
of C anle on oﬁe'hénd and of S on the other. fncreases in
total C and total N due t&ﬂnon—fallowing followed each other
closely with increases iﬁ'total S falling behind(Tables 14
and 16) Exéminat%on‘of elemental ratios reveais further the

intimate relationship between C and N and the non intimate

‘relationship between C and S. Mean C:N ratios in fallow

<7
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plots were slightly lower than in the non-fallow plots while
C:S ratios were remarkably lower in the former plots than
the latter(Table 17). This corroborates the observation made
by Swift(1976) tHat during mineralization or accumuiation of
organic matter N follows C more closely than S. |
Jenkinson(1981) also noted that when an old cropped soil was
lefit uncultivated C and N accumuiated at similar rates. The
sliéht‘dgcrease in C:N ratios with summerfallowing could be
attributed to recycling of nitrogen 1in §oils(Martel ané‘
Paul, 1974). Carbon is decomposed to CO. during
decomposition, whereas the nitrogen is mineralized and some
of it is re-used by microorganisms. On this basis, Martel
and Paul(1974) suggested that 10% of the amount of nitrogen
left in a soil after 60 years of cultivation 1s attributable
to retention of mineral N by recycling.

Fertilizer applications expressed increases in organic
matter content but to a lessef degreé than continuous
cropping. Respective increases in total C, total N, total S
contents were-16i6, 13.6 an§>17:d%(Tab1e 16). These led to
slightly wider C:S ratios fg the non-fertilized plots than
the fertilized plots’, while C:Nggatios were similar in the
two kinds pf plots(Table 17).1Lohg‘cdntinued apglication>of£u‘
N fertilizers to twoééoils( one under - grass and the other
under arable cropping in Rothamsted also showed slight.
increases in organic C and organic N(Jenkinson, 1981).

Jenkinson(1981) therefore concluded’that‘large quantities of

inorganic N hpve had remarkably little effect on either the



Table 17:

Effect of fallow and fertilizer on elemental

ratios of C/S, C/N and N/S in the Breton plots.

121

Series and Soil Plot
Plot No. No. : Treatment C/N C/S N/S
€3 13 Fallow, Fert 12.0 76.9 6.4
ES 14 Fallow : 11.4 73.7 6.4
F3 15 Non-fallow, Fert 12.3 83.7 6.8
FS 16 Non-fallow 12.9 84 .4 7.3
Mean Fallow 117 75.4 6.4
Mean Non-fallow 12.6 89.1 7.1
Mean Fert 12.1 80.3 6.6
Mean Unfert 12,2 84.1 6.9

£

Fert - Fertilized Plots

Unfert - Unfertilized Plots
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amount of organic matter in the soil or its C:N ratio. This
.conclpsign at Rothamg;ed\is'in consonance with the
observation with soil sampies taken from some of the Breton
plots. The Breton plots liké the Rothamsted plots are
designed to study the effect of long-term cropping and
management practices on soil organic matter. They were .
established about SO-Years ago. |

Fertilized and non-fertilized plots exhibitéd the same
close relationship between C and N but divergent
relationship between S and C similar to observations made in
the fallow and -non-fallow plSts. In contrast to the effeCt<l¥;{:ﬂ
of non-failowing, S accumulated at a faster rate than C and.
N with fertilization. This is shown by highér increases in S
content in relation to C and N (Table 16) and lower N:S and
C:S ratios of fertilized plots than nqn-fertilized
plots(Table 17). Probably lossésAdue to appligé?ﬁ were
higher than thése for applied S or in relation to plant
requirements, the application rate of S to these plots is
relatively greater than that of N(Table 1). Plant*®
requirements for N are generally higher than that for S.
Additionally, denitrification will contribute to more losses?i
of N than S especially on .the fallow piots. The fastef rate -
of accumulation of S than N appears to be consistent with
the view expressed by McGill and Cole(1981) that ;n
situations where S is added abundantly it should be possible
to store as sulphate esters(C—&-S), thus allowing S to

accumulate faster than N. Table 18 shows that percentages of
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Table 18: Amounts of totalt S, C-0-S, C-S and C-0-S:C-S
ratios in virgin soils of the Chernozemic Order
and cultivated soils of the Breton plots.

Great Group

And Total S C-0-5 C-S C-0-5S
Soil Type ug/g soil ug/g soil ug/g soil /C-S
Black o ‘ : :

Ellerslie 1187 893(75) 294.0{(24) 3.
Ponoka 397 256(67) : 130.6(32) 2.
Dark Brown

Lethbridge 566 413(72) 153.4(27) 2.
Standard 504 337(67) 166.6(33) 2.
Brown ' ' _

Chin 380 241(63) 139.1(36)
Vauxhall 360 213(59) 147 .2(40)

Gray

Luvisol ) ’
Breton E 3 173 . 93(53) 79.7(46) 1.0
Breton E 5 151 68(44) 83.7(55) 0.8
Breton F 3 252 157(62) 94.3(37) 1.7
Breton F 5 211 106(50) 104.7(49) 1.0

"N.B8--Values in parentheses indicate percentages of total S
found as C-0-S and C-bonded S in the various soils.
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total § occurring as C-0O-S was higher in fertilized plots(E3 -
and F3) than in non-fertilized plots(E5 and F5). Freney et

al. (1975) also found that plants derived a greater part of
their indigenous S from C-bonded S, but in the case of
labelled S(essentially S incorporated into the organic

matter from recently aéplieé fertilizer) however, the ‘\
greatér part was incorporated into the C-0-S fraction and it
was from this fraction that plants derived most of the

v

labelled S taken up.

Most agricultural soils ﬁave N:S ratios in the range of
6.6 to 10.1(Freney and Williams, 1980). N:S ratios’
calculated from data OE Dormaar and Webster(1963) fall
within this range. The N:S ratios of soils from the Dark
Brown and Brown soil zones in the present study including
soils from siteé(Chin and Léthbridge) similar to those used
by Dormaar and Webster(1963) are however below this |
range(Table 15). The lower N:S ratios found in the present
sfudy than those in Dormaar and Webster's stﬁdy are due .to
hi;her total S contents found in soil samples in the present
§tudy. This could be attributed to the more sensitive method
of sulphate determination used in the present stuéy. Dormaar
and Webster (1963) determined sulphate obtained from total S
extracts turbidimetricallf as barium sulphate. In the
preéent study, preiiminary investigation showed that
analyses of soil extracts turbidimetrically gave lower total

S values than those obtained with the Inductively Coupled

Plasma. However, similar low ratios have been found in
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surface soils from Oklahoma(Harper, 1959), Iowa(Tabatabai
anderemner, 1972) and Brazil (Neptune et al., 1975).

| One of the objectives of this study was to test some of
the hypotheses flowing from McGill and Cole's model on C,N,S
and P relationships in soils. The major hypothesis of lack’
of stoichiometry between N and S behaviour in soils is
consistent with data mainly from the Breton plots' 'soil
samples and:with some soil samples from the Chernozemic
Order, Minqr hypotheses from the:moael Are that firstly

: aloqg a ciimosequehce of goils o}uﬂpon,cultivation of virgin
"_soils,.ratios of N:S should change inversely Qith ratios of
C-0-S:C-bonded S because of the closer lin£ between N and
C—bonded S than C-0-S. Secondly in S deficient 50115, the
ratio of C-0-S:C- bonded S should drop dramatically due to
‘rapid ut111zatlon of sulfate esters under stress condltlons
and the weak association of sulfate esters with the
remainder of the humic component. |

Examiﬁétion'of N:S ratios and C-0-S:C-S ratios of

virgin soils showed that in<genefal the N:S ratios were
inverse to to those of C—OFS:C;S.(F{;. 7). In the soil
samples froﬁ the Breton pléts, however, a direct
: relationsh;p was‘observed between N:S and C-0-S:C-S ratios
‘from the fallow plofs to the non-fallow plots(Téble 19).
: Probébly the most consistent and significant trend observed
is that ratios of C-0-S:C-S decreased with decreasing
amounts of total S, in both the v1rgln soils of the

Chernozemic Order and the cultivated 50115 of the Breton
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8

Effect of fallow and fertilizer(fert) on
elemental ratios of N:S.and C-0-S:C-S in the
Breton plots.

Series and Soil N Slot
Plot No. No. Tredtment N/S C-0-S/C-S
E3 13 © Fallow, Fert ¥ 6.4 1.2
ES 14 Fallow T 6.4 0.8
F3 15 Non-fallow, Fert 6.8 1.7
F5 16 Non-fallow 7.3 1.0 .
Mean Fallow : 6.4 1.0
Mean Non-fallow - 7.1 1.4 “
Mean Fert 6.6 1.4
‘Mean Unfert 6.9 0.9
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| plots. (Table 18). This would appear to'be consistent with
the second minor hypothesis of the model, i.e. ratios of
C-0-S:C-S_should diminish in severely restricted systems. -
ggilAsamples from Ellerslie and Lethbridge sites were
the only soil gamples which showed decreases in all three
nutrients, i1.e. total C, total S and total N when thg vigin
soils were brought under cultivation. Discussion of the’
relationships between the various organic matter components
wou}d;therefore be limited to data from these two soils and
the Breton plots. N/S ratio of Elléfslie cultivated'soil was
wider tﬂéh-the corresponding virgin soil, but the reverse
was observed with the samples from Lethbridge(Table 20).
This Showed that S was depleted faster than N at Ellerslie
but siowef than N at Lethbridge upon cultivation.
Hérper(1959) had also observed that slightly more than half
(55%) of cropped Oklahoma soils had é narrowér N:S ratio
; than the cor}esponding virgin soil. C-0-S and C-bonded S
contentsszf soils from Ellerslie and Lethbridge sites were
lower in the cultiQated soils than in the virgin soils. In
these Chernozemic soils therefore C-bonded S fraction
mineralized or accumulated at fastér rates than the the
C-0-§ f;action, i.e. a higher broportion"of total S
mineralized came from C-bonded S. This is shown by the wider
C-0-s/C-S ra;ibs (Table 20) and highef percentage losses of
C—bonaed S than C-O-S when the virgin soils were
cultivated(Table 21). AnalngUS‘findings have been

ot

reported(McLachlan and De Marco,1975; McLaren and
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Table 20: Effect of cultivation on elemental ratios of N:S
‘ and C-0-S5:C*S in Ellerslie and Lethbridge soils.

Soil Type N/S C-0-S/C-S
Ellerslie
Virgin 6.7 3.0
Ellerslie
Cultivated 7.2 3.7
Lethbridge
Virgin 4.4 2.7
Lethbridge .

" Cultivated 3.4 3.1
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Swift,1977). McLaren and Swift(1977) however postulated that
it is unlikely that C-bonded S will be converted directly to
sulphate, but rather 1t will pasas through a C-0-S form priorb
to release as inorgani; sulphate.

In contrast to soil samples fromlthe-Elierslie and
Lethbridge sites, soil samples from the Breton plots showed
that greater proportions of total S mineralized or |
accumulated came from the C-0-S pool(Tablé 21).

1f simiiar reasonings used to explain relative No and
totai N losses in the soil samples from the two orders are
extended to S losses, these contradictory observations would
tend to make the C-bonded S fraction more active in relation
to the C-0-S fractioh. The more active fraction depletes at
a faster rate than the less active fraction at the
initiation of cultivation, whiie‘the converse 1s true as
steady stafe conditions are approached(McGill, 1983).
Subsequently, C-bonded S losses were more .than C-0-S losses
in the Chernozemic soils(Ellerslie and Lethbridge), since
these appear to be further away from their steady state than
the LUvisoiiﬁaéoils, due to.their lesser degradation rates.

These losses are therefore reversed in the Luvisolic soils,

‘where the soils appear to be closer to steady state

conditions. - behaviour of C-bonded S is thus éimilar to
that of potential mineralizable N.

C-bonded S depleted faster than total S with
cultivation in both the Ellerslie and Lethbridge soils.

Similarly, in these two soils No,was depleted at faster
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rates than total N(Table 21). In the soil samples from the
Breton plots, losses due to total S and tofal N were higher
with summerfallowing than those due to C-bonded S and"Ng
fespecti&ely(Tab;e 21). In contrast, percentage losses due.
to C-O;S fractibn wére higher and ;owervthén those due to
total S in soil samples froé the'Brefon pibts and
Chernozemic order respectively.’Generélly,.it abpearg.that
< ﬁh:behaviour of C-0-S followéd'thét of total S mo}e closely
than C—gonded S. This is ;ousistenf with relationships
involvipng these three components of ofganic‘matter a;
predicted by McGill and Cole's(1981) model. The behaviour of
‘C—O—S than that of C—bonded‘S‘wag fouﬁd to be morelclosely
linked with fotal N. This cbntradicfs one of the hypothesis
of McGill and Cole's(1981) concept théﬁ C-bonded S anﬁ‘not
C-0-S will follow total N morelcloseifl‘This study shdyed
that there appears to' be an intimatefralationship‘between
thé behaviours of No and C—bon@sd S and not totai N and"
C-bonded S. -

An exception was obsérved in soil samples from the
Breton plots following fertilizer additions. Fertilizer‘_
additions led to increases in both No and the'ratio of No/N,
while both the.Cfbonded é content and proportions of total §
as C-bonded S decreas¢d(Table 7 and 22). Increa§é§ were
observed in C—O—S—and total S contents_and S accumulated at
a faster rate than N(Table 22).

It appeérs that correlation coefficieﬁﬁs between soil

properties do not reveal the true relationships in their
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behaviour; As indicated in Table 23, similar correlation
coefficients were observed among all phe components of
organic matter examined. These significant;correlations may
merely reflect the general relationship which exists between
organic matter components and soil organic C as a whole(Lee
and Speir, 1979). The correlation coefficents observed in
this study do not seem to reflect the differénces‘ef/
similarities_in behavioural patterns observed amoﬁ§££he

various organic matter components from the Chernozemic order

(i.e. Ellersiie‘and Lethbridge) and the Breton plots.
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V. CONCLUSIONS

Different mineralization time curves were obtained for

organic N and S minerali: jion with two methods of

“

s

incubation. Mineralization time curves were irregular with

the continuous incubation method for both organic S and

orgénic N. Cumulative amounts of N and S mineralized using
the incubation and leaching technigue were curvilinear and
linear, respectively, with time of incubation. |
Mineralization studies using the continuous incubatidn
method héve been criticised for various reasons. Stanford
and Smith(1972)>stated their N-mineralization time curves
obtained seldom provided a rational or consisteht basis fér
eétimating long-term N-supplying capacities of soils. The
;eliabilty of results derived from extended incubations in
such static, cloééd systems 1s questionable(Stanford, 198%)
and Tabatabai and Al-Khafaji (1980) felt that it does notw
show. the true trend of S mineralization in éoils, while the

2 .
leaching and incubation technique seems to simulate the

removal. of mineral N and S by plants and leaching proceéses

of these elements under field conditions. Results from this
study are consistent with the abovelviews.
Data from the incubation and leaching experiments

showed that the mineralization of organic N followed a first

ordertfeaction kinetics€?w§c;ﬁ be rebresentéd by the™

equation -dN/dt=kN., In ccoti. - :=e mine~-lization of-

organic S by the leaching ar ' .ucubati- .« 1ique followed

zero order kinetics and can be representcc ©~ the equation
135

<
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;dS/dt=k. A labile fract&on thus appears to exist for .
organic Nrbut not for organic S. Alexander(1977) made a
similar ¢Onclusion from works of Tabatabai and Bremner(1972)
and Freney'et al.(1975); This will be further corroborated
by the fZnding in this study that amounts of cumulative S
mineralized was almost equally well correlated with amounts
of total 5, C-bonded S and C-O-S(Table 3). |

The significance of the different orders of reaction

obtained for these two elements further indicated that, a

mineralizable pool for organic N but not for organic S can

be estimated. by the procédure described by Smith et
al.(1980) and Talpaz et al.(1981). Significant amounts of
organic N Were leached out c@ncurrently with mineralized N

‘at the end of each incubation period with the incubation and

leaching technique. The mineralizable pool or N
mineralization potential(No) estimated using only mineral N
leached ranhged frém 53.7 to 85.2%‘of No estimated with total
N leached. These observations substantiate the finding of
smith et @1.(1980) that the ignoring of organic N leached
can lead tO serious errors in the determinations of ¥
mineralization pbtentials and Nwmineralization rate
constants for aerobically incubated soils. Though no
attempts Were made to determine if any forms of organic S
were leached out also, it can be presumed that if it did
occur it ¥ould be in insignificant amounts. The linear
relatioqship of cumulative S minerélized will give support
to this présumption, since leaching of any form of

f
S
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mineralizable organic S will tend to lower subsequent values
for S mineralization rates. Both fhe N mineralization rate
constant{(k) and the_potentially mineralizable N; No, were
affected by soil forming factors and management practices.
Increases and decreases were found in k and No estimates
respectively from the Black to the Brown soil zone. The No/N
‘ratio did not follow any of these two parameters but
‘appeared to be affected by texture. The Dark Brown soils
with the highest clay content had the highest proportion of
total N in thi§ phase. Cultivation led to decreases in both
No and active fraction of of total N, but to increases in k
estimates in the Chernozemic soils.

In the Breton plots, mean k value and active fraction
were higher and mean No estimates were‘lower in the fallow
plots.than the non-fallow plots. These.observations are
:elated to different cropping practices on these plots.
| Losses of No and C—bondedﬁé with cultivation were
greatér than losses of total N and total S respectively in
the Chernozemic soils. Due to the inconsistent behaviour: of
total S upon éuitiVation, the observations with respecf to
total S and C-bonded S are limited to only soils from
Ellerslie_and‘Lethb;idge. Only these two soils showed
decgeases in all three major fractions elements, 1.e total
‘¢, tofal N and toggl S upon cultivation. In the Breton

plots; losses due to total N and total S were greater than

those of No and C-bonded S réspectively with
l .

summerfallowing.
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These two contrasting observations in~soils from the
two orders may reflect differences in proximity of the
cuitivated soils from their respective steady
states(McGill,1983%§ Faster degradation rates upon |
.cultivation in Luvisolic soils than Chernozemic soils will
be enhanced by summerfallow practices. Hence, soils from the
Breton plots will move towards steady state condltlonst»
faster than soils from the Chernozemic Order. Mineralizable
components of soil orgaric matter are depleted at faster
rates than total organic matter and therefore tend to reach
steady state conditions féster than total soil organic
matter (McGill, 1983). As this state is approached removals
and additions rates are almost equal. Thus a greater |
propqrtion of total N and total S was found to bé active
(No/N) and occuringiaSAC—bonded S fraction(C-S/S)
| respectively>in: (i) soil samples from the Breton fallos
plots than those from Qﬁe non-fallow plots and; (ii) in soil
samples from the Breton plots than those from the A
Chernozemic cultivated sites.

The behaviour of C-bonded S thus followed closely that
of the potential mineralizable, No and not total N. C-0-S
was observed to follow total S and total N morejclosely than
C-bonded S. Losses due to C-bonded S wére higher than those
due to C-0-S in the'Chernozemic soils. In Breton plots these
losses were reversed. Though these observations suggested
that C-bonded S is more labile than‘C;O4S.or HI-reducible §

fraction the contributions. to S§ mineralization upon
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| —
cultivation from sulphate esters cq;hot be ignored. Bettany
et al.(1979) had earlieranoted_thatvthe usual fractionation
of total S§jl orgénic S into sulphate eéters’andvc—bonded S
ls simplf not selective epough for any meaningful
interpretation, since both fractions seem to contribute
significant amounts of -S to the plant available pool form

P

through mineralization reactions. There also appears to be a:

‘ready conversion of S between the two fractions. (Freney et -

al.,1971; JcLaren and_Swift,1977){ Evidence for this

‘conversion is, however, indirect and therefore inconclusive.

Observatifys from long-term effect of natural mineralization
érocesses Bn organic S fractions diétributions are in
conflict with aedpctions'made from results obtained from the
leaching and incubation fechnique on § mineralization 1in
this study. While results from.the latter technique
suggested the absence of a labile fraction for S, the former
shoﬁed-that though the two recognised forms of S both
contributé tao S ﬁineralization with cultivation, the
C-bonded S fractﬁon is more labile than the C-0-S .fraction.
Probably the initial rates of mineralizétion of C-bonded S

and C-0-S are ‘almost the same and differences can oniy be

observed after long periods of incubation. Thus an

incubation experiment period of about five months as used in
this study might be :afher too short for any meaningful
differences in the mineralization rates of the two fractions

to be detected. . . ‘ o .
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More significantly, results from this study further
confirm earlier conclusions that although N and S
mineralization have similarities, they are not parallel
metabolic processes and aré not released in the same ratio
as they occur in the organic matter (Kowalenko and Lowe, 1975;
Swift,1976; Tabatabai and Al-Khafaji,1980; McGill and

Cole,1981).
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