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ABSITACT

This short-term incubation stud.y was und.ertaken to determine Ehe

influence of the characteristics of the soil and of the materiars added
to the soil on the Íncorporation of c and N ínto active soir organíc
matter (soM) and on the stabilization and size distribution of soil
aggregates. Three Manitoba soils containing varying amounts of cray and
soil organic matter (soM) r{¡ere studied: (1) Ner¡dale clay roam from the
botüom of a knorr (NB) ; (2) Newdale clay roarn from the rop of rhe same
knoll (NT); and (3) Red River Clay (RRC). These soils were subjec¡ed to
four emendment treatments: (1) control where no plant or fertilizer
mareriars were added (c) ; (2) 14c- 

"nd 
15¡r-1-b.r1ed wheaË srraw (s); (3)

labelled whear srralr an. 15*-1"bu11"¿ KNOg (sF); and (4) raberled
prebloorn alfalfa residue (Af). The amended soils were incubated at 20oc
and 75t field capaciry.

soil sanples were colrected at o, 7,30, and 90 days of incubation.
Two humic acid fractions were obtained from the amended soils. Fraction
A (Fr-A) was extracted by Na4p2o 7 and Fraction B (Fr-B) vTas recovered
from the remaining residue by sonication. The levels of 14c and 15N in
these fractions vrere measured' ireË sÍeving and dispersibilÍcy
parametrers rvere determined for the soils after go days of incubation.

significant (p<0.05) differences in the incorporation of L4c and
15t'¡ inÈo Fr-A and Fr-B attributed. to soil and treacment effecrs r¡/ere

observed' The effect of clay content on c and N incorporaÈion v/as most
marked in Fr-B: c incorporation in arr treatments tended to be higher in
the RRC soil than in the NB soil: N incorporaÈion in the s and Af

1v



Ereatments vrae usually higher in the RRC soil, buL in the sF trearment N

incorporatíon tended to be higher in the NB soil. The effect of the
forrn of c and N in the residue was most apparent in the incorporation of
N into Fr-B: in alr soírs the rever of 15N in the Af trea.menc $/as

higher than that in the sF treatment. The effects of soM content and of
c:N ratio of the residue on incorporation dynamics were noticeable but
not as pronounced.

The soil aggregate stabirity studies also revealed soir and
treatment effects. The wet sieving analysis determined significant
(P<0'05) differences in rhe rog geonerric mean di:meter (LGMD) and in
Ehe size distribution of aggregates among treatments. The most profound
effects were observed in the sF treaËment, with the decrease in LGMD

increasing with increasing cation exchange capacÍty of the soÍr. The
turbidiuretrically measured dispersibility of the soirs in water prÍor to
and after Naro4/Na28407 Ëreatmenr indicared significant (p<0.05)
differences emofrg soils ' The NT soil was found to be the most
dispersible in the water, and the RRC soir had the highest
dispersibiliry following uhe NaIO4 /Na2B4O7 rreatmenr.
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1. IN1RODUCTION

soil organic matter (so') dy:rarnics must be considered in the
development and inplementation of sound soil management practices. These
dynamics consist of the transformation and transfer of materiars !üithin
and between the varíous compartnents (or ,'pools,,) of the soM and includ.e
many competing processes. Nutrients are concurrently minerarized and
imnobilized. Microbial products (auino acids, porysaccharides, etc.)
are concurrenÈIy produced, stabilÍzed, and decomposed. The more
vigorous these d¡rnanics, the rarger is the proportion of the soM which
is ín an active or labile form. The larger rhís rabile poor of soM, rhe
more effective ís the contribution of soM Eo the naíntenance of soil
physical and chernical fertility. Thus, management practices desÍgned Eo

maintain soM dynanics help to ensure the efficient and sustainable
utÍlization of the soil resource.

Management practices which maximize the addition of organic
materials to the soil are nost effective in maintaining and enhancing
s.M dynanics. since the processes are primarily microbiarly mediated,
the added organíc materiars províde substrate for microbial growth. The
decomposition products of the added materials as werr as mÍcrobial
\^rastes and remaÍns are reratively labile. They thus participate Ín soM
dynamics by increasing the size of the active poor. crop rotations
which prevent erosion, nini¡nize tirlage, conserve crop residues, incrude
sodforning forages, and/or utilize green and animar manures are
therefore exampres of management pracËices which contribute to the rong_
term fertility of the soil.



Effective soil resource management takes into account the effect of
soir type on soM dlmamics. The soil pH, the nature and amount of cray

minerals, the organic matter content, and the soil moisture regime are

examples of soil factors which influence SoM dlmanics. In developing

management practices the properties of the soíI must be considered.

This study grelJ out of the conviction that the maintenance of
active SoM dynanícs is crucial to the sustainable productivity of the

soil, and that these dy-namics vary wiÈh soil type. The primary

objective of this study was to descríbe the Íncorporation of c and N

into the relatively labile soM pool of soils differing in organic marrer

and clay contents using severar residue treatments varying in c/N

ratios, form of N, and availability of c and N. The second obiective
hlas to relate the effects of these short-term treatments to a more

concrete aspect of soil qualityi narnsfy, the aggregate stabilities of
the ¡mended soils.



2 . LITERAT'T]RX RE\¡ITET¡

The soil organic matter (SoM) contributes significantly to the

long-term chemical and physical fertility of the soil by providing
nutrients to plants and microorganisms as well as by stabilizing soil
aggregates, thereby improvíng the ti1th, the moisture hording capacÍty,

and Èhe aeration status of the soil. However, the nature of the soM

(i.e. its qualíry) is influenced by rhe rype of soil wirhin whÍch ir
develops and by the management practices to which the soil is subjected.

The resultíng characteristics of the SoM determine the extent of its
benefits to soil productiviËy. Soí1 management practices which enhance

the quality of SOM are thus irnportant to the sustainable utilization of
the soil resource (cf. McGill et al. 19g6).

The following líterature review wirr consider soM

the conüext of the influence of management practices

properties on SOM dynauics.

quality within

and of soil

2.I. Qu.a'liËy of rhe Soil Organic Hafter

2.L.L. Evaluarion of Qualiry

The quality of the soM is evaluared in rerms of irs ability to

contríbuËe to the chenical and physical fertility of the soil. The SOM

is a heterogeneous system, consisting of compartments or poors of
materials which differ in their rates of cycling (Sauerbeck and Gonzalez

L977; McGill et al. 1981; lJoodmansee et al. 19g1; parron et al. 19g3;

Tiessen and srewart 1983; paur L9g4; Anderson and coleman 19g5) and



hence in their ability to contribute to the maintenance of soil
fertility' An evaluation of soM quality is therefore concerned wíth the

relative sizes of the various pools.

Many researchers have emphasized the importance of the activery
cycling pool 0f the soM ín contributing ro soil productiviry. This pool
is most effective in providing nutrients for microbial and plant growth
(Floate 1981; Paul and Jtrna 1981i l.Ioortmansee et aI . 19gl; Janssen 1934)

and is crucial to the maintenance of aggregate stability (Tisdarl and

oades L979; Fosrer 1981; Reid and Goss 19g1; Tisdall and oades L9g2;

cheshire er a1. 1-983; cheshire er al. 19g4; Elriorr and Lynch r9g4;
Lynch 1984; oades L9B4; chaprnan and Lynch i_9g5; Nre.uzger and Roberr t9g5;
chaney and swift 1986). Thus, the larger the proportion of young or
acËívely cycling SOM, the higher the quality of rhe SOM.

The active SOM pool nay consist of several fractions. paul and

Juma (1981) developed a model símulating the microbial minerarization
and innobilization of N which contained four distinct t)æes of active
sOM: (1) biomass; (2) nerabolire-N; (3) acrive-N; and (4) srabÍrÍzed_N
(half-life of 27 years). Th.y concluded that these fractions
contributed 24r, 4t, 32*, and 40g, respectivery, of the N ente-ina Êlr^

míneral-N pool. Paul (1984) continued the discussion of rhe

nultifraction character of actíve soM, providing a detailed descripEion
of the relarionship of actíve soM ro soM quarity and ro soil
productivity and identifying those aspects of active soM dynamics which

require further research.

A point of clarification is necessary here. The Eerm

"stabilization" or "stability" is used in two ways in the discussÍon of



active soM dynaroics. First, organic materÍals are said to be stabilized
into the active SoM pool. stabilization in this context refers to the

slowing of uhe hunificatíon of naterials after their incorporation into
the active soM' one school of thought understands hr¡mification as the

"multistep process involving the decomposition of residues Eo more

simple units and the subsequent condensation of these units Ínto complex

sËructures'r (Anderson and colenan 1985). rn this context the active SoM

pool incrudes materials which have been stabilized between the
decomposition and condensation steps of the humification process.

second, the active soM is said to participate in the stabilízation of
soír aggregates. stabilization here denotes the increased resistance to
dispersion and/or disruption of aggregates attribuËed to the binding
action of active SOM.

2.L.2. cycling of Nutrients from AcËive soil organic Matter

The active soM contributes to the efficient eycring of nutrients
because it consists of materiars of intermediate avaírabirity.
According to the rnodel of paul ¿¡d Jrrm¿ (19g1), Ëhese materiars might

have half-lives of six months to 27 years. These maÈerials are quÍte
readily utilized for microbial growth and/or minerarized for prant
uptake' Yet, the nutrients are not avairable rapÍdly enough to promote

a frush of microbíal activity. The active soM thus acts as a short_ Eo

medium-term storehouse of nutrients (Anderson et ar, LgTt+; Ladd. et al.
1977; Paul and McGilL Lg77; paul and voroney 19g0; And.erson and paul

L984; Anderson and coleman 19g5; christensen and sorensen 19g5) ,

gradually but relatively rapidly releasing nutrients for microbial and



plant use.

The abiliËy of the active soM to serve as a storehouse of nutrients
is characteristic of its imnobilized or stabilized situatÍon. The
active soM consists of materials inmobilized by incorporatÍon into
nícrobÍal tissue and stabilized by association with soir minerars
(McGil' and paul Lg76; paul 1gg4). These mareriars (e.g. amino acids,
proteins, simple carbohydrates, polysaccharides) have a rabile chemical
structure but their physical position prevents immediaËe decomposÍtion.
Nutrients i¡nnobilized in the biornass are released into the soir when the
microbes die and their cerrs lyse (McGirr et ar. L975; paul and. Voroney,
1980; van veen et al ' 1984) . Plant and microbial metabolites adsorbed
to the nineral surfaees are continuarry recycred, but at a rate srower
than that of free nerabolites (Van Veen and paul 19g1). ïhis regulated
release of nutrients from the active soM maintains the nutrient
supplyíng capaciÈy of the soM and is thus cenrral to soM quality.

clearly, the active so' is cruciar to the efficient cycring of c
and N within the soil. Therefore, soil management practices whÍch
maintain and íncrease the size of Èhis poor should be deveroped. and
impremented. However, in order to evaluate the impact of management
factors on the active so', an effective approach to the study of this
pool must be determined.

The fine clay fraction is frequently identifíed in the rirerarure
as a locus of active so'. The soM associated wiLh this parÈicre size
fraction exhibits a reratively rapid turnover rate and a high degree of
mineralizability (Anderson er al. L974; young and spycher L979; Amaro
and Ladd 1980; Anderson and Colenan 19g5). Anderson er al. (19g1)



concluded that up to 20t of the soM in grassland soils is complexed with
the fine clay and that this material is rich in readily mineralized
nutrients' chichester (1969) fracËionated soirs by particle sLze and.

found that Ppm N, t c, and mineralizable N increases with decreasing
particle size. The labire nature of thís poor of the soM has been
explained on the basis of the role of the fine crays in the
stabilizatíon of microbial and prant celr rysate and metaborites.
campbell et al. (1981) found a corelation berween cEC and. potentÍarry
mineralizable N and concluded that Ëhis was ,,consistent with the theory
that expanding lattíce clays adsorb and proËect aliphatic N and N of
microbial origin against rapid deconposition,,. Tiessen et ar. (19g4)
point out that clay-adsorbed material remains reratively labile because
microorganisms are preferentially associated with the stabilizing clay
surfaces ' The turnover of the organic materiars associated with the
fine clay fraction thus reflect actíve SOM d¡mamics.

McGill er al. (1975) devel0ped an approach to the srudy of the
active soM which recognizes the importance of the fine clay associated
material' This nethod can be nodified to produce tv/o h,mic acid
fracÈions. The first humic acid (HA) fraction, Fraction A (Fr-A), is
obtained by extractíon with Na4p2o7. This fraction consists of humic
material associated with pol¡ralent cations in the soil (McGill and paur

L976; McKeague et al . rgTL), having a relarivery row suscepribirity co

hydrolysis and a high proportion of aromatic components (Anderson et ar.
r974) ' some labile materiars (extracellular netabolites) of the acrive
sOM pool, however, are adsorbed to the surface of the HA corloids. The

second HA fraction, Fraction B (Fr-B), is collected by sonicating the



Na4P207-extracted residue. This creatment disperses microaggregates and

disrupts microbial ce11s, Ëhereby releasing occlud.ed or ,'protecLed,,

active sOM and intracellular metabolites. The sonicated suspension is
centrifuged in order to remove arl particles rarger than 0.04 pm

(equivalent spherical diameter). The Fr-B fraction thus consisrs
primarily of active SOM, including microbial intracellular metabolires.
free in solution and adsorbed to the fine clay colloids. This method of
extracting some of the active soM is useful for studying nutrient
cycling on a short term basis (Paul and McGill IglT) and therefore
appropriate for determining the effects of management factors on the

active SOM.

2.L.3. srabilizarion of soil Aggregares by Active soil organic Marrer

The interaction between active soM matería1s and soil mÍnerals

r¿hich faciritates effective nutrient cycling is also cruciar to the

stabilization of soil aggregates by active soM. The labile soM adsorbed.

to mineral surfaces and trapped within microaggregates acts as a brÍdge

between discrete clay particles or tactoids and as a nucleus or matrix
for microaggregate formation (Marshall L976; Foster I97g; Turchenek and

Oades L978; Tisdarl and oades r9g2; ltlexzger and Roberc 19g5; Emerson ec

al. 1986). Thus, as welr as regurating the sustained rerease of
ntr tr í pn t- < r'l-'¿¡se! !vrrLr, u¡rê active s0M-mineral complexes also contribute
significantly to the maintenance of the long-term physical fertility of
the soil.

The active SOM participating in aggregate srabilization ís of borh

microbial and plant origin. Mucilages are polysaccharide gels which are



Produced by microorganisms wherever organic debris is being decomposed

and by plant roots growing through the soil matrix. The earbohydrate

gels secreËed by bacEeria, fungi, or roots are collectively termed

extra-cellurar polysaccharides ECp (Emerson et al. 19g6). oades

(1984) lists Lhe evidence for the role of these polysaccharides in
aggregate stabilization: correlations of aggregate stability and

polysaccharide content; srabilization of aggregaÈes by additions of
microbial and soil polysaccharides; degradation of aggrega,es by

oxidation of polysaccharides wíth periodate; and identification of
polysaccharides in situ in thin sections of soils. Living plant roots

and fungal hyphae form a stabilizing net around soil aggregates, bur

here also contact with the soil minerals is achieved by means of the

associated mucilage (Emerson eE al. 1986). Based on work with periodate

treatment, cheshire er al. (1983) determined EhaE Ehe stabirity of >45

pm diameter aggregates depends more upon microbial than upon plant

polysaccharides. Thus, although plant polysaccharides certainly pray a

role, those of microbial origin likely represent the aetive SOM most

important to aggregate srability.

Soil minerals and many microbial polysaccharides are polyanions and

Èherefore the interaction betv¡een Èhem can be mediated by polyvalent

cations. The cations (usualry c^2*, þrg2*, A13+, or Fe3+) form a bridge

between the mineral and the polyanions (Edwards and Bremner L96l:

Mortrand L970; schnitzer and Kodama Lgjj; Theng 1979; Srevenson rgg2).

These cations are therefore necessary to the stabilization of aggregates

by polyanionic humic material through the formation of organo-mineral

complexes (Oades 1984; Goh er al. LgBl). rndeed, exËracranEs (e.g.Na-
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pyrophosphate; acetylacetone in benzene) or chelating agents whieh

remove these di- and crivalent cations have been shorrn to decrease the

water stability of soil aggregates (Harnblin and Greenland L9j7: ReÍd et
aI. 1982; Oades 1984).

The âmount and influence of polyvarent cations in the soir is a

function of soil type, but the âmount of microbiar polysaecharíde in the

soil can be influenced by soil management practices. soir aggregare

stability is thus dependent both upon soir type and soil managemenr

factors. Therefore, in order Ëo describe the effect of soil type on,

and to evaluate the suitability of management factors for, the

maintenance of aggregate stability, the study of the interaction of
these polycations and polysaccharides is useful. rn the present work,

the anarysis of the effect of organo-minerar complexes and

porysaccharides on soil aggregate stability wirl be emphasized.

Cheshire et al. (1993) have developed an approach erns¡¿þls to the
study of the effect of polysaccharides on soir aggregate stability.
This method determines the difference in water dispersible stability
between aggregates with and without periodate/Na-tetraborate treacmenE.

The periodate (Naro4) cleaves the bond between carbon atorus whÍch both
have at least one -oH or -o group (cf. Bobbitt 1956). The rerraborare
(Na2B4o7) degrades the parËially oxidized polysaccharides (i.e. ring
opened to form polyaldehydes) whÍch are unstable und.er alkaline
conditions (Mehra er al. 1960; Theng rgTg). cheshire er a1. (19g3)

found that carbohydrate material remaíning after periodate treatment Ís
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enriched in plant 
"..g"t"l, and they therefore suggested that microbÍal

carbohydrates are preferentially oxidized. This uethod. thus represenrs

a means of quantifying the contributfon of the active SOM of microbial
origin to aggregate stability, and therefore a Beans of evaluaÈing the
benefit of given management practices to soir physical properties.

2.2. Effects of soil and. Hanagenent Factors on NutrÍent cycling

rn different soils under different management regimes the
incorporation of material into the active soM proceeds differently,
resulting in actÍve soM which varies in amount and in abítity to provide
nutrienËs to microbes and plants.

2.2.L. Effect of Soil Type

The type of soil affects the cycling of nutrients from the active
soM by determiníng the stabílization of materials into the active soM.

The complement of minerals unique to each soil r¡rpe provide dÍssimilar
emounts of polyvalent cations, offer different opportunities for
chemical and physical protectÍon of soM, and exert distinct chemical

influences on the formation and further humification of acËive soM.

rndeed, Herman et al. (L977) proposed that ,,the effect of soir in
conËrolling deeomposit.ion nay be as great as the effect of the

lsoil microbes slmthesíze, maínry garactose, grucose, mannose,rhamnose, and fucose, but very little ãrab-inose and xyrose (cheshíre etal' L9B4). Plant tíssue, however, contains substan;ial quantities ofarabinose and xylose' The ratio of galactose + mannose/arabinose +xylose ís therefore low (<0.5) for plarir and high (>2.0) ior microbíalpolysaccharides (Turchenek and Oades I979; Oades 19g4).
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substrate. "

The formation of complexes with metal cations which are adsorbed

Eo' or are structural components of, soil minerals protects active soM

from rapid degradarion (Theng L979; Marrin and Haider 19g6). This
associated soM is chenically less accessible to agenËs of decompositÍon.
schnitzer and Kod¡ma (L977) reported thar )75t of the fulvic acÍd (FA)

adsorbed to cu2*-montnorillonite was retained after heating Ëhe complex
to 1273oK. olness and clapp (1975) showed thar rhe oxidation of soM was

prevenËed by adsorption to montmorillonite, likely because periodate
anions were excluded from the cray surface (Emerson et ar. 19g6). rn
the.associated siËuatÍon the functional groups of the SoM are occupied,
thereby inactivating the soM with respecË to rnícrobial extracellular
enz)rmes (Theng L9i9). Further, Ëhe complexed soM may be physicarly
ínaccessible to microbial attack (Foster 1981). Many investigators have

found that ir is possibre for some soM (i.e. smaIl morecules) to be

protected by adsorption between the latÈice sheets of expandÍng clays
(schniÈzer and Kod¡ma L977; Goh and Huang 19g6; Martín and Haíder 19g6;

schnitzer 1986). This interlayer adsorprion more effectivery stabilizes
soM than does surface adsorption (Martin and. Haider 19g6). Theng (Lg7g)
asserted that r^rhere ínÈerlayer adsorption is not possibre ( i . e . soM

polymer too large) che soM nay be protected by penetration into
intercrystallíne and inÈerdomain pores of cray/waxer systems and into
the pores and channels between the spherical silico-aluuina particles of
allophane soils. The largesÈ soM partieles (i.e. fragments of microbial
or plant nateriar) may be protected by serving as nucreation points onto
which a coating of mineral particles adsorb (Foster l9g1; Tisdarl and
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oades L982; oades 1-984; Tiessen er al. l9g4). The polyvalenr meral

cations in the soil thus make possible the organo-mineral interactions
which facilitate the stabilization of labile materíals into the active
SOM pool.

The stabilizaËion effect of these interactí.ons, however, varies
with the type of mineral part,icipating in the complex. Martin and

Haider (l-986) found that montrnorillonite began ro rerard 1.oroz evolurion

from nmino acld derived C only after the first 90 days of incubation.

In their study minerals with higher CEc were found to exhibit more

marked stabilization effects, with kaolinite having no effect on the

rate of amino acid c evolution. Theng (GgTg) reported that only fulvic
acids (FA's) and huuic acids (LlA's) were stabilized in allophane soils
since fresh organic residues generally rapidly decomposed. r,Iada and

Ïnoue (L967) compared the decomposition of a water extracc from rotting
clover leaves in montmorillonite- and. allophane-containing soils. They

found thaË the rate of loss of material by nigration down the soir
profile or by mineralization l¡as lower in the allophane soil. They also

extracËed htrmic substances (HS's) which were darker ín color and rÍcher
in HA's from the montmorillonite than from the allophane soi1. Sen

(196f) concluded that the addition of monrmorillonire and iltite
decreased the rate of decomposition of HA,s, but that a much greater

reduction in the mineralizaËion rate v¡as achieved when A13+ ions were

added to the clay-hunate sysËem. Table 2.1 stunmarLzes the stabilization
effecÈs attributed to interacÈion with various minerars.

soÍ1 minerals help to preserve active soM by chemicarly and

physically protecting it from degradative influences. rt ânñêårq
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however, Ëhat the organo-mineral interaction also participates in the

Èransformation of naterials within the active soM pool.

Various investígators have found that soil minerals caEaLyze the

oxidative polymerization of smaller adsorbed organic molecules inÈo

rarger , chemically more complex ones (I.Iang et al . r9i ga; I,Iang et ar .

1978b; shindo and Huang L9B2; schwerrmann er al. 19g6; Lrang eE ar.

1986). This random abiotíc polynerization complicates enzymarÍc

degradation (Theng L979) and thereby ensures that rhis material is
gradually nineralized.

Many soil minerals have been shown (in the laboratory) to possess

Tab1e 2.L. Stabilization characteristics of various soil minerals (from
Duchaufour 1-9l6)

StabilizationMineral

Active CaCo3 Sequesters fresh organic material with carbonate film in
Rendzina soils hurnified compounds precipitated without
transformation - - hunification impeded at relatívely early
stage and HS's easily extracted once CaCO3 removed

Arr-rmina stabilizes FA's and HA, s in allophane soils fresh
materials decompose rapidly HS,s more transformed and
condensed than in Rendzina (mean residence tirne older)

Active Fe clay-bound stabilizing agenc, buü not as effective as
CaCO3 and alumina strongly insolubilizes ( i . e.precípítates) SOM so Èhat extraction resisted (much humin
formed)

swelling clay rn acíd soils in temperate crímates illites andvermiculites act like bound Fe stabilization norefficienu
rn weE/dry alternating pedocrímates chernozems and
vertisols stabilize soM to form mature, porymerized HS's

this caÈalytíc capabí1iry. Shindo and Huang (L982) demonsrrared rhe
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ability of Mn(IV) oxide to catalyze the abiotic browning (i.e. formarion

HS's) of hydroquinone. I,Iang et al. (1978a) found that clay minerals and

quartz eaxalyzed the oxfdative polymerization of various phenolic

compounds, with catalytic efficacy decreasíng in the order , 2:2 > 2:L >

1:1

various soil minerals has been presented by I.Iang et al . (19g6). These

authors docr¡¡rent abíotic polymerization of phenolie eompounds (and

subsequent formation of HS's) catalyzed with varying capabirity by

oxides , hydroxyoxides, and short-range ordered minerals, by clay-sized

Iayer sÍlicates, by prinary minerals, and by whole soils.

Soil minerals also influence Ëhe stabilization of materials into

active SOM by altering microbial dynanics. MarËin and Haider (1986)

reported that in the presence of elays: (1) mícrobial numbers and

activity may be Íncreased; (2> the uptake of o2 and evolurion of co2 may

increase and decrease, respectively (increased efficiency in the

conversion of c to bíonass); and the proportÍon of residual 14c and 15N

retained in the biomass may be increased. Theng (L979) documented

increased âmounts of organic maËter production and higher incorporation

of N into nicrobial cells in a system :rnended with montmorillonite.

Thus, the presence of clay ninerals may rnodify mícrobial growth toward

Ëhe incorporation of a larger proportion of added materials into Ëhe

active SOM.

Soil minerals, including clay mínerals, thus influence active SOM

dynamics. Sorensen (1981) strmmarized the inportance of soÍl clays co

the stabílization of active SOM: "The effect of clay in increasing the

organic maEter in soil is possibly caused by newly slmthesized macEer,
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extracellular metabolites, as !¡e11 as cellular material, forming

biostable complexes and aggregates with clay. The higher the

concentratíon of clay the more readily the interactíons take place." In

a study of Saskatchewan soils, Canpbell and Souster (1982) found that

the losses of SOM and of potentially mineralizable N increased. with

decreasíng clay content. A study of the actíve soM, then, musc

recognize the potential conËribution of the soil clay to the maintenance

of this pool.

2.2.2. Effect of Type of Management practices

According to Russell (l-973), "The level of organic matter in an

agricultural soil is determined by the rates of addition and oxidaüion

of plant residues and of soil humus." Recent work has established that
SOM quality is also dependent upon these factors (Sauerbeck and Gonzalez

L977; Janssen L984; McGill et aI. l-986). Since rhese races of addirion

and oxÍdation are strongly influenced by soil management practices, the

amount of soM, as well as ius quality, can be modified. The challenge,

then, is to understand the effect of management practices on the active

SoM pool in order to efficiently and susrainably utilize the soil

resource (Bacon L982¡. paul 1984).

Uncultiwated soils, because of the perennial growth habit of their

indigenous vegetation, have a higher level of addition of organic

residues than do cultivated soils. For this reason soils almost always

contaÍn less active SOM in the cultivated than in the native srare

(campbell and souster L982 parton et al. 1983; Tiessen and srevrart

1983; Anderson and coleman 1985). Lynch (1984) reporred rhar rhe
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microbial biomass of grassland soils may be twice that of cultivated
soils. The degree to which culËivation negatively affects the active

soM, however, can be moderated by responsible management of the soil.
Two aspects of soil management which affect the active SOM d.lmarnics

are (1) the residue and fertilizer management practices, and (z) the

type of crops grovrrl. These management practices determine the amount

and type of residue which is incorporated into the soíl.

Cropping praetices which maximize Ëhe return of organic materials
to the soil mininize the deleterious effect of cultivation on the active
soM. McGill er aI. (1986) showed thar a soir cropped for 50 years ro a

wheat-oats-bar1ey-forage-foragerotationcontaíned117tmore(i.e.>

twice) microbial N Ëhan did the same soll under wheat-faIlow. Janzen

(1987) demonstrated increased relative N mineralization potentÍal in
continuous wheat and wheaË-wheat-fallow rotations ¡vith adequate N

fertilization- Janssen (1984) found that added farmyard manure could

replace the active soM decomposed during the crop year. Biederbeck et
al. (1984) concluded that che loss of acríve soM due ro frequent fa1low

could be reversed with the use of longer rotatíons, fallow-substitute
crops, and N and P fertilizers. Dormaar et al. (Lg7g) found that the

frequent burning of crop residues generalry reduced organic c,

polysaccharides, and t vrater-stable aggregates. Thus, rotations which

employ adequate fertilizatíon, include forages, periodically incorporace

manure, and exclude fallow are beneficial to the active soM pool.

The composition of added residues influences their decomposition

and therefore affects actíve SOM dynamics. The amount of available C in
the residue appears to control both the rate of decomposiËion and the
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Fmount of ufcrobial biomass produced in cultivated soíls (Reinerrsen et
al. 1984; Jawson and Elliorr 19g6). Kassfm er aI. (lggla; lgglb) found
that mosË residual glucose c is incorporated lnto biomass whire that of
the less readily degradabre phenolic c is primariry found in less
hydrolyzable soM maËerial (Srotr er al. 19g3). Marrin er ar. (19g0)

proposed that Iignin (híghly phenolic) C is prinarily ineorporared inro
the aromatic components of soM, while polysaccharide c is preferentiarry
used for energy and for slmthesis of intracellular pollmers (Murayama et
al' L979) ' Managenent PracÈices determine the nature of residues added

to the soil and thus influence active soM dlmamics by determinÍng the
input of available C (McGill er al. 19g6).

The ínfluence of available N content of residues on actÍve soM

d¡rnamics in cultivated soils appears to be controrled by several
factors. First, the N status of the soil is important. rn undisturbed
grassland or forest soils c inputs are high and N is the nutrient
lirniting decomposirion (paul and Juma rggl) . rn curtivated. soirs,
however, c is also usually deficient so that N added in or with residues
will be íro¡nobilized into nicrobial biomass but may not alEer
decomposition rates (Bacon Lgg2). second, the stage of deeomposition

seems significant. Knapp et al. (1983a; i-983b) found rhar the inirial
rate of wheat straw decomposition was governed by both c and N

availabilicy, but that after 240 hours of íncubation microbial activity
responded to the addition of c but not to that of N. Finally, the form
of N in the residue appears to influence decomposition dynamics. Tirl
et aI' (1982) proposed that young plant materials contain nutrien.s in
forms which can be much more rapidly recycred than those in ma'ure
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plants Azen et al. (19g5) showed that more (NH¿) 2so4-N was

incorporated into nicrobial bionass when it was added to the soil with a

legume residue than when added alone. other Ínvestigators have found
that fertiLízet N does not increase microbial actÍvity as much as other
¡mendmenrs (Biederbeck et al. L9g4; McGill er al. 19g6). Thus, ín order
Ëo effectívely manage the soil resource, practices must be deveroped
rrhich recognize the possible influences on active soy dynanícs of the N

in added residues.

2.3. Effects of ì{anagement FacËors on Aggregate stabilization

The efficacy of the stabirízation of soir aggregares by active soM

depends upon the nature of the sou, the attachment of this materiar to
soíl particles, and. the integrity of soir microaggregates. Thus,
management pracËices can affect aggregate stabirization by influencing
the ¡mes¡t of polysaccharide material (Lynch Lgg4) in the active soM and

by nodifying soil surface chemisrry (Goh er al. 19g7).

The effect of soir management practices on the stabirization
capability of the active soM is exerted prÍmariry through their
influence on nicrobial dlmanics. "The t¡¡pes and nuubers of
microorganisms, metaborites, cerlurar components after death, and
dífferent substrate for mÍeroorganisms ar1 affect the aggregation
process" (Elliott and Lynch 1994). chapman and Lynch (19g5) deveroped a
cocurture of cerlurolytic fungi with non-celluIolytic porysaccharide_
producing organisms which r{ras more effective in achieving stabilization
than s¡as a naturar nixed frora. They proposed that straw courd be
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fnoculated with these organisms in order to produce a stability_
enhancing coupost. swincer et al. (196g) found that a pasËure soir
contained four times as much nicrobial polysaccharide as did a soil
under wheat-fallor¡. Dormaar et al . (Lg7g) observed decreased revels of
polysaccharide in southern Arberta soils where the burning of crop
residues eras practiced on a long-term basis. The inereased aggrega.e
stability under ryegrass is attribured by Tisdall and oades (Lgrg)
largely to the association of polysaccharíde-producing fil¡mentous fungi
with the fine roots of the ryegrass. Knapp et al. (1gg3b) proposed
that, when the available N content of decomposing plant residues is
lirniting to nicrobial growth, excess available c is immobirized as

porysaccharide. The effect of Eanagement practices on aggregate
stability thus reflect the influence of these practices on the character
of the active SOM produced by nicrobial processes.

Management practices can undermine aggregate stability by
perturbing the polymer-particle and the partícle-particle interactÍons
in the soil' The influence of managenent practices on both the soM

d¡mamics and the soil solution chemistry are ínplicated in this effect.
Arthough iL is predomínantly benefícíar to aggregate srabirity,

under some conditions the soM contributes to aggregate inscability.
organic aníons produced by riving roots and rhizosphere organisms and by
the decomposiËion of organic soir materials can decrease aggregare
stability' These anions decrease macroaggregate stability by chelating
polyvalent cations, thereby disrupting the organo-(A1, Fe, ca)-particre
linkages and reducing soil solution polyvalent cation concentratÍons
(Reid et al. r9B2; oades 19g4). The sorpËion of the organic anions
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promotes dispersion by increasing the negative charge of the clay
surfaces, thereby compromising the stability of microaggregates (oades

1984). According to oades (1984) rhese negarive effecrs of so* on soil
structure can become significant when the soM is allowed to deteriorate.
oades warns that excessive cultivation and low additions of organic
materials will result in a more highly oxidized soM (i.e. more soluble
and more acidic funcËionar groups per unit weight) and consequentry in a

decrease in soil structural stability.

Management practices can arso affect aggregate stabirity by
directly altering the cation balance of the soil. Goh eÈ ar. (Lgg7)
concluded that the addition of high levels of NH4* fertilízers may

result in the replacement of Ca2+ and ¡tg2* by NH4+ on the exchange and

thus an increase in the water-dispersible cray of the soi1. Grant
(1986) showed that the addition of NH4N03 increased the concentration of
ca and Mg in the soil solution. GranÈ proposed that, as werl as

displacing cations on the exchange, the NH¿ could have been rapÍdry
converted to Nos; thereby increasing the anion concentrat.ion and

shifting the equilibriun among solid, exehangeabre, and solution phases

toward increased caËion concentration in the soil solution. Llhatever
the mechanism, then, the addition of some types of N fertilizers can

decrease aggregate stabflity by increasing the dispersive interaction
between clay particles.

In sunmary, this review has described sone

dynaroics and has elucidaËed the importance of the

sustainable utilization of the soil resource.

aspects of active SOM

active SOM pool to the

The influence of soil
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management practices and of soil properties on active SOM dr¡naurics and

consequently on soil productivity has been demonstrated.. The challenge

to further research is thus to evaluate the relative benefits of various

managenerit practices in different soils in order to nurture active SOM

dynamics.



3. INCORP,ORATIOI{ OF C AND I{ TROII VARIOUS AHENDMENTS

INTO IIIE ORG,ATTIC I{ATTER OF DIFFERENT SOILS

3.1. Introduction

Plant residue management practices influence soil organic matter

(SoM) quality (Dormaar et al. 1979; Biederbeck er al. I9B4; Anderson and

coleman 1985; Janzen 1987) , because the amount and type of organic

residues added to the soil determine the proportion of the SOM whÍch is
actively cyclÍng (Janssen L9B4; McGill er al. 1996). The effecrs of
management practices on the active SOM are cumulatíve, becoming more

pronouneed in long-term applicarions (McGirl et a1. 19g6). However,

because of the rapid turnover rate of the active SOM, short-term effects
may also be relevant to SOM quality.

The short-term effects of management pracÈices on soM quality may

be readily observed in the SOM associated with the fine clay fraction.
These organie materials exhibit a relatively rapid turnover rate and a

high degree of rnÍneralizabilíty (Anato and Ladd 1-980; Anderson and

Coleman l-985). The labile nature of this pool has been explained on Lhe

basis of the role of the fine clays in the stabilization of microbial

and plant cell lysate and metaborites (McGill eË al. Lg75; campbelr er

aI. 1981; Tiessen et al. 1984). rnfluences noted in rhe fine clay-

associated material may thus reflect the effects of management practices

on the active SOM.

The inportance of fine clays

to emphasize the significance of

Van Veen et al. (1984) concluded

in stabilizing labile materials serves

soil factors for active SOM dr¡namics.

that differences in C and N drrnamics in

L)
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different soirs courd be explained according to the abiliry of rhe
respective soils to preserve Sor'f and microorganisms. rndeed, Herman et
al. (L977) postulated thaÈ the influence of soir factors on prant
resídue decomposiEion was as great or greater than thaE of residue
composition' This study v¡as underÈaken in order to demonstrate the
interrelation of soil factors and residue composition in influencing the
incorporation of amendment C and N into the active SOM.

3.2. l{aterials and Hethods

3 .2.L. Soils

Three different soirs, chosen to provide varyÍng levels of soM and
clay content, r¡rere corlected in the spring of 19g6 from the 0_100 mm

depth of culrivated fierds. one Newdare soir (Rego Black chernozem) _ _

designated NT lras obtained from the Ëop of a knorr near Rivers,
Manitoba (legal description NIf 1g - L2 - 20 w). A second. Newdale soil
(Gleyed Eluviated Black chernozem) -- n¡ -- was corlected from the foor
of the same knorl. A sanple of Red River cray soil (Greyed Rego Brack
chernozen) -- RRC from the Glenlea Research sËation in Grenlea,
Manitoba was also used. The NT and NB soils were ground to pass a 2 mm

sieve, while the RRC was ground to pass through a 4 mm sieve.
Representative chenical and physical characteristics of the soirs are
listed in Table 3.1_.



Table 3.1. Chemical and physical characteristics
(Soils: NB : Newdale clay 1oam bottom of knoll
loam top of knoll; and RRC : Red River Clay)

of the
;NT-
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soils used
Newdale clay

Characteristic

OrganÍc matLer (t)
Total N (t)
Field capacity (t w/w)
PH
CEC (cmo1 + kg-r)
Reaction wiLh HCI
Ctay (t)
silr (r)
Sand (8)

NTNB

8.9
0.43

34.7
7.0

30.32
none
33.8
28.4
37 .9

1.L

0.20
27 .4
7.2

18.32
strong
30. 6
26.9
42.5

RRC

o./
0.31

51. s
7.L

38.78
none
73.9
¿¿.ö/

3.16

3 .2.2. PlanL Materials

The plant materials used \4rere wheat (Triticum aestiwum c . v.

Neepawa) straw and arfalfa (Medicago sativa c.v. Beaver). The plants

v/ere growrÌ in a soil to which micro- (cu and Zn) and macro-nutrienEs (p,

K, and S) were added. Labelled (NH+)2so4, sot 15¡r enrichment, was also

added' The plants were periodically isolated during rheir growth in a

clear acrylic chamber in which L4roz was evolved by rhe addition of 1.0

mor'L-r Na2co3 (61.83 knq mg-1 c) ro g5t lacric acid. sufficienr Na2co3

$/as added to provide 15 ¡rmol of co2 "-1 *-2 of leaf area. The plants

were subjected to this labelling treatment 6 times (for a total of 20

hours). The alfalfa was harvested after 30 days (480 hours of light) ar

the budding/preblooming srage. The v¡hear reached maturity ar 70 days

(1120 hours of light). The shoot portions of rhe plants (the grain \4ras

removed from the wheat) \¡/ere dried at 6ooc, ground to pass a 20 mesh

screen, and stored at room temperature until they were incorporated into

the soils used for the incubation study. Table 3.2. 1ísts some
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perEinent characteristics of the planË materials.

Table 3.2. Characteristícs of the wheat straw and alfalfa

Characteristic

Carbon (t)
Nitrogen (t)
C:N ratio
14c lmg_ng-1 c)
Atom t rrN excess

Alfalfa i{heat stravr

48.11
4. 05

11.88
2 .62

20.654

52.72
2.00

26.3s
0.56

28.9s6

3.2.3. Treatments

Four treatments \{ere applíed in duplicate to each of the three

soils These consisted of (1) a control where no fertilízer or plant

material was added to the soil (treatment c), (2) wheat stra\,r (treatment

S), (3) alfalfa (treatnent Af), and (4) whear straw wirh sufficienr KNO3

'- 46.772 atom t 15¡¡ excess to reduce the c:N ratio to 11.70

(treatmenË sF). A toral of 7.5 E of plant marerials (plus 1.36 g of
KNo3 in SF treatment) were added to 2500 g of air-dried soil in plasric
bags. The contents \Àrere thoroughly mixed by closing the bags and

nanually rotating them for one minute. The bags containing the amended

soils were placed into plastic pots. The soils lrere then compacted by

dropping the pots from a height of 5 cm 50 times onto a tabre. The

resulting layer of ernended soil !¡as approximately 10 cm deep. The soil-
plant residue mixtures were \,retted to f ield capacity with distilled

\'/ater and then incubated aE 2OoC in a temperature-controlled chamber.

A second set of soil-plant residue mixtures, representing the

initial condítion (Day O extraction/fracXionaUion) , T{¡as prepared. The
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såme four treatments \{ere applied in duplícate to the NT, NB, and RRC

soils, but only 0.75 g planr marerial (plus 0.136 g unlabelled KNO3 in
the sF treatmenË) and 250 g soil were used. The plant material (and

fertilizer where required) and soil were placed in 250 nL plastic sample

jars. Stirring of the mixture and then shaking of the capped jars were

used to achieve thorough mixing of the contents. This set of mÍxtures

was not wetted and was stored at -5oc until extraction.

3.2.4. Sample PreparaËion

soil sarnples were collected from the pots for analysis afxer 7,30,
and 90 days of incubation. About z5o E (air dry basis) of soil were

collected from each poË. care v¡as taken to ensure Èhat the sampre

removed represented a column from the top to the bottom of the layer of
soil in the pot' Further, effort was made to minimize the mechanical

disturbance of soil rernaining in the pot. These subsamples \ùere dried

at roou temperature and then stored at -5oC.

3.2.5. Extraction and Fractionation

The procedure described by McGirl et al. (L975) ro extracr and

fractionaËe organic matter using soditrm pyrophosphace and ultrasonic
dispersion was used in a slightry modified form. Figure 3.1. presencs

this modified procedure as a flow chart. One sample from each of the

unincubated mixtures (i.e. Day O extractíon/fractionation) and tv/o

subsamples of each of the incubated samples (i.e. Day 7, Day 30, and Day

90 extraction/fraexionation) r¡rere extracted and fractionated by this

rnethod. Fraction A (Fr-A) and Fraction B (Fr-B) from each soil sample
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20 gm soil

| ,n"u" wirh
I carbonates
I 3600 g for
I

t- Discard

Residue 1

2OO mL 0.005
and floating
20 min

supernaLant

mol'L-l u2so4 to remove
debris centrifuge at

Na4P2o7 (pH 10)
at 3600 g for 20
tines

Extract rsith 2OO mL O . 1 nol .L- 1

for 20 hrs under N2 - - centrifuge
min - - repeaË extraction two more

UlÈrasonic dispersion of
mL distilled water
centrifuge at 12000 g for

Discard soil residue

Retain Supernatant 1

with 1.0 mol.L-1 H2SO4--
centrifuge at 3600 g for 2O

Discard supernatant

Precipitate

nL distilled water - -
20 min - - freeze dry

centrifuge

FRACTION A

125 W for 10 roin in 170
let stand 48 hrs- -

60 rnin

Acidify to pH
Ieave overnight
min

I.Iash with 100
at 3600 g f.ox

Residue 2

Supernatant 2
I

I a.iaiey ro pH 1.7 wirh
I overnight -- centrifuget-
I Discard supernaËant
I

Precipitate 2

I wastr wirtr

I 
at 3000 e

FRACTION B

100 mL
for 20

1.0 ¡nol'i,-l u2so4 leave
at 3600 g f.or 20 rnin

disÈilled v¡ater- - centrífuge
min -- freeze dry

Figure 3.1. Flow chart. of extraction and fractíonation procedure.



\¡¡ere stored in closed 15 rnÏ- centrifuge tubes at room temperature.
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3.2.6. Fractions

The organic matter fractions obtained by the above

analyzed.

The total weights of Fr-A and Fr-B extracted per

sample were calculated. Aliquots of either lg0 or 200

collected in total, but only Ehese aliquots were

supernatant 1 (see Fig. 3.1.) were acidified to produce

which v¡as freeze dried to obtain Fr-A. Therefore,

Total LIt. Fr-A I,It. of ppt. from aliquot x

(600 / Yol-. of a1Íquor).

procecure !¡ere

each 20 g soil

mL (600 mL were

retained) of

the precipitate

Fr-B was obtained

were collected in

from Èhe acid precipitaÈes of L25 nL aliquors (170 mL

toËal) of Supernatanr 2. Thus,

Total lJt. Fr-B I.Ir. of ppr. from aliquor x (L7O / L25)

The organic carbon content (tc) of Fr-A and Fr-B from all soil
samples was measured. Expressed as a percentage of the weight of Fr-A

and Fr-B anaryzed (ranging from 10 to 100 mg), this value was used to

calculate the total âmounE of C extracted in each fraction per each 20 g

soil sample as follows:

Total I.It. C : t C x Total I.It. Fr-A (or Fr-B).
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The L4c activity of Fr-A and Fr-B from arl soÍr samples was

measured (procedure described below). The values obtained r¡¡ere

expressed as kilo Bequerels (kBq) ng-r c. Describing the resulrs wirh

respect to the percent of added 14c incorporated (i.e. tc1¡qç) into the

extracted fractions, removed this confoundíng effect of the organic

matter content of the soil:

kBq in fraction
scrnc x 100.

DPM in plant material added xo 20 g soil

The organic nitrogen content (tN) of Fr-A and Fr-B of all soil

samples lras measured. These values v¡ere used. to calculate the total
amount of N extracted in each fraction per 20 g soil saupre as forlows:

ToËal I,It. N I N x Toral I.fr. Fr-A (or Fr-B).

The 15tl enrichment of Fr-A and Fr-B from all soil sampres lvas

measured by mass sPectrometer as described below. By determining the

factor by which the plant-derived 15tl h"¿ been diluËed, ir was possible

to calculate 1) the weight of pranr-derived N (Nrmc) and 2) rhe percenc

of added N which v¡as incorporated into the respective fraction (tN1¡¡6)

as follows:

Atom t 15N .*"""s in fraction
Ntt'lc

Atom I 15N 
"*.""s in plant

x Total N; and
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Nrx¡
õ!\INC -

N froro plant in 20 g soil
x 100.

3.2.7. Analytical Procedures

(1) Partícle size analysis: The standard pipette nethod. was used

described in McKeague (1978). The dispersing agent used consisted

35.70 E of sodium hex¡metaphosphate and 7 .g4 g of sodium carbonate

1.00 L of disrilled warer.

(2) Field capacity moisture content: soil, ground as described in
section 3.2.t., was placed into acrylic cylinders 4.5 cm in diameter bv

20.5 cm in height with perforated bottoms. I.Iater was added until the

wetting front extended about t$/o thirds of the rray down the cylinder.
The column r^ras then covered with a plastic filn and alrov¡ed to

equilibrate for 48 hours. At that time the moist soil was sampled and

the grawimetric field capacily moisture contenc determined from the loss

in weighr upon drying for 24 hours ar 105oc. The field capaciry

determínation was carried out in triplicaÈe for each of the three soils.

(3) Total organic carbon: Total organic c was determined by the

I'ialkley-Black procedure as outlined. in McKeague (197g). The organic

matter fractions (or plant material or soil) were oxidized with excess

potassium dichromate (0.1667 mol'l--1). The resulting solutions v7ere

back-titrated (to endpoint of 750 mv) with ferrous sulphate (0.05 mol.L-
1) using an autornatic titrator. Organic matter content was calculated

by rnultiplying organic C (t) by a facror of L.72r+.

of

in
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(4) cation exchange capacity (cEc): cEc (and exchangeable carions) r^ras

determined by NH¿ displacenent (NH4oAc ar pH 7) and micro-Kjeldahl

distíllation according to the method of Chapman (1965) as described in
McKeague (1978).

(5) 14c activity: r'he 14c content of the organic natter fractions and

plant material was measured (in kBq ,0g-1 c). A packard 306 sample

oxidizer was used to ignite the sampres, to trap the evolved, co2 in 4.0

mL of 2 -uethoxy-ethylarnine (trade nâme Carbo_sorb packard

rnstrr:ments; Downers Grove, rllinois), and to mix the trap with 14.0 mL

of scinËillarion fluid (pCS Amersham; Oakville, Ontario) in a

scincillation vial. The activity of the material was then measured in a

Beckman LS 7500 scintillation councer.

(6) Totar N: Toral N, which in this experiment refers to total NH4+_N,

was determined by Kjeldahl digestion. The organic matter fractÍons (or

plant material or soil) r¡rere digested with 25 nL of concentrated

sulfuric acid and 2 Kelpak rablets (5.0 E K2so¿* and 5.0 mg se per

tablet) for 1'0 hour. The dÍgested residues were dlstilled wfrh 50.0 mL

of 50t NaoH and rhe disrillate caprured in 50.0 rnl- of 0.01 noI.r-1 H2so4

containing mixed indicator. The exeess acid was back-titrated. to the

color-indicared endpoinr (pH 7.0) using 0.01 mol.L-1 N"oH. The N

content was calculated according to the âmount of base used in the back-

titration. The solutions were Ëhen acidified with the addítion of a few

drops of 0.01 mol'L-l H2so4 in order to prevent the gaseous escape of
NH¡. The solutions v¡ere dried to about 10 mL and retained for 15t¡



analysis as described belov¡.

(7) Atom t 15N .*.""", The 15u content of the acidified Ëirres (dried

to 10 mL) was determined. The NH4+-N in the solutions ,,ras corrverted to

N2 gas in a vacuum apparatus by treatEent with sod.ium hypobromite

(NaoBr) . The N2 gas was analyzed for mass to charge rario (n/e) of 2g,

29, and 30 as described by cho and sakdinan (197g), using a micromass

602 nass spectrometer (v.G. Micromass Ltd., Ilinsford, England). Atom t
15N **.."s was calculated as follows:

100
Atom t 15N .*"""= - x 100,

(L00/(2R+L))-B)

where R is the ratio of the peak heights of m/e 2g and 29, and B

represents the measured background abundance of l5¡l in the atmosphere.

The N content of the Fr-A and Fr-B samples was found to be too l-ow

to provide sufficient pressure in the mass spectrometer. Therefore,

these s¡mples \rere "spiked" with 1.0 rnl- of 0.1 mol.L-1 (l{tt+) 2soa--
1.356 mg N -- afcer uheir N content had been determined. Ttre atom t 15¡¡

excess of the Fr-A and Fr-B samples were calculated accordingly:

Atom t 15N .*"""" (Diluted aÈom t 15N excess¡ x

mg N in sample + 1.356 mg N

mg N ín sample

33

(8) pH: Supernatant 1 (Spt-l) and Supernaranr 1 (Spr-2) were acidified
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to pH 1.7 in the fractionarion procedure (Fig. 3.1.). The pH of rhese

solutions r.ras measured with a digital pH meter fitted with a glass and

calomel electrode (Fisher Accumet pH meter, Model 620). soil pH values

were measured with the same instrument, using 25 g soil (air dry) in 50

mL of O . 01 nol . l,- 1 Cacl2 .

Soils 'h7ere classified as calcareous or noncalcareous on the basÍs

of their reaction with dilute HC1. The soil which effervesced strongly

upon addition of HCl v¡as considered calcareous. The soils which did not

effervesce were classified as noncalcareous.

(9) centrifugation: A refrígerated centrifuge was used in the

exÈraction/fraetionation procedure. An rEc B-2oA centrifuge, fitted

with a 6-pot rotating head (rEc No. gj2), v¡as used. polycarbonate

eentrifuge bottles (250 rnI- capaciuy) !¡ere used both as extractíon
vessels and in the centrífuging operations.

(10) Freeze drying: A i¿,BcoNco Model Freeze Dry-5 fxeeze drying

apparatus rvas used to dry the organic matter fractions.

3.3. Results and Discussion

The extraction and fractionation scheme used in the present

investigation (see Fig. 3.1.) vras designed. to isolate relativery

distinct active SOM fractions. The results of this study show that

labelled c and N are incorporated into both Fr-A and Fr-B (Fig. 3.2. and

Appendix 1. ).

Sodir¡n pyrophosphate is effective in extractÍng htunic substances



35

(HS's) complexed with polyvalent cations (McKeague et al. L97L;

Schnitzer and Khan L978). Fr-A thus contains humic acids (LlA's) of

relatively high C:N ratio and of predominantly aromatic structure

(Anderson et aI. 1974; Schnitzer and Kodama L978). To these relatively

recarcitrant HA's, however, are adsorbed more aliphaÈic organic

molecules (McGiIl et al. 1-975) which are likely extracellular microbial

proteins. Indeed, McGill et al. (1975) found rhar up ro 70* of rhe 14C

associated with Fr-A is held in these adsorbed substances. In this

study levels of incorporated C and N in Fr-A were quite similar to those

in Fr-B in the Newdare soil, but were rower (P<0.05) than those in Fr-B

of the RRC soil (Fig. 3.2. and see Appendix 1. for a rable including

levels of significance). Thus, the active SOM material exEracced ín Fr-

A could play an important role in the cycling of nutrients in soils with

low clay content.

Ultrasonic dispersion (i.e. sonication) disrupts soil

microaggregates and microbial cells, thereby exposing S0M which was

occluded within the microaggregates and releasing microbial cytoplasm.

Fr-B Eherefore consisÈs of very fine clay particles (<0.04 pm) which

remain suspended after centrifugation, labile organic materials adsorbed

to this clay (íncluding microbial lysate) , âs well as HA's which

"escaped" the initial Na-pyrophosphate extraction. Accordíng to the

literature Fr-B contains a larger proportion of more readily

hydrolyzable materials than does Fr-A (Anderson et aI. L974; Amato and

Ladd 1980; Anderson and Paul 1984). The data obtained here, however,

indicate thaL Ëhe Eurnover rate of newly incorporated C and N may be

slower Ín Fr-B in the RRC soil than in the Newdale soils (i.e. levels of



36

(a)

a.o

7.5

7-O

6.5

z.
N s.o

4.5

4.O

3.5

lt
ltal t

:ltt \ t*=-

30
Incubotìon Tirne

(doys)

N..
----=?

--------Åv---
-/

LEGEND

r . N3-S-A

*-r NT-S-A

^ { RRC-S-A

o* _€ NB-S-B

r.É'

¿- --¡ RRC-S-B

LEGEND

-. 

NB-S-A

-_¡ 

NT-S-A

^-------{ 
RRC-S-A

e*__€ NB-S-B

.¡_ -_6 Nf-s-B

6- --6 RRC-S-B
<-)z
z.
ò.t

(b).
50
Incubotion Tirne

(aoys)

Figure 3.2. Comparison of incorporation.dlmamics of (a) 14C ana (b) 15¡¡

from the scraw treatment (S) into Fraction A and Fraction B of the
soils. Soils: NB : Newdale clay loan from bortom of knoll; NT :
Newdale clay loan fron top of knoll; and RRC - Red River Clay.
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tclwc and *N1¡6 tend to be higher in Fr-B than in Fr-A after 90 days of

incubation Fig. 3.2.). The role in nutrient cycling of rhe Fr-B

materials may thus vary with the type of soil.

3.3.1. Effect of Soil Organic Marrer Content

The charged surfaces of the SOM colloids interact with other

organic molecules in the soil (Schnitzer and l{ran 1978; Choudhry 1984) .

Biederbeck and Paul (L973) concluded that HA's contain an adsorbed

"humoprotein" moiety. Hydrogen bonds between phenolic hydroxyr groups

of Ëhe HA and oxygens of the peptide linkage of polyamides attach the

humoprotein to the HA corloíds. The NB soil, having a soM content

higher than that of the NT soil, would be expected Ëo eontain more newly

added materials interacuing with SOM surfaces and thus to have higher

SCtNc and tN1¡6 values in Fr-A. This was generally found to be Lhe case

in this study. The higher (p<0.05) lever of tc1¡6 ar o ar.d 7 days in
Fr-A of the S treatment of the NB soil as compared to that of the sarne

fraction and treatnent in the NT soil showed the expecÈed difference

most profoundly (Fig. 3.3.a. and see Appendix 2. for a table including

levels of significance). rn the Af treatment the tc1¡6 in Fr-A was also

hígher in the NB soil ar 0 and 7 days (Fíg. 3.3.a. ). The tc1¡¡6 in rhe

sF treatments , however, v¡ere sinilar in the tvro soils . Ferver

signíficant (P<0.05) dífferences between tNl¡lc values in Fr-A of the rwo

Newdale soils were found, buË where these occurred. the values in the NB

soil were higher (Fig. 3.4.a.).

Even though more labelled C and N was incorporated from treatment

Af inco the NB soil than into the NT soil from that Ëïeatment.
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differences in incorporation into Fr-A of the Newdale soils were smaller

than might have been expected on the basís of the amount of SOM colloids

in the tvro soils. This Bay be a reflection of d.ifferences in the

capacities of the SOM in Ëhe t\¡¡o soils to adsorb materials. oades

(1984) stated that soM in a regularly cultivared soil receiving row

organic matter inputs contaíns more acidic functional groups per unít
weight than that in a soil having a higher SOM content. The surfaces of
the SoM colloids in the NT soil nay be more reactive than those in the

NB soil and therefore able to incorporate more labelled c and N Ínto Fr-

A per unir weight of SOM.

The SoM content of Ëhe soil also has implicaËions for the amount of
interacËions between newly added maËerials and mineral surfaces. since

the Newdale soíls contain similar ¡morints of c1ay, the NB soil would.

likely have a larger proportion of the clay surface area saturated with
soM than r¿ould the NT soil. The NT soil might therefore be expected to

incorporate more labelled c and N into Fr-B than would the NB soil. The

incorporation of labelled c rnto Fr-B vras consistent \4rith this
predicËion. The level of tctmc in Fr-B of the NT soil was usualry

higher (sometfmes signlficancly p<0.05) than thar ín rhe NB soir
(Fig. 3.3'b.). N incorporaüion dlmnmics, however, did not for_row the

predicted pattern. Irhere significant (p<0.05) differences in tN1¡¡6

between the two Newdale soils occurred (only in the Af treatment), the

levels in rhe NB soils were higher (Flg. 3.4.b.).

Some quantitative and qualitative differences in microbial
populations and dynamícs night be expected. between the two Newdale

soils. Given the methodology of this work, however, these can be
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studied only indirecrly by observation

in HA-B (cf. Paul and McGilL I9t7).

between the two soils did not seen Eo

dynamics since the *Ct¡lC and tNIUC

similar for Ëhe Newdale soils at the

knoll (e.g. Fig. 3.2.).

4I

of the levels of tCl¡¡ç and tN1¡q6

Differences in microbial factors

dr¡rnatically affect incorporation

values in Fr-B !¡ere remarkably

top (NT) and borrom (NB) of rhe

3.3.2. Effect of Soil Clay Conrenr

The interaction of soil minerals with the decomposition produets of
recently added residues slows their further htmification and thus serves

to retain these labile materials in the active soM (paur 19g4).

Sorensen (1981) asserted that the interaction of clay minerals wiÈh

labile decomposition products takes place more readily as clav concenr

increases.

The RRC soil, having hígher clay content and lower soM content,

would therefore be expected to have levels of tctt¡c and tN1¡¡6 which are

higher than those in Fr-B and lower than those in Fr-A of the NB soil
which contaf-ned a higher soM and a lower cray conÈenË. The

incorporation of labelled C and N into Fr-A was observed to proceed as

expected (See Appendix 3. for a table including levels of significance).

rn Fr-A the levels of tcluc and *Ntuc in the same treatmencs were

usually greater (sometimes significantly p<0.05) in the NB soit rhan

in the RRC soil (Fig. 3.5.a, 3.6.a.). The revel of c incorporared inro

Fr-B of the RRC soil was consistently higher than into that of the NB

soil (Fig. 3.5.b.). rndeed, rhe tclNc of RRC-s had nor declined from

its peak level by the end of Ëhe incubation period and v/as still
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significanrly higher (p<0.05) rhan rhar in NB-s. Furrher, rhe tc1¡6 ín
Fr-B from the Af and sF treatmenEs appeared to decrease less over the
course of the incubation in the RRC soil when compared to the NB soil.
Van veen and Paur (1981) achieved the besr fir in a simulation of soM

decomposition by assuming that soir amino acids adsorbed to soir
minerars decomposed 0.01-0.005 tines as fast as free metabolires. The

RRC soil rnay thus have demonstrated a slower decline of incorporated c
because of uhe large Âmount of very effective stabilizing surfaces
available for interaction v¡ith the decomposition products of added
residues.

N incorporation d¡manics were more complex (see Appendix 3. for a

cable including levels of significance). Ilhere significant differences
(P<0'05) in tNtuc ltere observed betlreen soils for the same resÍdue
creatment, the levels of N incorporation in the Af and s treaÈmenEs v/ere
found to be higher (p<0.05) in rhe RRC soil rhan in rhe NB soil, bur rhe
situation was reversed in the sF treatment where fertilizer \{as added to
the sLraw (Fíg' 3'6.). The level of incorporated. N ,,¡as therefore
observed to have increased with higher clay content in the Af and s

Ëreatments, but to have declined with higher cray content in the sF
treatnent' This could be due to l0wer microbial utilization of the
nitrate-N. Areynikova and utrobina (Lg73) posturated that ammonium

fertilizers more intensery stimulate Èhe activíty of arnnonifying
bacteria and fungÍ than do nírrare fertilizers. paur and Juma (19g1)

Present the preferential utilization of ammoniun by microorganisms as a

well documented fact. Nitrate-N which was not metabolized by
microorganisms (i.e. converted to ammq¡ium-N) would not be recovered in
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the Kjerdahl analysis of the HA extracts. Also, as well as having the

highest clay contenc, Èhe RRc soil had the highest proportion of

vermiculitic clays (deterrnined by X-ray díffraction analysis; data not

shown). The lower levels of N incorporation in the SF treatmenE may

therefore resulË from increased susceptibility of fertilizer N to losses

by denitrification and/or NH¿+ fixarion.

3.3.3. Effect of C/N Ratio of Amendnent

The C:N ratio has been identified as a factor strongly influencing

the decomposiËion of materials in the soil (cf. Alexander 1977 cited in

Jawson and Ellíott 1986). Knapp et al. (1983b) assert rhat rhe rare of

resldue decomposition increases wlth decreasing C:N ratio. l^Iork by

these investigators (Knapp et al. 1983a) with wheat straw :mended with

various levels of N fertí1-izer supports this generally accepted. claim.

These studies, however, did not rerate decomposition rates to

incorporation dynamícs. Thus, although a more rapid rate of co2

evolution night be expected from the SF than from the S treatment. the

implication of chis for incorporation of C and N into active SO¡I is not

clear.

c incorporatf.on dynamics generally appeared to be slower in

treatments which had higher residue c:N ratios (see Appendix 4. for a

table including levels of significance). AË 7 days Fr-A of rhe s

treatment in the NT soil had a lower (P<0.05) tctuc than thar of rhe sF

treatmenË (Fig 3.7.a). Thus, in the soil with lower organic macter

content, the higher C/N ratio in the S treatment resulted in slower C

incorporation into Fr-A. This same trend vras apparent in Fr-A of the



¿+o

(-)
z.
¡'s

a.o

7.5

7.O

6.5

4.5

5.5

5.O .-*

50
Incubotion Tirne

(a oys)

LEGEND

.--_____{ Nf-s

G__J NT-SF

-______{ NB-S

-{ 

RRC-S

LEGEND

r . NT-S

e___€ NT-SF

---__-t NB-S

- - NR-SF

. ¡ RRC-S

¿- ---¿ RRC-SF

2-O

(a) .

(b).

€.5

6.O

ã ".oN

4.5

4.O

J.O

Incubotion Time
(aoys)

Figure 3.7 . The incorporation of r4c into (a) FracËion A and (b)
Fraction B of the NB, NT, and RRC soils from treatments with
different c:N ratios. soils NB, NT, and RRC are as explained in
Fig. 3.2. Treatments S and SF are as explained in Fig. 3.3.



47

RRc soil. In Fr-B (Fig. 3.7.b.) there !¡ere no significant differences

in tC1¡6 values attributed to dífferences in C:N ratios of the resÍdue

in the Newdare soils. rn the RRc soil, however, differences (p<0.05)

between levels of incorporated C in the S and SF treatmencs srere

measured at 0 and 30 days. At o days the sF treatment had higher
(P<0.05) tct}{c while rhar in rhe s rrearmenr was higher (p<0.05) ar 30

days. Therefore, the C from the emenrtment !¡ith a higher C/N ratio was

apparent,ly incorporated more slowly in Fr-B of the RRC soil.
Furthermore, a hígher level of tc1ç6 was maintained by the end of the 90

days for the residue nmendment with a higher C/N ratio.

The N incorporation results were opposite to those observed for C

incorporation (See Appendix 4. for a tabre incruding levels of
significance). That is, the tNlpc values tended to be lower throughout

the incubation period in the sF treatment which was expected to
decompose more rapidly. rn Fr-A (Fig. 3.g.a.) the values of tN1¡¡6 in
the SF treatments v¡ere lower (P<0.05) than those in the S treatments of
the sâme soil at 7 days, but, because the tNtNc in the s treatment

declined during the course of the incubation while those in the SF

treatment did not, these differences disappeared as the íncubation

proceeded. The levels of incorporated N in Fr_B (Fig. 3.S.b.) T¡¡ere

quite constant over the course of the incubation, with only Ëhe s

treatmenÈs in the NT and RRC soils having tNlnc values at 30 days higher
(P<0.05) Ehan those ax 7 or 90 days. rn Fr-B the values of tN1¡6 in the

SF treatments of the NB and RRC soils vrere usually significantly lower

(P<0.05) than those in the S treatments in the same soil. On the whole.

then, a smaller proportíon of the N added in the sF treatment was
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incorporated into the extracted hu¡nic acid fractions when compared to

the N in the S treatment where no fertilizer r¡¡as used. The source of
this anomaly rnay again be related to the behavior of the fertilizer N Ín
the soil.

3.3.4. Effect of Form of carbon and Nítrogen in Amendment

The ehemical awairability, as well as the amount, of nutrients in
residues has been found to be important Ëo the residue decomposition and

nutríent recyclíng Process (Til1 et aI. Lg82) since the chemical form of
c and N in added substrates influence microbial dlmamics. Jawson and.

Elliott (1986) concluded that the rate of decomposition is proportional
to the amount of soluble nutrients in the residues. Herman et ar.
(L977) stressed thaÈ the t lignin and t carbohydrate are as important as

the C:N ratio in controlling the rate of residue decomposition.

Reinertsen et aI. (1984) concluded that the rate of decomposition

depends more upon the availability of c than upon thar of N (cf. Knapp

et al. 1983a). Azam er ar. (r9g5) showed thar more (NH¿)2so4-N was

incorporated inËo rnicrobial biomass when it was added to the soil with a

legtrme residue Ëhan when added alone. TreaËments Af and sF thus

represent contrasting residue decomposition/nutrient recycling
situations.

Incorporatíon of C followed patterns whích appeared. to be related
Ëo the type of soil (see Appendix 5. for a rable including levers of
signíficance) . rn the RRc soil in both fractions tcll¡c values v,/ere

símilar in the Af and SF treaËments with a slight trend roward higher

values in the sF treatment (Fig. 3.9.). The resulËs from the Newdare



z.
¡.i

a.o

7.5

7.O

Aô

4.5

4.O

2.5

1.5

50

(b).

7.5

7.O

6.O

(-) 5.5z,õN s.o

4.5

4.O

5.O

2-5

ñ\_\

50
Incubotion Time

(a oys)

t!
lt
i!
it
iI

¿l
I
I
I

d

Incubotion Time
(doys)

LEGENÐ

H NT-Af

o_ __o NT-SF

L_r NB-Aí

^ - NR-qr

. { RRC-Af

p _-À ñKu-èr

LEGEND

r . NT-AÍ

3- -3 
NT-SF

-_r 
NB-AÍ

- - NR-qtr

.-------{ RRC-Aí

6---6 RRC-SF

Figure 3.9. The incorporation of L4c inËo (a) Fraction A and (b)
Fraction B of the NB, NT, and RRc soils from treatments with
different form of c and N. soirs NB, NT, and RRC are as explained
in Fig. 3.2. Treatments SF and Af are as explained. in Fig. 3.3.



51

soils were not quite as consistent. AÈ 0 days in both Fraction A and

Fraction B the tCtpC in the Af treatments appeared to be higher (usuaIly

significantly P<0.05) , but this trend reversed (somerimes

significantly P<0.05) after even a short period of incubarion (FÍg.

3.9.). The significanrly higher (p<0.05) varues of tclNc fron the sF

treatmenÈ were observed at 7 and 30 days (i.e. in che niddle of the

incubation period) and the most dramatic increases relative Ëo the Af

treatmenL v¡ere noted in the NT soil (Fig. 3.9.). rn the RRC soil, then,

there was the least difference in the level of C incorporation between

the SF and Af treatments.

The incorporation of c thus appeared to be higher in Ëhe sF

treatment than in the Af treatment. This is not entirely unexpected,

because treatments Af and sF represent contrasting residue

decomposition/nutrient recycling situations. Both treatments contained

similar âmounts of c and N c:N ratio approxímately L2. The young

alfalfa material, however, is expected to contain high levels of soluble

C and N and a low level of lignín. On the other hand, the strar^/ \"¡as

probably urore highly lignified and relatively deficient in soluble C and

N. Further, although fairly soluble, much of the N in the SF treatment

I¡ras added in a form (i.e. KNO3) which was perhaps not readily utilized

by microorganisrns (Paul and Juma 1981). According to the literacure,

then, more rapid deeonposition could be expeeted in the Af than in the

SF treatment.

The dynamics of N incorporation in all soils were sirnilar for the

two fractions, but trends apparent in Fr-A lrere more clearly d.iscernible

in Fr-B (Fig. 3.10.). The levels of tNl¡6 in Fr-A of rhe Af rrearmenrs
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were higher (P<0.05) than those in the SF rreatment in rhe same soi1.

rn Fr-B rhe levels of incorporated N were again higher (p<0.05) in the

Af treatments, but there also appeared to be a trend (especially in the

middle of rhe incubarion period) toward higher values of *N1¡6 ín the Af
treatment of the RRC soil than in that treatEent in the Newdale soils.
Thus, although C Ëended to be incorporated Eo a grearer extent in the SF

than ín the Af treatment, N incorporation s¡as significantly higher
(P<0.05) in rhe Af rreaÈmenr.

McGill et al. (1975) found that microbial N transformations vrere

highly dependent upon C transformaËions. In the present investÍgation,
however, patterns of N incorporation vrere frequently observed to be

different from those of c. This could indicate that incorporation
dynamics are subject to other influences in addition to microbial
transformations; nemely, factors characteristic to the type of soÍr.

rn studying the decomposiËion of three grass species, Herman et ar.
(L977) found no apPreciable differences in the nature of the SoM formed

from the different substrate. The present study found that, arthough

the chenical forn of the labelled materials incorporated in s, sF, and

Af was not determined, different âmounts of C and N were incorporated

from ühe respective treatnents. The levels of tN1¡c seemed Ëo be more

influenced by residue composítion than v¡ere those of tc1¡16. By the end

of the 90-day incubation period significanr differences (p<0.05) in
tCltlc values emong treatnents within soils r¡/ere the exceptÍon;

significanË differences (p<0.05) in tN1¡¡6 levels after 90 days, however,

rvere the rule (eg.Fig 3.10.b.). Thus, under the conditions studied. C
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and N incorporation dynanics appear to have been ínfluenced to differing

degrees by residue compositíon.

The incubarion procedure used by Herman et al. (L9j7) -- 20:200

suspension of grass root material in continuously bubble-aerated

dístilled water resulÈed in decomposition rates considerably slower

than would be expected in a soíl system. This finding led them to state

that soÍls contribute substantialry to soM dynamics by providing

nutrients and sËable extracellular enz)mes, buffering pH, adsorbing

toxic metabolites, and naintaining proper moisture and aeration

conditions. The results of the present study indicate that different

soils may contribut.e differently Ëo decomposition and incorporation

processes. Incorporation dlmamics in the RRC soil were dÍfferent from

those in the Newdale soils (Fig. 3.5., 3.6.). These differences usually

Itere most evident in the niddle of the incubation period. Incorporation

of C was usually higher in the Newdale soils than in the RRC soil in Fr-

A, buE lower than that in RRC in Fr-8. The s€ule tendencÍes \¡/ere

apparent in Fr-A and Fr-B for N incorporation except that tN1¡¡6 levels

in the sF treatments were always rowest in the RRC soil. Thus, if

different soils do result fn distinct incorporaËion lewe1s, these

influences would be expeeted to be prinarily important. for shorÈ-term

SOM dr¡nanics.



4. EFFECT OF VARIOUS AT{ENDHEì¡TS ON TIIE STASILIIY OF SOIU¡

ACAIIIST DISPF.RSION BY IJATN. AND BY PF.RToP¡1'E-Ï:E:TRABORATE

4.L. Introducti.on

Soil management Practices have been shown to affect short term soil
ag9regaxe stabílity by influencing the dlmanics of active soil organic

maËter (SOM) (Lynch 1984; Oades 1984). Polysaccharides are acrive SoM

materials which contribute significantly to the stabilization of soil
aggregates (Tisdall and oades L9B2; Emerson eü aI. j_9g6). The rever of
porysaccharíde in the soil is related to the anount and type of
materials added Ëo the soil (Dornaar et al. L979; Dormaar l9g3; Knapp ec

al. 1983b) .

The contribution of polysaceharide materials to aggregaEe

stabilization has frequenLly been evaluated by means of sodium periodate

oxidation (oades 1984; Emerson et al. 1996). An appreeiable portion
(15-20 percent) of soil carbohydrate is resistant to periodate oxidatíon

(Cheshire et al. 1984). However, because microbÍal polysaccharides

aPPear to be preferentíally oxidized (Cheshire et al. 1983; Cheshire er

al. 1984), the periodate treatment may be most useful for evaluating the

shorË term stabllity effects related to different management practiees.

The polyanionic nature of many soil mínerals and polysaccharides

requires that adsorptive interactions between them be mediated by

polyvalent catíons (Theng L979; Goh er al. rggl). The amount and

influenee of polyvalent cations in the soil is a function of soil type,

whereas the level of polysaccharide is influenced. by Ehe nature of

materials added Èo the soil. Soil aggregate stabilíty is thus dependent
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both upon soil type and soil managenent practices.

The objeetives of this srudy were: (í) to deterroine rhe

various residue additions on the aggregate stabirity of soils,

to evaluate the influence of these residue amendrnents

contribution of periodate/tetraborate sensitive materials to

stability.
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effect of

and (ii)

on the

aggregafe

4.2. l{,axerials and Hethods

4.2.L. SoiIs, Plant Materials, and Treatments

The soils, plant materials, and treatments used. were described

detail in section 3.2. only the samples collected after 90 days

incubation were used for aggregate stabÍltty studies.

4,2.2. Determination of Log Geometric Mean Diameter of Amended Soils

The effect of the ¡mendmenËs on the aggregate sÈabirity of the 90-

day samples lras studied by wet sieving (yoder i-936). Air-dry subsamples

(50.0 g) were placed on the top of a nest of six sieves wich mesh sizes

of 4.00, L.99,0.99,0.85, 0.50, and 0.25 nur. The síeves were lowered

inLo water and oscillated at a constant rate (4.0 cn stroke length; 29

strokes per min) for l-O nín. The soil remaining on each of the síeves

was dried at l-10oC and weighed. A correction was made for the original
(i'e' air dty) slater conüent so that the oven dry soil weight on each

sieve could be expressed as a fracËion of the original weight of the

sample. I^Iet sieving data was obtained for samples from each of xhe 24

incubation pots, giving duplicate data for each of the soil-amend.ment

in

of
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combinations.

The log geometric mean di¡meters (LGMD) of the ¡mended soils were

calculated. The nethod developed by Gardner (1956) for rhe

determination of this parâmeter was based on the finding that soil

aggregate size distribution Ís log-normally distributed. The procedure

consisted of plotting the logarithrn of sieve mesh size against the

percent oversize (i.e. the percent of soil weight accumulated. in size

fractions as large or larger than the sieve mesh size) on a log-

probability scale. The LGMD was read from the intersection of the

curves with the 50 percent oversize 1ine.

In the present work a SAS progrâm was utilized üo determine the

LGMD (see Appendix 6.). The obtained percent oversize values (i.e. the

proportion of soil aggregates of a given síze and larger) r{iere

transformed to Z-values by the PROBIT functÍon. A Z-value quantifies

the magnitude of deviation fron the mean; that is, a variable with a Z-

value of -1.0 is 1 standard deviation below the mean. The natural

logarithrn of the sieve mesh sizes was plotted against the Z-values (from

the two duplicates) from each soil-amendment combinaÈion. The program

performed linear regression on the plotted data, developed. a linear

equation, and calculated aggregate síze for the zero z-varue, i.e. LGMD.

The LGMD and line slope values calculated for the soil-amendment pairs

were then compared by t-test using the followíng equations:

s : << sîr * slz ) / 2 ) r/2 and

t : ( (LGMD or Slope)11 (LGMD or Slope) T2 ) / S,
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where Sîf and SlZ represent the respective error variances of the tr^¡o

treatments, T1 and T2, being compared and S is the standard error of the

comparison. The treatments whose comparison resulted in a t value

greater than 2.228 (i.e. rg.g5, 10 df) had LGMD or slope values which

rÀrere significantly different. Statistical analyses lrere performed on

LGMD values ' To facilitate discussion, LGMD values vrere converted. to

geometric mean di¡meter (GMD) which are expressed in mm.

4.2.3. Measurement of Dispersion Due to Periodaxe/Tetraborate Treacment

rhe âmounE of clay disaggregation in a water and in a

periodate/xettabotate system was compared by turbidimetric measurement

of the obtalned clay suspension. The procedure used ís a modifícation

of that presented by Cheshire er al. (j.983).

4.2.3.1. Ilater Treatmenr: one g of air dry soil and 25 mL of H2o

Iárere shaken (3.2 em horizontal displacement; 140 displacements per min)

for one hour in a 50 mL cenËrifuge tube. The suspension was centrifuged

ax 8500 I for 20 min and the clear supernatanc was discarded. The

residue was resuspended in 25 mL of H2o, cenErifuged at g5OO g for 20

min, and the supernatant discarded. Using a Vortex Mixer, the residue

$ras again resuspended in 25 url- of Hzo. The whole suspension v/as

transferred to a graduated cylinder and the volume brought to exactly

100 nL. The graduated cylínder r¡as tipped end over end five times and

allowed to stand undisturbed on a flat bench. After 3 h 50 min the top

5 cm of the suspension, which was 10 rnI- in volume, \4ras siphoned off and

stored in capped bottles.

4.2.3.2. Periodate/Tetraborate Treatment: In this treatment the
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initial suspensÍon of Ëhe one g of soil v¡as achieved in 25 mL of a 0.02

mol'L-1 tl"lo4 and 0.08 nol'L-1 N"cl solurion (solution A). Afrer

centrifugation the residue eras resuspended in 25 mL a 0.01 mo1.L-1

Na2B407 solution (Solution B). The remainder of the procedure 1,/as

carried out exactly as in the vrater treatment. Each soil was subjected

to the periodate /XetraboraXe treatment in the såme glassware that was

used for Ëhe water treatment.

4. 2. 3. 3. Turbidimetric Measuremenrs : The absorbance of the

suspension siphoned from the graduated cylinders was used. to calcul-ate

the amount of clay dispersed in the ¡rnended soils due to the water and

periodate/tettaborate treatnents. A standard curve was obtained by

measuring the absorption ax 615 nm of suspensions containÍng known

anounts of clay. The clay used to deve'lop a standard curve for a gíven

soil was fractionated from that soil. The standard curves in Solution

A, solution B, and Hzo \,vere measured and were found to be the same.

Thus, one standard curve could be used for all suspensions of the same

soil.

The sâme volume of siphoned suspension was used for the

turbidinetric analysís of all samples. The stored suspensions vrere

shaken, allowed to stand for tr,ro min, and three mL transferred to a

cuvette. The cuvetËe vras inverted three times, inserted into the

spectrophotometer (Hewlett packard rnodel 8452È Diode Array

spectrophotometer), and left for one min. The absorbance of the

suspension was then ueasured for 10 min in order to obtain the clay

concentration (Clay Conc) accordíng to the equatíon:



Clay Conc (mg mt -1)
L.727

which was obtained by solving the calibration (or standard) curve for

clay conc. The clay concentration was converËed to per cent clay (t

Clay) in the suspension:

t Clay Clay Conc (mg roi,-l¡ * ltO uL / 10000 *g) x 100.

4.2.3.4. Calculation of Disoersion Due to Periodate,/Tetraborate

Treetment : The per cent dispers ible clay ( g DC ) r¡¡as calcurated as

follows:

tDc *CLay/

Initial sample wr.

1.00 + FracÈion moisture of airdrv soil

After calculating t DC it was possible to determine the relative

dispersibilíty index (RDr - - Goh et al . L987) of rhe soil samples:

rDc
RDI

Clay content of soil (t)

The amount of clay dispersed in the HZO treatment !¡as subtracted from

that achieved by the periodate /tetraboraxe treaÈment in order to

calculate the degree of dispersion due to the oxidation and dissolution

60

Absorbance - 0.243



by periodate/xeEraborate. The difference in RDI values

and periodate/tetraborate-Ereated soils (dRDI) r¡¡as

qualitative measure of the aggregation due to materials

desEruction by the periodate/xetraborate solutions.

Sample Reading (pg e-l¡ * Dil.,rion
x Total Extract Volume (mL x g

6I

of the \,¡acer -

considered a

susceptible to

4.2.4. Chemical Analysi

The aruminum (Al) and iron (Fe) contents of the supernatant

obtained by centrifugation of the sonicated residue of Na-pyrophosphate

extracted soil (Spt-2) v¡ere measured (details of extraction procedure

described in Section 3.2.5. -- see Fig 3.1.). Ariquors of 1.00 mL,

representing L/L7Oth of Spt-2, vtere d.iluted t.enfold and their A1 conrenr

(in pg/g of sample) measured (Perkin-Elmer Model 560 atomic absorption

specEroPhotometer). A further fivefold dilution was required to measure

the Fe contenc of Spt-2. The Ar and Fe contents of the extracts.

expressed as pg g-1 organic matEer fraction (ppmF), could thus be

calculaced as follows:

Factor
mr-1) )

4.3. Results and Discussion

4.3.L. Water Stable Aggregates

Significant differences

effects v/ere observed in all

Fraction wt (g)

(P<0.05) in cMD

soils (Table 4.I

differences in

attributed to treacmenE

.) . Differences in the

Ehe abilities of thesize of the GMD reflected
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decomposition products of the vari-ous treatments to stabilize soil
aggregates.

The GMD values of the aggregates collected by wet sieving of the

soils that had received the S treatmenËs lrere either the highest or

statistically sirnilar to the highest GMD (p<0.05) values in all rhree

soils. This is believed to have occurred by the binding actÍon of
porysaccharides and is consistent r¡ith the work of Knapp et al. (1983b)

who found that when N is rirniting, excess available c is apparently

Table 4.1. Geometric mean di¡meter of the ems¡¿ed NB, NT, and RRC soils.soils: NB :^ Newdale clay loarn bottom of knorl; NT : Newdale clayloam top of knoll; and RRC Red River clay. TrearmenËs: c -control; s wheaL straw; sF straw + N fertirizer: and Afalfalfa

Treatmerrt Geometric Mean Dinmeter (nn)

NB

0.2580 abc*
0.3L22 a
0.26L6 b
0.2227 e

0.2642 b
O.3273 a
0.3302 a
0.2425 b

0.9647
I .5677
o .7 6L9
r.0770

NT RRC

bc
a

c
b

c
S

SF
Af

numbers in the sâme column followed by the sâme letter 
"r, iotsignificantly differenr (p<0.05) by r-te"r

ímrnobíIized as polysaccharide. Elliott and Lynch (1984) also showed

that the numbers of bacteria, the producËíon of "extracellular slimy

materials", and the degree of aggregaÈion increased as N content of
decomposing straw decreased. The S treaÈmenË had the highest C:N ratio
(26.35) of the emenrlmenLs studied; therefore, the highest level of
polysaccharide production and subsequent aggrega:.e stabílizatíon could



63

be expected in ühis treatment.

Ïhe effect of the SF ËreatmenE on GMD values may be interpreted in

terms of the chemical characteristics of the given soíl. It was found

that the lower the cation exchange capacity (CEC) of the soil the larger
were the GMD values in the SF ËreaËment compared with those in the other

treatments in thar soil (Table 4.1.). Thus, in the NT soil (cEc: Lg.32

cmol (+) kg-l) the GMD of the SF treatment was siroilar to that of rhe S

treatuent and greater (P<0.05) than that of the control. The GMD of the

NB soí1 (cEC:30.32 cnol (+) kg-l¡ *"" lower (p<0.05) rhan rhar of rhe

s treatment but sirnilar to that of the control. In the RRC soil (cEC:

38.78 cnol (+) kg-l) rhe GMD of rhe sF rrearmenr was l-ower (p<0.05) rhan

that of the other treatments. Also, the slope of the regression line of
Ehe log-probabilicy plot of the SF treaËment r¡et sieving data \^/as

signíficantly lower (P<0.05) than that of Ëhe control ín rhe RRC soil
(Table 4.2.). This indicates a wider aggregate size disrribution in rhe

Table t+.2. Aggregate size distribution of the amended. soils expressed asthe slope of the linear regression of the log-probabilíiy plot of
the wet sieving data. soils NB, NT, and RRC and. treat*.r,t" e, s,
SF, and Af as explained in Table 4.1.

Treatment SIope

RRCNB NT

C

S

SF
Af

-1.0688
-L.2419
-0.9868
-]-.0923

-1.0415 ab
-1.1860 a
-0.9686 b
-L.L467 a

-1.6111
-]-.s062
-0.97s0
-L.29L9

d

a

b

r-|-
DC+

c
b

numbers in the same column followed by the same
significanuly differenr (p<0.05) by r-Tesr

letter are



64

sF treatment and suggests thaÈ the addition of KNo¡ caused. the

dispersion of aggregates in the RRC soil. It thus appears that the the

higher the CEC of Ëhe soil the greater the negative effecr of KNO¡

fertilizer addition on GMD values.

I'Iithin che sáme soil Ëype the GMD values in the Af treatmenr were

statistically similar to those of rhe control (Table 4.L.). This

observation can also be explained on the basis of the findings of

Elliott and Lynch (1984) and Knapp er al. (19g3b). The alfalfa was

harvested at a stage (i.e. budding/preblooming) at n¡hich rhe 1evel of N

was high and that of lignin was low. Thus, microblal degradation of the

alfalfa would be expected to be rapid and relatively complete with

litule irnnobilization of C as polysaccharídes. This is consistent with

Èhe data described in Sect,íon 3.3. which showed. that significantly less

(P<0'05) C was incorporated into the active SOM from treatment Af than

from treatments S and SF.

The aret sieving data (i.e. slope of linear regression and GMD

values) indicated apparent similarity of the aggregaxe síze

distributions of the Ëwo Newdale soils (Table 4.L. and rable 4.2.).

Gíven the sinilarity of the cray content of these soils, Ít night be

expected that higher GMD values would be obtained in the NB soil because

of its much hÍgher soM content. rt has been proposed, however, that

cultivation and/or erosion may aluer the chemical character of SOM

(schinel et al. 1985). oades (19s4) found rhar rhe soM of degraded

soils (i.e. frequently cultivated with low input of organic marerial)

contained more acidic functional groups per unit weight (i.e. higher

FA:HA ratio in degraded soil) than that of a related soil with higher



soM content. Thus, dífferences in the composition of the soM in
and NT soils night result in different stabilization interactions

two soils.
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the NB

in the

4.3.2. Iron and Alunintrm Contents

Poryvalent cations are present in greater âmounts per weight of
extracted humic substance in the NT soil than in the NB soil. The Al

and Fe contents of htrmic material (i.e. supernatant 2 -- see Fig. 3.1.),
which was resistant to iniÈial extraction by Na4p2o7 (pH l0) but which

was extractable following sonicaLion, of the amended soils are reported

in Table 4.3. significanrly higher (p<0.05) levels of A1 were found

complexed with the humic material of the NT soil. Oades (19g4) found

increased clay díspersibilíty and decreased levels of water-stable

aggregates when the acidity of the SOM increased in a soil system where

Fe was the dominant caÈion. In the Newdale soils considerably more AI

than Fe was assocíated with the extracted humic material. The

difference in Al content in the NB and NT may thus reflect different
stabilization interactions in the two soils; that is, polyvalent cations

may contribute more extensively Ëo aggregate stability in the NT soil
Ëhan in the NB soil.

4.3.3. Dispersion Due to llater and Períodaxe/Tetraborate Treatment

The !üet sieving data indicate that Ëhe GMD and the aggregace

distribution of the NB and NT soils are siurilar (Table 4.1. and Table

4.2.). rn contrast, the dispersibirity of the NT soil aggregates in
rì/ater is significanrly higher (p<0.05) rhan thar of rhe NB soil



Table 4. 3. Concentration
extracted following
Soils and treatments
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of Al and Fe in Supernatanr 2 (see Fig. 3.1.)sonication of the Na4p2O7_extracted residue.as explained in Table 4.1.

Amended Soil A1 Fe

NB-C
NB-S
NB-SF
NB-Af

NT-C
NT-S
NT- SF
NT-Af

RRC:C
RRC. S

RRC- SF
RRC-Af

1070
L247
1358
1118

884
s81

1020
827

868
813
82s
830

Ppn

1764 e
I7I2 e
L675 e
I69t+ e

2225 cd
2273 bc
2L22 d
2I9I cd

23sO b
2514 a
2545 a
2364 b

rnnol kg-1

6s.4
63.4
62.L
62.8

82.s
84.2
78.7
8t.2

ö/.L
93.2
94.3
87 .6

Ppm m¡nol kg-1

L9.2
22.3
¿+. J
20.0

15.8
10 .4
18.3
1/, O

15. s
L4 .6
L4.8
L4.9

abc
ab

abc

cd
d
bc
cd

cd
cd
cd
cd

numbers in the såme .o1l.*r, followed
sígnificanrly differenr (p<0.05) by
Test.

by
the

the sãme
Duncan t s

letter are not
Multiple Range

aggregates (Table 4'4.). The dispersibility determinarion subjecred rhe
soíls to much more drastic treatments (e.g. shaking for one hour,
resuspension with a vortex mixer, and several end-over-end manipulatíons
of graduated cylinders and cuvettes) uhan the wet sÍeving analysis. The

turbidimetrically measured. díspersion data thus show that the NB soil
aggregates are 'rstronger" than those of the NT soil despite the fact
that the NT soíl contained more free caco3 rr¡hich could act as a

cementing agenË. This is a further indication that different
stabilization interactions are dominant in the two Newdare soils.

Differences between the sEabilization interactions in the two
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TabLe 4-4. The stabíIiËy of NB, NT, and RRC aggregates to dispersion ínvtater prior to and after NaIo4/Na2B4o7 treãtr..rt, expressed in termsof water dispersible clay (wDC) -and' relative dispersibility index(RDI). SoiLs and treatments as described ín Tab1e 4.1.

Arnended Soil [^Iater NaIO4/NaZB4Ol

LÏDC(I) RDI

NB-C
NB-S
NB-SF
NB-Af

NT.C
NT-S
NT-SF
NT-Af

RRC-C
RRC- S

RRC-SF
RRC-Af

I.IDC ( r )

7 .4s
7 .40
8 .48
I .0s

L2.57
LL.44
L3.52
L2.56

1_9 . 36
T8.2L
2L.64
19.59

0.220
0.2L9
0.25L
0.238

0.411
0.374
0.442
0.410

L4.52
L4.19
ls.36
14 .68

18.00
L7.47
L7.60
L7.82

48 .87
48.90
47 .95
48.72

0.430 d
0.438 cd
0.454 c
0.434 ed

0.s88 b
0.s71 b
0.575 b
0. s82 b

0.661 a
0.662 a
0.649 a
0.659 a

0.210
0.2L9
0. 203
0.196

0.L77
0.]-97
0.133
0.L72

0.399
0.416
0.357
0.394

RDI dRDT

b+
b
b
b

a
d

d

a

b
b
b
b

b
b
b
b

o.262 b
0.246 b
0.292 b
0.26s b

d

ntrmbers in the sâme column followed bv
significanrly differenr (p<0.05) by rhe

the same letter are noc
Duncan's Multiple Range

Newdale soils whích result in the "weaker" aggregates in the NT soil are

threefold. First, because the NT soir has slightry rower cray and

appreciably lower SoM content than the NB soir, there are fewer organo_

mineral interactions in the NT soil. second, since the dRDr values are

hígher in the NB soil than in the NT soil, it appears Lhat the rower

level of water dispersible clay (I{DC) in the NB soil after 90 days of
incubatíon is due to larger amounts of newly synthesized carbohydrate

materiar than in the NT soil. Third., the lower dRDr values in the NT

soil indicate that A1 and Fe cations, which are presenE in greacer

amounts in the NT soil (Table 4.3.) which and are impervious Èo rhe



Naro4/Na2B¿*07 Ëreatment, concribute more extensively

stability in rhe NT rhan in the NB soil.
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Eo aggregate

The RDI values of the periodate/tetraborate treated soils were

appreciably higher than rhose of the !¡ater treared soils (Table 4.4.).
cheshire et al. (1984) showed thaL some of the disruption of aggregares

obtained by treatment rvith NaIo4/Na2B4o7 is atrributed. ro the dispersive

effects of the added Na. oades (1984) pointed out rhat materíals other

than polysaccharides are oxidized by the perÍodaËe/tetraborate

treatment- However, these and other investigators (Emerson et a]- 19g6)

agree that the periodate /tetraborate treatment does provide a

qualitative indication of the contribut.ion of polysaccharide materíals

to aggregare stability.

It has further been asserted that the periodate /Eetraborate
treatment preferentially destroys rnicrobial polysaccharides (Cheshire et
al. L984). Periodate more easiry oxidizes hydroxyl groups which are

vicinal and cis than those which are vicinarly trans (Bobbitc 1956).

Microbial polysaccharldes contain larger proporÈions of sugars wÍth

vicinally cis hydroxyl groups than do plant polysaccharides (cheshire er

al' 1984). The loss of aggregate strength following rreatmenr with
periodate/tetraborate is therefore attributed. to the destruction of
nÍcrobial polysaccharides .

The calculated dRDI values (i.e. periodate/xetraborate RDI - lracer

RDI) thus reflect the contribution of microbial polysaccharides to
aggregate stabilization (Table 4.4.). The rarger the dRDr rhe grearer

the importance of microbial polysaccharides to aFjlregate strength. The

RRC soil had the highest (P<0.05) dRDI values and Èhose of rhe Newdale
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soils were símilar (P<0.05) to each other. This could be related to the

higher clay content of rhe RRC soil; that is, sÍnce the RRC soir has a

higher clay content, more niches for polysaccharide occlusion and more

surface area for clay-polysaccharide interaction are available. There

appeared to be differences in the dRDr values between amendment

Lreatments wíthin soils, but these \¡rere not statistically significant
(P<0'05) ' Generally, the dRDI values in the SF and Af Èreatments tended

to be lower than those in the S treatments.



- 5. suln{aRY AND CONCLTSIONS

The present study has demonstraËed that in the short term the
properties of the soil and. the composition of the.amenrtments added. to
that soil Ínfruence the dynamics of active soM and the parame.ers of
soil structural stability.

The resurts of the present study concur with the findings of other
investigators and thus add impetus to the advancement of a comprehensive
understanding of soil management. Hernan et al . (Ig77) concluded that
soil properties and substrate characteristics contribute equarly to the
decomposition dynarnics observed in a given situation. The present study
showed that the clay and soM content of the soils, the c:N ratio plus
form of c and N of the materials added to the soirs influence the
incorporation of c and N into the active soM pool and affect the
stability as well as the síze distribution of soil aggregates. rt is
thus quite crear that effectíve nanagenent of the soil resource requÍres
aÈtention to the characteristics both of the soÍl and of the materiars
to be added Ëo the soil.

The present investigation has served to reiterate, an. perhaps to
clarify, some of the findings of longer term studies. previous work has
sËressed the importance of active soM to the sustained chemical and
physical fertíliry of rhe soil (oades L9g4; paur Lgg4) and have
emphasízed the effect of 10ng term management practices on actíve soM
d¡marnics (Dorrnaar eË al . :IgTg; Janssen r9g4; McGill er ar . Lgg6) and on
aggregare stabiliry (Tisdall and oades L9g2; Dormaar 19g3; Lynch r9g4;
Goh et al' L987). The present study found that, while the number of
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significant (P<0.05) differences in C and N incorporat.ion among soils
and treatnents frequently declined toward the end of the incubation

period (e.g. Ftg. 3.9.a, 3.10.a., and Appendix 3. ), signiflcant (p<0.05)

differenees in GMD values emoog treatments in the same soÍI vrere

measured after 90 days of incubation (Table 4.1.). This indicares rhar

not only do soil and amendment characteristics influence short term

active SOM dlmamics, but that these influences are also nanífested in
more Persistent effects on soil strucÈure. The crucial role of active
soM to sustained soil productivity is thus confirmed and furthered bv

the findings of the present study.

The najor contribution of the present investigation to an improved

understanding of soil management has perhaps been to raise questions

regarding active soM dynamics and aggregate stabilization interactions.
rn this study the levels of incorporated c and N in all soils at

the end of the incubation period were usualry higher (significantly

higher -- P<0.05 -- in rhe RRC soir) in Fr-B rhan ín Fr-A (Fig.3.2. and

Appendix 1.). rt Ëhus appears that the Fr-A uaterial has a slighrly
faster turnover rate than does that of Fr-8, The relevance of this
aPParent difference in turnover rate to the ability of the respective

fractions to contribute to effective nutrient cycling, however, is
unclear. The importance of Fr-B as a short to medíum term storehouse

for nutrients is frequently stated. in the literature (paul and McGilI

L977; Anderson and paul 1984; christensen and sorensen 19g5). Furrher

ínvestigation is required to establish the role of Fr-A ín the nutrÍent
cyclíng process.
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Another asPect of the present investigation which prompts further
study is the aggregaÈe stabilization dynamics observed in the Newdale

soils. The wet sieving determination indicated sinilaricy in LGì,ID

values and in aggregate síze dístributíon between the NB and NT soils
(Table 4.L., 4.2.). However, the turbidimetrically measured

dispersibility ín water and in periodate /xexraborate of the NT soír was

higher (P<0.05) rhan rhar of rhe NB soil (Table 4.4.). The binding

mechanisms operative in the NT soil nere thus üore susceptíble than

those of the NB soil to the turbidimetric analysis, whích v¡as

mechanically nore disruptive than was the wet sieving determination. rn
Èhe present work, then, the aggregates in the soíl with the higher SoM

content vrere "stronger" than those in the soil with the higher (p<0.05)

revel of A1 in Fr-B (Table 4.3.). Addítional srudy of rhe Newdale soils
might establish if qualitative differences do indeed exist betv¡een the

binding mechanisms characteristic of the NB and NT soirs.

IË was also found that the C and N incorporation dynarnics and the

aggregate stability and size distribution paremeters in the sF Erearment

were different from those in the s and Af treatments The tNl¡rc warues

were usuarry lowesr (p<0.05) in rhe sF rrearmenr (Fig. 3.10.). The

aggregate size distributions were more dispersed (p<0.05) in the SF than

in the other treatments; that is, the srope of the regression line of
the log-probabllity plot of the SF treaËment wet sieving data tended to
be lower (significanËly (P<0.05) in the RRC soil) in the SF rreacments

(Table 4.2.). rË is possible ro propose borh biological and physico-

chemical reasons for these differences.

The incorporation and stabilization dynamies observed in the SF
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treatment nay be related to the effect of the added KNO3 on microbial
dynamics. Investigators have found that fertilizer N stimulates
microbial activity less than do oEher ¡mendments (Biederbeck et al.
1984; McGill et al. 1986). other researchers have observed thar the
addition of legume residues with fertíLízer N (Azan et al. 19g5) and rhe
use of no-üill systems (colenan et al. 1983) increase the incorporation
of N into the soM. still other studies have indicated dífferenrial
utilization by soil microorganisrns of different t¡¡pes of N fertirizers
(Aleynikova and urrobina Lg73). rt is thus apparent thar rhe N added in
the sF treatment may have modified nicrobial activity in comparíson to
that in the s and Af treatments, but further study is required to
conclusively attribute reduced N incorporation and dispersed aggregare
sÍze dístribution to this effecr.

The influence of Èhe fertiLízer on the chemical status of the soil
may also have contributed to the incorporation and stabirization
dynamícs observed in the sF treatment. The addiËion of K+ and the
possible production of NH¿ by rhe reduction of No3- in anaerobic
microsites could have increased aggregate dispersion by dispracing
divarent cations from the exchange complex (Grant 19g6; Goh et ar.
L987). However, fertilizer N whích remained Ín the No3-form may arso
have contributed to dispersíon by adsorption to cations on the exchange

complex' Thís would increase the net negative charge of the corloids
and increase repulsive forces between partícles. Because the degree of
dispersion appeared to increase with increasing cEC of the soil (Table

4.2.), this anion adsorption effect seems plausible. However, the exact
mechanism is not known and further sËudy is required.
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In conclusion, this investigation has been useful in reiterating
the importance of active soM to the chemical and physical fertiricy of
Èhe soil in focusing some of the questions which remain to be ad.dressed.
That is, neither the mechanisms of active SOU dlmrrniqs nor Èhose of
aggregate stabilization interactions have been furly exprained, but the
impact of management practices and soír t)æe on these processes has been
underscored. rndeed, the results of this short term study nay provide
crues to an understanding of the 10ng-term effects of management
practices observed by Dormaar (19g3), McGirl er ar. (19g6), Goh er ar.
(L987), and ocher investigators.

The potentiar benefiÈs of ineorporating an understanding of active
soM dlmanics into soil resource management strategy are significant
(Paul 1984). rr is rherefore hoped rhat this thesis will herp ro
maintain Èhe present momentuxn in soil science research toward more
sophisticated investigations of the nature of bÍorogical soil processes
in recognition of their importance to susEained soir productivity.
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APPNDIX 6. SAS progr¡m used to deternine Log Geometric Mean Diamecer
LGMD) of NB, NT, and RRC soils after 90 days of incubation. sampre
data taken from straw (S) treatment Ín NB soil.

TITLE'AGGREGATE SIZE DISTR]BUTION EQUATION' ;
TITLE2'LINEAR REGRESSION ANALYSIS' ;

TITLE3 'NB-S';
DATA AGGREG;
ACCWT : O;
DO SIEVE : 4.00, L.gg, 0.99, 0.95, 0.50 , 0.25;

INPUT SOIL $ TREAT REP SAMPI.IT SOILIIT:
LNSTEVE - LOc(SIEVE);
ACCT^TT : ACCI.TT + SOTLI.IT;
RATIO - ACCI.IT / SAMPI.IT;
PROB : PROBTT(RATIO);
OUTPUT;

END;
CARDS;

NB
NB

NB

NB
NB

NB

s 1 48.24 L.30 NB
s 1 48 .24 2.Ls NB
s 1 48 .24 3.79 NB
s 1 48.24 L.L9 NB
s 1 48 .24 6.33 NB
S 1 48 .24 L6.LL NB

S

s
S

S

S

S

2 47.59 0.86
2 t+7.59 2.89
2 47.s9 4.67
2 47.59 2.24
2 ¿+7 .59 6.53
2 47 .59 8.49

PROC PRINT;
PROC PLOT;

PLOT LNSIEVE * PROB:TREAT / HREF:O;
PROC REG DATA:AGGREG;

MODEL LNSIEVE - PROB;

** Definitíons **

SOIL -- soil type (i.e. NB, NT, or RRC)
TREAT -- resídue âmendment treatment (i.e. C, S, SF, or Af)
REP -- pot number (i.e. first or second duplicare)
SAMPI.IT -- weight of soil which was vret sieved (oven dry basis)
SOILIIT -- weight of soil collected from a given sieve io.r.r dry basis)
LNSIEVE - - naLural logarithrn of sieve mesh size
ACCI^lr -- weight of soil accumulated on sieves (oven dry basis)
RATro proportion by weight of soil aggregates of a given size and

Larger (i.e. fraction of original soil ".npl. collected on sieves)
PROB computed probabiliuy of the sieve mesh sLze being larger(negative Z-varue) or smaller (positíve Z-varue) than tr,u mean

a99re9a:'e diameter (i.e. the mean a1gtegaxe diameter represented by
PROB : O)

***************:k*
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APPENDTX 6 (continued). sample ourpur of sAS program -- NB-S data.

OBS ACCWT S I TVT SO I L TREAT REP SAI,IPI{T SO I LWT LNS I EVE RAT I O PROB

0.026949 -t .9277
o.07ì5r7 -t.4646
0. ì50083 -t.036t
0. r7475r -o.9356
o.305970 -0.5073
o.639925 0.3583
o.or807r. -2.0953
0.078798 -t.4132
o. r 76928 -o.927 |
o .223997 -0.7588
0.36r2r0 -o.3552
0.539609 0.0994

DEP VARIABLE: LNSIEVE
ANALYSIS OI VARIANCE

l . 30 4.00
3.\5 t.99
7.2\ 0.gg
B . !3 0.85

| | -fr{./o u.)u
30.87 o.25
0.86 4 . oo
3.75 ì.99
8.42 0.99

I 0.66 o .85
17. r9 0.50
¿r.oo o . ¿,

r.lo 1.3863
2.'t5 0.688 t

3.79 -0.0t0ì
r. rg -o.1625
6.y -o.693t
16.ìt -ì.3863
0.86 1.3863
2.89 0.688 I
1r.67 -o.oìol
2.2\ -0. t625
6.st -0.693 ì

8.1,9 -l.l86j

N

N

N

N

N

N

N

N

N
ll

N

N

J

ç

I

J

S

48.24
¡{o.14
[8.24
l{8.21{
l+8.24
Ir8.24
\7.59
\7 .59
\7.59
\7.59
4 t .)Y
1t .))

SOURCE

},IOD E L

ERROR

C TOTAL

suÄ 0F
DF SQUARES

| 9.\6767098
r0 0. r7005689
I ¡ 9.63772787

TlE ÁN

S QUARE

9.\6767o98
0 .0 | 700569

R-SQUARE
ADJ R-SQ

PARA¡lETER ESTI I,IATES

STANDARO

TRROR

0.06106929
0.05263\\9

F VALUE

556.7 36

o.9821{
0.9806

T FOR HO:
PARATIETER=0

-tg.o6!
-23.595

PROE>F

0 .000 ¡

VAR I ABLT OF

I NTERCEP I
PROB I

R00T f,tsE 0. t 3o4o5g
DEP l,ttAN -0.029597
c.v. _4q0.605

PARAT,IETER

EST II,IATE

-r.1642t I t3
-l .2t+192368

PRoB > lTl

0 .000 ì

0.000 I
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APPENDIX 6 (continued). Sample output of SAS program -- NB-S dara.

LNS I EVE

1.8

rìo

0.6

0.3

0.0

-u. b

-0.9

-1.5 +

I

PLOT OF LNS I EVEI(PROB SYI,IBOL ts vALuE oF TREAT

i
I

i
I

PROB


