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ABSTRACT

This study was undertaken to evaluate the effeatoomitinuous cultivation on the colloidal stabiliand
potential structural deformation index (PSDI) ofifdNigerian soils. The four soils used for the gtuere;
Entisol from Nsukka Hill, Ultisol from Nsukka poutsite, Inceptisol from Eha-Amufu and Inceptisairh
Ikem, in Nsukka area of south eastern, Nigeria. [Binel use types considered were fallow and cubiyat
The soils collected from 0-25cm depth were sepdra® five aggregate fractions, 5-2 mm, 2-1 mn,.3-
mm, 0.5-0.25 mm and 0.25 mm, and changes in thaioidal stability and PSDI properties due to
cultivation were determined for both dry and wetved fractions. The result of the study showed thet
aggregates in the cultivated soils were less sthiale those in the fallow soils. The colloidal sigbresult
show less structural stability of the aggregatesth® high DR values obtained. The correlation tesul
between silt+clay and dispersion ratio (DR) for #ié land use types showed that the contribution of
silt+clay to the stability of these soils was |oMo significant correlation was observed betweena@igy
Carbon (OC) concentration and PSDI values and leatvgédt + clay and total N, available P and OClIn a
the soils. The potential of the aggregates to thigimate upon contact with water was more in Insggtat
Eha-Amufu cultivated, IEh (C) 84.4% > Ultisol asikka cultivated, UNsk (C) 74.4% > Ultisol at Nsakk
fallow, UNsk (F) 72.0% > Inceptisol at Eha-Amufalléw, IEh (F) 68.3% > Inceptisol at Ikem cultivee
lik (C) 65.5% > Entisol at Nsukka fallow, ENsk (B%..2% > Inceptisol at lkem fallow, lik (F) 64.7% >
Entisol at Nsukka cultivated ENsk (C) 61.8%. Frtita results of this study it is evident that thdaidal
stability and PSDI of dry aggregates and wet-agapesydiffer substantially even though their diametre
the same. Hence they will have differing impactioa soils.
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INTRODUCTION

Soil aggregation is a complex processes in soisystem and a number of soil parameters and aesviti
such as organic matter content, composition of mailerals and soil organisms play an important iole
soil aggregate formation. According to Degens, A%hd Bearet al., (1997), some of the most important
processes in soil aggregation are flocculation laf,ccementation of dispersed clay or Fe and Al-oxy
hydroxides, gluing effect of binding as polysacates’ from plants, soil fauna and microbes, andssro
linking and enmeshment by fungal hyphae and plaatst Hence soil particles aggregate as a result of
gluing by bacterially produced polysaccharides’ giysico-chemical interactions between silicatey cla
surfaces and functional groups of partially decosegborganic matter (Aspirasal., 1977, Aringhieri and
Sequi 1978, Tisdall and Oades 1979, Sorensen, I9&1)abile fractions of soil such as carbohydratas
also reported by Tisdall and Oades (1982) to belimd in the aggregation of soil particles dueheirt
binding and cementing actions. The physical ennmgshof soil particles and micro aggregates by
mycorrhiza fungal hyphae, fine roots and root datiyparticulate organic carbon can as well stabgizié
aggregates (Tisdall and Oades 1982, Golchin andjiRel®97). Golchin and Dengiz (1997) emphasized
that microbial decomposition of carbohydrates assed with aggregates and the resultant produaifon
binding agents of mucilage and metabolites woutdrte the stability of soil aggregates.

The clay and silt fractions in the soil were foundoe associated with organic matter concentratiorise
different aggregate fractions (Christensen 198@) thiere were significant correlations between aggpes
stability and clay and silt contents. At the magopic level, clay and organic matter act as bedggtween

the sand and silt particles, producing micro agatesg of soil (McLaren and Cameron 1996). Iron and
aluminum oxide were found to be well correlated hwiaggregate stability (Panayiotopoulos and
Kostopoulou 1989). Reid and Gross (1981) reported toots and hyphae stabilize macro aggregates,
defined as > 250mm diameter while the water-stgbili micro-aggregates depend on the persisternicg
binding agents which appear to be a characteon$soil independent of management. This view waselg

by Mbagwu (1989a), when he argued that micro-aggeeg 0.20mm were held together by persistent
binding agents like humus substances, and oxidésofand aluminum. Macro aggregate however have
their own life cycle repeating formation and bresikwvn depending on biological activity and freshides
inputs (Denefet al., 2001, Sixet al., 2000 and Bidisha 2010). Nevertheless, the eWfeoess of various
binding agents at different stages in the struttarganization of aggregates forms the basis ofcaeh
which illustrates the architecture of an aggre@Risid and Gross 1989). Tisdall and Oades (1982}itlad
organic binding agents into; transient, mainly galscharides, temporary, roots and fungal hyphae and
persistent, resistant aromatic components assdaidtk polyvalent metal cations and strong polymers

The growth of soil fungi can produce sufficient ralja to aggregate soil particles (Swaby 1949, Band
Harris 1964), but this mechanical binding effectynize transient because the hyphae themselves are
susceptible to microbial decomposition. More sonynaoil microbes produce polysaccharides (Hepper
1975) and it is generally agreed that such comps@aine important in binding soil particles into krginits
(Harriset al., 1966, Martin 1971). This might be the reason \Bkinner (1979) stressed that vigorous root
and microbial activity in pasture soil may well é&ip the large proportion of highly stable aggregat
usually found under grass. Earlier in their studi¢sriset al., (1966), maintained that the formation of soil
aggregates that are stable to the action of watenexhanical forces depend on many factors, some of
which are microbiological. Furthermore, the introdon of grasses in structural improvement and the
increase is believed to be a result of physicalesimment by roots and hyphae (Tisdall and Oades)1979
and cementing action of periodate-tetraborate gmdpmosphate sensitive materials (Reid and Gro84,19
Angers and Mehuys 1989).
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Studies done by various workers have also helpedriaty and reassess the effect of organic mattdr an
microbial processes in binding, cementing and agagneg of soil particles. For instance, it was disered
that organic materials act as transient, tempomnpermanently binding agents at different levels o
aggregation (Hadas 1987, Dexter 1988, Perfect aayd1Q91, Tisdall and Waters 1991, Piccolo 1996 Th
location of the organic matter within the aggregat@fluenced their accessibility for microbial
decomposition (Elliot 1986), the distribution oftmicrobial biomass within the aggregates varietth wie
intensity of land use (Gupta and Germida 1988, ktardand Murer 1993). Miller and Jastrow (1990) an
Monrozieret al., (1991) reported that the stability of the aggteg is influenced by the contents of the
microbial biomass and root and fungi hyphae wittiie aggregates. Piccolo and Mbagwu (1990) found
organic matter very effective in stabilizing silichclay particles within dry micro aggregates wotiganic
waste amended lItalian soils. Though the stabilitthe silt-plus-clay particles correlated signifitly with

the humic acid content, there was no significantetation with the total organic matter (Mbagwu and
Piccolo 1998).

Laboratory studies using synthetic oxide precipgabave shown that Al and Fe-oxy hydroxides promote
aggregation (EL-Swaify and Emerson 1975, Oades)198dugh the effect of oxides on soil properties a
variable with respect to the nature and amountxaftes and the environment of their pedogenic foiomat
(Schnert-Mann and Taylor 1989). Fe-oxy-hydroxidesvi@und to be less effective compared to Al (OH),
polymers in maintaining the stability of soil aggages (EL-Swaify and Emerson 1975, Hsu 1989), frigba
due to the fact that the Fe-oxy hydroxides makensgger tendency than Al (OH)o crystallize, thus having
lesser cementing effect except in soils frequeallgrnating between oxidized and reduced stateiet
and Sheinberg 1980). Poor aggregates, accordiHguq1989), do not necessarily indicate that theyaot
affect aggregation. Angers and Mehuys (1989) stdbsthat water extractable and acid-extractable
carbohydrate carbons are more strongly correlaidd thve stability of macro-aggregates than totajamic
carbon or total extractable carbohydrate.

Nonetheless, the stability of soil aggregates ek or decrease with the reduction in carbohgdevels
following microbial decomposition and the produatiof mucilage and metabolite glues will equallyueel
(Golchinet al., 1997). Soil structural stability and soil orgaearbon content usually decrease and changes
the distribution of soil aggregates with cultivati(Six et al., 2000, Eynarett al., 2004). While Young and
Young (2001) reported that soil structural stapiltill decrease under most forms of cultivation.ilSo
aggregate formation can as well be inhibited Hggd#, traffic with agricultural machines and ralhtaat
accelerate aggregate breakdown (Bronick and LabR@Bey also reported that temporal and spatial
heterogeneity and complexity in soil continuum n&kedifficult to directly measure the aggregatimmd
carbon storage in soil. Most of the works cited\abon the stability of soil aggregates on differsat
types and management were mainly in the tempeegierr where the soils are very different from thivse
the tropics. Therefore the research was undertékestudy the colloidal stability and potential stiwral
deformation index of four Nigerian soils.

Materials and Methods
Study Area and Sampling

Soil samples from the 0-25cm depth were collectexnfcultivated and adjacent fallow lands in four
different locations in Nsukka area of south eashigeria. Care was taken to minimize disturbancendgu
sampling and transportation. The area has a rasf®avannah type of vegetation with a mean annual
temperature of 24 The area lies within latitude ®&1'N and longitude 0725'E of Nigeria. The soils
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sampled for the study are classified accordingoibtaxonomy as an Ultid, belongng to the su-group,
Typic Kandiustult (Nkpologiseries), Entisol belonging to Lithicstorthent (Uvuru series), while the otl
two soils belong to Verticniceptisol (SSS, 199: These soils have been undeiltivation for ove 8-years
while fallow soils were 3 - 4yearsld. The cultural practices adopted in these soils vaashing an
burning and only Hoe is used for tillageertilizer application is basal and it is mairillitrogen phosphorot
potassium fertilizer (NPK). Theigure below is majof Nigeria showing the sgpting area and wherthe
research was conducted.
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FIG 1.

Tablel Location, Classification and Land usetype

L ocation Classification Treatment symbol Land usetype
Nsukka Hill ~ Site Lithic Ustorthent ENsk (F) Fallow
(Uvuru series) ENsk (C) @tivatec
Nsukka Poultry Site Typic Kandiustul UNsk (F) Fallow
(Nkpologu series UNsk (C) dtivatec
Eha-Amufu  Site Inceptisol IEh (F) Fallow
(Withvertic properties IEh (C) uBivatec
Ikem site Inceptisol lik (F) Fallow
(Witlertic properties) lik (C) Cultivatec

Sample Preparation

The soil samples were alried at room temperature and then sieveough a 5.0omm sieviTwo hundred
and fifty grams (250g9f the sieved samg were transferred to the upper most of a nest égizes 2, 1

N K and N 2Emm Thov wachalzat marhanicallhs far 1 minitace Einirthar ciavina hv hand v dnnawihare
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necessary. The procedure described by Kemper ampilC(1965) was used in the separation of the
following aggregate fractions 5-2, 2-1, 1-0.5, 0.25 and < 0.25mm. The separation continued umtiligh
guantity of each fraction was collected for furthealysis.

Laboratory method

The mean weight diameters of dry aggregates (MWB$ determined by the method of Kemper and
Chepil (1965), while the method of Kemper (1965aswised to determine the mean-weight diameter bf we
aggregates (MWDW). To asses the relative suscéptibf the soils to disintegrate upon wet-sievitige
potential structural deformation index, PSDI (Mbagand Bazzoffi, 1989) was computed thus:

PSDI =< 1- > x 100

Where:
6i = Mean diameter of the ith size Fraction (mm).
wi = Proportion of the total mass retained in tihesize fraction (from wet-sieving) dg
di = Proportion of the total mass retained in thesize fraction (from dry sieving) dg
n = Number of sieve (size) fraction used.

The PSDI was used to normalize the changes inlmisibn of dry and wet aggregates to enable aseali
comparison of the relative effects of land use setbe different soils to be made.

Colloidal stability

The procedure of Middleton (1930) was used. Thegutare involved determining the percent silt + dlay
water-dispersed samples (A) and that in sodiumnm+éisipersed samples (B). The index (A/B x 100) kmow
as the dispersion ratio DR, is a measure of thenpiail of the individual aggregates to resist brdatvn
upon contact with water molecules. In this studyg 2ample from each aggregate fraction was soaked i
either distilled water or sodium hexametaphospkatation for 24 hours, followed by end-over-endishg

on a mechanical shaker for 30 minutes at 10 reiwistper minute. The dispersed silt + clay were
determined by the hydrometer method.

Organic Carbon

Walkley and Black method (1934) as modified by #din (1965) was used to determine OC. The proceduoéved
the oxidation of the soil OM with potassium dichrae (K Cr,O;) using concentrated sulphuric acid ( ,S@) and
the percentage OC found by titrating with IN fes@mmonium sulphate solution.

Available Phosphorous
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This was determined by Bray and Kurtz (1934), Bfdy method (0.03N ammonium Fluoride 0.1N HCL). The
available phosphorous was read off from standargecafter obtaining the optical density from a mhelectric
colorimeter.

Total Nitrogen

The Kjeldahl method of Bremner (1965) using Cy${, SQ catalyst mixture was used to determine total giro
The ammonia (NB) from the digestion was distilled with 45% NaOHir2.5% Boric acid and determined by titrating
with 0.05N HCI.

Data Analysis

Little and Hills (1972) simple linear regressiondaoorrelation analysis was used to analyze the data
obtained from this work in order to identify whiafitrinsic and dynamic properties influenced thebits

of the aggregates most. While least significanfiedéince (LSD) at 5% was used to compare the tredtme
means obtained in PSDI and DR. The cumulative aggee distribution from dry and wet sieving
procedures of each aggregate size was later drativrOorel draw software to show a vivid pictureR8DI
distribution of each soil type.

Result and Discussion
Colloidal Stability

The values of dispersion ratio (DR) given in Table 2, show significant (p=0.05) differences among the soil
types and land use systems. Higher dispersion ratio was observed in lik (F), while the least among the soil
types and land use system was obtained from UNsk (F). The DR result also show lower values in cultivated
soils compared to the fallow soils with the exception of UNsk were the cultivated value was higher than
that of the fallow soil. The value obtained from IEh however, indicated that cultivation had no effect on the
dispersion ratio. The nature of the result so obtained from these soil types and land use systems probably
suggests that there was no decrease in the aggregate stability of these soils due to cultivation. The higher
DR values show less structural stability of the aggregates.

Table 2: Aggregate stability of the fallow and cultivated soils as evaluated by two different indices

SOILS PSDI DR

ENsk (F) 65.16 72.73
ENsk (C) 61.84 66.80
UNsk (F) 71.98 55.55
UNsk (C) 74.41 62.50
IER (F) 68.33 76.47
IEh (C) 84.41 76.47
lik (F) 64.68 87.50
lik (C) 65.51 73.33

Mean 69.54 71.40



LSD (0.05) 3.64 4.57

PSDI = Potential structure deformation index, DR= Dispersion ratio, LSD = Least significant difference, F = Fallow, C =
Cultivated, ENSK = Entisol at Nsukka, UNSK = Ultisol at Nsukka, IEh = Inceptisol at Eha-Amufu, lik = Inceptisol at Ikem.

The non-significant correlation between silt + cayd DR for all the land use types (Table 3) shothead
the contribution of silt + clay to the stability ¢iese soils was low. Allison, (1973) observed ttialy
stabilizes soil aggregates. Thus the quantity ay gresent may be an important factor in stabijzoil
aggregates. Also Heinonen (1955) suggested thatsdiye and significant correlation between aggtega
stability and clay content should be expected iits stontaining more than 30% (W/W) clay. The result
could also be attributed to the nature of microlbbeganic matter, or clay, Fe and Al oxide conteritthese
soils. Hepper (1975) observed that many soil miesoproduce polysaccharides and it is generallyeaigre
that such compounds are important in binding saitiples into larger units (Martin, 1971). Miquehdc
Norton (1994) reported that aggregate stabilityaigyely dependent upon OM, clay, Fe and Al oxide
contents. Also Panayiotopoulos and Kostopoulou 9198und Fe and Al oxide to be well correlated with
aggregate stability.

Table 3 Correlation of silt + clay (%) and OC % with other Soil Properties (N=8)

Independent Variable Dependent Variable Corrate@oefficient (r)
Silt + clay % DR % -0.82%

Total N % -0.148°

Avail. P (Mgkg') - 0.644™

0C % -0.21%¥
OC % PSDI % -0.36%

DR % -0.438

Total N % -0.949 *

Avail. P (Mgkg) - 0.364™

* Significant at P = 0.05 ns = not significant.
Potential structure defor mation index:

The PSDI values result given in Table 2 show higher values among the soil types and land use system,
highest PSDI value among the soils was obtained from IEh (C) and this was significantly (p=0.05) different
among the soil types and land use systems. The potential structural deformation index (PSBlused to
normalize aggregate distribution between the dd/\vaet sieving procedures, as to obtain valid comspas
between land use types. The lower the percenthgenbre resistant is the soil to disruptive forddse
cumulative aggregate distributions from dry-and sieving procedures for the ENsk are given in Fig 2
UNSsk in Fig 3, and IEh in Fig 4 and lik in Fig S€e Table 1 for the explanation of the symbolskigdre
1 for sampled areas).
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FIG 2: Distribution of aggregate obtained from dry and wet sieving
procedures in an Entisol (Nsukka Hill Site) under different land uses.
(PSD I= Potential structure deformation index)
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FIG 3: Distribution of aggregate obtained from dry and wet sieving
procedures in an Ultisol (Nsukka Poultry Site) under different land use

(PSD I= Potential structure deformation index)
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FIG 4: Distribution of aggregate obtained from dry and wet sieving
procedures in an Inceptisol (Eha-Amufu Site) under different land use
(PSD I= Potential structure deformation index)
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The area under the two curves indicates the relaigistance of the dry aggregates to disruptiowder.
The smaller the area the more resistant is thdatlle disruptive forces. This showed that theragates of
the fallow soils were more resistant to disruptieeces compared to those of the cultivated soilsis T
statement is only true for the PSDI of IEh giverFig 4.

The correlation coefficient between OC concentraaod PSDI values of these soils were small and non
significant (Table 3). This indicates that the ciimttions of organic matter to the stability of thggregates

of these soils were small. Mbagwu and Bazzoffi @981ade similar observation on Italian soils.
Generally, the soils are not resistant to deforomaliecause the PSDI values are large.

Nonetheless, the PSDI showed an order of vulnénakbil disintegration upon contact with water maless

of IEh (C) 84.4% > UNsk (C) 74.4% > UNsk (F) 72.6%Eh (F) 68.3% > lik (C) 65.5% > ENsk (F) 65.2%
> lik (F) 64.7% > ENsk (C) 61.8%. In all the sodssignificant correlation between OC and total Nswa
established (Table 3). This indicates that the amwoff total N in the soils is from OM. The non-sfgrant
correlation between silt + clay and total N, avaéaP and OC (Table 3) in all the soils signifibattthe
sources of these nutrients are not from silt + claytents in the soils.

Conclusion

From the study, it was found out that cultivatedssim some of the soils studied did not have lesble
aggregates nor disintegrated faster than thoseedfatlow soils when they came in contact with walde
PSDI values were found to be large, indicating thatsoils are not resistant to deformation. Tle®to be

a land use strategy to maintain stable aggregdiignat the same time allow an ordered agricultural
production of crops.
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