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ABSTRACT

In this study the distribution of silt, clay and exchangeable properties of aggregate sizes of four
soils were evaluated. The four soils studied were Entisol at Nsukka, Ultisol at Nsukka, Inceptisol at
Eha-Amufu and Inceptisol at lkem, all collected from four different sites in Nsukka area of
southeastern, Nigeria. The land use types considered were fallow and cultivated. Soil samples
collected from 0-25mm depth were air-dried at room temperature and were separated into five
aggregate fractions 2.0-5.0mm, 1.0-2.0mm, 0.5-1.0mm, 0.25-0.5mm and < 0.25mm. Changes in
the distribution of silt, clay and exchangeable properties of aggregate sizes of the four soils under
wet and dried sieving of the four soils following cultivation were determined. The result of the
study showed that Inceptisol had the highest silt, clay content in all the aggregate sizes among the
four soils. The trend is Inceptisol > Entisol > Ultisol. Cultivation decreased the exchangeable
bases, CEC and percent base saturation of those soils and their values were higher in the dry-
sieved samples than wet-sieved ones. On the average acidity value of the dry-sieved samples
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were found to be higher than those of the wet-sieved samples. The variation in pH values of the
aggregate fractions was found to be associated with the total exchangeable bases and
percentage base saturation of the aggregates. Results obtained showed relative changes in the
properties of dry and wet-sieving, even though their diameters are the same, implying that their
loss during erosion will have differing effects on the soils.

Keywords: Silt; clay; exchangeable properties; soils.

1. INTRODUCTION

Soils act as reservoir for the water and mineral
nutrients needed by crops for healthy growth and
development. Soil is a complex mixture that
comprises of mineral particles of various sizes,
living organisms and dead organic materials
such as plant and animal residues. All these
enrich the soil and constantly interact in the form
of physical, chemical, and biological processes.
Hence optimum plant growth and yield depend
very much on the favorable physico-chemical
environment of the soil. This is termed fertility
status or soil fertility. According to Mulugeta, [1],
physical properties determine the capacity of the
soil to provide plants with anchorage, moisture
and air, and soil chemical conditions determine
the capacity of soil to provide needed plants
nutrients and that long term fertility of soils may
depend mostly on the accumulation and turnover
of soil organic carbon and Nitrogen. Moreover,
Fisher and Binkley, [2] re-emphasized that soil
physical properties, through their effect on
moisture regime greatly influenced growth and
distribution of crops, aeration, soil chemistry and
even the accumulation of organic matter. The
chemical properties of soil is a complex reaction
involving the interaction of soil solution which is
the liquid phase of the soil and solid phase which
are materials of organic origin and those of
inorganic or mineral fractions of the soil. The
abundance and diversity of soil organisms in a
particular soil also influences the nature of the
reaction processes. Thus the chemical and
biological processes occurring in the soil solution
and that at the inter phase with solid soil particles
normally creates the necessary situation for soil-
plant nutrient relationship. Therefore in line with
the observations of Schoenholtz et al. [3], the soil
chemical environment such as the soil pH
influences many chemical reactions that
influence nutrient availability. The influence of pH
can be understood as it affects the availability of
many nutrient elements.

These interactions between the physical,
chemical and biological processes in the soil
affect changes resulting from cultivation.
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Cultivation affects soil nutrient supply, distribution
and biological transformation in the root zone [4].
Grant and Lafond [5] reported that cultivation
generally alters soils physical, chemical and
biological properties, which in turn influences
plant growth, development and yield. It increases
organic matter decomposition [6]. The
accelerated mineralization of Soil organic matter
and low nutrient contents due to continuous use
of the land challenges the sustainability of crop
production. When a land is continuously cropped
or cultivated, productivity declines very fast [7].
Plant growth and yield are affected through the
deterioration of soil structure, decline in total pore
sizes and their pore size distribution [8]. Li et al.
[9] affirmed that land use and management
practices, through intensive cultivation and
removal of plant biomass from the field, affect
soil organic matter concentration and deteriorate
soil physical properties. Cultivation has negative
effect in soil organic matter component,
decreases soil organic carbon and substantially
lower nitrogen mineralization and content
[1,4,10,11,12,13]. Soil content of K*, CEC and
extractable Fe decreases following intensive
cultivation of an agricultural land [1,11,10,4]. The
report of Yimer et al. [14] indicated that following
cultivation the largest estimated net flux of
carbon from land use changes are from
conversion of natural ecosystem to cropland,
consequently reducing the average soil carbon in
the upper meter of soil to 25-30%. Hence many
agricultural soils perform below their potential
level. Lugo et al. [15] reported decrease in pH
and exchangeable cat ion and increase in bulk
density, when forested lands are converted to
cultivated areas.

The development of a stable structure is highly
desirable in attempt to ameliorate hard-setting
behavior of soils which imposes severe
restrictions on cultivation and plant growth [16].
This behavior initially involves a disintegration of
aggregates of a previous aggregated layer of soil
[17].  Soil aggregation influences seed
emergence and root growth, soil moisture
retention and aeration as well as organic carbon
sequestration and dynamics [18,19,20]. The
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stability of the aggregates of agricultural soils to
water influences physical, chemical and
biological processes like organic carbon and
exchangeable cat ions [21]. Massey and
Jackson, [22] and Chepil and Woodruff, [23], re-
affirmed the importance of the physico-chemical
characterization of aggregates, since different
aggregates fractions are selectively removed
during erosion. The need for the characterization
of the aggregates was stressed by Mbagwu and
Piccolo [24] in understanding nutrient dynamics
during soil erosion. The content of exchangeable
cat ions and total organic carbon in dry
aggregates of various sizes were found to be
fairly similar by Kowalinski et al. [25]. The particle
size distributions observed in different sized
aggregates were however not different [26],
rather they were fairly constant in aggregates of
various sizes [27]. Decreasing aggregates size
particle increased the content of silt and clay in
larger aggregates separated by dry-sieving
[28,24]. This invariable have impacts on the
nutrient contents on the various aggregate
fractions. Thus the reduction of these nutrients is
very crucial to sustainable soil management. So
continuous mining of soil nutrient without good
management strategies with a view to return in
equal proportion of what was taken from the soil
deteriorates the quality and productivity of a sail.
Therefore, practical understanding of the
relationship between soil physical and chemical
properties will be important to the understanding
of how these properties are influenced by
cultivation and practical solution to the
management practices that will be adopted on
the land. Hence the study was undertaken to
evaluate the distribution of silt, clay and
exchangeable properties of aggregate sizes of
four soils.

2. MATERIALS AND METHODS
2.1 Field Method

Soil samples from the 0-25cm depth were
collected from cultivated and adjacent fallow
lands in four different locations in Nsukka area of
south eastern Nigeria. Care was taken to
minimize disturbance during sampling and
transportation. The area has a rainforest
savannah type of vegetation with a mean annual
temperature of 24°c. The area lies within latitude
062 61'N and longitude 07° 25'E of Nigeria. The
moisture regime of Eha-Amufu and lkem are
hydromorphic. It cracks when dry becomes sticky
when wet, presenting problems to tillage
operations. The soils samples for the study were
classified according to soil taxonomy as an

Ultisol (Acrisol, FAO/UNESCOQO) belonging to the
sub-group, Typic Kandiustult (Nkpologu series),
Entisol (Regosol, FAO/UNESCO) belonging to
Lithic Ustorthent (Uvuru series), while the other
two soils belong to Vertic Inceptisol (Cambisol
FAO/UNESCO) [29]. These soils have been
under continuous cultivation for over or about
8years while fallow soils varied from 3 to 4years
old.

2.2 Laboratory Method

The soil samples were air-dried at room
temperature and then sieved through a 5mm
sieve Kemper and Chepil [30].

2.3 Determination of Physical-chemical
Properties of Aggregate Sizes

2.3.1 Particle size analysis

The principle of Bouyocous [31] hydrometer
method, as described by Day [32], was used to
determine the particle size distribution of the soil
aggregate fractions. The technique used was the
dispersion of the sample with calgon (Sodium
hexametaphosphate). Twenty grams (20g) of the
aggregate fractions were soaked in calgon for 24
hours and later transferred to mechanical stirrer
for mechanical agitation for 30 minutes before
the hydrometer reading.

2.3.2 pH determination

Soil pH was determined in duplicate in both
water and 0.1N potassium chloride (KCI) solution
using a soil: liquid ratio of 1:2.5. After stirring for
30minutes, the pH values were read off using
Beckman Zeromatic pH meter [33].

2.3.3 Exchangeable acidity

This was determined by the titrimetric method
using 1N KCI extract [34].

2.3.4 Exchangeable bases

The method described by Chapman [35], as
complexiometric  titration, was used for
determination of Ca and Mg, while Na and K
were determined from 1N NH; OAC solution
using the flame photometer.

2.3.5 Base saturation

The base saturation (BS) was calculated by
dividing total exchangeable bases (TEB) by the
corresponding cat ion exchange capacity value
and multiplying by 100.
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TEB
CEC

2.3.6 Cat ion exchange capacity

Base Saturation (BS) = X100

This was determined based on the principle
described by Chapman [35]. The neutral
ammonium acetate method in which 0.1N KCI
solution was used to counter leach and from the
KCl leachate cat ion exchange capacity was
determined by titration with standard 0.IN NaOH
solution.

2.4 Data Analysis

Each parameter in each aggregate and soil type
was replicated 4 times and the averages and
means values generated for each of the
parameter and soil type dry and wet sieved was
later used to compare the properties that
influence the physical-chemical characteristics of
each soil type. The method was used because of
the volume of data generated and number of
replications.

3. RESULTS AND DISCUSSION

3.1 Exchangeable
Aggregate Sizes

Properties of

3.1.1 Exchangeable bases

The value of the exchangeable Na*, K*, Ca®* and
Mg®* obtained for the dry- and wet-sieved
aggregates of both fallow and cultivated soils are
given in (Table 2). The result of the
exchangeable bases of ENsk showed that the
concentrations of Na* and K" in all the aggregate
sizes of cultivated soil were lower than those of
the fallow soil. However, there was no sharzp
difference between the Ca** and Mg™
concentrations of the fallow and cultivated soils.
The slightly higher values observed in the fallow
soil, may be due to higher concentration of
organic matter. For land use changes due to
cultivation decrease soil organic matter [11,10,1].
Soil organic matter decomposed rapidly [6], to
enter finer, minerals associated organic matter
pools  which  during their  subsequent
mineralization contribute significantly to the soils
available nutrient pool [36]. The result obtained
might also be due to mineral weathering. The
wet-sieved samples showed that in ENsk fallow
soil, there was a decrease in the Na* and K*
concentration in the 2-5mm fraction followed by
an increase in the1-2 mm, 0.5-1mm fraction and
progressive increase up to < 0.25mm fraction for
K" concentration. The values of Na" and K" for
the cultivated soil are quite similar. This probable

may be due to organic matter depletion and the
amount or concentration of Na* and K* present in
the cultivated soil. Cultivation depletes sail
organic matter and soil nutrients [4]. The lowest
values for both Na* and K* were obtained in the
< 0.25mm fraction. Cultivation decreased the
Ca** concentration in the 2-5mm aggregate size
by 10%, relative to the fallow Ensk (see Table 1
for explanation of symbol). There was no change
on the Mg®* concentration in the 2-5, 1-2 and
0.25-0.5mm aggregates fractions. The result
could be due to wet-sieving process in which
some Mg®* present in these aggregates may
have dissolved and moved out with water
solution. The values of Ca* and Mg
concentration in the dry-sieved aggregates being
lower than the wet-sieved aggregates could be
attributed to leaching. Cat ions like Ca®* and Mg**
repelled by positive charged colloids and remain
in the soil solution are highly susceptible to
leaching [37].

The exchangeable bases of UNsk showed a
higher concentration in the fallow than the
cultivated soils, for the dry sieved samples (Table
2). The highest concentration of Ca®* and Mg?*
were observed in 2-5mm aggregate size. The
wet-sieved samples showed that in the fallow
soil, the lowest level of Na* and K" were obtained
in the 2-5mm fraction and for the cultivated soil
the results of Na™ and K" in the aggregates sizes
were relatively similar. The highest values of
Ca®* and Mg®* for the fallow soil were obtained in
0.25-0.5mm aggregate size fraction. The values
of Ca®" in the cultivated soil were relatively
higher than in the fallow one. Cultivation had no
effect on the Ca®* and Mg** concentrations in the
< 0.25mm and 1-2mm fractions. The low
exchange base values observed in UNsk, may
be due to the characteristics of the soil. The
Ultisols are characterized by moderate soil OM
and low levels of exchangeable bases, because
they are stripped of most of their primary
minerals and have their clay mineralogy
dominated by Kaolinite and oxides of Fe and Al
[38].

For the IEh, the values of Na® and K" were
slightly higher in the cultivated than the fallow
soils. The concentrations of Ca®* and Mg** were
higher in the fallow than the cultivated soil,
except in the 2-5mm and 1-2mm fractions for
Mgz*. The wet-sieved samples of the fallow soil
showed that the highest Na* and K* values were
recorded in the < 0.25mm aggregate size, while
the highest concentrations of Ca®* and Mg** were
obtained in the < 0.25mm and 1-2mm fractions
respectively. The Ca®* and Mg®* distribution in
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the aggregate fractions of the fallow and
cultivated soils for both dry- and wet-sieved
samples of IEh were observed to be higher than
the values of other soils. This could be attributed
to the clay mineralogical composition of the soil
and the extent of their weathering. This is
because the presence of Mg®*, Ca®* and Fe** in
an environment seems to develop
montmorillonite clay mineral [39].

The distribution of exchangeable bases in lik
showed that the lower value in Na* concentration
was obtained in the 0.5-1mm aggregate size.
The Na® and K* concentrations of the cultivated
soil were relatively similar in the entire aggregate
fraction, while the distribution of Ca®** and Mg?*
were relatively higher in the cultivated than the
fallow soils. This could be due to alluvial
materials as this soil is hydromorphic in nature.
For the wet-sieved samples, the distributions of
Na* and K" were relatively similar for the fallow
soil. The highest and lowest values for Ca** and
Mg®* respectively were obtained in the < 0.25mm
aggregate size.

The result of the exchangeable bases of the four
soils showed that the values of dry-sieved
fractions are higher than those of the wet-sieved
samples. This is most probably due to
disintegration of the OM binding agents and
minerals adsorbed in the clay fraction that may
occur in the process of wet-sieving which can
result in the dissociation of some of these
minerals and their subsequent removal through
water solution.

3.2 Cat ion Exchange Capacity (CEC)

The CEC of the aggregates of the fallow ENsk
was slightly higher than that of the cultivated soil
in all the aggregate sizes (Table 2). In the

cultivated soil, the CEC of the 0.5-1, 0.25-0.5mm
and < 0.25mm aggregate size were identical. For
the wet-sieved samples, the result of the CEC
showed that the fallow soil values in the
aggregate sizes were slightly higher than those
of the cultivated soil. This higher value observed
in the fallow soil in both dry- and wet-sieved
samples could be due to the clay or OM
concentration which may invariably serve as an
index of CEC in soils. That is, the CEC of a soil
tend to increase with the increase in OM
concentration. Khormali et al. [4] corroborated
this finding that the decrease in CEC
concentration of deforested land reflects on the
OM content of the soil. The result is also an
indication that cultivation had negative effects on
the CEC of the soils. The highest CEC values of
the wet-sieved samples of fallow soil was
observed in 1-2mm and 0.5-1mm aggregate
fractions, while the least CEC for the cultivated
soil was recorded in 2-5mm and < 0.25mm
fractions.

The CEC values of the fallow UNsk showed a
rapid decline as the aggregate sizes decreased
up to the 0.25-0.5mm fraction (Table 2), followed
by an increase in the < 0.25mm fraction. The
highest CEC value was recorded in the 2-5mm
size, but in the 0.5-1mm size. However, there
was no effect of cultivation on the CEC. The
result of the wet-sieved samples showed that the
CEC of the 2-5mm aggregate size were identical
for fallow and cultivated soils. The higher values
observed in the fallow as compared to the
cultivated soils for both dry - and wet-sieved
samples is an indication that cultivation had
effect on the CEC of the soils. The low variation
of CEC in this soil might be the expression of the
low OM concentration and the presence of low
activity clays such as Kaolinite [37,38].

Table 1. Location, classification and land use type location classification treatment symbol

land use

Location Classification Treatment symbol Land use type
Nsukka hill site Lithic Ustorthent ENsk (F) Fallow

(Uvuru Series) ENsk (C) cultivated
Nsukka poultry site Typic Kandiustult UNsk (F) Fallow

(Nkpologu series) UNsk (C) cultivated
Eha-Amufu site Inceptisol IEh (F) Fallow

(with vertic properties) IEh (C) cultivated
Ikem site Inceptisol lik (F) Fallow

(with vertic properties) lik (C) cultivated
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Table 2. Exchangeable properties cmol (+) kg™ of the dry and wet sieved fractions of soils

Na K Ca Mg CEC
Treatments Aggregate Soils Soils Soils Soils Soils

size(mm) ENsk UNsk IEh lik ENsk UNsk IEh lik ENsk UNsk [IEh lik ENsk UNsk IEh lik ENsk UNsk IEh lik
Fa 2-5
Fb 0.24 0.17 0.13 0.11 0.23 0.16 0.14 0.09 04 2.6 32 09 04 2.0 19 07 55 13.0 16.0 6.5
Ca 0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.08 1.8 1.6 08 12 12 0.6 0.6 0.8 10.5 10.0 5.0 10.0
Chb 0.24 0.15 0.13 0.12 0.23 0.14 0.13 0.11 0.6 0.7 20 09 02 0.6 20 09 5.0 6.0 16.0 6.0

0.14 0.13 0.09 0.12 0.13 0.14 0.09 0.11 0.8 1.2 08 1.2 0.9 0.8 0.8 0.6 5.0 10.0 5.0 8.5

Fa 1-2 2.3 0.17 0.13 0.10 0.22 0.16 0.12 0.09 05 2.6 23 09 06 1.6 06 09 6.5 12.0 14.0 6.0
Fb 0.13 0.13 0.12 0.12 0.12 0.12 0.10 0.10 2.0 1.9 12 1.0 1.2 0.6 09 0.7 12.5 12.0 6.5 6.0
Ca 0.20 0.08 0.13 0.09 0.19 0.07 0.13 0.08 0.6 0.8 20 08 03 0.6 19 0.8 5.5 6.0 16.0 10.0
Cb 0.16 0.14 0.09 0.12 0.18 0.12 0.08 0.10 0.9 1.6 09 1.0 038 0.6 0.8 0.6 10.0 10.0 5.5 8.0
Fa 0.5-1 0.24 0.16 0.14 0.07 0.23 0.14 0.14 0.08 0.6 1.0 27 0.8 038 0.8 26 07 6.5 6.0 16.0 5.0
Fb 0.15 0.07 0.09 0.09 0.14 0.09 0.10 0.10 23 1.6 12 09 1.4 0.4 0.8 0.9 12.5 11.0 6.5 6.0
Ca 0.21 0.09 0.16 0.12 0.21 0.08 0.14 012 0.8 0.7 24 20 04 0.7 21 1.2 6.0 6.0 175 10.0
Cb 0.15 0.13 0.09 0.08 0.16 0.12 0.09 0.07 1.2 1.8 18 12 08 0.2 0.7 0.6 10.0 10.0 7.5 7.5
Fa 0.25-0.5 0.24 0.18 0.13 0.09 0.24 0.16 0.14 0.08 0.8 0.9 25 0.7 03 0.7 27 07 10.0 5.5 15.0 5.0
Fb 0.14 0.13 0.12 0.2 0.13 0.12 0.12 0.13 1.4 2.0 0.7 07 1.2 1.2 0.8 0.8 11.0 10.5 5.0 5.0
Ca 0.20 0.08 0.15 0.13 0.20 0.08 0.15 0.12 0.6 0.7 27 18 07 0.7 23 1.6 6.0 5.0 18.0 10.0
Cb 0.13 0.13 0.10 0.12 0.16 0.13 0.10 0.11 0.9 1.6 16 08 08 0.4 0.6 0.8 6.0 10.0 6.0 5.0
Fa <0.25 0.25 0.15 0.12 0.12 0.24 0.13 0.13 0.12 1.1 0.8 26 09 01 0.6 21 09 10.0 6.0 120 5.0
Fb 0.16 0.10 0.13 0.08 0.17 0.09 0.14 0.08 1.2 1.2 18 16 1.0 0.7 0.8 05 10.0 9.0 5.0 9.5
Ca 0.23 0.19 0.14 0.12 0.20 0.09 0.13 0.13 0.7 0.8 21 16 05 0.8 16 1.2 6.0 7.0 12.0 12.0
Chb 0.08 0.12 0.10 0.11 0.08 0.11 012 040 0.7 1.2 1.8 09 0.6 0.8 1.3 07 50 10.0 10.5 5.0

F= fallow, C= Cultivated, a = Dry Sieved, b = Wet Sieved, ENsk= Entisol at Nsukka, UNsk= Ultisol at Nsukka, IEh = Inceptisol at Eha-Amufu, lik = Inceptisol at lkem
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The IEh showed lower CEC in the < 0.25mm
aggregate size for both the fallow and cultivated
soils. Cultivation increased the CEC of the 1-
2mm and 0.5-1mm aggregates with values of
14.3% and 9.4%, respectively, relative to the
fallow soils (Table 2). The cultivated soil showed
a gradual increase in the CEC as the aggregate
sizes decreased. The wet-sieved samples
showed that the fallow soil value in the aggregate
sizes are relatively lower than the cultivated soil.
Nevertheless, cultivation decreased the CEC in
the 1-2mm fraction by 15.4% relative to the
fallow soil. The higher CEC value observed in
this soil compared to the other three soils could
be attributed to the increased amount of the
hydrated cations (Table 2). This may also be the
reason for the higher values obtained in the dry-
sieved fractions compared to the wet-sieved
fractions.

The CEC of lik soil was higher in the cultivated
than the fallow soils in all the aggregate fractions.
The exception to this was the 2-5mm fraction
where cultivation reduced the CEC by 7.7%
relative to the fallow soil. The highest CEC was
observed in the < 0.25mm aggregate size of the
cultivated soil (Table 2). For the wet-sieved
samples, the fallow soil showed a gradual
decline in value as the aggregate sizes
decreased up to 0.25-0.5mm fraction (Table 2).
The highest CEC was obtained in < 0.25mm
aggregate size. Cultivation reduced the CEC of
2-5mm aggregate by 15% relative to the fallow
soil. The relative higher CEC observed in the
cultivated soil in comparison to the fallow ones
for both dry and wet-sieved samples of this soil
could be due to alluviation of mineral elements or
due to increased amount of the hydrated cations
in the cultivated soils (Table 2).

3.3 Base Saturation

The base saturation (BS) of all the dry- and wet-
sieved aggregate fractions of the four fallow and
cultivated soils is given in (Table 3). The BS
values in the ENsk were higher in the cultivated
than the fallow soils. This could be due to loss of
some cat ions from cation exchange complex of
the fallow soil. This might equally be reason for
the lower values obtained in the wet-sieved
samples of fallow compared to cultivated soil
when considered on the average basis. The
highest value for the dry-sieved samples was
observed in the 0.25-0.5mm aggregate size.
Cultivation reduced the BS in the 1-2mm and
0.5-1mm fractions of the wet-sieved sample by
3.6% and 28.1% respectively, relative to the

fallow soil. The values of BS obtained from dry-
sieved aggregate sizes were lower than those
from the wet-sieved samples due to their CEC,
which is an index of the base saturation.

The BS values in UNsk showed that the values
for fallow soil were higher than the cultivated
soils among all the aggregate sizes. This is an
indication that cultivation reduced the BS value of
the UNsk. For the wet-sieved samples, the BS in
the aggregate sizes 2-5, 0.25-0.5mm and <
0.25mm were reduced by cultivation while the BS
in the aggregate sizes 1-2mm and 0.5-1mm were
increased by 8.7% and 15% respectively, relative
to the fallow soil. The low BS value observed in
this soil in comparison to the other three soils
may be due to low amount of exchangeable
bases and CEC (Table 2). It might also be due to
the presence of low activity clays and high
proportion of exchange sites saturated by Al [38].

The BS of the aggregate fractions of the IEh
showed that aggregate fractions of the cultivated
soil contained relatively low values compared to
the fallow soil. This was also the case for the
wet-sieved samples when considered on the
average, an indication that cultivation decreased
the BS of the soil relative to the fallow. The
highest value for the dry-sieved samples was
observed in the < 0.25mm and 1-2mm aggregate
sizes of the fallow soil for dry and wet-sieved
samples, respectively. The highest BS value for
the cultivated soil was obtained in the 0.25mm-
0.5mm fraction.

In the lik, there was an initial increase in the BS
values in the 2-5mm fraction, followed by a
decrease in value as the aggregate sizes
decreased for the fallow soil. The highest BS
value for the fallow soil was observed in the 2-
5mm aggregate size (Table 2). The BS of the
cultivated soil was slightly lower than that of the
fallow soil, which indicates that -cultivation
reduced the BS value of the soil in the aggregate
sizes. For the wet-sieved samples, the
distribution of BS in the lik showed a gradual
increase in value as the aggregate sizes
decreased up to 0.25-0.5mm fractions for the
fallow soil. On the average cultivation had no
effect on the BS value of the exchangeable
bases and the CEC of the soil which are almost
the same for the two land uses, on the average.
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Table 3. Exchangeable acidity, Base saturation and pH properties of the dry and wet sieved fractions of soils

pH(H,0) PH kai Base saturation (%) Al +H cmol(+)kg'1
Treatments Agg. Soils Soils Soils Soils
size ENsk UNsk IEh lik ENsk UNsk IEh lik ENsk UNsk IEh lik ENsk UNsk IEh lik
(mm)
Fa 2-5
Fb 4.0 4.6 4.6 5.2 3.3 4.3 4.1 4.2 23 35 34 43 4.4 2.4 1.6 1.6
Ca 4.1 4.6 5.2 4.6 3.5 4.3 4.6 4.2 30 24 31 21 0.8 0.8 0.8 1.2
Chb 4.6 5.0 4.4 4.0 3.4 4.1 3.4 3.6 25 24 27 34 1.6 2.0 3.6 1.4
4.6 4.4 4.1 4.5 4.4 3.5 3.3 4.0 39 23 35 24 1.4 1.8 1.2 1.8
Fa 1-2
Fb 4.0 4.7 4.7 4.0 3.3 4.3 4.1 3.8 24 34 25 33 2.0 1.6 0.8 1.6
Ca 3.9 4.6 4.9 4.5 3.4 4.3 4.3 4.1 28 23 35 33 1.2 1.6 1.2 1.6
Chb 4.2 4.9 4.4 4.3 3.4 4.1 3.4 3.5 23 26 26 22 1.2 1.2 4.4 1.2
4.2 4.4 4.1 4.3 3.7 3.5 3.3 3.9 27 25 34 23 1.8 2.0 0.8 1.6
Fa 0.5-1
Fb 3.8 4.7 4.6 4.6 3.3 4.3 4.1 4.0 23 35 35 33 5.2 1.4 1.6 0.8
Ca 3.9 4.7 4.6 4.6 3.4 4.4 4.4 4.4 32 20 34 33 1.2 1.2 1.2 1.6
Chb 4.2 5.0 4.4 4.2 3.4 4.2 3.4 3.5 27 26 27 34 1.6 1.2 5.0 1.6
4.1 4.7 4.0 4.2 3.6 4.2 3.3 3.8 23 23 36 26 2.0 1.6 0.8 0.8
Fa 0.25-0.5
Fb 3.9 4.8 4.8 4.2 3.3 4.5 4.3 4.0 16 35 36 31 4.2 1.2 1.6 0.8
Ca 3.9 4.7 4.9 4.4 3.4 4.4 4.2 3.6 26 31 35 35 1.6 1.6 1.6 2.0
Chb 4.2 4.9 4.3 4.2 3.4 4.1 3.4 4.0 28 31 29 37 2.4 1.2 4.4 1.6
4.1 4.6 4.1 4.3 3.6 4.2 3.4 3.8 33 23 40 37 2.0 2.4 1.2 1.4
Fa <0.25
Fb 4.0 4.7 4.7 4.3 3.2 4.3 4.1 4.0 17 28 41 41 6.4 1.2 1.6 1.4
Ca 4.0 4.8 4.8 4.6 3.6 4.6 4.5 4.4 25 23 37 24 1.8 1.2 1.4 0.8
Chb 4.0 4.3 4.3 4.3 3.4 4.0 3.4 3.5 27 26 33 25 2.6 1.6 4.0 1.2
4.3 4.5 4.1 4.6 3.8 4.3 3.7 4.1 29 22 32 36 1.2 1.6 1.2 1.2
F = Fallow, C= Cultivated, a = Dry Sieved, b = Wet Sieved, ENsk = Entisol at Nsukka, UNsk = Ultisol at Nsukka, IEh = Inceptisol at Eha-Amufu, lik = Inceptisol at lkem

117



Nweke and Nnabude; BJAST, 5(2): 110-122, 2015; Article no.BJAST.2015.011

3.4 Exchangeable Acidity

The exchangeable AIP* + H* of all the dry and
wet-sieved aggregate sizes for both the fallow
and cultivated soils are given in (Table 3).
Cultivation increased the exchangeable acidity
value in all the aggregate fractions of ENsk
relative to the fallow one. The most increased
exchangeable AI** +H* among all the aggregate
fractions for both fallow and cultivated soils was
observed in < 0.25mm size. For the wet sieved
samples, the exchangeable A** + H* increased
in all the cultivated soil relative to the fallow one
in all the wet aggregate sizes of the ENsk, but in
the < 0.25mm aggregate sizes, the
exchangeable A”** + H* decreased in cultivated
soil relative to the fallow one by 33.3%. The
increase values of exchangeable AP** + H'
observed in this soil more than the other three
soils could be attributed to the pH of the soil
(Table 3). This is because if the pH of a soil is 4
or below, the clay minerals begin to disintegrate
releasing more A”** and H* in the soil [37]. The
result obtained may also be due to low variation
in the exchangeable bases and base saturation
as well. These increments could have resulted
from the decomposition of soil OM by soil
organisms. When this occurs, acid forming ions
(H, Al, Fe and S) are liberated into the soil
solution from exchange sites, thereby increasing
soil acidity [40].

The exchangeable A** + H' in 2-5mm and 0.5-
1mm aggregate of the UNsk decreased due to
cultivation, but increased in the < 0.25mm
aggregate and had no effect on the 0.25-0.5mm
aggregate size. This could be due to the OM
concentration in these aggregate sizes. For the
wet-sieved samgles cultivation increased the
exchangeable AI** + H in all the aggregate sizes
of the cultivated soil relative to the fallow one.
The highest value was obtained in the 0.25-
0.5mm fraction of the cultivated soil. The high
acidity value observed in the dry sieved samples
relative to the wet-sieved ones could be that the
exchange sites are saturated by Al, due to
disintegration of OM binding agents during wet-
sieving. Nonetheless, the soil is characterized by
high levels of Al due to the presence of low
activity clays [38].

In the IEh, cultivation increased the
exchangeable AI** + H* in all aggregate sizes of
the cultivated soil relative to the fallow one. The
wet-sieved samples showed that the acidity
levels in the fallow soil were higher than in the
cultivated one, for all the aggregate sizes. This
indicates  that cultivation increased the

exchangeable acidity in the fallow relative to the
cultivated soil. The exception to this is the 2-5mm
aggregate fraction.

The exchangeable acidity levels in the lik,
showed that cultivation increased the total acidity
value in the 0.5-1mm and 0.25-0.5mm aggregate
sizes, but decreased it in the 2-5mm and <
0.25mm aggregate sizes relative to the fallow
soils. The result of wet-sieved samples showed
that cultivation had no effect on the
exchangeable AP* + H* of 1-2 mm fraction, but
on the average, it reduced the values of the
cultivated soil by 5.5% compared to the fallow
one. The relatively high exchangeable acidity
observed in the two Inceptisols for both dry- and
wet-sieved samples could be attributed to cation
displacement from the exchangeable sites into
soil solution by the AP* adsorbed on to the
exchange site [37]. The result of the
exchangeable acidity of the four soils showed
that the dry-sieved samples have relatively
similar values when compared with the wet-
sieved aggregates. Nevertheless, on the average
the acidity value of the dry-sieved samples were
higher than those of the wet-sieved samples. The
increased exchangeable AI** in some of these
aggregates sizes of the soils may be as a result
of decreased OM concentration in these
aggregates due to cultivation. Furthermore, the
higher values of exchangeable acidity observed
in these soils may be due to long time cultivation
as a result of high intensive rainfall, leading to
excessive nutrients loss through leaching.

3.5 Soil Reaction

The pH values of the dry- and wet-sieved
aggregates of four soils are presented in (Table
3). The pH showed that the values of all the
aggregate fractions of the cultivated soil were
slightly lower than those of the fallow soils, for
UNsk, IEh and lik. The exception was the ENsk.
The pH of the aggregate of the cultivated soil of
the ENsk was slightly higher than those of the
fallow soil both in water and KCI. This probably
may be due to the amount of exchangeable Ca®*
and Mg2+ present in these soils (Table 2). This is
because an increase or decrease in pH is
associated with an increase or decrease in the
amount of Ca®* and Mg®* in the soil solution, as
they are usually the dominant exchangeable
bases [37]. The values of the wet-sieved soils
showed that cultivated soils had slightly lower pH
values than those of the fallow soils among all
the aggregate fractions. The exception was the
ENsk which had slightly higher value in the
cultivated aggregates compared to the fallow
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soils in both water and KCI. The pH values of
dry-sieved aggregates are similar with those of
the wet-sieved aggregates.

3.6 Particle Size Distribution

The Silt and Clay values of all the dry and wet-
sieved aggregate fractions of the four soils are
given in (Table 4). In the ENsk, the result for the
dry-sieved fallow soil show that -cultivation
increased the Silt and Clay contents of the 2-
5mm, 1-2mm and < 0.25mm sizes but had no
effect on those of the 0.5-1mm and 0.25-0.5mm
fractions. The increases were 52.70, 18.75 and
10.50 percent for the 2-5, 1-2 and < 0.25mm
aggregate sizes respectively relative to the fallow
soil. For the wet-sieved samples, cultivation also
increased the Silt and Clay contents of all the
aggregate fractions. The percentage increases
were 61.5, 13.3, 31.6, 23.5 and 29.4 percent for
the 2-5, 1-2, 0.5-1, 0.25-0.5mm and < 0.25mm
fractions, respectively relative to the fallow soil.
The Silt and Clay contents in dry sieved samples
were relatively higher than those of the wet-
sieved ones. This is most probably due to the
water sieving process that might have
disintegrated the clay-organic binding agents and
their subsequent removal through water solution.
The average Silt and Clay contents of the
cultivated soils for both dry and wet-sieved
samples were observed higher than in the fallow

ones. This suggests that some particles have
been pulverized by the tillage or that tillage
brought up clay from deeper soil layers. It can
also be due to the movement of clay with the
infiltrating water down the profile when tillage
stopped. Mbagwu and Bazzoffi [41] made similar
observation on Italian soils. The average Silt and
Clay contents of both micro and macro-
aggregates of untilled top soil were slightly lower
than those of the conventionally tilled plots.

The Silt and Clay contents of the dry-sieved
UNsk showed that cultivation had no effect on
the values of the 2-5mm and 0.25-0.5mm
fractions, but increased those of the 1-2, 0.5-
imm and < 0.25mm aggregate sizes. The
percentage increases were 30, 33.3 and 20
percent for the 1-2, 0.5-1mm and < 0.25mm
fractions, respectively, relative to the fallow soil.
It was observed that in the wet-sieved samples,
cultivation reduced the Silt and Clay content in
the 2-5, 1-2, and 0.5-1mm aggregate fractions by
27.3, 20 and 30 percent respectively, relative to
the fallow soil. The percentage increase in 0.25-
0.5mm and < 0.25mm fractions relative to fallow
soil due to cultivation were 16.7 and 57.1 percent
respectively. The UNsk recorded the least
amount of Silt and Clay content in both dry and
wet-sieved samples among the four soils.

Table 4. Distribution of silt and clay (%) in aggregate fractions separated from four soils under
different land uses

Treatment  Aggregate size (mm) ENsk UNsk IEh lik X

Fa 26 50 95 80 62.75
Fb 5-2 25 55 85 60 56.25
Ca 55 50 95 40 60.00
Cb 65 40 95 40 60.00
Fa 65 50 90 95 75.00
Fb 2-1 65 50 95 95 76.25
Ca 80 35 85 80 70.00
Cb 75 40 95 75 71.25
Fa 90 45 90 95 80.00
Fb 1-0.5 65 50 95 95 76.25
Ca 90 30 85 90 73.75
Cb 95 35 95 85 77.50
Fa 85 40 95 95 78.75
Fb 0.5-0.25 65 30 95 90 70.00
Ca 85 40 95 95 78.75
Cb 85 35 95 95 77.50
Fa 95 40 90 95 80.00
Fb 60 35 95 95 71.25
Ca <0.25 85 50 95 85 78.75
Cb 85 55 90 80 77.50

F= Fallow, C = Cultivated, a = Dry sieved, b = Wet sieved, ENsk = Entisol at Nsukka, UNsk = Ultisol at Nsukka
IEh = Inceptisol, at Eha-Amufu, lik = Inceptisol at lkem
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For the IEh, cultivation had no effect on the Silt
and Clay values of the 2-5mm and 0.25-0.5mm
sizes, but reduced those of the 1-2, 0.5-1 and <
0.25mm aggregate sizes by 5.6, 5.6 and 5.3
percent respectively, relative to the fallow soil. In
the wet-sieved samples, cultivation had no effect
on the Silt and Clay contents of the 1-2, 0.5-1
and 0.25-0.5mm fractions but increased that of
the 2-5mm fraction by 10.5% relative to the
fallow soil. The IEh had the highest Silt and Clay
content in all the aggregate sizes among the four
soils. The trend is IEh >lik >ENsk >UNsk.

In the lik the Silt and Clay content of the 2-5, 1-2,
0.5-1 and < 0.25mm aggregate fractions were
reduced due to cultivation by 50.0, 15.8, 5.3 and
10.5 percent respectively relative to the fallow
soil, but cultivation had no effect on that of the
0.25-0.5mm  fraction. For the wet-sieved
samples, there was also a reduction in the Silt
and Clay content of the 2-5, 1-2, 0.5-1 and <
0.25mm sizes, with an increase in the 0.25-
0.5mm fraction relative to the fallow soil. The
percentage decreases were 33.3, 21.1, 10.5 and
15.8 percent for the 2-5, 1-2, 0.5-1 and <
0.25mm aggregate sizes, respectively. The
percentage increase in 0.25-0.5mm fraction was
18.8%, relative to the fallow soil. The high values
of Silt and Clay content observed in the two
Inceptisols could be due to the nature of the soils
as well as their clay mineralogical composition.
The two soils are hydromorphic in nature and
have swelling and contraction abilities. In view of
this, there is a possibility of the presence of 2:1
or 3 layered clay minerals in these soils.

Among all the soils, it was also observed that
cultivation slightly pulverized the soil particles.
The proportions of the macro-aggregates were
reduced and the proportion of the micro-
aggregates increased as a result of cultivating
the ENsk. This cultivated soil had slight increase
in its Silt and Clay contents when compared to its
fallow counterpart for both the dry and wet-
sieved samples. The distribution of the particle
size was also observed to be fairly constant in
the UNsk, IEh and lik, for both dry and wet-
sieved samples. Similar results were obtained by
Metzger and Hides [42], Witmus and Mazurek
[27] and Tabatabai and Han way [26]. The result
also showed generally that the content of Silt and
Clay in macro-aggregates as separated by the
sieving processes increased with decreasing
aggregate size [28, 24]. This however, was more
observed in the ENsk than the other three soils.

4. CONCLUSION

From the result of this study, it was observed that
the distribution of Silt and Clay in the aggregates
was fairly constant in the UNsk, IEh and lik.
Cultivation decreased the exchangeable bases,
CEC and percentage base saturation of these
soils and their values were higher in the dry-
sieved samples than wet-sieved ones. There
were relative changes in the properties obtained
by dry and wet-sieving, even though their
diameters are the same and therefore their loss
during fertility erosion will have differing effects
on the soils.
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