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ABSTRACT

Low water stability of soil micro-aggregates accentuated by increased intensity of
cultivation and soil degradation are among the significant issues that draw the atten-
tion of Soil Scientists due to their effects on soil physical conditions. The study was
carried out to quantify changes in micro-aggregate stability indices of soils on coastal
plain sands under contrasting land use and management. Soil samples were collected
from cassava plots, plantain, maize, rubber plantation, oil palm and 2-season fallow
plots with Calapogonium mucunoides. Results revealed significant changes in micro-
and macro-aggregate stability indices. Clay dispersion index (CDI) was 0.46 and 0.39
g ¢! respectively in cassava and maize plots. Parameters such as aggregated silt and
clay (ASC), clay flocculation index (CFI) and saturated hydraulic conductivity (Ksat)
used as estimates of soil structural stability were significantly (p < 0.05) increased
due to 2-season fallow and 10-year oil palm plantation. Two-year fallow increased
ASC and CFI by 57 % and 86.5% respectively compared with continuous maize culti-
vation. Ten-year cultivation to cassava and maize increased sand content by 18 and
9% respectively and decreased the mean weight diameter (MWD) of water stable
aggregates and Ksat. Relationships showed significant (p < 0.05) positive correlation
between ASC and CFI and Ksat. Two-year fallow with Calapogonium mucunoides
and 10-year oil palm plantation improved the soil micro- and macroaggregate indices.
They could be used to conserve the soil and reduce the degradation of soil resources.
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permeability, quasi-steady state infiltration rates, and seed-
ling emergence and in predicting the capacity of soils to
sustain long-term crop production (Udom et al, 2016).
Aggregate stability of soils can be measured by the wet-
sieving or raindrop techniques which rely on the principle
of cyclically submerging and sieving the soil in water to
emulate the natural stresses involved in the entry of water
into soil aggregates (Kemper and Rosenau, 1986). There-
fore, soil aggregates structure and aggregate stability are
important factors that contribute to sustainable soil quality
and soil erosion potential (Barthes and Roose, 2002). The

1. Introduction

Soil  aggregate  stability  influences  many  physical
and biogeochemical processes in agricultural lands (Obalum et al.,
2012). It is a composite body or granule of loosely bound minerals
particles within a soil and is characteristically mediated by relative
amount of organic matter in the soil. Soil aggregates are, therefore ,
soil structural unit of which classical soil research recognize two
major size-based categories: macro- and micro-aggregates, formed
by both aggregation and fragmentation processes (Opara, 2009).

Micro-aggregate is the collapse of macro-aggregate and is regarded
as soil aggregates less than 250 pum in size. They are more typically
found in disturbed or cultivated soils (Yan et al., 2009). Aggregate
stability and aggregate size information may be used to evaluate or
predict the effects of various agricultural practices, such as tillage
and organic matter additions, including soil erosion. Soil aggregate
stability is the ability of the aggregate to remain undisrupted under
stress or slaking. It is a valuable soil property that affects the
movement and storage of water, aeration, erosion, biological activ-
ity and the growth of crops (Lal and Stewart, 2012).

The concept of aggregate stability depends on both the forces that
bind particles together in nature and the magnitude of the disrup-
tive stress (Beare et al., 1994). Factors that influence aggregate
stability are essential in evaluating the ease with which soils erode
by water and/or wind, the potential of soils to crust and/or seal, soil
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moisture content of the soil aggregates before wet sieving
controls the severity of the disruption. On the other hand,
soil structural stability is a potential indicator of a wide
range of decisions on soil management such as cultivation
or engineering considerations (Dikinya et al., 2006). To a
great extent, it determines the ability soil to resist erosion,
rupture, disintegration, or be puddled during mechanical
manipulation (Abrishamkesh et al., 2011).

The derivation of many aggregate stability indices in-
volves all aggregate size classes, and as a result, such indi-
ces provide information on the overall stability of the soil.
A typical example and perhaps the most used of such indi-
ces is the mean weight diameter (MWD) of aggregate,
geometric mean diameter (GMD) (An et al., 2010). Clay
dispersion index and flocculation have been used to meas-
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ure micro-aggregation of soils after long-term application of
organic manures (Udom et al., 2013).

The primary mechanism of aggregate breakdown for macro -
and micro-aggregate are slaking and dispersion respectively,
slaking is the first water caused by pressure due to entrapped
air and by differential swelling. It liberates the colloidal par-
ticles that are more transportable during erosion. Hence, mi-
cro-aggregate stability is often referred to as colloidal stabil-
ity (Sequl, 2013), which controls soil air, water movement
into and within the soil, soil sealing and biochemical reac-
tions in the soil.

In a typical tropical ecosystem, information on the effects of
land use systems on the maintenance of soil aggregate and
their degradation will help in the management of soil struc-
ture following land use options. Thus, the objective of this
study was to evaluate the micro-aggregate indices of soils
under different stages of forest cultivation and cropping. The
study will improve our understanding of the changes in soil
stability indices that may serve as early indicators of soil
recovery or degradation.

2. MATERIALS AND METHODS
2.1 Description of Study Area

The study was carried out on soils under selected land use/
management at the University of Port Harcourt environment
(Land 4° 45' N, long 7° 15' N). The soil is derived from the
Coastal plain sands and classified as Arenic acrisol (USDA,
2012), dominated by kaolinite and oxides of Fe and Al. The
climate is of the tropical hot, humid climate. The mean annu-
al minimum and maximum temperatures are 28°C and 30°C
respectively, with total annual rainfall of about 2400 mm
(NIMET, 2014).

Site Selection and Sampling

Site selection was based on the overall land use type and
management common in the area, and each land use occu-
pied an area not less than 25 hectares. Five (6) land use/
management types were selected viz: (1) 10-year cultivated
cassava plots (Cassava), (2) 10-year cultivated maize plots
(Maize), (3) Plantain plantation, characterized with guinea
grass (Panicum maximum) as undergrowth (Plantain), (4) 10-
year rubber plantation dominated by siam weed
(Chromoleana odorata), goat weed (Ageratum conyzoides )
and guinea grass (Rubber), (5) 10-year oil palm plantation,
characterized with Imperata cylindrica and siam weed
(Chromoleana odorata) (Oil palm) and (6) Plots under Cal-
apo (Calapogonium mucunoides) fallowed for 2- cropping
seasons (Cover crop). Based on landform characteristics,
such as the influence of slope, each land use area was divid-
ed into four (4) replicates measuring 50 m x 50 m.

Ten (5) disturbed, and undisturbed soil samples were col-
lected from each replicate plots at random on the surface 0-
15 cm and grouped to obtain 5 replicate composite bulk sam-
ples. The undisturbed soil samples were collected at similar
depth using a 6 cm x 5 cm (height x diameter) metal ring. A
total of 120 bulk and core samples were collected and taken
to the laboratory for analyses.

Determination of Particle-size Distribution and Micro-
aggregate Stability Indices

Particle-size distribution was determined by the hydrometer
method of Gee and Bauder (1986), using sodium hexameta-
phosphate as a dispersion agent. The clay and silt obtained
from particle-size analysis after complete dispersion with
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sodium hexametaphosphate was regarded as total clay (TC)
and total silt (T silt), while clay and silt obtained with water
were water-dispersible clay (WDC) and water dispersible silt
(WDS) respectively.

Micro-aggregate stability indices were measured by the pro-
cedures of Dong et al., (1983) calculated as:

Dispertion ratio (DR) = M
Tailt+Te
(1)
Clay dispersion index (CDI) = H’;E
c
(2)

Aggregated silt and clay (ASC) = (TC + Tsilt) - (WDC +WDS) (3)

(TC-WDE)

Clay flocculation index (CFI) = —

4)

The higher the values of DR and CDI, the greater is the ten-
dency of the soil to disperse upon contact or slaking with
water, i.c ., aggregate stability is lower when dispersion ratio
(DR) and clay dispersion index (CDI) are high. The higher
the value of CFI and ASC, the greater the soil aggregation at
micro-aggregate level (Igwe and Nwokocha, 2006).

Determination of Saturated Hydraulic Conductivity and Wa-
ter-stable Aggregates

Saturated hydraulic conductivity was measured by the con-
stant-head permeability test procedure of Klute and Dirkksen
(1986) and calculated using the transport Darcys equation for
vertical flow of liquid and calculated as:

®)

Where, Ksat is the saturated hydraulic conductivity, Q the
volume of water that flows through a cross-sectional area, A
the cross-sectional area of the core , T is the time elapse, L

AH
the length of core and the hydraulic head difference.

Aggregate stability was measured by the mean weight diame-
ter (MWD) of water stable aggregates as described by Kem-
per and Rosenau (1986), and calculated as:

MWD = T XiWi

(6)
Xt‘ . . . .
is the mean diameter of any particular size range

Where

i
of aggregation separated by wet-sieving and the weight
of aggregates in that size range as a fraction of total dry
weight of sample analyzed. Soil samples for measurement of
aggregate stability were sieved through 4.75 mm mesh and
wet-sieved using a nest of sieves of diameter 2, 1, 0.5, and
0.25 mm.
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Determination of Bulk Density, Water Holding Capacity, Total
Porosity, and Organic Carbon

Bulk density was determined using the method of Grossman
and Reinsch (2002) after oven-drying the soils at 105° C with
and calculated as:

Muaszz of oven—dried soil

Bulk density =

Volume of bulk soil

(M

Water holding capacity at saturation (0 kPa ) tension after
24hours was calculated using the formula:

Mw—Md
MD

WHC =

®)

Where WHC is the water holding capacity, M, is the mass of
oven-dried soil and My, the mass of wet soil. Total porosity was
determined using the method described by Flint and Flint
(2002) using the equation:

100

volume of water at 0 kPa

% Total porosity
P - volume of bulk soil 1

®

Soil organic carbon (SOC) was measured by digestion in chro-
mic acid, and the excess was titrated against ferrous ammoni-
um sulphate after the addition of concentrated phosphoric acid
(Nelson and Sommers, 1996).

2.2 Data Analysis

Analysis of variance (ANOVA) was used, followed by multi-
ple comparisons on the measured parameters using the SAS
Software (SAS, 2001). Means were separated according to the
least significant difference using Fisher’s protected test
(Gomez and Gomez, 1984) at 5% probability.

3. Results and Discussion

The soil is sandy loam to sandy clay loam (Table 1). Mean
sand, silt, and clay contents are 624, 197 and 179 g kg ™' re-
spectively. Bulk density ranged between 1.41 g cm™ in a cover
crop to 1.64 g cm™ in oil palm soils. In the whole, bulk density
was in the order of cover crop < cassava < maize < plantain <
rubber < oil palm. The 2-year fallow with Calapogonium
mucunoides showed significant (p < 0.05) improvement in the
soil bulk, consistent with the previous knowledge that build up
of organic matter when the land was allowed to rest increased
soil aggregation and reduced soil bulk density ( Tisdall, 1996;
Sung, 2012).

Table 1: Some Physical Properties of Soils under the Land use Types

Land use Sand Silt Clay Textural Bulk density
(g kg™ (g kg™ (g kg™ class (g em™)
Oil palm 638 174 188 SL 1.64
Rubber 618 234 148 SL 1.61
Cassava 658 174 168 SL 1.54
Maize 608 184 208 SCL 1.56
Cover crop 558 234 208 SCL 1.41
Plantain 668 184 148 SL 1.58
LSD (0.05) 114 NS NS 0.22

NS- non-significant at p > 0.05

Micro Aggregate Stability Indices

The highest value of aggregated silt and clay (ASC) which is a
measure of soil aggregation was found in cover crop
(Calapogonium mucunoides ) soils, followed by the soils under
oil palm (Table 2). Higher values of ASC indicate greater micro-
aggregate stability. The trend was in the order of cover-crop > oil
palm > Plantain > Rubber > Cassava > Maize. Furthermore, the
highest clay dispersion index (CDI) value of 0.61 g g-' was
found in Rubber soils followed by cassava plots with mean CDI
value of 0.46 g g-'. These values were 85% and 39.4% respec-
tively, higher than values obtained in continuously cultivated
maize plots.

Clay flocculation index (CFI) which indicates micro-aggregate
stability was significantly (p < 0.05) higher in cover crop plots
than the other land use types. Values ranged between 0.41 g g™
in plantain soils and 0.69 g g in cover crop. This explained that
Calapogonium mucunoides used as cover crop improved micro-
aggregate stability through enhancement of ASC and CFI. The
low CFI values of 0.41 g g"and 0.54 g g found in plantain and
10-year maize cultivation soils respectively, further explained
their insignificant roles in improving the micro-aggregate stabil-
ity of soils. Significant low values of ASC and CFI, and higher
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values of CDI and DR found in maize and cassava soils
were indications of adverse effects of continuous cultiva-
tion on soil structural indices. This is consistent with stud-
ies of Biswas and Mukherzee (2014); Udom et al. (2013).

Higher values of ASC and CFI found in cover crop soils
confirmed the beneficial roles of Calapogonium mucu-
noides in short-season fallow when the soil was continu-
ously cropped to maize and cassava. This is because pa-
rameters such as ASC, CFI and saturated hydraulic con-
ductivity (Ksat) are commonly used as estimates of soil
structural stability. On the other hand, CDI and DR, are
estimates of soil dispersion (Udom ef al., 2016; Udom et
al., 2018). The higher values of CFI and ASC found in
Calapogonium mucunoides and oil palm soil were indica-
tions of higher or better stability of the soils (Igwe et al.,
2006) while a higher value of DR found in rubber, cassava
and plantain soils were an indication of low structural sta-
bility. In the whole, CFI values > 50 % and relatively low
DR in Table 2 showed that the soils were moderately sta-
ble and less prone to dispersion.
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Table 2: Micro-aggregates Stability indices and Saturated Hydraulic Conductivity of the soils

Land use ASC CDI CFI DR Ksat Permeability class
(%) (gg) (gg") (%) (cm hr')

Oil palm 20 0.33 0.69 44 27.91 Moderately rapid

Rubber 17 0.61 0.61 58 4.94 Very slow

Cassava 16 0.46 0.54 53 349 Rapid

Maize 14 0.39 0.52 37 24.7 Moderately rapid

Cover crop 22 0.35 0.69 21 343 Rapid

Plantain 18 0.39 0.41 55 9.73 Slow

LSD (0.05) 3.88 0.16 0.14 12.11 13.41

ASC- aggregated silt and clay, CDI- clay dispersion index, CFI- clay flocculation index,

DR- dispersion ratio, Ksat- saturated hydraulic conductivity

Aggregate Stability, Organic Carbon, Water content and
Total Porosity

Water stable aggregates (> 0.25 mm) were 73, 56, and 55 %
in cover crop, continuous cultivated cassava and maize plots
respectively (Table 3). Mean weight diameter (MWD) of
water stable aggregates was significantly (p < 0.05) higher in
soils under short-term fallow with cover crops.
studies (Udom et al., 2018; Udom et al., 2013) discussed the
positive roles of soil cover on hydraulic and structural proper-
ties of soils and found that fallow periods help the soil to re-

Previous

cover nutrient that was lost due to continuous cropping.

Results in Table 4 showed that the soil was generally high-
ly porous to extremely porous with values ranging from
46.3% to 28.5%. Total porosity was significantly higher in
cover crop soils. The contrast observed between total po-
rosity and Ksat, and bulk density was not surprising, be-
cause pore-size distribution rather total porosity was ade-
quate to relate these properties. This study agreed with
Igwe and Wokocha (2006), and Udom and Adesodun
(2016), that aeration capacity of soils was related the ratio
of macro- to micro-porosity showed a positive trend with

Ksat and bulk density.

Table 3: Water stable Aggregates and Aggregate Stability of the Soils

Aggregate size class (mm)
Land Use 4.75-2.0 2.0-1.0 1.0-0.5 0.5-0.25 <0.25 MWD (mm)
Oil palm 5.0 9.0 17.0 31.0 38.0 0.643
Rubber 4.0 7.0 10.0 38.0 41.0 0.560
Cassava 7.0 7.0 11.0 30.0 45.0 0.649
Maize 6.0 8.0 10.0 32.0 44.0 0.590
Cover crop 10.0 19.0 21.0 23.0 27.0 0.933
Plantain 6.0 9.0 17.0 37.0 31.0 0.682
LSD (0.05) 3.67 2.81 2.66 9.63 19.8 0.114

MWD- Mean weight diameter

Table 4: Total Porosity, Water holding Capacity and Organic matter content of the Soils

Land use Total porosity WHC oC Remarks®

(%) €g) (gke”)
Oil palm 28.5 0.22 17.8 Highly porous
Rubber 32.6 0.24 14.4 Highly porous
Cassava 44.7 0.32 18.1 Extremely porous
Maize 41.2 0.28 17.9 Extremely porous
Cover crop 46.3 0.39 18.8 Extremely porous
Plantain 332 0.31 17.2 Highly porous
LSD (0.05) 9.41 NS 2.35

a- Pagliai (1988) classification, WHC- water holding capacity, OC- organic carbon
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Relationships among Micro- and Macro- Aggregate Stabil-
ity Indices

Relationships showed that water stability of aggregates
measured by the mean weight diameter (MWD) and ASC
was positively related with CFI and Ksat (r = 0.684, 0.611
and 0.527) respectively (p < 0.05) (Table 5). Significant
positive correlation between MWD and ASC implied that
soil air capacity and water movement within the soil would
be improved. Clay dispersion index (CDI) showed signifi-

cant (p < 0.05) negative relationships with MWD, Ksat and
CFI (r = -0.624, -0.592, and -0.601) respectively, (p < 0.05).
Similarly, DR showed a negative correlation with MWD
and Ksat, confirmed that the higher the CDI and DR, the
greater the tendency of the soil to disperse. Reduced values of
CDI would mean increased soil aggregation, macro-aggregate
stability, and improved soil air diffusion. Clay flocculation
index (CFI) was highly correlated with ASC, contributing
more than 70 % in micro-aggregate stability.

Table 5: Relationships between Some Structural and Micro-aggregate Stability indices

Correlation coefficient (r) N =30

Soil properties ASC (%) | CDI CFI DR Ksat MWD
gg" g (%) (cmhr™) | (mm)

MWD (mm) 0.684* -0.624* 0.611* -0.651* 0.527* --

Ksat (cm hr'') 0.658* -0.592%* 0.638* -0.596* --

DR (%) -0.537* 0.642* -0.474 -

CFI(ggh) 0.710%* -0.601%* --

CDI(gg") -0.494 --

ASC (%) --

*Significant at p < 0.05, ** significant at p < 0.01

4. Conclusion

Conclusions drawn in this study are that land use and manage-
ment affected micro-aggregate stability indices and distribution
of size fractions. The small aggregate fractions formed large
aggregate fractions by combining with organic matter. In-
creased soil organic carbon concentrations were closely linked
with the formation of macro-aggregates. In relation to land use
and management, 10-year rubber plantation and 10-year con-
tinuous cassava cultivation decreased micro-aggregate stability
by 85 % and 39 % respectively compared to 2-season fallow
with Calapogonium mucunoides. Total porosity and saturated
hydraulic conductivity as ecological indices were significantly
improved after 2-year fallow of the soil with Calapogonium
mucunoides. 10-year continuous cultivation did not show a
significant decrease in micro-aggregate stability indices. Oil
palm plantation maintained increases in structural and hydrau-
lic indices of the soils. Therefore, 2-year fallow with Cala-
pogonium mucunoides and 10-year oil palm plantation signifi-
cantly maintained the soil micro- and macroaggregate stability
indices. They could be used for arable crop production to con-
serve the soil and reduce the degradation of soil resources
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