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ABSTRACT

Problem: Latosols of Liberia are marked by intense surface leaching, strong acidity, low soil
organic matter (SOM) content, and low nutrients status, caused by low aggregate stability, which
are limiting factors to crop production.

Aim: to evaluate the effect of soil organic carbon (SOC) different forms of Fe and Al on the
aggregate stability of latosols.

Methodology: Composite surface (0-20 cm depth) samples of four latosols at different localities in
Liberia (Lat1, Phebe; Lat2, Felela; Lat3, Salala; Lat4, Todee) were collected and analyzed for
aggregate stability parameters and factors by standard laboratory methods.

Results: the studied soils are sandy clayey, very acidic and poor in SOC. The cation exchange
capacity (CEC) ranges from 10.28 to 14.80 mmol.kg'1. Dominant forms of Al and Fe are free Fe
(Fed) and Al [1], followed by amorphous Fe (Feo) and Al (Alo) and chelated Fe (Fep) and Al (Alp).
The highest levels of water dispersible clay (WDC) and clay dispersible index (CDI) in Lat1 and
Lat2 implied that these two soils are less stable compared to Lat3 and Lat4. The Fe and Al in all
forms seem to contribute to soil aggregate stability. The SOC, although very low, also contributes
to soil aggregate stability. SOC correlated positively with WDC, CDI and ASC, indicating the impact
of SOC both as an aggregating agent and as a dispersing agent, in contrast to previous studies.
Conclusion: The study reveals that Fe, Al and SOC are cementing materials which impact the

aggregate stability in Latosols.

Keywords: Latosol; Aggregate stability; soil organic carbon; erosion; iron; aluminum, Liberia.

1. INTRODUCTION

Soil aggregation contributes to soil quality
improvement as it promotes root penetration,
plant growth, soil erosion prevention, soil nutrient
recycling and soil compaction reduction [1-4].
Moreover, soil aggregation can increase SOC
sequestration by protecting carbon from
decomposition [5]. Soil aggregate stability is
commonly used as an indicator of soil structure
[6], because better soil structure and higher
aggregate stability are key factors to soil fertility

improvement, sustainability and productivity
[7].

Soil aggregate stability is estimated by
investigating the process of aggregate
fragmentation or the factors that stabilize

aggregates. Soil stabilizing factors are principally
linked to soil mineralogy and organic matter,
which may be influenced by agricultural practices
[8]. Indeed, SOM, Al or Fe oxides and colloidal
silica or calcium carbonate are cementing
substances that control aggregate formation [9].
The importance of these cementing substances
is relative and depends on their abundance and
associations, as well as on the environmental
conditions under which soil aggregates are
formed [10]. In highly weathered, humid tropical
soils, Fe and Al oxides bind with soil particles to
form stable structural units, promoting the
stability of soil aggregates and therefore reducing
soil erosion [11]. In kaolinitic soils with low clay
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and organic carbon, Fe-oxides may form
granular soils, enhance the strength of sail
aggregates and improve soil aggregate stability
[12]. Fe oxides interact with positively charged
oxides and negatively charged clay minerals to
form organo-mineral complexes [13]. Fe oxides
associated to organic and inorganic compounds,
or aggregates via cation bridges, are the greatest
dynamic components in soils to improve soil
structure [14]. Al oxides improve the stability of
aggregates by acting as flocculants, binding fine
particles to organic molecules and precipitating
as gels on clay surfaces [15,16]. Previous
studies have identified amorphous aluminous
compounds [17] as binding substances of silt
size particles [18]. At low clay content, Alo
controls the formation of large and resistant
aggregates, maintaining the resistance of soil to
wind erosion [19].

In addition to the aggregates stability, soil
dispersion is among the main factors controlling
the stability of soil structure in topsoil [20]. The
soil dispersion index such as WDC, dispersion
ratio [21] and CDI, clay-flocculation index (CFI)
and silt + clay aggregate are widely used to
estimate  microaggregate stability [22,23].
Previous studies report the strong correlation
between aggregate stability and WDC, which
indicates that the variations affect mainly
flocculation and aggregation in microaggregates
[24]. Moreover, there is significant correlation
between WDC contents and wetting and drying
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cycles, indicating that WDC is influenced by
wetting and drying cycles [25]. The relationship
between Fe and Al sesquioxides content and the
stability index of micro-aggregates, such as the
DR and ASC, are extensively documented
[22,26]. Soils with high microaggregate indices
(CFI and ASC) have greater structural stability
than those with low indices [22,26].

There are three dominant soil classes in Liberia,
namely laterites (latosols), sandy (Regosols) and
alluvial (Fluvisols) soils [27]. Latosols are widely
distributed and cover about 75% of land surface
in Liberia where they are very acidic (pH 3-5) and
contain abundant Al and Fe oxides [28]. Mining
extraction (iron, gold and diamond) and
deforestation remove vegetation and expose the
soil to erosion. As the Fe and Al are abundant in
the latosols, different forms of these oxides and
their effects on aggregates stability need to be
elucidated in order to secure the soils from
erosion and enhance soil fertility. Consequently,
the objective of this paper was to evaluate the
effect of different forms of Fe and Al on the
aggregate stability in the latosols. The results
obtained will serve as baseline data for designing
strategies to protect and evaluate latosols in
Liberia for more efficient crop production.

2. MATERIALS AND METHODS
2.1 Study Site Description and Fieldwork

The studied soils were collected from Phebe,
(Lat1) at NO7°02.55' W9°32.56'; Felela, (Lat2) at
N06°45.18" W10°01.23; Salala, (Lat3) at
N06°44.53" W10°7.35" from Suakoko district in
Bong County, and Todee, (Lat4) at N06°18.17"
W10°42.22', in Montserrado County (Table 1).
Ten topsoil samples were collected per locality
and mixed to form a composite sample. Overall,
the climate of studied sites is tropical, and the
details are summarized in Table 1. The parent
material of the studied soils is Gneiss. The
studied soils were classified as Latosol (Soll
taxonomy, Brazil) and were collected at the
topsoil (0-20 cm depth).

2.2 Laboratory Procedures

In the laboratory, soil samples were air-dried,
crushed, and passed through a 2 mm sieve to
remove extraneous material such as root, plant,
and others. The particle size distribution was
determined by the Robinson’s pipette method.
The soil particle size distribution of < 2 mm
fractions was collected using the pipette method
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[29], after H,O, pre-treatment using the methods
described previously by [30]. The results
obtained were thereafter used to determine the
total clay content. Water-dispersible clay (WDC)
and silt (WDSi) were determined using the
particle size distribution analysis method
reported above [29], with the exception that no
chemical dispersant was applied on the samples.
Nonetheless, only mechanical agitation with an
end-over-end shaker was employed after
soaking the samples for 16 h. The indices of
microaggregate stability were determined using
the relationships explained below [11,22] :

(1
)
3)

CDiI (clay dispersion index) = WDCx100/ TC (4)

ASC (aggregated
(WDSi+WDC)

silt+clay) (TS+TC)

CFI (clay-flocculation index) = (TC-WDC) / TC

DR (dispersion ratio) = (WDSi+WDC) / (TC+ TS)

Where:

TS: the total silt content or the one from
chemically dispersed soil,

TC: the total clay content or the one from
chemically dispersed soll,

WDSi: the water-dispersible silt content,

WDC: the water-dispersible clay content.

The pH of the bulk soil before fractionation was
determined in distilled water by 1:2.5 soil: water
ratio. The CEC was measured using the
ammonium acetate (1 M and pH 7.0) method.
SOM was determined by the K,Cr,O; wet
oxidation method. The Feo and Feo were
determined by ammonium oxalate, Fed and Ald
were determined by dithionite-citrate-bicarbonate
(DCB) method, and the Fep and Alp were
extracted by sodium pyrophosphate method [31].

Data analysis of the stability indices and the Fe-
and Al-oxide contents of soils and aggregates
were performed using SPSS17.0 and origin 9
pro.

3. RESULTS
3.1 Soil Chemical and Physical Properties

The physico-chemical properties of studied soils
are shown in Table 2. All the studied soils are
acidic, with pH varying from 3 to 4. The studied
soils are poor in organic carbon, their values
decrease from 10.23 g.kg'1 to 4.50 g.kg'1, with
the lowest value attributed to Lat3 and the
highest value to Lat1 (Table 2). The Cation
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Exchange Capacity (CEC) was 14.80 mmol.kg™"
in Lat1, 1245 mmol.kg'1 in Lat2, 10.28
mmol.kg™" in Lat3, and 11.98 mmol.kg™" in Lat4.
The sand and clay fractions are dominant particle
size fractions in Lat1, Lat2, Lat3, and Lat4.
These studied soils belong to sandy clay textural
class (Table 2).

3.2 Distribution of Iron and Aluminum
Oxides in the Studied Soils

The distribution of Feo and Feo, Fed and Fed,
and Fep and Alp were compiled in Table 3. The
Feo and Feo extracted forms are the most
dominant, followed by amorphous and chelated
extracted forms (Table 3). The Fed ranges from
78.25- 87.4 g.kg'1 with the lowest value in Lat2
and the highest value in Lat1 while the Ald
ranges from 15.72- 20.23 g.kg'1 with the lowest
value in Lat3 and the highest value in Lat4. In the

studied soils, the levels of Feo vary from 1.01
g.kg™'in Lat1 to 4.24 g.kg™” in Lat3, while those of
amorphous Al change from 2.34 g.kg™” to 4.70 in
Lat3. The chelated extracted forms are very low
in all the studied soils and their values were less
than 1 g.kg” (Table 3).

3.3 Aggregate Stability Indices of Studied
Soils

The aggregate stability indices of the studied
soils are compiled in Table 4. The WDSi, which
is used to estimate the instability, ranges from
313 to 343 g.kg'1, with lowest value in Lat1 and
the highest one in Lat4. The water-dispersible
clay and the instability indices range from 50
g.kg'1 in Lat3 to 77 g.kg'1 in Lat1. The dispersion
ratio changes from 0.7 in Lat1 to 0.9 in Lat3.
Their values are 0.8 and 0.7 in Lat2 and Lat4,

Table 1. Characteristics of the studied sites

Sample Site Location Soil Land use Temperature Precipitation Parent
Type (mmlyear) material
Lat1 Phebe  NO07°02.55' W9°32.56' Latosol Cacao 29 °C 2000 Gneiss
Lat2 Felela N06°45.18' W10°01.23" Latosol Rubber 28°C 2200 Gneiss
Lat3 Salala  N06°44.53' W10°7.35’ Latosol oil-palm 25°C 2400 Gneiss
Lat4 Todee  N06°18.17'W10°42.22' Latosol pineapple 26°C 2300 Gneiss
Table 2. Main properties of the studied Latosols

Soil pH SOC (g kg'1 ) CEC Sand (g Silt (g Cla¥ (9 Texture

Type (mmolkg™)  kg™') kg™') kg™)

Lat1 400 10.23 14.80 440.23 89.77 470.00 SC

Lat2 420 870 12.45 468.39 90.75 440.86 SC

Lat3 340 450 10.28 572.14 77.49 350.37 SC

Lat4 355 520 11.98 337.97 81.82 580.21 SC

SOC: soil organic carbon; CEC: Cation exchange capacity; SC: Sandy clay

Table 3. Quantities (g kg ") of different forms of iron (Fe) and aluminium (Al) oxides in the
studied soils

Soil type Al-oxide Fe-oxide

Ald Alo Alp Fed Feo Fep
Lat1 16.25 2.34 0.9 87.4 1.01 0.3
Lat2 19.1 3.26 0.6 78.25 1.98 0.1
Lat3 15.72 4.70 0.8 82.54 4.24 0.2
Lat4 20.23 5.12 0.9 86.98 2.9 0.2

Ald: free Al- oxides; Fed: free Fe-oxides; Alo: amorphous Al- oxides. Feo: amorphous Fe- oxides; Alp: organic complexes of Al-;
Fep: amorphous Fe- oxides

Table 4. Aggregate stability indices of the studied Latosols

Sample WDSi (gkg™) WDC (gkg™) DR cDI CFI ASC (gkg™)
Lat1 316 77 0.7 16.4 0.8 167

Lat2 341 85 0.8 19.3 0.8 106

Lat3 323 50 0.9 14.3 0.9 55

Lat4 343 68 0.7 14.2 0.9 151

WDSi: water-dispersible silt; WDC: water-dispersible clay; DR: dispersion ratio; CDI:clay dispersion index; CFI: clay-flocculation
index; ASC: aggregate silt+clay
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Table 5. Correlation coefficient between Latosol stability indices and aggregating agents

Parameters WDC DR CDI CFI ASC
Soc 0.8 -0.6 0.7 -0.7 0.6
Fed -0.2 -0.7 0.7 0.7 0.7
Feo -0.9 0.8 -0.6 0.6 -0.8
Fep -0.2 -0.5 -0.5 0.5 0.5
Ald 0.5 -0.3 0.2 -0.2 0.4
Alo -0.7 04 -0.7 0.7 -04
Alp -0.4 -0.5 -0.8 0.8 0.5

WDC: water-dispersible clay; DR: dispersion ratio; CDI: clay dispersion index; CFl: clay-flocculation index; ASC: aggregate
silt+clay

respectively. The clay-flocculation index (CFl) is
less than 1 in all the studied soils. Their values
range from 0.8 in Lat1 and Lat2, to 0.9 in Lat3
and Lat4. The values of aggregated silt+clay
range from 55 g.kg'1 in Lat3 to 167 gkg'1 in Lat1.
The ASC is 106 g.kg” in Lat2 and 151 g.kg™ in
Lat4.

3.4 Relationships between Aggregate
Indices and Aggregating Agents
(SOC, Fe and Al)

The correlation matrix between the aggregate
indices and the aggregating agents (SOC, Fe
and Al) is shown in Table 5. WDC is only
positively correlated with SOC and Ald. The DR
correlates positively with Feo and Alo. Also, there
is a positive correlation between CDI and SOC,
Fed and Ald. In addition, CFI correlates positively
with different forms of Fe and Al, except for Ald.

For ASC, there is a positive correlation with
SOC, Fed and Fep. In the studied soils, ASC is
an important aggregate stability index. A
regression analysis was performed between
ASC, clay, Feo, and Alo. The best regression
equations were (Fig 1):

ASC=-15.73 + 180.21, R*= 0.16

ASC= -28.74(Feo) + 192.36, R*= 0.62

ASC= 10.29(SOC) + 45.87, R°= 0.32

ASC= 0.81(Tclay) — 232.75, R?*= 0.90
Fig. 1 shows that silt+clay aggregates have an
inverse correlation with amorphous Alo and Feo,

whereas ASC correlated positively with SOC and
total clay (Fig.1).
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Fig. 1. Relationship between ASC and Alo, SOC, Feo and TC in the studied soils
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4. DISCUSSION
4.1 Aggregate Stability of the Latosols

The WDC, DR, and WDSi are all indicators of the
rate of soil dispersion. It has been reported that
soils with low WDC, WDSi and low to moderate
DR are stable and less erodible [22]. In this
study, the variability of WDSi values is not
considerable among the studied soils. To
distinguish between the stability between the
study soils, the WDC and CDI will be
considerate. As previously reported, high WDC
and dispersion indices have negative
consequences on soils and the entire
environment in terms of water and wind erosion
[32]. In the present study, the WDC is high in
Lat1 and Lat2. Moreover, the CDI is high in Lat1
(16.4 g.kg™') and Lat2 showing that Lat1 and Lat2
are less stable compared to Lat3 and Lat4. Lat3
and Lat4 appear to be more stable but in the
field, there are several degradation indices which
contrast with the results obtained in the
laboratory. Previous studies indicate that there
are external factors that can impact on the
aggregate stability such as climate, pedogenic
processes, land use, deforestation and biological
factors [14,22]. In these studied sites, the annual
precipitation attains 2500 mm and could cause
the degradation observed in the field. Findings
proof that rainfall breaks main structural units
and causes the rapid formation of crust resulting
in depositional seals [33]. According to the
author, the consequence of this categorization of
events is that soil aggregate breakdown is the
prime regulation in the erosional system.

4.2 Role of SOC, Fe and Al Oxides in
Aggregate Stability

In this study, SOC correlated positively with
WDC, CDI and ASC, indicating the positive
impact of SOC both as an aggregating agent and
as a dispersing agent. This finding contrast with
works of [22]. However, the present finding
agrees with those on the key role of SOC in soll
aggregation [34-36]. Previous studies reveal that
the role of SOC as aggregation or dispersing
agent is strongly linked to the soil quality and the
quantity of SOC [22]. The quantity of SOC is low
in the studied latosols, varying from 4.50 gkg'1 in
Lat3 to 10.23 g.kg'1 in Lat1, indicating that the
SOC might act as aggregating agent
independently of its quantity in soil, but the
significance of this action will increase with
increasing SOC contents.

16

The present study reveals that WDC positively
correlates with Ald, DR positively correlates with
Feo and Alo. In addition, CDI positively
correlates with Fed and Ald, CFl correlates
positively with different forms of Fe and Al except
for Ald, while ASC positively correlates with Alp
and Fed. Such results unfold the significant role
of the different forms of Fe and Al on the
aggregate stability in the soils. There is ongoing
debate on the forms of Al and Fe that may be
responsible for aggregate stability in soils of
tropical regions. For instance, some studies
support the oxalate-extractable forms of Fe oxide
might be responsible for the aggregation of some
subtropical and tropical soils [21,35,37]. Other
works argue that Al oxides are better aggregating
agents than Fe oxides in some tropical soils [38].
The present study confirms that Al and Fe
oxides, independent of their forms, contribute to
the soil aggregate stability.

5. CONCLUSION

The present work investigated the role of Fe and
Al oxides on the aggregate stability of some
Liberian Latosols. Thus, all four studied Latosols
were acidic, with low SOC. The dominant forms
of Al and Fe were free Fe and Al, followed by
amorphous Fe and Al, as well as chelated Fe
and Al. The high values of water dispersible clay
and clay dispersible index in some of the studied
Latosols might imply a less stable aggregate
stability. The Fe and Al in all their different forms
seem to contribute to the soil aggregate stability.
The SOC, although very low, contributes to soil
aggregate stability. The present study suggests
that Fe and Al as well as SOC are cementing
materials which impact aggregate stability in the
four Latosols. However, further studies are
required to investigate the relationship between
these cementing agents and the mechanisms
accompanying the aggregate stability of these
West African Latosols.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Weidhuner A, Hanauer A, Krausz R,
Crittenden SJ, Gage K, Sadeghpour A.
Tillage impacts on soil aggregation and
aggregate-associated carbon and nitrogen
after 49 years, Soil and Tillage Research.
2021;208:104878.



10.

1.

Ndzana et al.; IJPSS, 33(16): 11-18, 2021; Article no.lJPSS.69572

Zhang S, Li Q, Zhang X, Wei K, Chen L,
Liang W. Effects of conservation tillage on
soil aggregation and aggregate binding
agents in black soil of Northeast China,
Soil and Tillage Research. 2012;124:196-
202.

Six J, Paustian K, Elliott ET, Combrink C.
Soil structure and organic matter |I.
Distribution of aggregate-size classes and
aggregate-associated carbon, Soil Science
Society of America Journal. 2000;64:681-
689.

Albalasmeh AA, Berli M, Shafer DS,
Ghezzehei TA. Degradation of moist soil
aggregates by rapid temperature rise
under low intensity fire, Plant and Soil.
2013;362:335-344.

Razafimbelo TM, Albrecht A, Oliver R,
Chevallier T, Chapuis-Lardy L, Feller C.
Aggregate associated-C and physical
protection in a tropical clayey soil under
Malagasy conventional and no-tillage
systems, Soil and Tillage Research.
2008;98:140-149.

Xie JY, XU MG, Ciren Q, Yang Y, Zhang
Sl, Sun BH, Yang XY. Soil aggregation and
aggregate associated organic carbon and
total nitrogen under long-term contrasting
soil management regimes in loess soil.
Journal  of Integrative  Agriculture.
2015;14:2405-2416.

Zhang S, Wang R, Yang X, Sun B, Li Q.
Soil aggregation and aggregating agents
as affected by long term contrasting
management of an Anthrosol, Scientific
reports. 2016;6:1-11.

Ezeaku V, Obalum S, Ezeaku P, CA I.
Influence of granulometric composition and
organic matter management on soil
stability against wa-ter erosion in
Southeastern Nigeria, DOI; 2020.

Krause L, Klumpp E, Nofz I, Missong A,
Amelung W, Siebers N. Colloidal iron and
organic carbon control soil aggregate
formation and stability in arable Luvisols,
Geoderma. 2020;374:114421.

Ran Y, Ma M, Liu Y, Zhu K, Yi X, Wang X,
Wu S, Huang P. Physicochemical
determinants in stabilizing soil aggregates
along a hydrological stress gradient on
reservoir riparian habitats: Implications to
soil restoration, Ecological Engineering.
2020;143:105664.

Igwe C, Akamigbo F, Mbagwu J. Chemical
and mineralogical properties of soils in
southeastern Nigeria in relation to

17

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

aggregate stability, Geoderma. 1999;
92:111-123.
Goldberg S. Interaction of aluminum

and iron oxides and clay minerals and
their effect on soil physical properties: a
review, Communications in Soil Science
and Plant Analysis. 1989;20:
1181-1207.

Six J, Bossuyt H, Degryze S, Denef K. A
history of research on the link between
(micro) aggregates, soil biota, and soil
organic matter dynamics, Soil and Tillage
Research. 2004;79:7-31.

Amézketa E. Soil aggregate stability: A
review, Journal of sustainable agriculture.
1999;14:83-151.

Borggaard OK. Iron oxides in relation to

aggregation of soil particles, Acta
Agriculturae Scandinavica. 1983;33:257-
260.

Jastrow J, Miller R, Lussenhop J.

Contributions  of interacting biological
mechanisms to soil aggregate stabilization
in restored prairie, Soil Biology and
Biochemistry. 1998;30:905-916.

Moretti E, Storaro L, Chessa G, Talon A,
Callone E, Mueller KJ, Enrichi F. M.J.J.o.c.
Lenarda, i. science, Stepwise dansyl
grafting on the kaolinite interlayer surface.
2012;375:112-117.

Buschiazzo DE, Aimar S, Stahr K.
Factores que afectan la estabilidad
estructural de suelos de la Region

Semiarida Pampeana Central (Argentina),
Ciencia del suelo. 1995;13:66-69.

Colazo JC, Buschiazzo DE. Soil dry
aggregate stability and wind erodible

fraction in a semiarid environment of
Argentina, Geoderma. 2010;159:228-
236.

De Ploey J, Poesen J. Aggregate stability,
runoff generation and interrill erosion,
Geomorphology and soils, Routledge.

2020;99-120.

Huygens D, Boeckx P, Cleemput OV,
Oyarzun C, Godoy R. Aggregate and soil
organic carbon dynamics in South Chilean
Andisols, Biogeosciences. 2005;2:159-
174.

Igwe C, Zarei M, Stahr K. Colloidal stability
in some ftropical soils of southeastern
Nigeria as affected by iron and aluminium
oxides, Catena. 2009;77:232-237.

Bast A, Wilcke W, Graf F, Lischer P,
Gartner H. A simplified and rapid technique
to determine an aggregate stability



24.

25.

26.

27.

28.

20.

30.

31.

Ndzana et al.; IJPSS, 33(16): 11-18, 2021; Article no.lJPSS.69572

coefficient in coarse grained soils, Catena.
2015;127:170-176.

Molina N, Caceres M, Pietroboni A.
Factors affecting aggregate stability and
water dispersible clay of recently cultivated
semiarid soils of Argentina, Arid Land
Research and Management. 2001;15:77-
87.

de Oliveira TS, de Costa LM, Schaefer CE.
Water-dispersible clay after wetting and
drying cycles in four Brazilian oxisols, Soil
and Tillage Research. 2005;83:260-269.
Shi ZH, Yan FL, Li L, Li ZX, Cai CF. Interrill
erosion from disturbed and undisturbed
samples in relation to topsoil aggregate
stability in red soils from subtropical China,
Catena. 2010;81:240-248.

Reed WE. Reconnaissance soil survey of
Liberia, US Department of Agriculture,
Office of Foreign Agricultural Relations
and; 1951.

Todd Jr WJ. Climate change adaptation for
smallholder farmers in liberia, DOI; 2016.
Gee G, Bauder J. Particle-size analysis. In
‘Methods of soil analysis. Part 1. Physical
and mineralogical methods’.(Ed. A Klute),
Soil Science Society of America: Madison,
WI, USA, DOI. 1986;383-411.

Pansu M, Gautheyrou J. Carbonates,
handbook of soil analysis: Mineralogical,
organic and inorganic methods, DOIL.
2006;593-604.

Loveland P, Digby P. The extraction of Fe
and Al by 0.1 M pyrophosphate solutions:
a comparison of some techniques, Journal
of Soil Science. 1984;35:243-250.

32.

33.

34.

35.

36.

37.

38.

Igwe C. Erodibility in relation to
water-dispersible clay for some soils of
eastern Nigeria, Land degradation &
development. 2005;16:87-96.

Cerda A. Aggregate stability against water

forces under different climates on
agriculture land and scrubland in southern
Bolivia, Soil and Tillage Research.

2000;57:159-166.

An S, Mentler A, Mayer H, Blum WE. Sall
aggregation, aggregate stability, organic
carbon and nitrogen in different soil
aggregate fractions under forest and shrub
vegetation on the Loess Plateau, China,
Catena. 2010;81:226-233.

Xue B, Huang L, Huang Y, Kubar KA, Li X,
Lu J. Straw management influences the
stabilization of organic carbon by Fe
(oxyhydr) oxides in soil aggregates,
Geoderma. 2020;358:113987.

Zhu F, Li Y, Xue S, Hartley W, Wu H.
Effects of iron-aluminium oxides and
organic carbon on aggregate stability of
bauxite residues, Environmental Science
and Pollution Research. 2016;23:9073-
9081.

Pinheiro-Dick D, Schwertmann U.
Microaggregates from  Oxisols and
Inceptisols: Dispersion through selective
dissolutions and physicochemical
treatments, Geoderma. 1996;74:49-63.
Mbagwu J, Schwertmann U. Some factors
affecting clay dispersion and aggregate
stability in selected soils of Nigeria,
International agrophysics. 2006;20.

© 2021 Ndzana et al.; IJPSS This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

18


http://creativecommons.org/licenses/by/4.0

	Word Bookmarks
	OLE_LINK149
	OLE_LINK150
	OLE_LINK19
	OLE_LINK20


